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R00002ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
1021 NORTH GRANO AVENUE EAsT, P.O. Box 19276, SPRINGFIElD, llUNOIS 62794-9276 · (217) 782-3397 

JB PRITZKER, GOVERNOR JOHN J. KIM, DIRECTOR 

April 15, 2022 

6]8{993-7200 

Williamson Energy, LLC 
P.O. Box 300 
Johnston City, Illinois 6295 I 

Re: Williamson Energy, LLC 
Pond Creek Mine 
NPDES Pennit No. IL0077666 
Bureau ID #Wl998590001 
Final Rcncwc..-d Pcnnit (Modified After Public Notice) 

Gentlemen: 

Attached is the final renewed NPDES Permit for your discharge. The Pennit as issued covers discharge limitations, 
monitoring, and reporting requirements. Failure to meet any portion of the Pem1it could result in civil and/or criminal 
penalties. The Illinois Environmental Protection Agency is ready and willing to assist you in interpreting any of the 
conditions of the Permit as they relate specifically to your discharge. 

The Final Pennit as issued was modified after public notice based on comments received to incorporate the following: 

I. Special Condition No. 14 added to require the permittee to install and operate a 1.0 million gallons per day 
(MGD) reverse osmosis (RO) unit by December 31, 2023: 

a. The RO permeate (treated water) will discharge through Outfalls 001-008. 
b. The RO reject will discharge to the Big Muddy River through Outfall O 11 . 

2. Outfalls 009 and 009ES have been removed. 
3. Special Condition No. 15 has been added to include the following relative to Outfall O 11: 

a. Require sign on bank of Big Muddy River to notify public of existence and location of Outfall O 11. 
b. Require chloride and conductivity monitoring of Outfall OJ l effluent and in Big Muddy River (upstream 

and downstream) to confirm and ensure validity of calibration curves. Calibration curves are also 
required to be approved periodically by the Agency as outlined in the NPDES permit condition. 

c. Require Sulfate, Iron (dissolved) and Chloride monitoring of Outfall OJ I effluent be perfonned three (3) 
times per week when the outfall is discharging. 

d. Require a mussel survey and macroinvertebrate survey approximately I year following initial discharge 
from Outfall 011. 

e. Verifies the mixing zone and zone of initial dilution (ZID) for the multi-port diffuser. 
f. Specify precipitation event and Big Muddy River flow condition restrictions for discharges from Outfall 

OJ I. 
g. Require that flow and chloride concentration data be available for review during inspections by IEPA 

and IDNR staff. 
h. Requires the pipeline to the Big Muddy River to include pressure control sensors (or similar type of 

equipment) to stop pumps in the event of loss of pressure. 
1. Require inspections of pipeline with reports made available to Agency personnel during site inspections. 
J. Reduced the maximum chloride concentration at Outfall OJ I from 12,000 mg/L to 5,000 mg/L. This 

change affected the following: 
a. Reduced the dilution ratio needed from 34: 1 to 13 .3: I. 
b. Reduced the length of the mixing zone from 251 feet to 46 feet. 

4. A yearly average concentration limit of 32.2 mg.II. for TSS (total suspended solids) is applied to discharges 
from Outfall O 11 as indicated on the effluent page of the pennit for this outfall. 

5. Limits for additional parameters are included at specified Outfalls as follows: 
a. Mercury limit required for discharges from Outfall 001 
b. Copper and Nickel limits required for discharges from Outfall 002 
c. Iron (dissolved) limits required for discharges from Outfall 003 
d. Copper limits required for discharges from Outfall 004 

4302 N. Main Street, Rockford, ll 61103 (81S) 987-7760 
59S S. State Street, Elgin, IL 60123 (847) 608-3131 
2125S. First Street, Champaign, IL61820(217) 278-5800 
2009 Mall Street Collinsville, IL 62234 (618) 346-5120 

9511 Harrison Street, Des Plaines, IL 60016 (847) 294-4000 
412 SW Washington Street, Suite D, Peoria, IL 61602 {309) 671·3022 
2309 W. Main Street, Suite 116, Marion, IL 62959 (618l 993-7200 
100 W. Randolph Street, Suite4-500, Chicago, IL 60601 

PLEASE PRINT ON RECYCLED PAPER 
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e. Nickel limits required for discharges from Outfall 006 
f. Iron (dissolved), Nickel and Zinc limits required for discharges from Outfall 007 
g. Cadmium, Copper, Nickel and Zinc limits required for discharges from Outfall 008 

6. Special Condition No. 18 added lo require discharges from Outfalls 006, 007, 008 and O 11 include metals 
monitoring at a frequency of once per month for the first year that then twice annually spaced approximately 
every six (6) months apart for the remainder of the permit tem1. 

7. Special Condition No. 16 has been added to require the following conditions relative to monitoring the Big 
Muddy River downstream of Outfall O 11 : 
a. Continuous monitoring of Outfall O 11 at a point within IO feel of edge of mixing zone. 
b. Monitoring of Outfall O 11 for sulfate, iron ( dissolved), copper, and nickel three times per week at a 

point within 10 feet of edge of mixing zone. 
c. The discharge from Outfall O 11 must cease under the following conditions until the water quality 

standard can be met in the mixing zone: 
i. When the continuous chloride data (as measured by conductivity) is 40 percent above the 

chloride water quality standard more than 20 percent of the time. 
ii. When the sulfate samples are 40 percent above the sulfate water quality standard in more than 

3 of the samples taken within the month. 
iii. When the iron (dissolved) samples are 40 percent above the iron (dissolved) water quality 

standard in more than 3 of the samples taken within the month. 
iv. When the copper samples are 20 percent above the copper water quality standard in more than 

3 of the samples taken within the month. 
v. When the nickel samples are 20 percent above the nickel water quality standard in more than 

3 of the samples taken within the month. 
8. The NPDES permit authorizes a discharge only when the Big Muddy River is between 30 cfs and 2,350 

cfs, except after a one-year, 24-hour precipitation event, Outfall O 11 can discharge for six consecutive days. 
The one-year, 24-hour precipitation event for this area is considered to be 2.97 inches. 

Pursuant to the Final NPDES Electronic Rule, all permiltees must report DMRs electronically unless a waiver has 
been granted by the Agency. The Agency utilizes NetDMR, a web based application, which allows the submittal of 
electronic Discharge Monitoring Reports instead of paper Discharge Monitoring Reports (DMRs). More information 
regarding NetDMR can be found on the Agency website, https://www2.illinois.gov/epa/topics/water-guality/surface­
water/neldmr/Pageslguick-answer-guide.aspx. If your facility has received a waiver from the NetDMR program, a 
supply of preprinted paper DMR Forms will be sent to your facility. Additional information and instructions will 
accompany the preprinted DMRs. Please see the attachment regarding the electronic reporting rule. 

The attached Pennit is effective as of the date indicated on the first page of the Permit. Until the effective date of any 
re-issued Permit, the limitations and conditions of the previously-issued Pem1it remain in full effect. You have the 
right to appeal any condition of the Penni! to the Illinois Pollution Control Board within a 35 day period following 
the issuance date. 

Should you have questions concerning the Pennit, please contact Iwona Ward at 618/993-7200. 

s~~l 
Darin E. Lecrone, P.E. 
Manager Permit Section 
Division of Water Pollution Control 

DEL:IKW:cs/7817c/6-28- l 9 

Enclosure: Final Pem1it 

cc: IDNR/Office of Mines and Minerals/Land Reclamation/with Enclosure 
IDNR/Division of Water Resources/with Enclosure 
Marion Region/Mine Pollution Control Program/with Enclosure 
BOW/DWPC/CAS 
BOW'-DWPCIRecords 
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Expiration Date: April 30, 2027 

Name and Address of Permittee· 

Williamson Energy, LLC 
P.O. Box 300 
Johnston City, Illinois 62951 

NPDES Permit No. IL0077666 

Illinois Environmental Protection Agency 

Division of Water Pollut,on Control 

1021 North Grand Avenue. East 

P .0. Box 19276 

Springfield, Illinois 62794-9276 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

Reissued NPDES Permit 

Issue Date: April 15, 2022 
Effective Date: May 1, 2022 

Facility Name and Address: 

Williamson Energy, LLC 
Pond Creek Mine 
4 miles east of Johnston City, Illinois 
(Williamson and Franklin Counties) 

Discharge Number and Classification: Receiving waters 

001,002,003,004,005 

006, 007,008 

011 

Alkaline Mine Drainage 

Acid Mine Drainage 

Alkaline Mine Drainage 

Unnamed tributary to Pond Creek 

Unnamed tributary to Pond Creek 

Big Muddy River 

In compliance with the provisions of the Illinois Environmental Protection Act, Subtitle C and/or Subtitle D Rules and Regulations of 
the Illinois Pollution Control Board, and the Clean Water Act, the above-named permittee is hereby authorized to discharge at the 
above location to the above-named receiving stream in accordance with the standard conditions and attachments herein. 

Permittee is not authorized to discharge after the above expiration date. In order to receive authorization to discharge beyond the 
expiration date, the permittee shall submit the proper application as required by the Illinois Environmental Protection Agency (IEPA) 
not later than 180 days prior to the expiration date. 

Manager, Permit Section 
Division of Water Pollution Control 

DEL:IKW:cs/7516c/10-25-21 
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Page2 
NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective dale of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all limes as follows: 

Outfalls·: 001 (Alkaline Mine Drainage) 

Parameters 
Total 

Suspended Iron (total) 
Discharge Solids (mg/L) pH'" Alkalinity/ Sulfate Chloride Cadmium Mert.ury Hardness Flow 
Condition <n;tLJ ... (S.U.) A~~}IY ("!~!1-l (A;~'.L) (Cd) (ng/1) ... (MGD) 

I 

II 

Ill 

IV 

... (mg/L) 12-monlh 
30day daily 30 day daily rolling 
average maximum average maximum aver.lee 

Monitor 
Measure 

35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 12 When 
Only 

Samolina 

Monitor 
Measure 

- 6.0-9.0 - 1250 500 . . 
Only 

When 
Samolina 

Monitor 
Measure 

- - 6.0-9 0 - 1250 500 . 
Only 

When 
Samolina 

Monitor 
Measure 

35 70 3.0 6 .0 6.5-9 0 Alk.>Acid 1250 500 0.0144 12 When 

' Only 
Samolina 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35111. Adm. Code 406.110(a), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall 
comply with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b). The 10-year, 24-hour precipitation event 
for this area is considered to be 5.21 inches. 

111 In accordance with 35 Ill. Adm. Code 406.11 0(d), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated I mitalions instead of those in 35 Ill. Adm. Code 406.106(b), 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Condit ons shall be performed utilizing the grab sampling method 

... There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition for IV should such discharge condition occur. 
A "no flow" situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
event(s) occur(s). Should a sufficient number of discharge events occur during the quarter, the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water qualily standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permittee is subject to the limitations, monitoring, and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 001 and unnamed tributary of Pond Creek receiving such discharges. 

•• No discharge is allowed from any above referenced permitted outfall during "low flow" or "no flow" conditions in the receiving stream 
unless such discharge meets the water qualily standards of 35111, Adm . Code 302.204 for pH. 

Se Ille able 
Solids 
(ml/I) 

0.5 
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Diseharge 
Cond,Uon 

t 

II 

m 

IV 

Page 3 
NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration dale, the effluent of the following discharge shall be monitored and limited at 
all limes as follows: 

Outfalls*: 002 (Alkaline Mine Drainage) 

Para mete~ 
Total 

Suspended Iron (lolal) 
Solids (m.~!Ll pH .. Alkalinity! Sulfate Cllloride Cadmium Nickel Copper Hard~~ Flow Settleable 

l"!~!Ll {$.U J At}~ity ("!~fl) ("!~!Ll (Cdj (mg/LI (mg/l) ... (MGOJ 
{mglll 

30 day daily 30day daily 
ave,aae maximum averaae max,mum 

MO!lilor Measure 
35 70 3.0 6.0 6.5-9.0 Alk >Acid 1250 500 00144 0 1104 00245 o,,,y When 

Samplina 

Mootlor Measure . 6 0-9 0 12~ 500 Onfy When 
Samolina 

Monitor 
Measure 

6.0-9.0 1250 500 - Onry When 
Samplina 

Monitor Measure 
35 70 3.0 6.0 6 5-9 0 Alk >Acid 1250 500 00144 0 1t04 0.0245 Only When 

Samplina 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35 Ill. Adm. Code 406.110(a), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year. 24-hour precipitation event (or snowmelt of equivalent volume) shall 
comply with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b) The 10-year. 24-hour precipitation event 
for this area is considered to be 5.21 inches. 

Ill In accordance with 35 Ill. Adm. Code 406.110(d), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmell of equivalent volume) shall comply 
with the indicated limitations instead of those in 35 Iii. Adm. Code 406.106(b). 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab samp!ing method . 

... There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
min mum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no How" situation is not considered lo be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur. grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges. a grab sampPe of the discharge shall be required whenever such precipitation 
evenl(s) occur(s). Should a sufficient number of discharge events occur during the quarter. the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permillee is subject to the limitat.ons. monitoring, and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 002 and unnamed tributary of Pond Creek receiving such discharges. 

•• No discharge is allowed from any above referenced permitted outfall during "low How" or "no flow" conditions in the receiving stream 
unless such discharge meets the water quality standards of 35111. Adm . Code 302.204 for pH. 

Solids 
(min) 

-

O.~ 

-
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NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shal l be monitored and hmited at 
all times as follows: 

Outfalls•: 003 (Alkaline Mine Drainage) 

Parameters 
Total 

Iron (total) Suspended 
Discharge Solids ("!~'.ll 

pH .. Alkalinity/ Sulfate Chloride Cadmium Iron Hardness Flow 
Condition l"!~'.Ll (S.U.) A~i~_ilY ("!~!Ll ("!~'.ll (Cd) (dissolved) ... (MGD) 

I 

II 

Ill 

IV 

... 
(mgll) (mg/l) 

30day daily 30day daily 
averaQe maximum averaae maJtimum 

Monitor Measure 
35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 1.0 When Only 

Samplin9 

Monitor Measure 
- 6.0-9.0 - 1250 500 - - Only When 

Sampling 

Monitor Measure 
- - 6.0-9.0 - 1250 500 - - Only When 

Samoling 

Monitor Measure 
35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 1.0 Only When 

Samolina 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35 Ill. Adm. Code 406.110(a), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall 
comply with the indicated limitations instead of those in 35 Ill, Adm. Code 406.106(b), The 10-year, 24-hour precipitation event 
for this area is considered to be 5.21 inches. 

Ill In accordance with 35111. Adm. Code 406.110(d), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated limitations instead of those in 35 Ill. Adm, Code 406.106(b}. 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted 1n discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of D,scharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampling method. 

... There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow" situation is not considered to be a sample of the discharge. tn the event that Discharge Conditions II and/or HI occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
event(s) occur(s). Should a sufficient number of discharge events occur during the quarter, the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permittee is subject to the limitations, monitoring, and reporting requirements of Special Condition No 13 for the discharges 
from Outfall 003 and unnamed tributary of Pond Creek rece·ving such discharges. 

.. No discharge is allowed from any above referenced permitted outfall during "low flow" or "no flow" conditions in the receiving stream 
unless such discharge meets the water quality standards of 35 Ill. Adm. Code 302.204 for pH. 

Settleable 
Solids 
(ml/I) 

0.5 

-



R00008

Page 5 
NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all times as follows: 

Outfalls·: 004 (Alkaline Mine Drainage) 

Parameters 
Total 

Suspended 
Discharge Solids 

Iron (total) 

("!~~) pH" Alkalinity/ Sulfate Chloride Cadmium Copper Hardness Flow 
Condition ("!~(l) (S.U.) A:i~!ty ("!~(Ll ("!~(l) (Cd) (mgll) 

... (MGD) 

I 

II 

Ill 

IV 

... 
(mg/L) 

30day daily 30 day daily 
averaae maximum averaae maximum 

Monitor 
Measure 

35 70 30 6.0 6.5-9.0 Alk.>Acid 1250 500 0 0144 0.0245 
Only 

When 
Samplinq 

Monitor 
Measure 

- - - 6.0-9.0 - 1250 500 
Only When 

SamplinQ 

Monitor 
Measure 

. - . 6.0·9.0 - 1250 500 - Only 
When 

Sampling 

Monitor 
Measure 

35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 0.0245 
Only 

When 
Sampling 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35111. Adm. Code 406.110(a), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall 
comply with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b). The 10-year, 24-hour precipitation event 
for this area is considered lo be 5.21 inches. 

Ill In accordance with 35 Ill. Adm. Code 406.11 O(d). any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated limitations instead of those in 35111. Adm. Code 406.106(b). 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampl ng method. 

••· There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow'' situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur. grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
event{s) occur(s). Should a sufficient number or discharge events.,occur during the quarter, the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permittee is subject to the limitations, monitoring, and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 004 and unnamed tributary of Pond Creek receiving such discharges. 

•• No discharge is allowed from any above referenced permitted outfall during "low flow" or •no flow'' conditions in the receiving stream 
unless such discharge meets the water quality standards of 35 Ill. Adm. Code 302.204 for pH. 

Sellleable 
Solids 
(ml/I) 

-

0.5 

-

. 
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NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all times as follows: 

Outfalls•: 005 (Alkaline Mine Drainage} 

Parameters 
Total 

Suspended Iron (total) 
Discharge Solids (mg/L) pH" Alkalinity/ Sulfate Chloride Cadmium Hardness Flow Seltleabte 
Condition {mg/L) ... (S.U.) AC;i~!ty (~~'.L) (~~(L) (Cd) 

... (MGD) Solids 

I 

It 

Ill 

IV 

... ... 
{mg/L) (ml/I) 

30 day daily 30 day daily 
averaoe maitimum averaoe maximum 

Monitor 
Measure 

35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 
Only 

When 
Sampling 

Monitor 
Measure 

- 6.0-9.0 - 1250 500 
Only 

When 
Sampling 

Monitor 
Measure 

- - 6.0-9.0 1250 500 -
Only 

When 
Samolina 

Monitor Measure 
35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 

Only 
When 

Samolina 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35111. Adm. Code 406.110(a}. any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shalt 
comply with the indicated limitations instead of those in 35111. Adm. Code 406.106(b). The 10-year, 24-hour precipitation event 
for this area is considered to be 5.21 inches. 

Ill In accordance with 35111. Adm. Code 406.110(d), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precip' talion event (or snowmell of equivalent volume) shalt comply 
with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b). 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilfzing the grab sampling method. 

••• There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow" situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
evenl(s) occur(s). Should a sufficient number of discharge events occur dunng the quarter, the remaining three (3} quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permillee is subject to the limitations, monitoring, and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 005 and unnamed tributary of Pond Creek receiving such discharges. 

• • No discharge is allowed from any above referenced permitted outfall during "low flow'' or "no now" conditions in the receiving stream 
unless such discharge meets the waler quality standards of 35111. Adm. Code 302.204 for pH. 

-

0.5 

-

-
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NPDES Permit No. IL0077666 

Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all times as follows: 

Outfalls•: 006 (Acid Mine Drainage) 

Parameters 
Total 

Discharge Suspended Solids Iron (total) pH .. Alkalinilyl Sulfate Chot1de Cadmum Nickel Mn Hardness 
("!~!L) <n:~:t) (Cd) (mg/L) Flow SeUleable Condition (~-~) A~~:ty ("!~fll ("!~!L] (tolal) ... 

(~?.~) (MGD) Solids 

t 

II 

Ill 

IV 

JO day daily 30day da,ty ("!~!'-) (ml/I) 
8\IIN'aQ8 maximum avetaa• m&JC1mum 

Monitor Measure 
35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 0 1104 1.0 When Only 

Samolina 

Monitor Measure 
6.0-9.0 1250 500 Only When 0.5 

Samolina 

Monitor 
Measure 

. 6.0-9.0 1250 500 - - Only 
When 

Samolina 

Monitor Measure 
35 70 3.0 6.0 6.5-9.0 Alk.>Acid 1250 500 0.0144 0 1104 1.0 Only When 

Samoling 

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35 Ill. Adm. Code 406.110(b}, any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 1-year, 24-hour precipitation event, but less than or equal to the 10-year, 24-hour 
precipitation event (or snowmelt of equivalent volume) shall comply with the indicated limitations instead of those in 35 Ill. Adm. 
Code 406.106(b). The 1-year, 24-hour precipitation event for this area is considered to be 2.97 inches. 

Ill In accordance with 35111. Adm. Code 406.110(d}, any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmell or equivalent volume) shall comply 
with the indicated limitations instead or those in 35 Ill. Adm. Code 406.106(b). The 10-year, 24-hour precipitation event for this 
area is considered to be 5.21 inches. 

IV Discharges continuing 24 hours after cessation of precipitallon event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampling method. 

••• There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shaH be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow" situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
event(s) occur(s). Should a sufficient number of discharge events occur during the quarter, the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The waler quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permiltee is subject lo the limitations. monitoring and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 006 and unnamed tributary of Pond Creek receiving such discharges. Also. discharges from Outfall 006 shall be subject 
to the limitations, monitoring, and reporting requ;rements of Special Condition No. 18. 

•• No discharge is allowed from any above referenced permitted outfall during "low flow'' or "no flow" conditions in the receiving stream 
unless such discharge meets the water quality standards of 35 Ill. Adm. Code 302.204 for pH. 
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Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all times as follows: 

Outfalls*: 007 (Acid Mine Drainage) 

Param,ler. 
Totsl 

o..charge 
Suspeoded Sol<ls •ron (total) pH" AlkalmflyJ Sutfate Chloride 

Cadmium 
Mn 

fron 
Hafdneaa 

l~I ("!\lfl-l (Cdl (d;ssoh,ed) Nk:llef Zinc Flaw Sellleable Cond,tioo 

I 

II 

Ill 

IV 

(~·~' A~1ty (~) (~) (total) ... 
("!\lfl-1 (mg/I.) (mg/LI (mg/I.) (MODI 

30 day daily 30dat daily (~) 

aveJaae muimum averaoe maximum 

Mon,to, Me.l&IJJB 
35 10 3 0 6.0 6 S-9 0 Alk >Add 1250 500 00144 1 0 10 0 1104 0.1835 When 

only Samnlirw1 

Mondo< 
Measure 

6 0-9 0 1250 500 When only Semnfinn 

Mondo, Measure 
6.0-9 0 1250 500 When only Samnlinn 

P..4onilo, Measure 
35 10 3.0 6 0 65-9 0 Allt.>Aad 1250 500 00144 1.0 1.0 0.1104 0.1635 Wilen 

only SamMll'VI 

Dry weather discharge (base flow or mine pumpage) from the outfall 

II In accordance with 35 Ill. Adm. Code 406.110(b ), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 1-year, 24-hour precipitation event. but less than or equal to the 10-year, 24-hour 
precipitation event (or snowmelt of equivalent volume) shall comply with the indicated limitations instead of those in 35 Ill. Adm. 
Code 406.106(b). The 1-year. 24-hour precipitation event for this area is considered to be 2.97 inches. 

Ill In accordance with 35 Ill. Adm. Code 406.110(d), any d1scharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b). The 10-year, 24-hour precipitation event for this 
area is considered to be 5.21 inches 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitat,ons of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampling method. 

••• There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow'' situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges, a grab sample of the discharge shall be required whenever such precipitation 
event(s) occur(s). Should a sufficient nl,lmber of discharge events occur during the quarter. the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permittee is subject to the limitations, monitoring, and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 007 and unnamed tributary of Pond Creek receiving such discharges Also, discharges from Outfall 007 shall be subject 
to the limitations, monitoring, and reporting requirements of Special Condition No. 18. 

• • No discharge is allowed from any above referenced permitted outfall during "low flow'' or "no flow" condillons in the receiving stream 
unless such discharge meets the water quality standards of 35111. Adm. Code 302.204 for pH. 

$olds 
(~) 

OS 
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Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shaU be monitored and limited at 
all times as follows: 

Outfall*: 008 (Acid Mine Drainage) 

P.wramel•n 
Total 

Oisdl"'lj0 
Suspended So tds lron(tolaf) pt,"" AAa.linityJ Sulfate Cl~id• 

C.-dmium 
Mn Hardno:ss 

(~I (~) (Cd) ilotal) Ca- Nckel Zmc ... Flow S,nleable 
Cond,Cion (~-~ ) ~-rty (~) (~) (~) (mg/I.) (mg/L) (mgn.) (MGO) Sohds 

I 

II 

Ill 

IV 

I~) 30day da;ty 30day da;ty (mill) 

averaae ffla.lllfTlUm 11ve,raae ITIAl.imum 

Moni\o, Measure 

35 10 30 6<l 6S-90 Alk.>Aoid 1250 500 00144 10 00245 0 1104 0 1635 WIien only Sam-':-

Moniitot Ma~r• 
- 60-90 1250 500 WIien 05 

only Sam--1: ...... 

Monrto• 
Measure 

- 60-90 1250 500 When 
only Som~•-

Moniiof 
M&asute 

35 10 3 0 60 6S-90 Alk.>Acid 1250 500 00144 1.0 00245 0.1104 01635 When only s-~•-

Dry weather discharge (base flow or mine pumpage) from the outfall. 

II In accordance with 35111. Adm. Code 406.110(b), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 1-year. 24-hour precipitation event, but less than or equal to the 10-year, 24-hour 
precipitation event (or snowmelt of equivalent volume) shall comply with the indicated limitations instead of those in 35 Ill. Adm. 
Code 406.106(b ). The 1-year, 24-hour precipitation event for this area is considered to be 2.97 inches. 

Ill In accordance with 35 111. Adm. Code 406 110(d), any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated limitations instead of those in 35 Ill. Adm. Code 406.106(b). The 10-year, 24•hour precipitation event for this 
area is considered to be 5.21 inches. 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For outfalls which have no 
allowed mixing, monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I 
to which the outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampling method 

••• There shall be a minimum of nine (9) samples collected during the quarter when the pond is discharging. Of these 9 samples, a 
minimum of one sample each month shall be taken during either Discharge Condition I or IV should such discharge condition occur. 
A "no flow" situation is not considered to be a sample of the discharge. In the event that Discharge Conditions II and/or Ill occur, grab 
sample of each discharge caused by the above precipitation events (Discharge Conditions II and/or Ill) shall be taken and analyzed 
for the parameters identified in the table above during at least 3 separate events each quarter. For quarters in which there are less 
than 3 such precipitation events resulting in discharges. a grab sample of the discharge shall be required whenever such precipitation 
event(s) occur(s). Should a sufficient number of discharge events occur during the quarter, the remaining three (3) quarterly samples 
may be taken during any of the Discharge Conditions described above. 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as we~ as in the 
receiving stream 

• The Permittee is subject to the limitations, monitoring and reporting requirements of Special Condition No. 13 for the discharges 
from Outfall 008 and unnamed tributary of Pond Creek receiving such discharges Also, discharges from Outfall 008 shall be subject 
to the limitations, monitoring. and reporting requ·rements of Special Condition No. 18. 

•• No discharge is allowed from any above referenced permitted outfall during "low flow" or "no flow" conditions in the receiving stream 
unless such discharge meets the water quality standards of 35 IO. Adm. Code 302.204 for pH. 
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Effluent Limitations and Monitoring 

From the effective date of this Permit until the expiration date, the effluent of the following discharge shall be monitored and limited at 
all times as follows: 

Outfall': 011· (Alkaline Mine Drainage) 

Par•m•l•n 
Tolal Mn" 

Suopendod So4d•" Iron•• 110141) (Iola!) 
Nickel Coppe, Flow ·-·' /m,/1\ pH" Mkabnd'(I Sulfate·· '"' m ......... 

Yearty daily JO day daily (SU) Aadi1y (mgft) 
ChlorideH 

JO day daily 
,,,...11., (mgll.) (MGO) 

averaaa maximum av•aae maximum 
(mg/I) 

aY•aae maximum 

see spec:;aa1 See $pedal See 
See Special Measure 

32 2 10 30 60 6 5-90 Atk >Aoid Condition Cond«IOR 20 •o Mon,lo, So<,oal Condition """" No 15 No 15 ooly Concht.on No 1S Sampling No. 15 

All sampling shall be performed utilizing the grab sampling method. 

•• There shall be a minimum of three (3) samples per week collected from Outfall 011 when the pond is discharging. A "no flow" 
situation is not considered to be a sample of the discharge. 

• Operation and management of pumpage to Outfall 011 Is subject to the requirements of Special Condition No. 15. Also. discharges 
from Outfall 011 shall be subject to the limitations, monitoring. and reporting requirements of Special Condition No. 18. Monitoring 
downstream of Outfall 011 is subject lo the requirements of Special Condition 16. 

hon 
(Oisoolvodl 

See 
Special 

Cond"""' 
No 15 
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Effluent Limitations and Monitoring 

Upon completion of Special Condition 10 and approval from the Agency, the effluent of the following discharge shall be monitored and 
limited at all times as follows: 

Outfalls•: 001, 002, 003, 004, 005, 006, 007, 008 (Reclamation Area Drainage) 

Parameters 

Discharge pH .. Sulfate Chloride Flow 
Settleable 

Solids 
Condition (S.U.) (mg/L) (mg/L) Hardness (MGD) 

(ml/I) ... ... . .. ... . .. 
Monitor 

Measure 
I 6.5-9.0 1250 500 only When 0.5 

Samolina 

Monitor Measure 
II 6.0-9.0 1250 500 

only 
When 0.5 

SamplinQ 

Monitor Measure 
Ill 6.0-9.0 1250 500 

only 
When -

Samolina 

Monitor Measure 
IV 6.5-9.0 1250 500 

only 
When 0.5 

Sampling 

Dry weather discharge (base flow, if present) from the outfall. 

IJ In accordance with 35111. Adm. Code 406.109(b}, any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period less than or equal to the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall 
comply with the indicated limitations. The 10-year, 24-hour precipitation event for this area is considered to be 5.21 inches. 

Ill In accordance with 35 Ill. Adm. Code 406.109(c). any discharge or increase in the volume of a discharge caused by precipitation 
within any 24-hour period greater than the 10-year, 24-hour precipitation event (or snowmelt of equivalent volume) shall comply 
with the indicated limitations instead of those in 35 Ill. Adm. Code 406.109(b). 

IV Discharges continuing 24 hours after cessation of precipitation event that resulted in discharge. For reclamation area discharges, 
monitoring requirements and permit limitations of Discharge Condition IV are identical to Discharge Condition I to which the 
outfall discharge has reverted. 

Sampling during all Discharge Conditions shall be performed utilizing the grab sampling method. A "no flow'' situation is not considered 
to be a sample of the discharge. 

••• One sample per month (1/month) shall be collected if and/or when a discharge occurs under either Discharge Condition I, II or IV 
and analyzed for the parameters identified in the table above. In addition, at least three (3) grab samples shall be taken each quarter 
from separate precipitation events under Discharge Condition Ill and analyzed for parameters indicated in the above table. For 
quarters in which there are less than 3 such precipitation events, a grab sample of the discharge shall be required whenever such 
precipitation event(s) occur(s). 

The water quality standards for sulfate and chloride must be met in discharges from the above referenced outfall as well as in the 
receiving stream. 

• The Permittee is subject to the limitations, monitoring, and reporting requirements of Special Condition Nos. 13 and 14 for the 
discharges from Outfalls 001, 002, 003, 004, 005, 006, 007 and 008 and unnamed tributary to Pond Creek. 

•• No discharge is allowed from any above referenced permitted outfall during "low flow'' or "no flow" conditions in the receiving stream 
unless such discharge meets the water quality standards of 35 111 Adm. Code 302.204 for pH. 
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Effluent Umltations and Monitoring 

Upon completion of Special Condition No. 11 and approval from the Agency, the effluent of the following discharge shall be monitored 
and limited at all t mes as follows: 

Outfalls· 001. 002, 003. 004, 05, 006, 007, 008 (Stormwater Discharge) 

- Parameters 
pH* SetUeable Solids 

{S.U.) {ml/I) .. .. 
6.0-9.0 0.5 

Stormwater discharge monitonng is subject to the following reporting requirements: 

Analysis of samples must be submitted with second quarter Discharge Monitoring Reports. 

If discharges can be shown to be similar, a plan may be submitted by November 1 of each year preceding sampling lo propose 
grouping of similar discharges and/or updated previously submitted groupings. If updating of a previously submitted plan is not 
necessary, a written notification to the Agency, indicating such is required .. Upon approval from the Agency, one representative 
sample for each group may be submitted. 

Annual stormwater monitoring is required for all discharges until Final SMCRA Bond is released and approval to cease such 
monitoring is obtained from the Agency. 

• No discharge is allowed from any above referenced permitted outfalls during "low flow" or "no flow" conditions 1n the receiving 
stream unless such discharge meets the water quality standards of 35 Ill. Adm. Code 302 204 for pH. 

•• One (1) sample per year shall be collected and analyzed for the indicated parameter; however, such sampling and analysis is 
required only if and/or when a discharge occurs from the individual Outfall(s) identified above. 
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NPDES Permit No. IL0077666 

Construction Authorization No. 3117-15 

Authorization is hereby granted to the above designee to construct and operate the mine and mine refuse area described as follows: 

Surface facilities in support of an underground mine containing a total of 986.10 acres, also identified as IDNR/OMM Permit Nos. 375 
417 and 456, and as described in IEPA Log Nos. 3117-15 and 3117-15-A, located in Sections 2, 3, 4, 7, 8, 9, 10, 12, 14, 15, 16, 17, 
18 and 29, Township 8 South, Range 4 East. and Sections 11, 12, 13, 35, 36, Township 8 South, Range 3 East. Williamson County, 
3rd P.M., Illinois, and Sections 1, 2 and 12, Township 8 South, Range 2 East, and Sections 7, 8, 9, 11, 14, 15, 16, and 17, Township 
8 South, Range 3 East, and Sections 27, 28, 29, 30, 31, 32, 34 and 35, Township 7 South, Range 2 East. Franklin County, J'll P.M., 
Illinois. 

The surface facilities at this site contain drainage control structures (ditches) and nine (9) sediment basins, indine slope, coal 
preparation plant, coal stockpiles, refuse disposal areas, coal conveyors, railroad loop, ventilation shafts, parking areas, access roads, 
and office and maintenance buildings. The following additional areas are being added to the original facilities approved for this 
operation. 

An additional area of 4.05 acres, identified as IBR No. 4 to OMM Permit No. 375, located in Section 12, Township 8 South, Range 
3 East, in Williamson County, Illinois. As proposed and depicted in IEPA Log Nos. 2416-06 and 2416-06-A, installation of three 
(3) boreholes and associated pipeline to ensure mine ventilation is approved. Runoff from the area approved herein should be 
controlled by silt fence, mulching, seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 9.71 acres, identified as fBR No. 5 to OMM Permit No. 375, located in Section 13, Township 8 South, Range 
3 East, in Williamson County, Illinois. As proposed and depicted in IEPA Log Nos. 2380-06 and 2380-06-A, installation of the 
support facilities to ensure mine ventilation is approved. Runoff from the area approved herein should be controlled by two 
temporary catch basins, silt fence, mulching, seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 3.20 acres, identified as IBR No. 1 Oto OMM Permit No. 375, located in Section 8, Township 8 South, Range 
4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log Nos. 1396-07 and 1396-07-A, installation of two 
(2} boreholes and a vertical pump to ensure mine ventilation is approved. Runoff from the area approved herein should be 
controlled by silt fence, mulching, seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 12.50 acres, identified as IBR No. 11 to OMM Permit No. 375, located in Sections 4, 7 and 8, Township 8 
South, Range 4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log Nos. 1525-07 and 1525-07-A, this 
area is incorporated for the instaflalion of the water line from the Locust Grove Shaft area to Pond 006. Runoff from the area 
approved herein should be controlled by silt fence, mulching, seeding, vegetation. rock check dams, erosion control blankets, 
etc. 

An additional area of 0.36 acres, identified as IBR to OMM Permit No. 375, located in Sections 11 and 12, Township 8 South, 
Range 3 East, in Williamson County, Illinois. As proposed and depicted in IEPA Log Nos. 0190-08 and 0190-08-A, re-alignment 
of access road is approved. Runoff from the area approved herein should be controlled by silt fence, mulching, seeding, 
vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 3.57 acres, identified as IBR No. 14 to OMM Permit No. 375, located in Section 9, Township 8 South, Range 
4 East, in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 0369-08, two (2) boreholes will be drilled and 
a vertical pump will be installed to ensure mine ventilation. Runoff from the area approved herein will be controlled by sill fence, 
mulching, seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 8.1 acres, identified as IBR No. 25 to OMM Permit No. 375, localed in Sections 9 and 10, Township 8 
South, Range 4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 8091-10, two (2) concrete 
transport boreholes and access road will be constructed and a turbine pump, buried waterline and power line will be installed. 
Runoff from the area approved herein will be controlled by silt fence, mulching, seeding, vegetation, rock check dams. erosion 
control blankets, etc. 

An additional area of 2.13 acres, identified as IBR No. 55 to OMM Permit No. 375, located in Section 9 and 16, Township 8 
South, Range 4 East, in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 5530-13 a buried pump discharge 
pipeline and electrical power line will be installed. Runoff from the area approved herein will be controlled by sill fence, mulching, 
seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 4.18 acres, identified as IBR No. 52 to OMM Permit No. 375, located in Section 15, Township 8 South. 
Range 4 East. Williamson County, Illinois. As proposed and depicted in IEPA Log No. 5168-13, this area is being incorporated 
for the construction or an underground mine support facility including a borehole and installation of an electric vertical turbine 
pump. The area will also indude a buried pipeline and electric power line. Runoff from the area approved herein will be controlled 
by silt fence, mulching, seeding, vegetation, rock check dams. erosion control blankets, etc. 
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Construction Authorization No. 3117 -15 

An additional area of 3.3 acres, identified as IBR No. 57 to OMM Permit No. 375, located in Section 18, Township 8 South, Range 
4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 4088-14, two (2) boreholes will be constructed 
and a pump and waterline will be installed lo pump underground mine pumpage to an existing waterline along Jordan Fort Road. 
Topsoil stockpiles will also be located with the IBR area. Runoff from the area approved herein will be controlled by silt fence, 
mulching, seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 3.3 acres, identified as IBR No. 58 to OMM Permit No. 375, located in Sections 8 and 17. Township 8 South. 
Range 4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 5477-13, two (2) boreholes will be 
constructed and a pump and waterline will be installed to pump underground mine water and to ensure underground ventilation 
Runoff from the area approved herein will be controlled by sill fence, mulching, seeding, vegetation, rock check dams, erosion 
control blankets. etc. 

An additional area of 9.89 acres, identified as IBR No. 60 to OMM Permit No. 375, located in Section 13, Township 8 South, Range 
3 East, Williamson County, Illinois. As proposed and depicted in IEPA Log No. 4237-14, this area is for the development of topso;I 
and subsoil storage areas and construction of associated drainage ditches. Two (2) drainage ditches, identdied as Collection 
Ditch Nos. D-5E-1 and O-5D-1, directs runoff from this area to existing Ditch D-5c and Pond 005. 

An additional area of 1.0 acres, identified as IBR No. 78 to OMM Permit No. 375, located in Section 13, Township 8 South, Range 
3 East, and Sections 7 and 18, Township 8 South, Range 4 East. in Williamson County, Illinois. As proposed and depicted in 
IEPA Log No. 9082-19, this area is incorporated into this permit for a buried four-inch waterline to be installed. Runoff from the 
area approved herein will be controlled by silt fence, mulching. seeding, vegetation, rock check dams, eros•on control blankets. 
etc. 

An additional area of 19.9 acres, identified as IBR No. 79 to OMM Permit No. 375, located in Sections 35 and 36, Township 7 
South, Range 3 East. in Franklin County, Illinois. As proposed and depicted in IEPA Log No. 9083-19, this area is incorporated 
into this permit for installation of a supply shaft to transport supplies underground as required for the continued effective operation 
of approved mine plan, belt air shaft and fan to supply required ventilation along with six (6) steel cased boreholes with a diameter 
less ten 1 O 5/8 inches for power and other supplies, power substation, dry storage barn and equipment yard. Runoff from the area 
approved herein will be controlled by silt fence, mulching. seeding, vegetation, rock check dams, erosion control blankets, etc. 

An additional area of 17.01 acres, identified as IBR No. 83 to OMM Permit No. 375, located in Sections 2, 3, 9 and 10, Township 
8South, Range 4 East. in Williamson County, Illinois. As proposed and depicted in IEPA Log No. 9109-19, this area is incorporated 
into this permit for a access roadway, one 16.5 foot bleeder shaft, utility boreholes, concrete pad for transformer, a compressor 
station and a portable crib plant. Runoff from the area approved herein will be controlled by silt fence. mulching, seeding. 
vegetation, rock check dams, erosion control blankets, etc. 

As described in IEPA Log No. 7395-11 and previously approved under Subtitle D Permit No. 2012-MA-7395-1, a permit area 
consisting of 9.82 acres located in Section 10. Township 8 South, Range 4 East. Williamson County, is incorporated into this 
permit for the construction of compressor bore hole, installation of a buried power line and an access road, All runoff from this 
area shall be monitored in accordance with stormwater monitoring requirements of Special Condition No. 12 of this NPDES Permit. 
This additional area is included in the total permit acreage cited above. 

As described in IEPA Log No. 6141-12 and previously approved under Subtitle D Permit No. 2012-MA-6141-1, a permit area 
consisting of 0.64 acres located in Section 13, Township 8 South, Range 3 East, Williamson County, is Incorporated Into this 
permit for the construction of borehole for the batch material supply of crushed stone and concrete to the underground mine. All 
runoff from this area shall be monitored in accordance with stonnwater monitoring requirements of Special Condition No. 12 of 
this NPDES Permit. This additional area is included in the total permit acreage cited above. 

As described in IEPA Log No. 6562-12 and previously approved under Subtitle D Permit No. 2013-MA-6562, a permit area 
consisting of 3.81 acres located in Section 16, Township 8 South, Range 4 East, Williamson County, is incorporated into this 
permit for the construction of a steel-liner drill hole and temporary installation of a pumpable cement product mixing plant used for 
underground mine. All runoff from this area shall be monitored in accordance with stormwater monitoring requirements of Special 
Condition No. 12 of this NPDES Permit. This additional area is included in the total permit acreage cited above. 

As described in IEPA Log No. 6039-12 and previously approved under Subtitle D Permit No. 2015-MA-6039, a permit area 
consisting of 4.65 acres located in Section 14, Township 8 South, Range 4 East. Williamson County, is incorporated into th·s 
permit for installation of ventilation shaft site. All runoff from this area shall be monitored in accordance with stormwater monitoring 
requirements of Special Condition No. 12 of this NPDES Permit. This additional area is included in the total permit acreage cited 
above. 

As described in IEPA Log No. 2273-16 and previously approved under Subtitle D Permit No. 2016-MA-2273, a permit area 
consisting of 6.5 acres located in Section 29, Township 8 South, Range 4 East, Williamson County, is incorporated into this permit 
for the construction of a concrete lined South District Supply Shaft to provide supplies to underground workings, three (3) 
boreholes, a pole barn and an access road. All runoff from this area shall be monitored in accordance with stormwater monitoring 
requirements of Special Condition No. 12 of this NP DES Permit. This additional area is included in the total permit acreage cited 
above. 
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As previously approved under Subtitle D Permit No. 2014-MW-4275, a fine coal refuse (slurry) disposal area incorporating the use 
of geotextile tubes was developed at Pond Creek Mine site. As described and depicted in IEPA Log Nos. 4275-14, 4275-14-A. 
4275-14-B. 1475-14-C development of this area included construction of a low permeability liner consisting of four (4) foot 
compacted clay with a hydraulic conductivity of 1 x 10·1 cm/sec, or less. Surface runoff and dewatering of the geotextile lubes is 
collected in a "no-discharge" perimeter containment basin and pumped to existing refuse disposal area or coal preparation plant. 
Hereby incorporated into this permit is a modification of the drainage control plan to allow stormwater runoff from the area to 
discharge through sediment ditches and spillway into existing Ditch D-5C and through Pond No. 005. as described and depicted 
in IEPA Log No. 3117-15. Reclamation of the geotextile tube refuse disposal area shell consists of construction of a low 
permeability cap consisting of four (4) foot compacted clay with hydraulic conductivity of 1x10·7cm/sec, or less. Rooting medium 
and topsoil required for establishment of vegetative cover shall be in addition to the four (4) foot compacted clay low permeability 
cap. Four (4) monitoring wells identified as Well Nos. GW-29, GW-30, GW-31 and GW-32 shall be installed at each comer of the 
geotextile tube placement area. Groundwater monitoring shall be performed in accordance with Condition No. 13. 

As described in IEPA Log Nos.1186-17. 1186-17-Band 1385-17, and previously approved under Subtitle D Permit No. 2017-MA-
1186-1. a permit area consisting of 17.7 acres located in Section 12, Township 8 South, Range 3 East. Williamson County, is 
incorporated into this permit for construction of a Water Management Facility consisting of three (3) water holding cells. 
Construction and development of the water Management facility includes topsoil removal, grading, foundation preparation and 
installation of a low permeability liner consisting of four (4) foot compacted clay liner with a hydraulic conduclivity of 1 x 10 ·7 

cm/sec within the water holding cells. Compacted clay liner shall also be subject to and in accordance with the specifications and 
testing requirements of Condition No. 12. All runoff from this area shall be monitored in accordance with stormwater monitoring 
requirements of Special Condition No. 12 of this NPDES Permit. This additional area is included in the total permit acreage cited 
above. Four (4) monitoring wells identified as Well Nos. GW-33, GW-34, GW-35 and GW-36 shall be installed as depicted in IEPA 
Log Nos. 1186-17. 1186-17-B and 1385-17 Groundwater monitoring shall be performed in accordance with Condition No.13. 

The following mining operations plan changes are incorporated into this permit: 

Log No. 2413-06 

Log No. 2414-06 

Log No. 0371-08 

The Mining Operations Plan has been revised to include the construction of an access tunnel 
under the railroad loop and administration building. 
The Mine Operations Map has been revised to depict the revised various structures within 
the support facility. 
Installation of a concrete sump at the existing road tunnel and a pipeline which will discharge 
to Sediment Pond No. 003, identified as IPR No. 13 to OMM Permit No. 375. 

Surface drainage control is provided by nine (9) sedimentation ponds with discharges designated as 001, 002, 003, 004, 005 and 011 
classified as alkaline mine drainage, and Outfalls 006, 007. 008 classified as acid mine discharge. The sanitary wastewater water 
treatment system will be approved by the Illinois Department of Public Health. 

The location and receiving stream of the Outfalls at this facility is as follows: 

Outfall Latitude Longitude 

No. 
Receiving Water 

DEG MIN SEC DEG MIN SEC 

001 37• so· 59.2" ss· 49' 37.5" Unnamed tributary to Pond Creek 

002 37• 50' 26.0" 88° 49' 51.5" Unnamed tributary to Pond Creek 

003 37• so· 26.0" 88° 49' 58.0" Unnamed tributary lo Pond Creek 

004 37° 50' 25.0" as· 49' 56.6" Unnamed tributary to Pond Creek 

005 37° 50' 9.1" es· 50' 00.0" Unnamed tributary lo Pond Creek 

006 37• so· 28.4" ss· 50' 40.6" Unnamed tributary to Pond Creek 

007 37• 50' 29.5" 86° 49' 34.0" Unnamed tributary to Pond Creek 

008 37° 50' 31.4" as· 49' 33.9" Unnamed tributary to Pond Creek 

011 37• 52' 37" 89° 01' 49" Big Muddy River 
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Original Sedimentation Ponds with discharges designated as Outfall Nos, 007 and 008 have been re-designed as described and 
depicted in IEPA Log No. 8554-10 

Refuse disposal 
Refuse Disposal Area as previously approved in IEPA Log No. 3054-05, was constructed in phases as depicted and described in 
IEPA Log No. 2377-06 (RDA No. 1), Refuse Disposal Area No. 2 was constructed at Pond Creek Mine facilities as proposed and 
described in IEPA Log Nos. 1465-07, 1465-07-B, 1465-07-D, 1465-07-E, 1465-07-G, 1520-07, 0346-08, 9005-09, 9198-09, 9198-09· 
A, 8114-10, 8114-10-A, 7185-11, 7225-11, 6431-12, 6431-12-A and 5378-13. 

As previously approved under Subtitle D Permit No. 2015-MA-3432, construction and development of Refuse Disposal Area No. 3 
includes topsoil removal, grading, foundation preparation for refuse area, also construction of the water holding cell and installation of 
four (4) foot compacted day liner was performed in accordance with the procedures discussed and outlined in IEPA Log No. 3432-
15. As described in IEPA Log No. 3432-15, all stormwater runoff from the deposited coarse refuse within the RDA No. 3 is collected 
and maintained within the RDA No. 3 and/or is pumped into the slurry impoundmg structure of the existing RDA, which is an integral 
part of the Pond Creek Mine No. 1 coal preparation plant closed circuit wastewater handling system. 

As described and depicted in IEPA Log Nos. 3001-15 and 3001-15-C Refuse Disposal Area No. 3 (RDA 3) is approved for construction. 
RDA 3 is located immediately east of the RDA 1 and RDA 2 areas, contains 229.78 acres, and is included in the above cited total 
Permit acreage The area for RDA 3 is located in Section 12, Township 8 South, Range 3 East and Section 7, Township 8 South, 
Range 4 East. Williamson County, Illinois. To not increase chloride and sulfates due to construction of RDA 3, the mine is reclaiming 
the outslopes of the RDA 1 and RDA 2 that previously discharged through Outfalls 007 and 008. There will be no increase in loading 
due to the construction of RDA 3. Runoff from this area will be tributary to previously constructed water holding cell. Construction of 
four (4) foot compacted day liners for the Refuse Disposal Area No. 3, shall be subject to and in accordance with the specifications 
and testing requirements of Condition No. 12. With prior approval as to thickness and installation procedures, an HOPE synthetic liner 
may be utilized in lieu of the compacted clay liners proposed . 

Mixing Zone (Big Muddy River) 
Excess water will be transported from the Pond Creek Mine to Outfall No. 011 on the Big Muddy River through a high-density 
polyethylene (HDPE) pipeline. Water will be pumped from the Water Holding Cell by pumps through approximately 12.5 miles of pipe 
to the diffuser located at the mixing zone location. The pipeline ROW will be approximately 50 feet in width with a total penmilted area 
of approximately 70.7 acres. The amount of water that could be discharged through the Pipeline depends upon the chloride 
concentration in the discharge stream, the background chloride content and the flow in the Big Muddy River. The upper limit to the 
discharge will be based on the pumping capacity of the facility. Maximum pumping rate of 5,000 gallons per minute or 11.1 cfs. from 
the facility. The volume of water discharged to Big Muddy River will be dependent upon the flow in the Big Muddy River and the 
chloride concentration of the water in the Water Holding Cell and the chloride concentration coming downstream in the River. 

During operations of the pipeline, continuous flow monitors will be installed to provide protection against leakage. Flow will be 
monitored near the pump discharge while the pipeline is within the sediment control structure of Pond Creek Mine. Flow will also be 
monitored at the mixing zone location. This instrumentation will be connected to an alarm monitoring system and flow data will be 
transmitted to a central location for tracking and assessing system operations. The flow monitoring system operation and maintenance 
is subject to the requirements of Special Condition No. 15. 

Groundwater monitoring for the facility will consist of Monitoring Well Nos. MW-10, MW-11. MW-12, MW-13, MW-8R, MW-28, GW-1, 
GW-2, GW-4, GW-5, GW-9, GW-33, GW-34, GW-35 and GW-36. Groundwater monitoring requirements are outlined in Condition 
No. 13. 

This Construction Authorization replaces Construction Authorization No. 3054-05. 

The abandonment plan shall be executed and completed in accordance with 35 Ill. Adm. Code 405 .109. 

All water remaining upon abandonment must meet the requirements of 35 Ill. Adm. Code 406.202. For the constituents not covered 
by 35 111. Adm. Code Parts 302 or 303, an water remaining upon abandonment must meet the requirements of 35 Ill. Adm. Code 
406.106. 
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This Authorization is issued subject to the following Condition(s}. If such Condition(s) require(~) additional or revised facilities, 
satisfactory engineering plan documents must be submitted to this Agency for review and approval to secure issuance of a 
Supplemental Authorization to Construct. 

1. If any statement or representation is found to be incorrect, this permit may be revoked and the permittee thereupon waives all 
rights thereunder. 

2. The issuance of this permit (a) shall not be considered as in any manner affecting the title of the premises upon which the mine 
or mine refuse area is to be located; (b} does not release the permittee from any liability for damage to person or property caused 
by or resulting from the installation, maintenance or operation of the proposed facilities; (c) does not take into consideration the 
structural stability of any units or parts of the project; and (d) does not release the permiltee from compliance with other applicable 
statutes of the State of Illinois, or with applicable local laws, regulations or ordinances. 

3. Final plans, specifications, application and supporting documents as submitted by the permittee and approved by the Agency 
shall constitute part of this permit in the records of the Agency. 

4. There shall be no deviations from the approved plans and specifications unless revised plans, specifications and application shall 
first have been submitted to the Agency and a supplemental permit issued. 

5. The permit holder shall notify the Agency (217/782-3637) immediately of an emergency at the mine or mine refuse area which 
causes or threatens to cause a sudden discharge of contaminants into the waters of Illinois and shall immediately undertake 
necessary corrective measures as required by 35 Ill. Adm. Code 405.111. (217/782-3637 for calls between the hours of 5:00 
p.m. to 8:30 a.m. and on weekends.) 

6. The termination of an NPDES discharge monitoring point or cessation of monitoring of an NPDES discharge is not authorized by 
this Agency until the permittee submits adequate justification to show what alternate treatment is provided or that untreated 
drainage will meet applicable effluent and water quality standards. 

7. Initial construction activities in areas to be disturbed shall be for collection and treatment facilities only. Prior to the start of other 
activities, surface drainage controls shall be constructed and operated to avoid violations of the Act or Subtitle D. At such time 
as runoff water is collected in the sedimentation pond, a sample shall be collected and analyzed, for the parameters designated 
as 1M through 15M under Part 5-Cof Form 2C and the effluent parameters designated herein with the results sent to this Agency. 
Should additional treatment be necessary to meet the standards of 35 Ill. Adm. Code 406.106 or applicable water quality 
standards, a Supplemental Permit must be obtained. Discharge from ponds is not allowed unless applicable effluent and water 
quality standards are met in the basin discharge(s). 

8. This Agency must be informed in writing and an application submitted if drainage, which was previously classified as alkaline 
(pH greater than 6.0), becomes acid (pH less than 6.0) or ferruginous (base flow with an iron concentration greater than 10 mg/L}. 
The type of drainage discharging to the basin should be reclassified in a manner consistent with the applicable provisions of 35 
Ill. Adm. Code Part 406. The application should discuss the treatment method and demonstrate how the discharge will meet the 
applicable standards. 

9. A permittee has the obligation to add a settling aid if necessary to meet the suspended solids or settleable solids effluent 
standards. The selection of a setUing aid and the application practice shall be in accordance with a. or b. below 

a. Alum (Al2(SO.)J), hydrated lime {Ca(OH)2), soda ash (Na2CO3), alkaline pit pumpage, acetylene production by-product 
(tested for impurities), and ground limestone are acceptable settling aids and are hereby permitted for alkaline mine drainage 
sedimentation ponds. 

b. Any other settling aids such as commercial flocculents and coagulants are permitted only on prior approval from the Agency. 
To obtain approval a permillee must demonstrate in writing to the Agency that such use will not cause a violation of the 
toxic substances standard of 35 Ill. Adm. Code 302.210 or of the appropriate effluent and water quality standards of 35 Ill. 
Adm. Code parts 302, 304, and 406. 

10. A general plan for the nature and disposition of all liquids used to drill boreholes shall be filed with this Agency prior to any such 
operation. This plan should be filed at such time that the operator becomes aware of the need to drill unless the plan of operation 
was contained in a previously approved application. 

11. Any of the following shall be a violation of the provisions required under 35 m. Adm. Code 406.202: 

a. It is demonstrated that an adverse effect on the environment in and around the receiving stream has occurred or is likely to 
occur. 
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b. It is demonstrated that the discharge has adversely affected or is likely to adversely affect any public water supply. 

c. The Agency determines that the permittee is not utilizing Good Mining Practices in accordance with 35 Ill. Adm. Code 
406.204 which are fully described in detail in Sections 406.205, 406.206, 406.207 and 406.208 in order to minimize the 
discharge of total dissolved solids, chloride, sulfate, iron and manganese. To the extent practical, such Good Mining 
Practices shall be implemented to: 

i. Stop or minimize water from coming into contact with disturbed areas through the use of diversions and/or runoff 
controls (Section 406.205). 

ii. Retention and control within the site of waters exposed to disturbed materials utilizing erosion controls, sedimentation 
controls, water reuse or recirculation, minimization of exposure to disturbed materials, etc. (Section 406.206). 

iii. Control and treatment of waters discharged from the site by regulation of flow of discharges and/or routing of 
discharges to more suitable discharge locations (Section 406.207). 

iv. Utilized unconventional practices to prevent the production or discharge of waters containing elevated contaminant 
concentrations such as diversion of groundwater prior to entry into a surface or underground mine, dewatering 
practices to remove clean water prior to contacting disturbed materials andlor any additional practices demonstrated 
to be effective in reducing contaminant levels in discharges (Section 406.208). 

12. The four (4) foot compacted clay liner to be constructed course refuse disposal area, fine coal refuse area (RDA No. 3) shall be 
subject to the specifications and procedures presented in IEPA Log No. 3001-15-C. 

Construction Specifications 

a. All soils to be used for the compacted clay liner shall be free of grass, vines, vegetation and rock or stones greater than four 
{4) inches in diameter. 

b. Samples collected from the borrow area shall be evaluated in accordance with ASTM 0422, D4318 and D2487 to ensure 
classification criteria are met. 

c. Each successive soil lift shall be placed to a 6 to 8 inch loose thickness; however. in no instance shall the loose lift thickness 
exceed the length of the pads or feet on the compactor or roller. 

d. Each soil lift shall be compacted to the minimum Standard Proctor (ASTM D698) density identified in item no. 12(q) below, 
at a moisture content of 0% to 5% above the optimum moisture content of the soil. 

e. Inter-lift surfaces shall be adequately scarified to ensure inter-lifting bonding. 

f. Liner construction shall be performed to consistent achievement of density, moisture content, and hydraulic conductivity for 
each successive lift. 

g. The placement of frozen material or the placement material on frozen ground is prohibited. 

h. Contemporaneous placement or protective covering shall be provided to prevent drying. desiccation and/or freezing where 
necessary. 

i. Liner construction shall be completed in a manner which reduces void spaces within the soil and liner. 

j. All construction stakes shall be removed during construction, and all test holes (Shelby tube samples) are to be backfilled 
with bentonite. 

k. The compacted clay liner shall be constructed in a manner to achieve a uniform barrier with a hydraulic conduclivity of 1 x 
10·1 cm/sec. 

I. In the event that acceptable compaction results are not achieved, the soil lift shall be reprocessed or removed and replaced. 
If moisture content is less than optimum, or greater than 5% above optimum, the falling material shall be wetted or dried to 
a moisture content within specification and re-compacted. If the dry density is below specification, the failing material shall 
be re-compacted unUI a passing test is achieved. 



R00022

Page 19 

NPDES Permit No. IL0077666 

Construction Authorization No. 3117-15 

m. In the event or a failing conductivity test, the soil may be removed or re-compacted and retested until a passing result is 
obtained; or the soil immediately above and below the test specimen from the same Shelby tube may be tested. Ir both 
tests pass, the original test shall be nullified. If either test rails, that portion or the liner shall be rejected and shall be 
reconstructed and retested until passing results are obtained. The limits of necessary reconstruction shall be determined 
by additional sampling and testing within the railed region, thereby isolating the failing area of work. 

Testing Specifications 

n. Prior to initiating soil liner construction, borrow soils shall be identified, qualified, and verified. At minimum, a representative 
sample of each soil type identified within the borrow area is to be collected and analyzed for gradation, compaction, and 
hydraulic conductivity characteristics. 

o. Samples collected from borrow area shall be evaluated in accordance with ASTM D422, D4318 and D2487 to ensure 
classification criteria are met. 

p. Samples collected from the borrow area shall be tested in accordance with ASTM D 698 to determine maximum dry density 
and optimum moisture content of the soil. 

q. Samples collect from the borrow area shall be compacted to 90% and 95% standard Proctor density at or near optimum 
moisture content. The hydraulic conductivity of the re-compacted samples shall be determined in accordance with ASTM 
D5084 procedures. The results of this testing shall be used to establish the minimum dry density for soil liner compaction 
necessary to achieve a hydraulic conductivity of 1 x 10·7 cm/sec or less. 

r. Moisture and density testing by nuclear methods (ASTM D2922 and D3017) shall be conducted at a rate of al least one test 
per 1,000 cubic yards placed. Testing locations shall be random and shall not be known to the earthwork contractor prior 
to lift placement. 

s. To ensure the accuracy and reproducibility of the nuclear testing, all nuclear density gauges shall be certified to calibration. 
Soil compaction tests shall be double-checked with independent test methods. A drive cylinder test and laboratory moisture 
content determination shall be conducted and compared to gauge readings. These independent checks shall be made at 
the outset of construction and on a bi-weekly basis (e.g .. every ten working days) thereafter. 

t. Samples for hydraulic conductivity verification shall be retrieved from the compacted soil liner and tested in accordance with 
ASTM D5084 procedures. Samples shall be retrieved using three-inch Shelby tubes. Samples shall be completed at 
frequency of one sample/test per 20,000 cubic yards placed. The vertical location of the recovered samples shall be varied 
so that representative portions or lifts of the contractor prior to soil liner construction. 

u. Survey checks shall be conducted at a minimum spacing of 100 fl. centers, and at 100 fl. intervals along each line where a 
break in slope occurs, to verify liner thickness. To verify liner thickness. the survey checks shall be taken before and after 
liner construction. 

13. Groundwater monitoring requirements for Well Nos. MW-10, MW-11, MW-12, MW-13, MW-SR. MW-28, GW-1, GW-2, GW-4, 
GW-5, GW-9, GW-33, GW-34, GW-35 and GW-36 are as follows: 

a. Ambient background monitoring shall be performed for all referenced wells. Such ambient monitoring shall consist of six 
(6) samples collected during the first year (approximately bi-monthly) following well installation but no later than during the 
first year of operation or disturbance to determine ambient background concentrations. Background monitoring shall include 
the following list of constituents: 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 
Cyanide 

Fluoride 
Iron (dissolved) 
Iron (total) 
Lead 
Manganese (dissolved) 
Manganese (total) 
Mercury 
Molybdenum 
Nickel 
Phenols 
Selenium 
Silver 

Sulfate 
Thallium 
Total Dissolved Solids 
Vanadium 
Zinc 
pH (field) 
Acidity 
Alkalinity 
Hardness 
Static Water Elevation 

b. Following the ambient monitoring as required under Condition No. 13(a) above, routine monitoring shall continue on a 
quarterly basis as follows: 
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i. Monitoring Well Nos MW-10, MW-11, MW-12, MW-13, MW-8R, MW-28, GW-2, GW-5, GW-9, GW-33, GW-34, GW-
35 and GW-36 shall continue to be monitored quarterly for the contaminants identified m Condition No. 13(a) above. 

ii. Monitoring Well Nos. GW-1 and GW-4 shall be monitored quarterly as required by IDNR/OMM for the following list of 
constituents: 

Chloride 
Iron (dissolved) 
Iron (total) 
Manganese (dissolved ) 
Manganese (total) 
Sulfate 

Total Dissolved Solids 
Hardness 
Acidity 
Alkalinity 
pH 
Static Water Elevation 

c. Following completion of active mining and reclamation, post-mining monitoring of all above referenced wells shall consist 
of six (6) samples collected during a 12-month period (approximately bi-monthly) to determine post-mining concentrations. 
Post-mining monitoring shall include the list of constituents identified in Condition No. 13(a) above. 

d. Groundwater monitoring reports shall be submitted to the Agency in accordance with Special Condition Nos. 3 and 5 of this 
NPDES permit 

e. A statistically valid representation of background and/or post mining waler quality required under Condition No. 13(b} above 
shall be submitted utilizing the following method. This method shall be used to determine the upper 95 percent confidence 
limit for each parameter listed above. 

Should the Permittee determine that an alternate statistical method would be more appropriate based on the data being 
evaluated, the Permiltee may request utilization of such alternate methodology. Upon approval from the Agency, the 
alternate methodology may be utilized to determine a statistically valid representation of background and/or post mining 
waler quality. 

The following method should be used to predu::t the confidence limit when single groundwater samples are taken from each 
monitoring (test) well. 

i, Determine the arithmetic mean (xb) of each indicator parameter for the sampling period. If more than one well is 

used, an equal number of samples must be taken from each well. 

X +X + ... X 
1 2 n 

n 
Where: 

X b = Average value for a given chemical parameter 

X 
11 = Values for each sample 

n = the number of samples taken 

ii. Calculate the background and/or post mining variance (Sb2) and standard deviation (Sb) for each parameter using the 
values (Xn} from each sample of the well(s) as follows: 
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iii. Calculate the upper confidence limit using the following formula: 

Where: 

CL = upper confidence limit prediction 
(upper and lower limits should be calculated for pH) 
t = onetailed I value at the required significance 
level and at n1 degrees of freedom from Table 1 
{a twotailed t value should be used for pH) 

iv. If the values of any routine parameter for any monitoring well exceed the upper confidence limit for that parameter, the 
permittee shall conclude that a statistically significant change has occurred at that well. 

v. When some of the background and/or post mining values are less than the Method Detection Limit (MDL), a value of 
one-half (1/2) the MDL shall be substituted for each value that is reported as less than the MDL. All other computations 
shall be calculated as given above. 

If all the background and/or post mining values are less than the MDL for a given parameter, the Practical Ouantitation Limit 
(POL), as given in 35 Ill. Adm. Code Part 724 Appendix l shall be used to evaluate data from monitoring wells. If the 
analytical results from any monitoring well exceed two {2) times the POL for any single parameter. or if they exceed the 
POLs for two or more parameters. the permittee shall conclude that a statistically significant change has occurred. 

Table 1 
Standard tTables Level of Significance 

tvalues tvalues 
Degrees of freedom (onetail) (twotail)" 

99% 95% 99% 95% 
4 3.747 2.132 4.604 2.776 
5 3.365 2.015 4.032 2.571 
6 3.143 1.943 3.707 2.447 
7 2.998 1.895 3.499 2.365 
8 2.896 1.860 3.355 2.306 
9 2.821 1.833 3.250 2.262 

10 2.764 1.812 3.169 2.228 
11 2.718 1.796 3.106 2.201 
12 2.681 1.782 3.055 2.179 
13 2.650 1.771 3.012 2.160 
14 2.624 1.761 2.977 2.145 
15 2.602 1.753 2.947 2.131 
16 2.583 1.746 2.921 2.120 
17 2.567 1.740 2.898 2.110 
18 2.552 1.734 2.878 2.101 
19 2.539 1.729 2.861 2.093 
20 2.528 1.725 2.845 2.086 
21 2.518 1.721 2.831 2.080 
22 2.508 1.717 2.819 2.074 
23 2.500 1.714 2.807 2.069 
24 2.492 1.711 2.797 2.064 
25 2.485 1.708 2.787 2.060 
30 2.457 1.697 2.750 2.042 
40 2.423 1.684 2.704 2.021 

Adopted from Table Ill of "Statistical Tables for Biological Agricultural and Medical Research" (1947, R.A. Fisher and F. Yates). 

• For pH only when required. 
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Special Condition No. 1: No effluent from any mine related fao lity area under this permit shall, alone or in combination with other 
sources, cause a violation of any applicab'e water quality standard as set out in the Illinois Pollution Control Board Rules and 
Regulations, Subtitle C: Water Pollution. 

Special Condition No. 2: Samples taken in compliance with the effluent monitoring requirements shall be taken at a point 
representative of the discharge, but prior to entry into the receiving stream, 

Special Condition No. 3: All periodic monitoring and reporting forms, including Discharge Monitoring Report (DMR) forms, shall be 
submitted to the Agency according to the schedule outlined in Special Condition No. 4 or 5 below with one (1) copy forwarded to each 
of the following addresses: 

Illinois Environmental Protection Agency 
Division of Water Pollution Control 
1021 North Grand Ave., East 
P.O. Box 19276 
Springfield, IL 62794-9276 

Attn: Compliance Assurance Section 

Illinois Environmental Protection Agency 
Mine Po'lutlon Control Program 
2309 West Main Street. Suite 116 
Marion. Illinois 62959 

The Permittee will be required to submit electronic DMRs (NelDMR) instead of mailing paper DMRs to the IEPA. unless a waiver is 
approved by the Agency, More information, including registration information for the NetDMR program, can be obtained on the IEPA 
website, https://www2.illinois.qov/epa/lopicslwater-guality/surface-water/netdmr/Pages/guick-answer-quide.aspx. 

Special Condition No. 4: Completed Discharge Monitoring Report (DMR) forms and as well as upstream and downstream monitoring 
results, shall be retained by the Permittee for a period of three (3) months and shall be submitted electronically (or mailed if waiver is 
approved by the Agency) and received by the IEPA at the addresses indicated in Special Condition No. 3 above in accordance with 
the following schedule, unless otherwise specified by the permitting authority. 

Period 

January, February, March 
April, May, June 
July, August, September 
October, November, December 

Received by !EPA 

April 15 
July 15 
October 15 
January 15 

The Permittee shall record discharge monitoring results on Discharge Monitoring Report (DMR) forms using one such form fo r each 
Outfall and Discharge Condition each month. In the event that an Outfall does not discharge during a monthly reporting period or 
under a given Discharge Condition, the DMR form shall be submitted with "No Discharge" indicated. 

Any and all monitoring results, other than NPDES outfall discharge results reported through NetDMR, shall be submitted lo the Agency 
at the addresses indicated in Special Condition No. 3 above. 

Special Condition No. 5: Completed periodic monitoring and reporting, other than DMR's and stream monitoring (i.e., groundwater 
monitoring, coal combustion waste analysis reports, etc.), shall be retained by the Permittee for a period of three (3) months and shall 
be mailed and received by the IEPA at the addresses indicated in Special Condition No. 3 above in accordance with the following 
schedule. unless otherwise specified by the permitting authority. 

Period 

January, February, March 
April, May, June 
July, August, September 
October, November, December 

Received by IEPA 

May 1 
August 1 
November 1 
February 1 

Special Condition No. 6: The Agency may revise or modify the permit consistent with applicable laws, regulations or judicial orders. 

Special Condition No. 7: If an applicable effluent standard or limitation is promulgated under Sections 301(b)(2)(C) and (0), 
304(b)(2). and 307(a)(2) of the Clean Water Act and that effluent standard or limitation is more stringent than any effluent limitation in 
the permit or controls a pollutant not limited in the NPDES Permit, the Agency shall revise or modify the permit in accordance with the 
more stringent standard or prohibition and shall so notify the permittee. 

Special Condition No. 8: The permittee shall notify the Agency in writing by certified mail within thirty days of abandonment. 
cessation, or suspension of active mining for thirty days or more unless caused by a labor dispute. During cessation or suspension 
of active mining, whether caused by a labor dispute or not, the permittee shall provide whatever interim impoundment. drainage 
diversion, and wastewater treatment is necessary to avoid violations of the Act or Subtitle D Regulations. 



R00026

Page 23 

NPDES Permit No. IL0077666 

Special Conditions 

Special Condition No. 9: Plans must be submitted to and approved by this Agency prior to construction of any future sedimentation 
ponds. At such time as runoff water is collected in the sedimentation pond, a sample shall be collected and analyzed for the 
parameters designated as 1M-15M under Part 5-C of Form 2C and the effluent parameters designated herein with the results sent to 
this Agency. Should additional treatment be necessary to meet these standards, a Supplemental Permit must also be obtained. 
Discharge from a pond is not allowed unless applicable effluent and waler quality standards are met. 

Special Condition No. 10: The special reclamation area effluent standards of 35111. Adm. Code 406.109 apply only on approval from 
the Agency. To obtain approval, a request form and supporting documentation shall be submitted to request the discharge be 
classified as a reclamation area discharge. The Agency will notify the permittee upon approval of the change. 

Special Condition No. 11: The special stormwater effluent standards apply only on approval from the Agency. To obtain approval, 
a request with supporting documentation shall be submitted to request the discharge to be classified as a stormwater discharge. The 
documentation supporting the request shall include analysis results indicating the discharge will consistently comply with reclamation 
area discharge effluent standards. The Agency will notify the permittee upon approval of the change. 

Special Condition No. 12: Annual stormwater monitoring is required for all discharges not tributary to a sediment basin until Final 
SMCRA Bond is released and approval to cease such monitoring is obtained from the Agency. 

a. Each discharge must be monitored for pH and settleable solids annually. 

b. Analysis of samples must be submitted with second quarter Discharge Monitoring Reports. A map with discharge locations must 
be included in this submittal. 

c. If discharges can be shown to be similar, a plan may be submitted by November 1 of each year preceding sampling to propose 
grouping of similar discharges andfor update previously submitted groupings. If updating of a previously submitted plan is not 
necessary, a written notification to the Agency indicating such is required. Upon approval from the Agency. one representative 
sample for each group may be submitted. 

Special Condition No. 13: Sediment Pond Operation and Maintenance (Outfalls 001, 002, 003, 004, 005, 006, 007 and 008): 

a. For discharges resulting from precipitation events, in addition to the alternate effluent (Discharge Condition Nos. II and Ill) 
monitoring requirements, as indicated on the applicable effluent pages of this Permit, discharges from Outfalls 001, 002, 003, 
004, 005, 006, 007, 008 shall be monitored and reported for Discharge Rate, Sulfate, Chloride and Hardness. 

b. The following sampling and monitoring requirements are applicable to flow in the unnamed tributary to Pond Creek which receive 
discharges from Outfalls 001, 002, 003, 004, 005, 006, 007, 008. 

i. All sampling and monitoring required under 13(b)(ii) and (iii) below shall be performed during a discharge and monitoring 
event from the associated outfall. 

ii. Unnamed tributary to Pond Creek shall be monitored and reported quarterly for Discharge Rate, Chloride, Sulfate and 
Hardness downstream of the associated outfall. This downstream monitoring shall be performed a sufficient distance 
downstream of the associated outfall to ensure that complete mixing has occurred. At such time that sufficient information 
has been collected regarding receiving stream fiow characteristics and in-stream contaminant concentrations the permillee 
may request a re-evaluation of the monitoring frequency required herein for possible reduction or elimination. For the 
purpose of re-evaluating the downstream monitoring frequency of the receiving stream, "sufficient information" is defined 
as a minimum of ten (10) quarterly sampling events. 

In the event that downstream monitoring of the receiving waters is eliminated during the term of this permit based on an 
evaluation of the quarterly data, a minimum of three (3) additional samples analyzed for the parameters identified above 
must be submitted with the permit renewal application a minimum of 180 days prior lo expiration of this permit. 

iii. Unnamed tributary to Pond Creek shall be monitored and reported annually for Discharge Rate, Chloride, Sulfate and 
Hardness upstream of the associated outfall. 

Special Condition No. 14: The Permittee shall install and operate a 1.0 MGD (million gallon per day) reverse osmosis (RO) unit 
with operation to begin no later than December 31, 2023. 

a. The RO permeate (treated water) will discharge though Outfalls 001 thru 008. Discharge may be through any single or 
combination of multiple outfalls at any given time. 

b. The RO reject will discharge to the Big Muddy River through Outfall 011 . 
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Special Condition No. 15: Sediment Pond Operation and Maintenance (Outfall 011): 

a. Pursuant to 35 Ill. Adm. Code Part 302.102, discharges from the referenced outfalls that otheiwise would not meet the water 
quality standards of 35 Ill. Adm. Code Part 302 may be permitted if sufficient flow exists in the receiving stream to ensure that 
applicable water quality standards are met That is, discharges not meeting the water quality standards of 35111. Adm. Code Part 
302 may only be discharged at such times that sufficient flow exists in the receiving stream to ensure that water quality standards 
in the receiving stream beyond the area of allowed mixing will not be exceeded. The permittee shall determine the effluent 
limitation for chloride and/or the maximum effluent flow rate allowable lo maintain water quality in the receiving stream. The 
following equations shall be used to make such determinations; 

Where: 

CE = Effluent concentration (mg/L) 

QE = Effluent flow rate (cfs) for Outfall 011 

Ous = Upstream flow rate (cfs) 

Cus = Upstream concentration (mg/L) 

Cos = Downstream concentration 

The "calculated .. downstream concentration (Cos) shall be less than 500 mg/L for chloride and reported on the discharge 
monitoring reports (DMRs). 

Chloride is limited in the NPDES permit at the limits described below. The maximum flow from Outfall 011 is 5,000 gpm and the 
maximum chloride concentration is 5,000 mg/L. 

Sulfate, chloride and Iron (dissolved) shall be monitored from the effluent three (3) times per week when discharging. 

The maximum dispersion required for all water quality parameters is 13.3.1. Model predictions have been made for a maximum 
effluent total flow rate of 11.1 cfs. At the maximum chloride concentration of 5,000 mg/L, this maximum discharge requires a 
river flow of 1.734 cfs to meet a dispersion of 13.3:1 in less than 25 % of the river volume. The maximum distance to meet the 
water quality standard for all scenarios is 46 feet downstream with a plume width of 25 feet. 

The zone of initial dilution for Ports 1 and 2 has a length of 4.5 feet by a width of 1.12 feet each. The zone of initial dilution for 
Port 3 has a length of 5.68 feet by a width of 1.38 feel. The zone of initial dilution for Port 4 has a length of 7.64 feet by a width 
of 1.97 feet. The zone of initial dilution for Port 5 has a length of 9.18 feet by a width of 2.23 feet. The mixing zone has a length 
of 46 feet by a width of 25 feet. 

The permit allows discharge from Outfall 011 when the Big Muddy River is between 30 to 2350 cfs, except after a 1-year, 24-
hour precipitation event, Outfall 011 can discharge for 6 consecutive days. The 1-year, 24-hour precipitation event for this area 
is considered to be 2.97 inches. 

The upstream flow (Ous) should be based on the full flow measurement upstream of the proposed Outfall 011 that shall be 
approved by the Agency. 

Flow & chloride concentrations should be available for the inspector during inspections. 

The upstream and downstream conductivity monitoring locations need to be approved by the Agency. 

The permittee shall install a conductivity monitor upstream of the discharge to determine a chloride concentration (Cus) correlated 
lo the conductivity value. In addition, the permittee shall install a continuous conductivity monitor located within ten (10) feet of 
the edge of the mixing zone downstream of Outfall 011 to ensure that the chloride concentration (correlated to the conductivity 
value) stays within the chloride water quality standard. The daily maximum downstream chloride concentration controlled lo 
conductivity shall be reported on the DMR's. 

Monthly chloride samples and conductivity measurements, in the Big Muddy River (upstream and downstream) and in the effluent 
is required to ensure that the calibration curves remain accurate. The calibration curves should be approved by the Agency 
before discharge, after six months of operation, and yearly thereafter. 
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Outfall 011 should include signage on the bank of the Big Muddy River lo inform people on the Big Muddy Rwver that the outfal 
is present. 

A mussel survey and a macroinvertebrale survey is required 1 year after commencement of the discharge from Outfall 011, 
during the next sampling period. 

The pipeline should be constructed with the new material, pressure control sensors (or other type of equipment) to stop the 
pumps when there is a loss of pressure in the pipeline should be installed. Inspection reports of the pipeline should be available 
to the Agency's inspector when requested. 

b. The following sampling and monitoring requirements are applicable to flow in Big Muddy River. which receives the discharges 
from Outfall 011. 

i. All sampling and monitoring required under 15(b)(ii) and (iii) below shall be performed during a discharge and monitoring 
event from the associated outfall. 

ii. The Big Muddy River shall be monitored and reported quarterly for Discharge Rate. Sulfate. Chloride and Hardness 
downstream of the associated outfall. This downstream monitoring shall be performed a sufficient distance downstream of 
the associated outfall to ensure that complete mixing has occurred. At such time that sufficient information has been 
collected regarding stream flow characteristics and in-stream contaminant concentrations, the permitlee may request a re.­
evaluation of the monitoring frequency required herein for possible reduction or elimination. For the purpose of re-evaluating 
the downstream monitoring frequency of the receiving stream, "sufficient information" is defined as a minimum of ten (10) 
quarterly sampling events. 

Jn the event that downstream monitoring of the receiving waters is eliminated during the term of this permit based on an 
evaluation of the quarterly data, a minimum of three (3) additional samples analyzed for the parameters identified above 
must be submitted with the permit renewal application a minimum of 180 days prior to expiration of this permit. 

iii. The Big Muddy River shall be monitored and reported annually for Discharge Rate. Sulfate, Chloride and Hardness 
upstream of the associated outfall. 

Special Condition No. 16: Outfall 011 downstream monitoring. 

a. A continuous conductivity monitor (correlated to chloride) shall be installed within 10 feel downstream of the edge of the mixing 
zone. 

b. The facility shall collect three samples per week from the receiving stream of Sulfate. Nickel, Copper. and Iron (dissolved) 
within 10 feet downstream of the edge of the mixing zone. 

c. If the measured concentration of Chloride, at the downstream monitoring location, exceeds 700 mg/I (this equals 40% over the 
water quality standard} more than 20 percent of the time in any month. the discharge from Outfall 011 shall cease until the 
waler quality standard can be met within the mixing zone. 

d. If the water quality standard. based on a hardness of 91 mg/Las CaCOJ, for Sulfate and Iron (dissolved) exceeds the numbers 
below at the downstream monitoring location. in more than 3 of the samples taken wilhin the month, the discharge from Outfall 
011 shall cease until the water quality standards can be met within the mixing zone. 

i. Sulfate= 700 mg/I (this is 40% over the WQS) 

ii. Iron (dissolved)= 1.4 mg/I (this is 40% over the WQS) 

e. If the water quality standard, based on a hardness of 91 mg/Las CaCOJ, for Copper (dissolved} and Nickel (dissolved) 
exceeds the numbers below al the downstream monitoring location, by 20 percenr in more than 3 of the samples taken within 
the month, the discharge from Outfall 011 shall cease until the water quality standards can be met within the mixing zone. 

i. Copper (dissolved)= 0.0126 mg/I (this is 20% over the WQS} 

ii. Nickel (dissolved}= 0.0055 mg/I (this is 20% over the WQS) 

Special Condition No. 17: Data collected in accordance with Special Condition Nos. 13 and 15 above will be utilized to evaluate the 
appropriateness of the effluent limits established in this Permit. Should the Agency's evaluation of this data indicate revised effluent 
limits are warranted; this permit may be reopened and modified to incorporate more appropriate effluent limitations. This data will 
also be used for determination of effluent limitations at the time of permit renewal. 
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Special Condition No. 18: Discharges from Outfalls 006, 007, 008 and 011 shall be monitored once per month for the first year and 
then twice annually spaced at approximately every 6-month apart for the remaining 5-year term of this NPDES Permit. Sampling of 
the discharges shall be performed utilizing the grab sampling method and analyzed for total (unfiltered) concentrations. The results 
of the sampling required under this Special Condition shall be submitted twice annually to the Agency in January and July of each 
calendar year to the addresses indicated in the Special Condition No. 3 above. The parameters to be sampled and the detection 
limits (minimum reported limits) are as follows: 

Parameter 

Arsenic 
Barium 
Cadmium 
Chromium (hexavalent) 
Chromium 
Copper 
Lead 
Manganese 
Mercury• 
Nickel 
Phenols 
Selenium 
Silver 
Zinc 

Detection Limit 

0.05 mg/L 
0.50 mg/L 
0.001 mg/L 
0.01 mg/L 
0.05 mg/L 
0.005 mg/L 
0.05 mg/L 
0.50 mg/L 
1.00 ng/I .. 
0.005 mg/L 
0.005 mg/L 
2.000 µg/1 ... 
0.003 mg/L 
0.025 mg/L 

Utilize USEPA Method 1631E and the digestion procedure described in Section 11.1.1.2 of 1631E. 
1.00 ng/1 (nanogrami liter) = 1 part per trillion. 
µg/I = micrograms/liter 
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Standard Conditions 

Definitions 

Act means the Illinois Environmental Protection Act, 415 ILCS 5 as 
Amended. 

Agency means the Illinois Environmental Protection Agency. 

Board means the Illinois Pollutlon Control Board. 

Clean Water Act (formerly referred to as the Federal Water Pollution 
Control Act) means Pub. L 92-500, as amended. 33 U.S.C. 1251 et 
seq. 

NPDES {National Pollutant Discharge Elimination System) means 
the national program for issuing, modifying, revoking and reissuing, 
terminating, monitoring and enforcing permits, and Imposing and 
enforcing pretreatment requirements, under Sectlons 307, 402, 318 
and 405 of the Clean Water Act. 

USEPA means the United States Environmental Protection Agency. 

Daily Discharge means the discharge of a pollutant measured 
during a calendar day or any 24-hour period that reasonably 
represents the calendar day for purposes of sampling. For pollutants 
with limitations expressed in units of mass, the "daily discharge· is 
calculated as the total mass of the pollutant discharged over the day. 
For pollutants with limitations expressed in other units of 
measurements, the "daily discharge• is calculated as the average 
measurement of the pollutant over the day. 

Maximum Dally Discharge Limitation (daily maximum) means the 
highest allowable daily discharge. 

Average Monthly Discharge Limitation (30 day average) means 
the highest allowable average of daily discharges over a calendar 
month, calculated as the sum of all daily discharges measured during 
a calendar month divided by the number of daily discharges 
measured during that month. 

Average Weekly Discharge Limitation (7 day average) means the 
highest allowable average of daily discharges over a calendar week, 
calculated as the sum of all daily discharges measured during a 
calendar week divided by the number of daily discharges measured 
during that week. 

Best Management Practices (BMPs) means schedules of activities, 
prohibitions of practices, maintenance procedures, and other 
management practices to prevent or reduce the pollution of waters of 
the State. BMPs also include treatment requirements, operating 
procedures, and practices to control plant site runoff, spillage or 
leaks, sludge or waste disposal, or drainage from raw material 
storage. 

Aliquot means a sample of specified volume used to make up a total 
composite sampte. 

Grab Sample means an individual sample of at least 100 milliliters 
collected at a randomly-selected time over a period not exceeding 15 
minutes. 

24-Hour Composite Sample means a combination of at least 8 
sample aliquots of at least 100 milliliters, collected at periodic 
intervals during the operating hours of a facility over a 24-hour period. 

8-Hour Composite Sample means a combination of at least 3 
sample aliquots of at least 100 milliliters, collected at periodic 
intervals during the operating hours of a facility over an 8-hour period, 

Flow Proportional Composite Sample means a combination of 
sample aliquots of at least 100 milliliters collected at periodic intervals 
such that either the time interval between each aliquot or the volume 
of each aliquot is proportional to either the stream flow at the time of 
sampling or the total stream flow since the collection of the previous 
aliquot. 

(1) Duty to comply. The permittee must comply with all conditions 
of this permit. Any permit noncompliance constitutes a violation 
of the Act and is grounds for enforcement action, permit 
termination, revocation and reissuance, modification, or for 
denial of a permit renewal application. The permittee shall 
comply with effluent standards or prohibitions established under 
Section 307(a) of the Clean Water Act for toxic pollutants within 
the time provided in the regulations that establish these 
standards or prohibitions, even if the permit has not yet been 
modified to incorporate the requirements. 

(2) Duty to reapply. If the permittee wishes to continue an activity 
regulated by this permit after the expiration date of this permit, 
the permittee must apply for and obtain a new permit. If the 
permittee submits a proper application as required by the 
Agency no later than 180 days prior to the expiration date, this 
permit shall continue in full force and effect until the final Agency 
decision on the application has been made. 

(3) Need to halt or reduce activity not a defense. It shall not be 
a defense for a permittee in an enforcement action that it would 
have been necessary to halt or reduce the permitted activity in 
order to maintain compliance with the conditions of this permit. 

(4) Duty to mitigate. The permittee shall take all reasonable steps 
to minimize or prevent any discharge in violation of this permit 
which has a reasonable likelihood of adversely affecting human 
health or the environment. 

(5) Proper operation and maintenance. The permittee shall at all 
times properly operate and maintain all facilities and systems of 
treatment and control (and related appurtenances) which are 
installed or used by the permittee to achieve compliance with 
conditions of this permit. Proper operation and maintenance 
includes effective performance, adequate funding, adequate 
operator staffing and training, and adequate laboratory and 
process controls, including appropriate quality assurance 
procedures. This provision requires the operation of back-up, or 
auxiliary facilities, or similar systems only when necessary to 
achieve compliance with the conditions of the permit. 

(6) Permit actions. This permit may be modified, revoked and 
reissued, or terminated for cause by the Agency pursuant to 40 
CFR 122.62 and 40 CFR 122.63. The fifing of a request by the 
permittee for a permit modification, revocation and reissuance, 
or termination, or a notification of planned changes or 
anticipated noncompliance, does not stay any permit condition. 

(7) Property rights. This permit does not convey any property 
rights of any sort, or any exclusive privilege. 

(8) Duty to provide information. The permittee shall furnish to the 
Agency within a reasonable time, any information which the 
Agency may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this permit, or 
to determine compliance with the permit. The permittee shall 
also furnish to the Agency upon request, copies of records 
required to be kept by this permit. 

(9) Inspection and entry. The permittee shall allow an authorized 
representative of the Agency or US EPA (including an authorized 
contractor acting as a representative of the Agency or USEPA), 
upon the presentation of credentials and other documents as 
may be required by law, to: 
(a) Enter upon the permittee's premises where a regulated 

facility or activity is located or conducted, or where records 
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must be kept under the conditions of this permit; 
(b) Have access to and copy, at reasonable times, any 

records that must be kept under the conditions of this 
permit; 

(c) Inspect at reasonabte times any facilities, equipment 
(including monitoring and control equipment}i practices, or 
operations regulated or required under this permit; and 

(d) Sample or monitor at reasonable limes, for the purpose of 
assuring permit compliance, or as otherwise authorized by 
the Act, any substances or parameters at any location. 

(10) Monitoring and records. 
(a) Samples and measurements taken for the purpose of 

monitoring shall be representative of the monitored activity. 
(b) The permittee shall retain records of all monitoring 

information, including all calibration and maintenance 
records, and all original strip chart recordings for continuous 
monitoring instrumentation, copies of all reports required by 
this permit, and records of all data used to complete the 
application for this permit, for a period of at least 3 years 
from the date of th is permit, measurement, report or 
application. Records related to the permittee's sewage 
sludge use and disposal activities shall be retained for a 
period of at least five years ( or tonger as required by 40 CFR 
Part 503). This period may be extended by request of the 
Agency or USEPA at any time. 

(c) Records of monitoring information shall include: 
(1) The date, exact place, and lime of sampling or 

measurements; 
(2) The individual(s) who performed the sampling or 

measurements; 
(3) The date(s) analyses were performed; 
(4) The individuat(s) who performed the analyses; 
(5) The analytical techniques or methods used; and 
(6) The results of such analyses. 

(d) Monitoring must be conducted according to test procedures 
approved under 40 CFR Part 136, unless other test 
procedures have been specified in this permit Where no 
test procedure under 40 CFR Part 136 has been approved, 
the permittee must submit to the Agency a test method for 
approval. The permittee shall calibrate and perform 
maintenance procedures on all monitoring and analytical 
instrumentation at intervals to ensure accuracy of 
measurements. 

(11) Signatory requirement. All applications, reports or information 
submitted to the Agency shall be signed and certified. 
(a) Application. All permit applications shall be signed as 

follows: 
( 1) For a corporation: by a principal executive officer of at 

least the level of vice president or a person or position 
having overall responsibility for environmental matters 
for the corporation: 

(2) For a partnership or sole proprietorship: by a general 
partner or the proprietor, respectively; or 

(3) For a municipality, State, Federal, or other public 
agency: by either a principal executive officer or 
ranking elected official. 

(bl Reports. All reports required by permits, or other 
information requested by the Agency shall be signed by a 
person described in paragraph (a) or by a duly authorized 
representative of that person. A person is a duly 
authorized representative only if: 
(1) The authorization is made in writing by a person 

described in paragraph (a); and 

(2) The authorization specifies either an individual or a 
position responsible for the overall operation of the 
facility, from which the discharge originates, such as a 
plant manager, superintendent or person of equivalent 
responsibility; and 

(3) The written authorization is submitted to the Agency. 
(c) Changes of Authorization. If an authorization under (b) 

is no longer accurate because a different individual or 
position has responsibility for the overall operation of the 
facility, a new authorization satisfying the requirements of 
(b) must be submitted to the Agency prior to or together 
with any reports, information, or applications to be signed 
by an authorized representative. 

(d) Certification. Any person signing a document under 
paragraph (a) or (b) of this section shall make the following 
certification: 

I certify under penalty of law that this document and all 
attachments were prepared under my direction or 
supervision in accordance with a system designed to 
assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry 
of the person or persons who manage the system, or those 
persons directly responsible for gathering the information, 
the information submitted is, to the best of my knowledge 
and belief, true, accurate, and complete. I am aware that 
there are significant penalties for submitting false 
information, including the possibility of fine and 
imprisonment for knowing violations. 

(12) Reporting requirements. 
(a) Planned changes. The permittee shall give notice to the 

Agency as soon as possible of any planned physical 
alterations or additions to the permitted facility. 
Notice is required when: 
( 1) The alteration or addition to a permitted facility may 

meet one of the criteria for determining whether a 
facility is a new source pursuant to 40 CFR 122.29 (b); 

. or 
(2) The alteration or addition could significantly change 

the nature or increase the quantity of pollutants 
discharged. This notification applies to pollutants 
which are subject neither to effluent limitations in the 
permit, nor to notification requirements pursuant to 40 
CFR 122.42 (a)(1). 

(3) The alteration or addition results in a significant 
change in the permittee's sludge use or disposal 
practices, and such alteration, addition, or change 
may justify the application of permit conditions that are 
different from or absent in the existing permit, 
including notification of additional use or disposal sites 
not reported during the permit application process or 
not reported pursuant to an approved land application 
plan. 

(b) Anticipated noncompliance. The permittee shall give 
advance notice to the Agency of any planned changes in 
the permitted facility or activity which may result in 
noncompliance with permit requirements. 

(c) Transfers. This permit is not transferable to any person 
except after notice to the Agency. 

(d) Compliance schedules. Reports of compliance or 
noncompliance with, or any progress reports on, interim 
and final requirements contained in any compliance 
schedule of this permit shall be submitted no later than 14 
days following each schedule date. 

(e) Monitoring reports. Monitoring results shall be reported 
at the intervals specified elsewhere in this permit. 
(1) Monitoring results must be reported on a Discharge 

Monitoring Report (DMR). 
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(2) If the pennittee monitors any pollutant more frequently 
than required by the permit, using test procedures 
approved under 40 CFR 136 or as specified in the 
permit, the results of this monitoring shall be included 
in the calculation and reporting of the data submitted 
in the DMR. 

(3) Calculations for all limitations which require averaging 
of measurements shall utilize an arithmetic mean 
unless otherwise specified by the Agency in the 
permit. 

{f) Twenty-four hour reporting. The permittee shall report 
any noncompliance which may endanger health or the 
environment. Any information shall be provided orally 
within 24-hours from the time the pennittee becomes 
aware of the circumstances. A written submission shall 
also be provided within 5 days of the time the pennittee 
becomes aware of the circumstances. The written 
submission shall contain a description of the 
noncompliance and its cause; the period of 
noncompliance. including exact dates and time; and if the 
noncompliance has not been corrected, the anticipated 
time it is expected to continue; and steps taken or planned 
to reduce, eliminate. and prevent reoccurrence of the 
noncompliance. The following shall be included as 
information which must be reported within 24-hours: 
(1) Any unanticipated bypass which exceeds any effluent 

limitation in the pennit. 
(2) Any upset which exceeds any effluent limitation in the 

permit. 
(3) Violation of a maximum daily discharge limitation for 

any of the pollutants listed by the Agency in the permit 
or any pollutant which may endanger health or the 
environment. 
The Agency may waive the written report on a case­
by-case basis if the oral report has been received 
within 24-hours. 

(g} Other noncompliance. The permittee shall report all 
instances of noncompliance not reported under 
paragraphs (12) (d). (e). or (f). at the time monitoring 
reports are submitted. The reports shall contain the 
information listed in paragraph (12) (f}. 

(h} Other information. Where the permittee becomes aware 
that it failed to submit any relevant facts in a permit 
application. or submitted incorrect information in a permit 
application, or in any report to the Agency, it shall promptly 
submit such facts or information. 

(13) Bypass. 
(a) Definitions. 

(1) Bypass means the intentional diversion of waste 
streams from any portion of a treatment facility. 

(2) Severe property damage means substantial physical 
damage to property, damage to the treatment 
facilities which causes them to become inoperable, 
or substantial and permanent loss of natural 
resources which can reasonably be expected to 
occur in the absence of a bypass. Severe property 
damage does not mean economic loss caused by 
delays in production. 

(b) Bypass not exceeding limitations. The permittee may 
allow any bypass to occur which does not cause 
effluent limitations to be exceeded, but only if it also is 
for essential maintenance to assure efficient operation. 
These bypasses are not subject to the provisions of 
paragraphs (13)(c) and (13)(d). 

(c) Notice. 
(1) Anticipated bypass. If the permittee knows in 

advance of the need for a bypass, it shall submit 
prior notice, if possible at least ten days before the 
date of the bypass. 

(2) Unanticipated bypass. The permittee shall submit 
notice of an unanticipated bypass as required in 
paragraph (12)(f} (24-hour notice). 

(d) Prohibition of bypass. 
(1) Bypass is prohibited, and the Agency may take 

enforcement action against a permittee for bypass, 
unless: 

(i) Bypass was unavoidable to prevent loss of life, 
personal injury, or severe property damage; 

(ii) There were no feasible alternatives to the 
bypass, such as the use of auxiliary treatment 
facilities, retention of untreated wastes, or 
maintenance during normal periods of 
equipment downtime. This condition is not 
satisfied if adequate back-up equipment should 
have been installed in the exercise of 
reasonable engineering judgment to prevent a 
bypass which occurred during normal periods of 
equipment downtime or preventive 
maintenance; and 

(iii) The permittee submitted notices as required 
under paragraph (13){c). 

{2) The Agency may approve an anticipated bypass, 
after considering its adverse effects, if the Agency 
determines that it will meet the three conditions 
listed above in paragraph (13)(d)(1 ). 

(14) Upset. 
(a) Definition. Upset means an exceptional incident in which 

there is unintentional and temporary noncompliance with 
technology based permit effluent limitations because of 
factors beyond the reasonable control of the permittee. An 
upset does not include noncompliance to the extent 
caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of 
preventive maintenance, or careless or improper 
operation. 

(b) Effect of an upset. An upset constitutes an affinnative 
defense to an action brought for noncompliance with such 
technology based permit effluent limitations if the 
requirements of paragraph {14)(c) are met. No 
determination made during administrative review of claims 
that noncompliance was caused by upset, and before an 
action for noncompliance, is final administrative action 
subject to judicial review. 

(c) Conditions necessary for a demonstration of upset. A 
permittee who wishes to establish the affirmative defense 
of upset shall demonstrate, through properly signed, 
contemporaneous operating fogs, or other relevant 
evidence that: 
(1) An upset occurred and that the permittee can identify 

the cause(s) of the upset; 
(2) The permitted facility was at the lime being properly 

operated; and 
(3) The pennittee submitted notice of the upset as required 

in paragraph (12)(f)(2) (24-hour notice). 
(4) The permittee complied with any remedial measures 

required under paragraph ( 4 ). 
(d) Burden of proof. In any enforcement proceeding the 

permittee seeking to establish the occurrence of an upset 
has the burden of proof. 
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(15) Transfer of permits. Permits may be transferred by 
modification or automatic transfer as described below: 
(a) Transfers by modification. Except as provided in 

paragraph (b), a permit may be transferred by the 
permittee to a new owner or operator only if the permit has 
been modified or revoked and reissued pursuant to 40 
CFR 122.62 (b) (2). or a mfnor modification made pursuant 
to 40 CFR 122.63 (d), to identify the new permittee and 
incorporate such other requirements as may be necessary 
under the Clean Water Act. 

(b) Automatic transfers. As an alternative to transfers under 
paragraph (a), any NPDES permit may be automatically 
transferred to a new permittee if: 
( 1) The current permittee notifies the Agency at least 30 

days in advance of the proposed transfer date; 
(2) The notice includes a written agreement between the 

existing and new permittees containing a specified date 
for transfer of permit responsibility, coverage and 
liability between the existing and new permittees; and 

(3) The Agency does not notify the existing permittee and 
the proposed new permittee of its intent to modify or 
revoke and reissue the permit. If this notice is not 
received, the transfer is effective on the date specified 
in the agreement. 

(16) All manufacturing, commercial, mining, and silvicultural 
dischargers must notify the Agency as soon as they know or 
have reason to believe: 
(a) That any activity has occurred or will occur which would 

result in the discharge of any toxic pollutant identified 
under Section 307 of the Clean Water Act which is not 
limited in the permit, if that discharge will exceed the 
highest of the following notification levels: 
( 1) One hundred micrograms per liter ( 100 ug/1 ); 
(2) Two hundred micrograms per liter (200 ug/1) for 

acrotein and acrylonitrile; five hundred micrograms 
per liter (500 ug/1) for 2,4-dinitrophenol and for 2-
methyl-4,6 dinitrophenol; and one milligram per titer (1 
mg/I) for antimony. 

(3) Five (5) times the maximum concentration value 
reported for that pollutant in the NPDES permit 
application; or 

(4) The level established by the Agency in this permit. 
(b) That they have begun or expect to begin to use or 

manufacture as an intermediate or final product or 
byproduct any toxic pollutant which was not reported in the 
NPDES permit application. 

(17) All Publicly Owned Treatment Works (POTWs) must provide 
adequate notice to the Agency of the following: 
(a) Any new introduction of pollutants into that POTW from an 

indirect discharge which would be subject to Sections 301 
or 306 of the Clean Water Act if it were directly discharging 
those pollutants; and 

(b) Any substantial change in the volume or character of 
pollutants being introduced into that POTW by a source 
introducing pollutants into the POTW at the time of 
issuance of the permit. 

(c) For purposes of this paragraph, adequate notice shall 
include information on (i} the quality and quantity of effluent 
introduced into the POTW, and (ii) any anticipated impact 
of the change on the quantity or quality of effluent to be 
discharged from the POTW. 

(18) If the permit is issued to a publicly owned or publicly regulated 
treatment works, the permittee shall require any industrial user 
of such treatment works to comply with federal requirements 
concerning: 
(a} User charges pursuant to Section 204 (b) of the Ctean 

Water Act, and applicable regulations appearing in 40 CFR 
35; 

(b) Toxic pollutant effluent standards and pretreatment 
standards pursuant to Section 307 of the Clean Water Act; 
and 

(c) Inspection, monitoring and entry pursuant to Section 308 
of the Clean Water Act. 

(19) If an applicable standard or limitation is promulgated under 
Section 301 (b)(2)(C) and (D}, 304(b)(2}, or 307(a)(2) and that 
effluent standard or limitation is more stringent than any effluent 
limitation in the permit, or controls a pollutant not limited in the 
permit, the permit shall be promptly modified or revoked, and 
reissued to conform to that effluent standard or limitation. 

(20) Any authorization to construct issued to the permittee pursuant 
to 35 Ill. Adm. Code 309.154 is hereby incorporated by 
reference as a condition of this permit. 

(21} The permittee shall not make any false statement, 
representation or certification in any application, record, report, 
plan or other document submitted to the Agency or the USE PA, 
or required to be maintained under this permit. 

(22) The Clean Water Act provides that any person who violates a 
permit condition implementing Sections 301, 302, 306, 307, 
308, 318, or 405 of the Clean Water Act is subject to a civil 
penalty not to exceed $25,000 per day of such violation. Any 
person who willfully or negligently violates permit conditions 
implementing Sections 301, 302, 306, 307, 308, 318 or 405 of 
the Clean Water Act is subject to a fine of not less than $2,500 
nor more than $25,000 per day of violation, or by imprisonment 
for not more than one year, or both. 
Additional penalties for violating these sections of the Clean 
Water Act are identified in 40 CFR 122.41 (a)(2) and (3). 

(23) The Clean Water Act provides that any person who falsifies, 
tampers with, or knowingly renders inaccurate any monitoring 
device or method required to be maintained under this permit 
shall, upon conviction, be punished by a fine of not more than 
$10,000, or by imprisonment for not more than 2 years, or both. 
If a conviction of a person is for a violation committed after a 
first conviction of such person under this paragraph, 
punishment is a fine of not more than $20,000 per day of 
violation, or by imprisonment of not more than 4 years, or both. 

(24) The Clean Water Act provides that any person who knowingly 
makes any false statement, representation, or certification in 
any record or other document submitted or required to be 
maintained under this permit, including monitoring reports or 
reports of compliance or non-compliance shall, upon 
conviction, be punished by a fine of not more than $10,000 per 
violation, or by imprisonment for not more than 6 months per 
violation, or by both. 

(25) Collected screening, slurries, sludges, and other solids shall be 
disposed of in such a manner as to prevent entry of those 
wastes (or runoff from the wastes) into waters of the State. The 
proper authorization for such disposal shall be obtained from 
the Agency and is incorporated as part hereof by reference. 

(26) In case of conflict between these standard conditions and any 
other condition(s) included in this permit, the other condilion(s) 
shallgovem. 

(27) The permittee shall comply with, in addition to the requirements 
of the permit, all applicable provisions of 35 Ill. Adm. Code, 
Subtitle C, Subtitle D, Subtitle E, and all applicable orders of 
the Board or any court with jurisdiction. 

(28) The provisions of this permit are severable, and if any provision 
of this permit, or the application of any provision of this permit 
is held invalid, the remaining provisions of this permit shall 
continue in full force and effect. 

(Rev. 7-9-2010 bah) 
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Williamson Energy, LLC 
Pond Creek Mine No. 1 
NPDES Permit 
Permit Number IL0077666 

Illinois EPA Permit Decision 

On April 15, 2022, the Illinois Environmental Protection Agency (Illinois EPA, IEPA, or 
Agency) approved a NPDES permit for Williamson Energy, LLC Pond Creek Mine No. 1. 

The draft NPDES permit was public noticed on July 12, 2019 and placed on the Illinois 
EPA public notice webpage. On October 30, 2019, the hearing notice was posted and 
on January 13, 2020, the hearing transcript was posted. These documents are available 
at (enter IL0077666 into the search above the "Posting Date"): 
httos://www2.illinois.gov/epa/public-notices/Pages/npdes-individual-notices.aspx 

The following changes have been made to the draft permit that was placed on public 
notice on July 12, 2019: 

1. Special Condition No. 14 was added to require the permittee to install and 
operate a 1.0 million gallons per day (MGD) reverse osmosis (RO) unit by 
December 31, 2023: 

a. The RO permeate (treated water) will discharge through Outfalls 001-
008. 

b. The RO reject will discharge to the Big Muddy River through Outfall 
011. 

2. Proposed Outfalls 009 and 009ES have been removed due to the impaired 
status of Pond Creek. 

3. Special Condition No. 15 has been added to require the following conditions 
relative to Outfall 011: 
a. Posting of signs on the bank of Big the Muddy River to notify the public 

of the existence and location of Outfall 011. 
b. Chloride and conductivity monitoring of Outfall 011 effluent and in the Big 

Muddy River (upstream and downstream) to confirm and ensure validity 
of calibration curves. Calibration curves are also required to be approved 
periodically by the Agency as outlined in the NPDES permit condition No. 
15. 

c. A requirement that sulfate, iron (dissolved) and chloride monitoring of 
Outfall 011 effluent be performed three (3) times per week when the outfall 
is discharging. 

d. Requires a mussel survey and a macroinvertebrate survey approximately 
one year following initial discharge from Outfall 011. 

e. Verifies the mixing zone and zone of initial dilution (ZID) for the multi-port 
diffuser. 

f. Specifies precipitation event and Big Muddy River flow condition 
restrictions for discharges from Outfall 011. 
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g. Requires flow and chloride concentration data to be available for review 
during inspections by Illinois EPA and Illinois Department of Natural 
Resources (IDNR) staff. 

h. Requires the pipeline system to include pressure control sensors (or 
similar type of equipment) to stop pumps in the event of loss of pressure. 

i. Requires pipeline inspections be made available to Agency personnel 
during site inspections. 

j. Reduced the maximum chloride concentration at Outfall 011 from 12,000 
mg/L to 5,000 mg/L. This change affected the following: 

a. Reduced the dilution ratio needed from 34:1 to 13.3:1. 
b. reduced the length of the mixing zone from 251 feet to 46 feet. 

4. A yearly average concentration limit of 32.2 mg/L for TSS (total suspended 
solids) is applied to discharges from Outfall 011 to the Big Muddy River as 
indicated on the effluent page of the permit for this outfall. 

5. Limits for additional parameters are included in the permit for specified 
Outfalls as follows: 
a. Mercury limits required for discharges from Outfall 001 
b. Copper and nickel limits required for discharges from Outfall 002 
c. Iron (dissolved) limits required for discharges from Outfall 003 
d. Copper limits required for discharges from Outfall 004 
e. Nickel limits required for discharges from Outfall 006 
f. Iron (dissolved), nickel and zinc limits required for discharges from 

Outfall 007 
g. Cadmium, copper, nickel and zinc limits required for discharges from 

Outfall 008 
6. Special Condition No. 18 was added to require discharges from Outfalls 006, 

007, and 008, into Pond Creek, and Outfall 011, into the Big Muddy River, 
include metals monitoring at a frequency of once per month for the first year 
and then twice annually spaced approximately every six months apart for the 
remainder of the permit term. 

7. Special Condition No. 16 has been added to require the following conditions 
relative to monitoring the Big Muddy River downstream of Outfall 011: 

a. Continuous monitoring of Outfall 011 at a point within 10 feet of edge 
of mixing zone. 

b. Monitoring of Outfall 011 for sulfate, iron (dissolved), copper, and 
nickel three times per week at a point within 10 feet of edge of mixing 
zone. 

c. The discharge from Outfall 011 must cease under the following 
conditions until the water quality standard can be met in the mixing 
zone: 

i. When the continuous chloride data (as measured by 
conductivity) is 40 percent above the chloride water quality 
standard more than 20 percent of the time. 

ii. When the sulfate samples are 40 percent above the sulfate water 
quality standard in more than 3 of the samples taken within the 
month. 
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iii. When the iron (dissolved) samples are 40 percent above the iron 
(dissolved) water quality standard in more than 3 of the samples 
taken within the month. 

iv. When the copper samples are 20 percent above the copper 
water quality standard in more than 3 of the samples taken 
within the month. 

v. When the nickel samples are 20 percent above the nickel water 
quality standard in more than 3 of the samples taken within the 
month. 

8. The NPDES permit authorizes a discharge only when the Big Muddy River is 
between 30 cfs and 2,350 cfs, except after a one-year, 24-hour precipitation 
event, Outfall 011 can discharge for six consecutive days. The one-year, 24-
hour precipitation event for this area is considered to be 2.97 inches. 

Pre-Hearing Public Outreach 

The hearing notice was mailed or e-mailed to: 
• Williamson & Franklin County officials; 
• Municipal officials in Johnston City; 
• Local, state and federal elected officials; 
• Those on the NPDES public notice list; and 
• Those who have requested to be notified of Bureau of Water hearings. 

December 18, 2019 Public Hearing 

Hearing Officer Christine Zeivel opened the hearing on December 18, 2019, 6:00 p.m. at 
Rent One Park Diamond Club, 1000 Miners Drive, Marion, Illinois. Comments and 
questions were received from the public. Hearing Officer Christine Zeivel closed the 
hearing at 9:34 pm on December 18, 2019. 

Illinois EPA personnel were available before and during the hearing to meet with elected 
officials, news media, and concerned citizens. Approximately 185 people representing 
the permittee and environmental groups participated in or attended the public hearing. A 
court reporter prepared a transcript of the public hearing, which was posted January 13, 
2020 on the Illinois EPA website. The hearing record remained open through January 17, 
2020. The Illinois EPA hearing panel included the following Agency staff: 

Christine Zeivel, Hearing Officer, Office of Community Relations 
lwona Ward, Permit Section, Bureau of Water 
Darin Lecrone Permit Section, Bureau of Water 
Scott Twait, Standards Section, Bureau of Water 
Stefanie Diers, Division of Legal Counsel 

Background of Williamson Energy, LLC Pond Creek Mine 

Pages 
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The Illinois EPA Bureau of Water prepared a draft NPDES permit for Williamson Energy, 
LLC, whose corporate address is P.O. Box 300 Johnston City, Illinois 62951. The Pond 
Creek Mine is located four miles east of Johnston City, Illinois in Williamson and Franklin 
Counties. 

Illinois EPA held this hearing for the purpose of receiving comments on the draft permit 
prior to taking final action on the permit application. Issues relevant to this proceeding 
included the antidegradation analysis and the applicant's compliance with the permitting 
requirements of the federal Clean Water Act and Subtitle C of Title 35 of the Illinois 
Administrative Code. 

The applicant proposes additional surface facilities area to an existing underground coal 
mine (SIC 1222). Mine operations result in the discharge of alkaline and acid mine 
drainage. The following proposed modifications were incorporated into the public noticed 
Permit renewal: 1) one (1) new outfall designated as Outfall No. 011; 2) various mining 
operation and drainage control plan revisions; 3) 229.78 acres incorporated for new 
Refuse Disposal Area (RDA) No. 3; 4) 70. 7 acres incorporated for the pipeline to the Big 
Muddy River; 5) 145.32 acres for various incidental boundary revisions (IBRs) for 
additional permit area; 6) bi-annual metals monitoring of discharges from Outfall Nos. 
006, 007, 008, and 011; and 7) previously issued State Construction and Operating 
Permits (Subtitle D Permits). 
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Responses to Comments, Questions and Concerns 

Comments, questions, and concerns are in regular text, and Illinois EPA 
responses are in bold text. 

NPDES Permit 

1. Why are they not required to monitor as close as possible to the edge of the 
designated mixing zone, which is the point of compliance? 

The NPDES permit requires the discharger to calculate the concentration at the 
edge of the mixing zone. Additionally, in order to verify the calculations at the 
edge of the mixing zone, the permit requires the discharger to install a 
conductivity meter downstream of the mixing zone. To address this concern, 
the permit has been modified to require the downstream continuous monitor to 
be located within 10 feet of the edge of the mixing zone. 

Special condition 15 (b)(ii) of the NPDES permit requires quarterly monitoring 
for discharge rate, sulfate, chloride and hardness at a location downstream 
where complete mixing of the receiving stream has occurred. However, this 
monitoring is not for compliance purposes, but to get sufficient data to calculate 
the sulfate WQS for the next permit cycle. 

2. Why is Pond Creek Mine not included in the draft permit? It's a polluted tributary. 

See response to question #47. 

3. What recourse do citizens have when they see a violation occurring and assume that 
risk of making a complaint, yet the polluters are allowed to bully us, the citizens, in 
silence? Are off-hour discharges a reoccurring problem with this mine? Why would 
there be no discharge monitoring report (DMR) since March of 2019? 

If a citizen has any information about a violation occurring, they may call the 
Illinois EPA office at 618-993-7200 and report a complaint anonymously. 

Based on the information that the Agency has, it is not believed that off-hour 
discharging is an issue. The Illinois EPA consistently receives notifications 
from the mine of discharge events where effluent may exceed permitted limits 
as required by the facility's NPDES permit. The Agency is currently proceeding 
through the enforcement process for effluent excursions. 

The NPDES permit does not restrict discharges to certain times of day since 
many discharges are in response to rainfall events which may occur at any time. 
Mine pumpage is generally from small water collection pits located within the 
underground operation that fill with groundwater and/or operational water and 
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must be pumped to the surface. For safety of workers and mine operations, this 
pumpage may be necessary at any time of day as groundwater enters the 
underground operation on a continual basis, 24-hours a day. 

DMR data may be obtained under the Freedom of Information Act (FOIA) by 
visiting the Agency website at 
https://www2.illinois.gov/epa/foia/Pages/default.aspx to file an electronic 
request for information. Additionally, the DMR data can be found by going to 
the Enforcement and Compliance History Online (ECHO) system website, 
please see the response to question #11. For the response as to no discharge 
being reported since March of 2019, please see the response to question #22. 

4. Does the Illinois EPA evaluate the company monitoring numbers they are sending or 
is the Agency seeing it live as it is being imputed? How is it being reported to you? 

Monitoring results are reported on DMRs which are submitted quarterly to the 
Agency. The Agency runs monthly compliance reports using the Integrated 
Compliance Information System (ICIS)/ECHO to detect Significant Non­
Compliance (SNC) of NPDES permits. ICIS/ECHO automatically detects 
violations such as DMR non-receipt, effluent limit violations, or delinquent 
schedules or reports. If a violation is identified as SNC, the Illinois EPA initiates 
the appropriate enforcement action, pursuant to Section 31 of the Illinois 
Environmental Protection Act (Act), to resolve the SNC violations. 

5. The Sugar Camp Mine has had a permit approved to build a similar pipeline to the Big 
Muddy River. Do you know if that pipeline will be constructed? 

Although outside the scope of this responsiveness summary, the following is 
provided for informational purposes only. The initial Sugar Camp application 
for the pipeline to the Big Muddy River received in December 2019 was deemed 
incomplete by IDNR Office of Mines and Minerals (OMM). The Applicant was 
notified of this determination and provided with a summary of additional 
information required for the permit to be deemed complete and the IDNR/OMM 
review to proceed. It is the Agency's understanding that at this time the OMM 
application has been deemed complete and the review is underway. Thus, a 
permit for the construction of the pipeline at Sugar Camp Mine has not yet been 
issued. 

6. Why isn't Williamson Energy required to put up a bond for repairing damage that may 
be caused by their operations, that is damage to the Big Muddy River wildlife and the 
people who depend on the Big Muddy for recreation? 

All bonding requirements are regulated by IDNR OMM in accordance with 62 Ill. 
Adm. Code Part 1800. 
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7. In 2004, the Big Muddy River Total Maximum Daily Load Report (TMDL) states that 
the Big Muddy River is compromised and impaired in part for mining operations. The 
2019 report again stated the same thing. Abandoned coal mines should be identified 
in addition to other mining activities which contribute to manganese and sulfate 
concentrations, which is exactly what the violations are for this company. Is the Illinois 
EPA going against its own implementation plans by considering granting a permit for 
a pipeline which will infuse the river with more elevated levels of chlorides, sulfates, 
manganese and other pollutants? Does this not go against the Clean Water Act? 

The Big Muddy River TMDL Report (October 2004) evaluated sulfate and 
manganese impairments in the Big Muddy River (waterbody segment IL_N-12) 
and developed TMDLs based on the water quality standards (WQS) of 500 mg/L 
for sulfates and 1.0 mg/L for manganese. These WQS have been modified by 
the Illinois Pollution Control Board (IPCB or Board) since then. 

The IPCB promulgated the manganese WQS, based on hardness, in R2011-18 
on November 15, 2012, and corrected for "dissolved" manganese in R2011-
18(B) on May 16, 2013. The United States Environmental Protection Agency 
(USEPA) approved the manganese WQS on May 28, 2013. 

The IPCB also promulgated the sulfate WQS, based on hardness and chloride, 
in R2007-009 on September 4, 2008. USEPA approved the sulfate WQS and 
removal of the total dissolved solids (TDS) WQS on March 19, 2009. 

The Illinois Environmental Protection Act (Act) and the Board regulations 
require that the Agency consider the current promulgated WQS in issuing 
NPDES permits. 

Consistent with R2011-18(B), based on the critical hardness of 145 mg/L at 
Ambient Water Quality Monitoring Network (AWQMN) station N-12, the Agency 
calculated an acute and chronic WQS for manganese at 5.62 mg/L and 2.39 
mg/L, respectively. 

In drafting the permit, the Agency reviewed the water quality data for waterbody 
Segment N-11 and found that, from January 2000 to January 2020, there have 
been no exceedances of the updated WQS for manganese. The highest 
manganese result of 2.56 mg/L was taken on September 13, 2010. The second 
highest manganese result of 1.5 mg/L was taken on July 26, 2007. The NPDES 
permit has a manganese limit at the effluent standard of 2.0 mg/L as a 30-day 
average and 4.0 mg/Las a daily maximum, therefore, the effluent will meet the 
current manganese WQS. 

Similarly, consistent with R2007-009, based on the critical hardness of 145 mg/L 
and an average chloride of 38.33 at AWQMN station N-12, the Agency calculated 
a WQS at 1,312 mg/L for sulfate. 
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In drafting the permit, the Agency reviewed the water quality data for waterbody 
Segment N-11 and found that, from January 2000 to January 2020, there have 
been no exceedances of the updated WQS for sulfate. The highest sulfate result 
of 809 mg/L was taken on September 30, 2003. The second highest sulfate result 
of 591 mg/L was taken on October 21, 2008. 

The Upper Big Muddy TMDL Report (May 2019) evaluated fecal coliform, 
sedimentation/siltation, and sulfates for Waterbody Segment IL_N-11. The 
TMDL set a waste load allocation on those facilities that discharge effluents with 
fecal coliform. The discharge from Outfall 011 is below the water quality 
sampling station Waterbody Segment IL_N-11. Further, as the discharge from 
Outfall 011 is not a source of fecal coliform, no limit for fecal coliform was added 
in the permit. 

The May 2019 TMDL prepared a load reduction strategy to address the 
sedimentation/siltation impairment, as there are no numeric WQS for these 
constituents. The Load Reduction Strategy (LRS) identified a target of 32.2 
mg/L for TSS as an average concentration. The NPDES permit has been 
modified to incorporate a limit of 32.2 mg/L for Outfall 011, applied as a yearly 
average. 

Further, data analysis as part of the Stage 3 TMDULRS preparation has 
indicated that sulfate impairment may not currently exist. Sulfate is not listed 
as an impairment in the 2018 Integrated Report. 

Based on the discussion above, the sulfate, chloride and TSS limits in the permit 
does not conflict with the 2004 and 2019 TMDLs. 

As part of the Upper Big Muddy TMDL Report (May 2019), an Implementation 
Plan titled - Watershed Implementation Plan To Achieve the TMDLs and Load 
Reduction Strategy in the Upper Big Muddy River Watershed has been 
developed and may be found in the last pages of the report. The information is 
available at: https://www2.illinois.gov/epa/topics/water-guality/watershed­
management/tmdls/Pages/reports.aspx 

8. In this decision-making has there been platforms made for the consideration of the 
indigenous people's values of this area? 

The Illinois EPA is committed to protecting the health of the citizens of Illinois 
and its environment as well as promoting environmental equity. To this affect, 
the Illinois EPA had NPDES permit ILR10BK23 related to the 12-mile waterline 
project for Williamson Energy, reviewed by the State Historic Preservation 
Office (SHPO). SHPO reviewed the permit with the premise in protecting 
cultural issues, historic, architectural, and archaeological sites. The Illinois EPA 
supports the objectives of achieving environmental equity for all of the citizens 
of Illinois. 
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9. A lot of the information the Illinois EPA has looked at when making this decision is 
being compiled by the mining corporation itself. My question is, does the Illinois EPA 
find this data on its own or with other third parties in regard to the watershed analysis 
or water monitoring or is most of the data around this decision coming from the mine 
and what they've collected so far and continue to collect? 

The NPDES permitting program is a federal program delegated to the State. The 
program is based on the review of a permit application which includes sampling 
data and other information, provided by the applicant, to fully characterize the 
wastewater and the proposed discharges. The NPDES program also includes 
collection of samples by the permittee, and the self-reporting of results by the 
submission of DMRs to the Illinois EPA. However, in addition to data provided 
by the applicant/permittee, the Illinois EPA also utilizes data from its AWQMN 
stations on the Big Muddy River, both upstream and downstream of Outfall 011. 
The ambient stations are sampled for water quality approximately every six 
weeks. The ambient data was also utilized in the evaluation, analysis, and 
determination of applicable NPDES permit limits. 

10. Does the Illinois EPA have any plans to conduct its own analysis? Things like the 
effluent that comes out and then does the Illinois EPA just do regular analyses and 
tests further on is its own. Will that be something that the Illinois EPA include as a 
point in future documents? 

The Agency typically collects samples at NPDES permitted facilities during 
routine mine inspections. These samples are analyzed by either the Agency 
laboratory or an outside third-party laboratory. IDNR also inspects the sites and 
periodically collects samples. 

11. Does the Illinois EPA do any monitoring at all, or does the coal mine do all of the 
monitoring? The data that is collected by the coal mine, does the public have access 
to this information as well, specifically if something were to go wrong with the 
equipment? 

Please refer to the response to Item No. 10 above regarding Illinois EPA and 
IDNR monitoring of mine discharges. 

The public has access to all DMR data under the FOIA. Additionally, the data 
can be found by going to the ECHO website: 
https://echo.epa.gov/trends/loading-tool/get-data/monitoring-data-download 
and clicking on the date range to change and then entering "IL0077666" into 
the NPDES ID box. After pressing "Submit", the website will open an Excel 
worksheet with the data. 
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12. Does the Illinois EPA consider the history of the permit compliance before approving 
new NOPES permits? If not, why? 

As a general rule, the Illinois EPA does not consider the enforcement-related 
history of an applicant as part of the permit review process. This is because the 
structure of the Act, as revealed in its provisions, divides permitting and 
enforcement functions into separate programs, although there are limited 
exceptions that will be discussed later. The Act provides for a state-wide 
program that is aided by private remedies, namely, the enforcement provisions 
found at Titles VIII and XII, to hold polluters responsible for the harm that they 
cause. 

Civil enforcement can be brought through a filing of a complaint in a circuit 
court or with the Board against any person that violates the Act, Board 
regulations or a permit. Legal actions can be initiated by state prosecutorial 
officials or by any person through a citizen's suit. Such cases can involve 
extensive discovery proceedings, pre-trial procedures, and eventually either a 
settlement or a trial (or evidentiary hearing) to determine liability and requested 
relief (civil penalties, injunction, cease and desist, etc.) sought in the complaint. 
A complainant bears the burden of proof in a civil enforcement action. 

On the other hand, permitting programs are codified at Title X of the Act and in 
the Board's implementing regulations, including 35 Ill. Adm. Code Part 309 
governing (states NPDES) permits. These requirements assure that the permit 
review is conducted as a record proceeding, which is part of an intricate 
administrative continuum between the Illinois EPA and the Board. Under 
Section 39(a) and Part 309, the Illinois EPA reviews an application for an NPDES 
permit according to a formal standard of issuance and permit content 
requirements, as discussed above, and other rules of procedures. 

If an applicant appeals an agency decision to deny or issue the permit, the 
Board acts as an overseer to determine whether the permit decision, based 
exclusively on the record prepared by the Illinois EPA, is supported by the 
relevant standard of administrative review. The burden of proof in a permit 
appeal is on the applicant and because the review is based only on the record 
assembled by the Illinois EPA, discovery proceedings are usually limited. Other 
procedures not addressed by the Act or implementing regulations may also be 
relevant to the Illinois EPA's permitting role. This includes procedural due 
process implications outlined by appellate court rulings beginning nearly forty 
years ago. 

A seminal case is Martell v. Mauzy, which laid the groundwork for later 
recognition that the programs are separate. The federal district court decision 
held that the Illinois EPA's denial of an operating permit based on "putative" (or 
alleged) violations required a pre-denial hearing by the Illinois EPA, as opposed 
to the usual post-decision appeal procedures before the Board, because it 
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deprived the applicant of recognized liberty interests protected by procedural 
due process. Other cases followed, establishing the basic principles that have 
frequently been cited by the Illinois EPA at informational permit hearings and in 
responsiveness documents for many years. The Illinois Third District Appellate 
Court affirmed the Pollution Control Board's decision that a special waste 
stream permit was improperly denied on the grounds of alleged violations cited 
from a parallel pre-enforcement action. In citing to the Board's opinion that the 
Act's procedures for permitting and enforcement are "separate and distinct," 
the appellate court affirmed the Board and upheld the latter's inference that the 
permit denial process was "improperly" used in lieu of enforcement. 

Also, see response to question #16. 

13. How will the unfiltered water discharged into the Big Muddy be filtered? By whom and 
how is the discharge monitored? Monitoring needs to occur at all times to assess 
chemical discharge. 

The wastewater will not be filtered, however, the wastewater will be treated by a 
settling basin before being discharged to the Big Muddy River. The settling 
basis is an earthen structure using sedimentation to remove settleable matter 
and turbidity from wastewater. 

The Water Holding Cell will receive decant water from the RDA, underground 
mine pumpage, and ultimately, reject from the RO system and will discharge to 
the Big Muddy River via Outfall 011. 

The RDA as well as the Water Holding Cell will act as a settling basin to settle 
out suspended solids. Monitoring of the discharge will be performed by the 
Permittee in accordance with the NPDES permit. In addition, as indicated in 
response to question #10, the Agency as well as IDNR/OMM may monitor this 
discharge during site inspections. 

The renewed and modified NPDES permit requires monthly effluent monitoring 
for the first year following the effective date of the permit after which semi­
annual sampling of Outfall 011 for the parameters listed in Special Condition 
No. 18 of the NPDES permit. These parameters are: arsenic, barium, cadmium, 
chromium (hexavalent), chromium, copper, lead, manganese, mercury, nickel, 
phenols, selenium, silver, and zinc. 

In addition, for Outfall 011, in order to determine the chloride concentration at 
the edge of the mixing zone, the facility will use upstream flow and continuous 
chloride concentration data and the effluent flow and continuous chloride 
concentration data to determine the concentration of chloride at the edge of the 
mixing zone, as per Special Condition No. 15 of the NPDES permit. This value 
will be reported on the DMR and must not exceed 500 mg/L. The upstream and 
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effluent chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

Special Condition No. 16 also requires increased monitoring for sulfate, nickel, 
copper, and iron (dissolved) to three times per week for Outfall 011 within 10 
feet downstream of the edge of the mixing zone. 

14. Can the Illinois EPA be held accountable by law for allowing a pipeline to discharge 
as in mine drainage with elevated concentrations of numerous pollutants into a river 
that is currently listed as impaired and is also a candidate for Wild and Scenic River 
Designation? 

Under the Illinois Environmental Protection Act, the Illinois EPA is responsible 
for the implementation of the NPDES permit program to ensure compliance with 
applicable standards and requirements. As discussed below, the NPDES permit 
has terms and conditions to ensure that the discharge from this mine facility 
will be protective of the existing uses of the Big Muddy River and Pond Creek. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

The unnamed tributaries of Pond Creek and Pond Creek itself are not listed as 
biologically significant streams in the 2008 IDNR Publication Integrating 
Multiple Taxa in a Biological Stream Rating System, nor are the unnamed 
tributaries of Pond Creek given an integrity rating in that document. However, 
Pond Creek itself is rated a "C" stream approximately 7 .0 miles downstream of 
the outfalls. 

The Big Muddy River is not listed as a biologically significant stream in the 2008 
IDNR Publication Integrating Multiple Taxa in a Biological Stream Rating 
System, nor is it given an integrity rating in that document. 

Please see the response to question #7 as to the Big Muddy River being listed 
as impaired. 
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35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

The federal regulations at 40 CFR 131.13 authorize states to use mixing zones 
and zones of initial dilution to implement WQS. Illinois has adopted mixing 
zones and zones of initial dilution WQS located at 35 Ill. Adm. Code 302.102. 

In the zone immediately surrounding an outfall, both the acute and the chronic 
criteria may be exceeded, but the acute criterion must be met at the edge of this 
zone, which is often referred to as the acute mixing zone or the ZID. The acute 
mixing zone is sized to prevent lethality to passing organisms in order to protect 
the designated use of the waterbody as a whole. In case of the mixing zone, 
which is often called the chronic mixing zone, the chronic criterion may be 
exceeded, but the acute criterion must be met. The chronic criterion must be 
met at the edge of the chronic mixing zone. The chronic mixing zone is sized to 
protect the designated use of the waterbody as a whole. 

Based on the above, the Agency has made a determination that all existing uses 
will be protected. 

15. How many more violations have occurred since 2017? How many violations in total 
does Williamson energy have? Have the impacts of these violations on aquatic life 
been assessed? 

27 total effluent violations have occurred since 2017. Williamson Energy has a 
total of 78 effluent violations from July 1, 2005 through September 30, 2021. 
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Any potential impacts or affects to the aquatic life in the receiving stream would 
be noted and/or determined during the Agency's routine stream sampling. The 
Big Muddy River basin is sampled by the Illinois EPA and the IDNR as part of 
the Intensive Basin Survey (IBS) program, a cooperative sampling effort that 
routinely collects a variety of samples including fish and macroinvertebrate 
assemblages. IBS sampling is conducted every five years and has also 
historically included mussel surveys as resources allow. While the next IBS 
sampling year for the Big Muddy River basin is 2023, this river system is 
sampled approximately every six weeks, via the AWQMN or ambient sampling, 
for water chemistry. 

Also, additional biological sampling can be conducted as needed. Big Muddy 
River sampling locations included in these programs include stations upstream 
and downstream of the proposed Outfall 011, which is downstream of Route 
149. Illinois EPA sampling (IBS and AWQMN) is conducted by the Illinois EPA's 
Surface Water Section. For the IBS sampling, river levels impact the ability to 
conduct biological sampling. For example, only fish sampling was possible in 
2018 on the mainstem portion of the Big Muddy River, no macroinvertebrate 
sampling was possible on the mainstem that year (bug samples were taken at 
Pond Creek on Liberty School Road, Station NG-05). The closest upstream 
sampling point on the Big Muddy River is on Route 149 west of Plumfield 
(Station code is N-11 ). The nearest downstream sampling point on the Big 
Muddy River is on Route 127 in Murphysboro (Station code is N-12). 

The results from this Agency sampling program are used to determine stream 
impairment. There are five segments downstream (IL_N-11, IL_N-17, IL_N-16, 
IL_N-12, and IL_N-99) and each has been assessed as follows: 

- The Big Muddy River, Waterbody Segment, IL_N-11, is listed on the 2018 
Illinois Integrated Water Quality Report and Section 303(d) List as 
impaired for aquatic life use with potential causes given as dissolved 
oxygen, iron, sedimentation/siltation, and total suspended solids, 
primary contact use with potential cause given as fecal coliform, and fish 
consumption use with potential cause given as mercury and 
polychlorinated biphenyls (PCBs). Aesthetic quality use is fully 
supported. 

- The Big Muddy River, Waterbody Segment, IL_N-17, is listed on the 2018 
Illinois Integrated Water Quality Report and Section 303(d) List as 
impaired for aquatic life use with potential causes given as 
sedimentation/siltation and total suspended solids and fish consumption 
use with potential cause given as mercury. 
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- The Big Muddy River, Waterbody Segment, IL_N-16, is listed on the 2018 
Illinois Integrated Water Quality Report and Section 303(d) List as 
impaired for aquatic life use with potential causes given as dissolved 
oxygen and sedimentation/siltation and fish consumption use with 
potential cause given as mercury. 

- The Big Muddy River, Waterbody Segment, IL_N-12, is listed on the 2018 
Illinois Integrated Water Quality Report and Section 303(d) List as 
impaired for aquatic life use with potential causes given as dissolved 
oxygen and total suspended solids and fish consumption use with 
potential cause given as mercury. Aquatic life and primary contact uses 
are fully supported. 

- The Big Muddy River, Waterbody Segment, IL_N-99, is listed on the 2018 
Illinois Integrated Water Quality Report and Section 303(d) List as 
impaired for aquatic life use with potential causes given as dissolved 
oxygen, phosphorus, and total suspended solids and fish consumption 
use with potential cause given as mercury. Aquatic life use is fully 
supported. 

To address the impaired status of Pond Creek, the permittee will be required to 
install and operate a 1.0 MGD RO unit by December 31, 2023. The permittee is 
authorized to discharge the RO permeate (treated water) to one of the eight 
sedimentation basins that discharge to Pond Creek via Outfalls 001 - 008 and 
the RO reject water to the Big Muddy River via Outfall 011. 

16. Are there any Illinois EPA regular regulations or stipulations under the Clean Water 
Act regarding granting new permits or additions to existing permit when the company 
requesting them have an extensive history of violations? 

Notably, two exceptions originate from statutory amendments by the Illinois 
General Assembly to the Act in 2003 in P.A. 93-575 (93rd General Assembly). 
The amendments introducing these exceptions to Section 39(a) of the Act did 
not eclipse the existing framework of the Act or its implementing regulations, 
as much of that construct was left untouched. The legislature also did not 
overrule existing caselaw and, as such, the changes simply memorialized 
existing caselaw and other provisions of the Act that existed at the time. 

The first exception created by the amendments to Section 39(a) allows for 
Agency discretion in considering "prior adjudications of noncompliance" with 
the Act for environmental releases by an applicant. The Illinois EPA only uses 
this authority rarely, in large part, because judicial (or quasi-judicial) rulings 
based 'on the merits' of an environmental enforcement case are uncommon. 
The bar set by these criteria is high, as it is perhaps meant to protect against a 
potential deprivation of the same interests claimed by the applicant in Martell v. 
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Mauzy. Based on institutional knowledge, the Illinois EPA has used analogous, 
but more specific authority found in Section 39(i) in a handful of prior occasions. 

The other exception introduced in the 2003 amendments allows for agency 
discretion in imposing reasonable conditions relating to a "past compliance 
history" with the Act as is necessary to correct, detect, or prevent 
"noncompliance." See, 415 ILCS 5/39(a). The Illinois EPA does not routinely 
employ this authority, as it is also prudently viewed to hold a high bar by 
requiring demonstrated, not merely alleged, noncompliance. However, the 
Illinois EPA will sometimes incorporate relevant requirements from a final 
adjudication into an NPDES permit, often doing so at the request of a 
respondent who has been directed to undertake a permitting change as a result 
of a settlement. 

The Agency has included a Special Condition to address this comment. Special 
Condition No. 16 in the final permit requires that the discharge from Outfall 011 
cease under certain conditions, such as: 1) when the continuous chloride data 
(as measured by conductivity) is 40 percent above the chloride WQS more than 
20 percent of the time; 2) when the sulfate samples are 40 percent above the 
sulfate WQS in more than three of the samples taken within the month; 3) when 
the iron (dissolved) samples are 40 percent above the iron (dissolved) WQS in 
more than three of the samples taken within the month; 4) when the copper 
samples are 20 percent above the copper WQS in more than three of the 
samples taken within the month; or 5) when the nickel samples are 20 percent 
above the nickel WQS in more than three of the samples taken within the month. 

17. My concern is the contaminant discharges may not be adequately controlled based 
on the described sampling plans described in the special conditions section. 

The monitoring of the applicant's effluent was placed in the NPDES permit to 
adequately characterize the effluent and to ensure that WQS will be met in the 
receiving stream. Since the NPDES permit was public noticed, the following 
changes have been made to the NPDES permit: 

Special Condition No. 15 of the draft permit has been modified to reduce the 
maximum chloride concentration for Outfall 011 from 12,000 mg/L to 5,000 mg/L. 

The NPDES permit defines the mixing zone and ZIDs for each of the ports. The 
ZID for Ports 1 and 2 has a length of 4.5 feet by a width of 1.12 feet each. The 
ZID for Port 3 has a length of 5.68 feet by a width of 1.38 feet. The ZID for Port 
4 has a length of 7 .64 feet by a width of 1.97 feet. The ZID for Port 5 has a length 
of 9.18 feet by a width of 2.23 feet. The mixing zone has a length of 46 feet by a 
width of 25 feet. 

Special Condition No. 16 in the final permit requires that the discharge from 
Outfall 011 cease under certain conditions, such as: 1) when the continuous 
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chloride data (as measured by conductivity) is 40 percent above the chloride 
WQS more than 20 percent of the time; 2) when the sulfate samples are 40 
percent above the sulfate WQS in more than three of the samples taken within 
the month; 3) when the iron (dissolved) samples are 40 percent above the iron 
(dissolved) WQS in more than three of the samples taken within the month; 4) 
when the copper samples are 20 percent above the copper WQS in more than 
three of the samples taken within the month; or 5) when the nickel samples are 
20 percent above the nickel WQS in more than three of the samples taken within 
the month. 

Special Condition No. 16 also requires increased monitoring for sulfate, nickel, 
copper, and iron (dissolved) to three times per week for Outfall 011 within 10 
feet downstream of the edge of the mixing zone. 

To address the impaired status of Pond Creek, the permittee will be required to 
install and operate a 1.0 MGD RO unit by December 31, 2023. The permittee is 
authorized to discharge the RO permeate (treated water) to one of the eight 
sedimentation basins that discharge to Pond Creek via Outfalls 001 - 008 and 
the RO reject water to the Big Muddy River via Outfall 011. 

The renewed/modified NPDES permit requires monthly effluent monitoring for 
the first year following the effective date of the permit after which semi-annual 
sampling for Outfalls 006, 007, 008, and 011 for the parameters listed in Special 
Condition No.18 of the NPDES permit. These parameters are: arsenic, barium, 
cadmium, chromium (hexavalent), chromium, copper, lead, manganese, 
mercury, nickel, phenols, selenium, silver, and zinc. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. Based upon 
the additional data, the NPDES permit has been modified to include additional 
NPDES permit limits for mercury at Outfall 001, copper and nickel at Outfall 002, 
iron (dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 006, iron 
(dissolved), nickel, and zinc at Outfall 007, and cadmium, copper, nickel, and 
zinc at Outfall 008. 

The permit includes additional effluent sampling, for Outfall 011, for sulfate, 
iron, and chloride will be sampled three times per week. 

Additionally, the NPDES permit authorizes a discharge only when the Big 
Muddy River is between 30 cfs and 2,350 cfs, except after a one-year, 24-hour 
precipitation event, Outfall 011 can discharge for six consecutive days. The 
one-year, 24-hour precipitation event for this area is considered to be 2.97 
inches. 

The permit has a condition that the mussel and invertebrate survey on the Big 
Muddy River will be repeated one year after commencement of the discharge. 
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Additionally, the NPDES permit has been modified to incorporate a limit of 32.2 
mg/L for Outfall 011 applied as a yearly average. 

The permit includes monitoring or limits for all parameters that could be present 
in the mine discharge. 

18. Several documents have said the pipeline is only for 10 years and then it will be 
removed. Is this the projected end of date of the coal seam and mine closure? 

Illinois EPA does not have any documents from the applicant indicating a 10-
year service life of this pipeline. 

a.) Who is going to pay for the removal of the pipeline? 

IDNR OMM Land Reclamation Division requires a bond for all approved 
reclamation plans. The surface disturbance operations for this corridor 
is approved as OMM Permit No. 456. 

b.) How many inspections has the Illinois EPA completed since the mine became 
operational? 

The Agency has 17 inspection reports on file for the Pond Creek mine. 

c.) How many field inspectors does the Marion Office currently have? 

The Agency has four field inspectors from the wastewater program. 

d.) What measures of enforcement has been taken on this issue with the 
Company? (this question is getting at citizens being bullied; samples should 
be taken on the weekend; off hour discharge complaints. He also cites to a 
report that says despite daily influent of 2. 7 million gallons of underground 
water seeping into the mine, there have been no discharge monitoring reports 
since March 2019 and the report goes on to say that the mass water balance 
of influent water and discharged water does not appear consistent.) 

Illinois EPA has referred Williamson Energy, LLC to the Illinois Attorney 
General's Office based on a February 6, 2020 violation notice for 
violations observed during a compliance inspection including the 
discharge of contaminants into receiving streams from outfalls at Pond 
Creek in violation of effluent and WQS. On May 25, 2021, Illinois EPA 
issued a violation notice to Williamson Energy, LLC following numerous 
bypass notices and subsequent inspections in which Illinois EPA 
inspectors observed the discharges of contaminants into receiving 
streams from outfalls at Pond Creek in violation of effluent and WQS. As 
there is an active enforcement case that is ongoing, the Agency cannot 
further elaborate on the details of the enforcement case. 
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Regarding the water balance, please see the response to question #18(e). 

e.) The report cites under Monitoring Violations "Analysis not conducted of 
discharges, inadequate monitoring frequency of sampling, 
invalid/unrepresented samples as required by the permit. How is that a mine 
requesting a new permit to dump 2.9-3.5 million gallons per day of mining 
waste has no record of discharges for months at a time, no record of 
discharge release, and no water sampling data on public record? Where is 
the mine waste going every day? 

Williamson Energy is pumping approximately 2.7 million gallons of mine 
water daily to the surface collection system. The estimated 2.7 million 
gallons of water pumped from the mine daily is only a general estimate. 
Water pumped from underground is conveyed via pipelines to Refuse 
Disposal Area No. 3 (IDNR Permit No. 417). Water from the mine is also 
used at the preparation plant and underground operations. 

The facility has increased the crest elevation of the Refuse Disposal Area, 
creating additional water holding capacity. The water level on January 3, 
2018 was at elevation 486.0 feet and on October 28, 2021, the water level 
was at elevation 543.2 feet. This is an increase of 57.2 feet of elevation, 
which equates to approximately 1,800,000,000 total gallons of additional 
storage. Due to the excessive water flowing into the underground 
operations, which could become a safety issue for the mine workers, the 
facility has been storing the water on-site. The facility has acknowledged 
having excess water at their operation and has been working on the 
proposed discharge to the Big Muddy River as a long-term solution. 

19. Why would Illinois EPA issue a permit to a company going into a bankruptcy? What 
is the financial status of Williamson Energy? Would they be able to ameliorate or 
mitigate any harmful events? Does the corporation and the Illinois EPA expect 
public funds and the environment to absorb the costs? 

IDNR's mine permit considers the financial assurance of the mining company 
in granting its permit. The Act or Board regulations do not provide the Agency 
with such authority. 

Under the Act, the Illinois EPA is required to issue a permit to an applicant upon 
proof that the proposed facility or equipment will not cause a violation of the 
Act or promulgated regulations. See, 415 ILCS 5/39(a). This standard is a 
mandatory one, expressed in the language of the provision as a 11 duty" that is 
imposed upon the Illinois EPA. While Agency deliberation of certain aspects of 
the permit may be grounded in the exercise of discretion, the broader legal 
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standard governing permit issuance or denial limits the discretion of the Illinois 
EPA. 

In this case, the applicant provided data to show that its discharge will comply 
with all applicable WQS. The NPDES permit, as drafted, contains limits and 
conditions to ensure that the discharge meets the applicable WQS, which are 
protective of the existing uses of the Big Muddy River. The Illinois EPA finds 
that the legal standard noted above has been met. Nothing in the record, 
including the public comments on the draft permit, adduces otherwise. 

The Agency doesn't expect public funds and environment to absorb the costs. 
All bonding requirements are regulated by the IDNR OMM in accordance with 
62 Ill. Adm. Code Part 1800. 

20. During spring Big Muddy pushes water back into our fields and wastewater is mostly 
salt which creates dead spots. Who will be responsible for decline in crop yield? 

The Agency has evaluated the proposed discharge to the Big Muddy River, and 
has determined that the discharge will not cause an exceedance of WQS outside 
of the mixing zone, and will not be of sufficient volume to have an adverse effect 
on flooding which may already be occurring on a seasonal basis. 

The NPDES permit defines the mixing zone. The mixing zone has a length of 46 
feet by a width of 25 feet. 

Additionally, the NPDES permit authorizes a discharge only when the Big 
Muddy River is between 30 cfs and 2,350 cfs, except after a one-year, 24-hour 
precipitation event, Outfall 011 can discharge for six consecutive days. The 
one-year, 24-hour precipitation event for this area is considered to be 2.97 
inches. 

21. Does IDNR OMM inspect or cover the same regulations the Illinois EPA does? 

Although some overlap can be found in the IDNR OMM and Illinois EPA, Mine 
Pollution Control Program (MPCP) regulations, the Agency regulates activities 
that could generate refuse, result in a discharge, or potentially cause water 
pollution, including the regulation of discharges to surface waters from mining 
operations. IDNR OMM regulates exploration, extraction, site reclamation and 
related mining activities. The Illinois EPA regulations may be found in 35 Ill. 
Adm. Code, Subtitle D: Mine Related Water Pollution; Parts 401 through 407. 
These regulations cite, incorporate, and utilize various other state and federal 
regulations for the permitting and management of coal mine related facilities. 
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The IDNR OMM regulations are contained in 62 Ill. Adm. Code 1700 through 
1850. 

22. Why is data incomplete? How does one know if the polluter has exceeded the 
allowable limits if the EPA are not requiring complete reporting of data? 

The data is not "incomplete." During the months with no data, the facility had 
no discharge during those months. When "No Discharge" is reported on the 
DMR, it means that no discharge occurred during that month. 

23. Can you explain the excessive limits and lack of regulation of minerals that are 
cumulative and in large amounts to toxic life? 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. Based upon 
the additional data, the NPDES permit has been modified to include additional 
NPDES permit limits for mercury at Outfall 001, copper and nickel at Outfall 002, 
iron (dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 006, iron 
(dissolved), nickel, and zinc at Outfall 007, and cadmium, copper, nickel, and 
zinc at Outfall 008. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

Special Condition No. 15 of the draft permit has been modified to reduce the 
maximum chloride concentration for Outfall 011 from 12,000 mg/L to 5,000 mg/L. 

Since the discharger is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. 

24. Please explain how, in a matter of days the Company's status on the ECHO site 
changed from yellow to blue. 

Yellow on ECHO indicates either a Reportable Non-Compliance (RNC status) or 
a Non-Reportable Non-Compliance. (NON-RNC). These types of violations are 
considered minor/Category 2 violations and are either paperwork violations or 
a minor effluent exceedances of the permit limit. Category 2 violations are 
resolved automatically by ICIS logic, which is based on the resolution criteria 
contained in USEPA's NPDES Enforcement Management System EMS - (1989): 
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https:/fwww.epa.gov/enforcement/enforcement-management-svstem-national­
pollutant-discharge-elimination-svstem-clean. 

ECHO is refreshed weekly. The RNC report runs over the weekend and applies 
the violation and resolution logic and updates the RNC. This is an automated 
process. Below is the ECHO link describing the date sources and date extracted 
date/ and next scheduled extract: https://echo.epa.gov/resources/echo­
data/about-the-data#sources. 

The resolution is usually through submission of the report or when the effluent 
violations have been resolved. 

25. If the Governor cares about the environment, then why has the Illinois EPA referred 
so few cases to the Attorney General's office, even with all the consistent violations of 
the mine? 

The Agency has and does refer cases to the Illinois Attorney General's 
Office. Violation Notices, and correction of non-compliance issues related to 
Violation Notices, are administered by the Illinois EPA pursuant to Section 31 
of the Illinois Environmental Protection Act. See 415 ILCS 5/31. With respect to 
Pond Creek Mine, VN W-2019-50223, was issued on February 6, 2020, for 
violations found at a site inspection that showed several WQS violations. The 
resulting violations were for deposited contaminants, discharge of 
contaminants, offensive conditions, offensive discharge, effluent standards 
violations, failure to comply with NPDES Permit, and failure to comply with good 
mining practices. The Illinois EPA has referred these violations to the Illinois 
Attorney General's Office. 

In addition, Violation Notice W-2021-50080 was issued on 5/25/2021 due to 
numerous unauthorized discharges/bypasses from the Williamson Energy 
Pond Creek Mine #1 's Outfall 006 into the receiving stream resulting in WQS 
violations. The Illinois EPA either received notification or observed these 
unauthorized discharges/bypasses from Williamson Energy. The resulting 
violations were for unpermitted/unauthorized point source discharge, NPDES 
bypass violations, deposited contaminants, discharge of contaminants, 
offensive conditions, offensive discharge, effluent standards violations, water 
quality violations, and failure to comply with good mining practices. Illinois EPA 
is in the process of referring these violations to the Illinois Attorney General's 
Office. The significant/chronic DMR effluent violations seen at mainly outfall 
006, for Chloride and Sulfate, will be added via a supplemental referral to the 
Illinois Attorney General Office's existing enforcement action against 
Williamson Energy. 

Also, there was a prior enforcement case before the Board, which is now closed. 
See People v. Williamson Energy, PCB 2019-85. 
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Groundwater Issues 

26. I have not seen anything at all anywhere that's a solution to this saline water seeping 
into the mine from an underground aquifer. Why hasn't it been suggested that this 
saline water could be placed in the depths of the earth with these injection wells? 

The mine infiltration water could be discharged directly to an Underground 
Injection Control (UIC) well (often referred to as a deep well) if conditions were 
appropriate for such activity. The injection wells must be installed at extreme 
depths to ensure they do not affect potential aquifers used for public 
consumption and into a geologic formation that is capable of receiving excess 
water. 

The receiving underground formation at this mine site has a limited amount of 
volume it can receive instantaneously and long term. As the underground 
formation is filled with excess water, its acceptance can be diminished. 
Consequently, multiple wells cannot be installed in close proximity to one 
another or they will negatively influence one another and restrict flow. In order 
to completely utilize this technology at Pond Creek mine, it is estimated that 
nine deep injection wells spaced an adequate distance apart would be needed. 
Additionally, miles of pipeline conveying water to each individual well. An ultra­
filtration system would also be needed to remove any suspended solids from 
the water prior to injection. 

At a near-by affiliated mine that operates two deep injection wells, ongoing 
operation of water disposal has been hampered by excess pressures, scaling 
of injection tubing, and plugging off the receiving geologic formation. Due to 
these operational challenges, the wells have been inactive for several years. 
When injecting during optimal conditions, the wells only accepted a fraction of 
the amount of water Pond Creek mine would need to dispose of. Because of 
reasons stated above, Deep Well Injection is an unreliable and impractical 
alternative given these conditions to dispose of the amount of water infiltrating 
the Pond Creek mine. 

27. What are the long-term impacts of continual water usage and water withdrawal on 
nearby communities? 

The community water supply in the area of the mine is a surface water supply, 
thus not impacted by water usage. The community water supply itself will 
continue to be able to supply the nearby communities and the mine. The few 
private wells in the area are generally less than 200 feet in depth. The formation 
with the saline water is approximately 450 to 600 feet in depth. Any impact of 
water withdrawal from this depth on the more shallow private wells would be 
expected to be minimal. 
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28. What is Foresight's daily Rend Lake water usage in initial stages of coal production? 
What does it pay Adena Resources and the State of Illinois for this use? Explain the 
water contracts and Foresight's use of Tennessee Valley Authority's coal. 

Currently, Sugar Camp, LLC uses Rend Lake water to supplement make-up 
water for coal processing when necessary. According to the permittee, they 
have authorization for Pond Creek mine to utilize this source of water as coal 
processing make-up water; however, Pond Creek mine does not currently use 
this approved availability of Rend Lake water. Williamson Energy does not mine, 
control, or have access to Tennessee Valley Authority coal. The State of Illinois 
does not get paid for water usage; however, it does get reimbursed for operation 
and maintenance costs of Rend Lake that the state pays to the Army Corps of 
Engineers. The IDNR Office of Water Resources allocates a set volume of Rend 
Lake storage that can be utilized for water withdraw (usage). This is done by an 
agreement between the state and the interested entity for a set maximum water 
use. 

29. What are the impacts of ongoing groundwater pumping at the mine and the effect of 
social and economic development in the area? 

The purpose of ongoing groundwater pumping at the mine is to control the 
amount of water in the mine so that the mine workers can safely operate the 
mine. Impacts to ground water use in the area are expected to be minimal. Refer 
to response to question #27 for further explanation on use of groundwater in 
the area. 

30. In response to the question of why deep injection wells for salty water was not being 
considered, has Foresight provided numbers to the Illinois EPA to justify assertion? If 
it comes from saline aquifers why not return it to them instead of dumping surface 
waters containing life? 

At Foresight's Sugar Camp operation, two underground injection wells were 
installed - Well 1 in September 2013 and Well 2 in October 2014. The wells 
operated until January 2017, at which point the wells ceased operating because 
of operational issues and were not able to utilize the wells. The history of these 
two wells showed they only accepted, on average 3,750,000 gallons per month, 
which represents less than 4% of Pond Creek water disposal needs. Also see 
response to question #26. 

Antidegradation Assessment/Water Quality Standards 

31. Williamson Energy was found to have 45 effluent violations between the years 2015 
and 2017. Eleven of those violations were sulfate and ten were chloride in Pond Creek. 
How can you say that we will not have problems with water quality when they have 
repeated problems with water quality? How can the water be safe if they're repeatedly 
violated? 
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Please see the response to question #25, regarding the Agency's enforcement 
against Williamson Energy for effluent violations. 

The NPDES permit contains limits and conditions to ensure that the discharge 
meets WQS, which are protective of the existing uses of Pond Creek. 

To address the impaired status of Pond Creek, the permittee will be required to 
install and operate a 1.0 MGD RO unit by December 31, 2023. The permittee is 
authorized to discharge the RO permeate (treated water) to one of the eight 
sedimentation basins that discharge to Pond Creek via Outfalls 001 - 008 and 
the RO reject water to the Big Muddy River via Outfall 011. 

Additionally, the NPDES permit authorizes a discharge to the Big Muddy River 
and contains limits and conditions to ensure that the discharge meets WQS 
which are protective of the existing uses of the Big Muddy River. 

Special Condition No. 16 in the final permit requires that the discharge from 
Outfall 011 cease under certain conditions, such as: 1) when the continuous 
chloride data (as measured by conductivity) is 40 percent above the chloride 
WQS more than 20 percent of the time; 2) when the sulfate samples are 40 
percent above the sulfate WQS in more than three of the samples taken within 
the month; 3) when the iron (dissolved) samples are 40 percent above the iron 
(dissolved) WQS in more than three of the samples taken within the month; 4) 
when the copper samples are 20 percent above the copper WQS water quality 
standard in more than three of the samples taken within the month; or 5) when 
the nickel samples are 20 percent above the nickel WQS in more than three of 
the samples taken within the month. 

Based on the above, the permit ensures that uses will be maintained in Pond 
Creek and the Big Muddy River. 

32. Has it been determined by the Illinois EPA or IDNR if there are endangered species 
or mussel beds, because there's no mention of endangered species anywhere except 
for they won't be affected or any species, because the water quality will be met, which 
is not true, because they violate all the time. 

Yes, a detailed summary for IDNR and IEPA actions are as follows: 

On November 2, 2016, the IDNR EcoCAT web-based tool was used, which 
indicated that there were no records of aquatic threatened or endangered 
species present in the vicinity of the discharge. While the IDNR EcoCAT web­
based tool did not terminate the consultation because of the nearby presence 
of Chuck-Will's-Willow (Caprimulgus carolinensis), IDNR evaluated the 
information and terminated the consultation on September 26, 2019, which was 
reevaluated and terminated again on October 22, 2021. In their termination 
letters, IDNR reiterated that there were no records of threatened or endangered 
species present. However, the termination letters indicated that there were 11 
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species designated in the Illinois Wildlife Action Plan as "Species in Greatest 
Need of Conservation" (SGNC). The SGNC that occur in the Big Muddy River 
include the Alligator Gar (Atractosteus spatula), Blacktail Shiner (Cyprinella 
venusta), Brown Bullhead (Ameiurus Nebulosus), Flier ( Centrarchus 
macropterus), Mooneye (Hiodon tergisus), Paddleflsh (Polyodon spathula), 
Pugnose Minnow (Opsopoeodus emiliae), Ribbon Shiner (Lythrurus fumeus), 
River Darter ( Percina shumardi), Spottail Darter (Etheostoma squamiceps), and 
Stripetail Darter (Etheostoma kennicotti). IDNR also noted that the Pistolgrip 
(Tritogonia verrucose) has also been found in the Big Muddy River. In 
conclusion, IDNR indicated that "strict adherence to all effluent limits and all 
effluent monitoring requirements in accordance with NPDES Permit IL0077666 
is requested." 

The mussel survey was conducted April 22-26 and June 5, 2020. The stream 
discharge rate at the Plumfield, Illinois gauge was between 742 and 855 cfs 
during this study. The permit has a condition that the mussel survey will be 
repeated one year after commencement of the discharge. 

The survey area encompassed the width of the river from 50 m upstream to 150 
m downstream of the proposed outfall location. The mixing zone has a length 
of 46 feet (13.3 m) by a width of 25 feet (7.62 m). The Survey Area was divided 
into 40 approximately 10x10 m cells. Four 5-minute qualitative samples were 
collected within each cell. Qualitative sampling entailed a diver searching the 
substrate, collecting all unionids encountered within the time period. Substrate 
composition (Wentworth scale) and water depth (meters) were recorded at the 
beginning of each sample. Unionids were classified as live, fresh dead, and 
weathered dead. Live individuals were identified to species, aged, and 
measured (length in millimeters). At least one individual of each live species 
was photographed, and (if available) a dead shell of each species was retained 
as a voucher specimen. All live individuals of non-listed species were relocated 
to a Recipient Area upstream of the project area with a similar substrate and 
depth profile as the Survey Area. 

A total of 46 live individuals of 11 species were collected from the Survey Area. 
Megalonaias nervosa was the most commonly collected species (n=13), 
followed by Leptodea fragilis (n=11) and Potamilus alatus (n=5); remaining 
species were represented by 4 or fewer live individuals each, including the 
following; Fusconaia flava (n=1), Tritogonia verrucosa (n=2), Quadrula quadrula 
(n=1), Lampsilis teres (n=4), Truncilla truncata (n=1), Lampsilis cardium (n=1), 
Pyganodon grandis (n=3), and Lasmigona complanata (n=4). Abundance was 
low, with 16 of 37 searched cells yielding no live individuals. 

Unionids were scattered throughout the Survey Area; however, abundance 
appeared to be greater towards the downstream end of the site, as 23 of the 46 
live individuals were collected there. Therefore, the greatest concentration of 
mussels found were approximately 80 meters downstream of the mixing zone. 
No mussel beds were found in the mixing zone. In the area of the mixing zone, 
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only one live mussel was found. No state listed species (live individuals or dead 
shell material) were observed in this area. 

33. Looking at the pollutant loading report for Pond Creek Mine, for the last seven years, 
there was at least one year that had incomplete data points, I want to reiterate that it 
is not just sulfates and chlorides that are important to have complete data on, because 
there are many other different elements. Whether they are aluminum or boron or 
various transition metals, it can be toxic in relatively low concentrations. 

The renewed and modified NPDES permit requires monthly effluent monitoring 
for the first year following the effective date of the permit after which semi­
annual sampling for Outfalls 006, 007, 008, and 011 for the parameters listed in 
Special Condition No. 18 of the NPDES permit. These parameters are: arsenic, 
barium, cadmium, chromium (hexavalent), chromium, copper, lead, manganese, 
mercury, nickel, phenols, selenium, silver, and zinc. 

The data collected will be used to determine if a permit limit for any of these 
parameters is necessary in the next permit cycle. 

34. Why was there no mention that this is an outstandingly remarkable value designated 
river? 

The unnamed tributaries of Pond Creek and Pond Creek itself are not listed as 
biologically significant streams in the 2008 IDNR Publication Integrating 
Multiple Taxa in a Biological Stream Rating System, nor are the unnamed 
tributaries of Pond Creek given an integrity rating in that document. However, 
Pond Creek itself is rated a "C" stream approximately 7.0 miles downstream of 
the outfalls. 

Also, the Big Muddy River is not listed as a biologically significant stream in the 
2008 IDNR Publication Integrating Multiple Taxa in a Biological Stream Rating 
System, nor is it given an integrity rating in that document. 

For a detailed response on how the NPDES permit would be protective of the 
existing uses, see response to question #14. 

35. Has the Illinois EPA considered that the river itself should have its own rights? 

The Act and Board regulations require any NPDES permit issued be protective 
of the designated uses. A detailed discussion of the structure provided by the 
Board regulations to achieve this mandate is provided below. 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
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Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

This permit has all applicable WQS to ensure that the designated uses are fully 
protected. 

36.1 would like to know what the depth of the Big Muddy in that area is currently, because 
it surely isn't 30 feet deep for the diffusers to be pouring the effluent into the water? 

The Big Muddy River has a depth of approximately 8-12 feet at the proposed 
diffuser site, Outfall 011, during baseline flow conditions, which is sufficient for 
the diffuser at this location. 

In this case, the applicant has proposed to install a diffuser in the Big Muddy 
River. Based on the Agency's review of the CORMIX model and 35 Ill. Adm. 
Code 302.102, the Agency determined the size of the mixing zone and ZID. 
Based on recommendations from the Agency, the outfall structure was 
reevaluated to provide better mixing. The Agency determined the size of the 
mixing zone and ZID that is consistent with 35 Ill. Adm. Code 302.102. 

The diffuser consists of five individual staged single-port diffusers. This design 
maximizes the mixing zone for each flow condition in the River while allowing 
the facility to discharge based on the flow in the River. As the flow in the River 
decreases or the chloride concentration increases, the larger ports are taken 
off-line so that the WQS can be maintained at the edge of the mixing zone and 
ZID, as per 35111. Adm. Code 302.102. 

The diffuser will be protected by rip-rap on the bottom of the stream. The 
individual ports will be angled upwards from the bottom of the stream to provide 
mixing in the water column. 
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37. How will the diffuser vents be protected from people continuing to use the location as 
a dumpsite for large objects? We recommend continuous monitoring like what is being 
done in Murphysboro. 

The NPDES permit has been modified to require that Outfall 011 include signage 
on the bank of the Big Muddy River to inform people on the Big Muddy River 
that the outfall is present at that location. The diffuser ports will be installed in 
a way to minimize damage due to strikes from natural objects such as logs. The 
site is not located on a public road, which will reduce the potential for the public 
from dumping large objects into the river at this location. The opposite bank of 
the river is also private property, which will minimize the public from dumping 
large objects into the river at this location. 

The above mentioned practices are sufficient to protect the diffuser ports from 
damage. 

38. We analyzed data and found that the 90th percentile chloride concentration is actually 
108 milligrams per liter, so I wanted to ask tonight how did the mine come to use 30 
milligrams per liter as the 90th percentile? 

The 90th percentile of the chloride data (30.1 mg/L) was based on data from the 
dam at Rend Lake. As per the December 12, 2016 memo by Scott Twait to lwona 
Ward titled "WQBELs for the Big Muddy River discharge (Outfall 011 )", the 
Agency had originally intended to use the 90th percentile chloride value from 
the dam at Rend Lake to calculate the upstream chloride concentration. 

However, the public noticed draft permit requires the use of continuous chloride 
concentration (correlated to the conductivity value). Therefore, the 90th 
percentile of the chloride data (30.1 mg/L) will not be used to calculate the 
amount of mixing available. 

39. The antidegradation assessment proposes to monitor downstream chloride 
concentrations in two ways: The calculated, you have a mixing equation as well as 
physically with the downstream conductivity probe. Is the permit being violated if either 
of these values are found to be above 500 milligrams per liter of chloride? 

Yes, both, the mixing zone calculations (correlated to conductivity) and the 
downstream chloride concentration (correlated to conductivity) must be 
reported on the DMRs as a daily maximum and must be at or below 500 mg/L. 

40. ls the mine required to monitor and report the effluent discharge rates and chloride 
concentrations coming out of the pipe? 

Yes, the effluent discharge rate is required to be reported and the chloride 
concentration will have a maximum concentration of 5,000 mg/L. Additionally, 
the permit will ensure that WQS are met at the edge of the mixing zone by the 
requirements below: 
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For Outfall 011, in order to determine the chloride concentration at the edge of 
the mixing zone, the facility will use upstream flow and continuous chloride 
concentration data and the effluent flow and continuous chloride concentration 
data to determine the concentration of chloride at the edge of the mixing zone, 
as per Special Condition No. 15 of the NPOES permit. This value will be reported 
on the OMR and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

41. How will the mine develop that accurate calibration? Does the Agency have to 
approve that calibration curve derived by the mine? And are the calibrated values 
also reported on the DMR? Do we have all of that information that they're using to do 
that calibration? 

The applicant will develop a site-specific database that correlates the 
conductivity and chloride concentrations for the Big Muddy River and for the 
treated effluent. The Agency has included a requirement in the NPOES permit 
that requires monthly chloride samples and conductivity measurements, in the 
Big Muddy River (upstream and downstream) and in the effluent, to ensure that 
the calibration curves remain accurate. Additionally, the Agency has included 
a requirement in the NPOES permit that requires that the calibration curves are 
to be approved by the Agency, before discharge, after six months of operation, 
and yearly thereafter. 

The chloride values (correlated to the conductivity values) will be reported on 
the DMRs as chloride in mg/L. The calibration curves will not be reported on 
the DMRs; however, these curves will be part of the permit record and are 
available to the public for review via a FOIA request. 

42. The Illinois EPA should include a fish survey, a mussel survey and a survey of 
invertebrates pre-construction as well as long-term monitoring post-construction 
would be or should be required. 

As it is detailed below, the Agency has required a mussel and invertebrates 
survey prior to the construction of the diffuser and has also required that these 
surveys be performed one year after commencement of the discharge. No 
additional fish surveys were required as these are part of the long-term 
monitoring that is completed by IDNR. 

The company has provided the fish data from 1964 to 2018 that has occurred in 
the Big Muddy River and in the Big Muddy River watershed. The applicant has 
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also provided a mussel survey performed in the Big Muddy River Basin titled 
"Freshwater Mussels of the Big Muddy River" and published March 7, 2012. 

The mussel survey was conducted April 22-26 and June 5, 2020. The stream 
discharge rate at the Plumfield, Illinois gauge was between 742 and 855 cfs 
during this study. The permit has a condition that the mussel survey will be 
repeated one year after commencement of the discharge. 

A total of 46 live individuals of 11 species were collected from the Survey Area. 
Mega/onaias nervosa was the most commonly collected species (n=13), 
followed by Leptodea fragilis (n=11) and Potamilus a/atus (n=S); remaining 
species were represented by 4 or fewer live individuals each, including the 
following; Fusconaia flava (n=1), Tritogonia verrucosa (n=2), Quadrula quadrula 
(n=1), Lampsi/is teres (n=4), Truncilla truncata (n=1), Lampsilis cardium (n=1), 
Pyganodon grandis (n=3), and Lasmigona comp/anata (n=4). Abundance was 
low, with 16 of 37 searched cells yielding no live individuals. 

Unionids were scattered throughout the Survey Area; however, abundance 
appeared to be greater towards the downstream end of the site, as 23 of the 46 
live individuals were collected there. Therefore, the greatest concentration of 
mussels found were approximately 80 meters downstream of the mixing zone. 
No mussel beds were found in the mixing zone. In the area of the mixing zone, 
only one live mussel was found. No state listed species (live individuals or dead 
shell material) were observed in this area. 

The company also had Alliance Consulting perform a Benthic 
Macroinvertebrates Community Survey of the Big Muddy River approximately 
0.77 miles downstream of the proposed outfall location. The sampling was done 
on November 20th, 2019. This survey demonstrated that the diffuser will be 
located in a pool of the river with poor habitat availability for greater than three­
quarters of a mile below the diffuser. Due to the depth of the Big Muddy River 
and accessibility issues, the wadeable collection method was not possible. The 
benthic macroinvertebrates were sampled using and Ekman Dredge dropped 
from an abandoned railroad bridge. The mlBI scored 23.8, which is a rating of 
fair and 80. 7% of the sample was made up of tolerant taxa. The benthic 
macroinvertebrate community in the downstream sample was dominated by 
tolerant Chironomidae and Ceratopogonidae. A few mayflies and unionids were 
collected in this survey which may indicate substrate, not water quality, is the 
limiting factor in this reach. According to the report, the metrics reflect a stream 
with poor habitat quality, low biodiversity, and a struggling benthic 
macroinvertebrate community. 

Also, the Big Muddy River basin is sampled by the Illinois EPA and the IDNR as 
part of the IBS program, a cooperative sampling effort that routinely collects a 
variety of samples including fish and macroinvertebrate assemblages. IBS 
sampling is conducted every five years. While the next IBS sampling year for 
the Big Muddy River basin is 2023, this river system is sampled approximately 
every six weeks for water chemistry, and additional biological sampling can be 
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conducted as needed. Big Muddy River sampling locations included in these 
programs include stations upstream and downstream of the proposed 
discharge. 

The NPDES permit includes a condition that requires a mussel survey and a 
macroinvertebrate survey one year after commencement of the discharge from 
Outfall 011. 

43. We were able to run some numbers that show if you have chloride coming out of that 
upstream proposed Sugar Camp discharge as well as this one, have you guys taken 
into account that potential? 

The chloride coming from the Sugar Camp discharge is accounted for in 
calculating chloride limits for the Pond Creek NPDES permit. Special Condition 
No. 15 of the NPDES permit requires that the upstream chloride concentration 
be measured just upstream of the Outfall 011. The upstream chloride 
concentration is measured by continuous conductivity measurements 
(correlated to the chloride concentration). This upstream chloride 
concentration will account for all sources of chloride upstream of the Outfall 
011 location, including chloride from Sugar Camp discharges. 

44. I'm wondering how will Illinois EPA verify all of these calibrations, and how they will 
work so that the effluent will stay within the limits of the regulations? 

The applicant is required to develop a site~specific database that correlates the 
conductivity and chloride concentrations for the Big Muddy River and for the 
treated effluent. The Agency has included a requirement in the NPDES permit 
that requires monthly chloride samples and conductivity measurements to 
ensure that the calibration curves remain accurate. Additionally, the Agency 
has included a requirement in the NPDES permit that requires that the 
calibration curves are to be approved by the Agency, before discharge, after six 
months of operation, and yearly thereafter. 

45. Even with a diffuser, what gives Illinois EPA any confidence that there will not be 
acutely high concentrations that can gravely harm the fish, macroinvertebrates, 
mussels, plants and other wildlife that depend on the Big Muddy River, especially near 
the 011 Outflow location? 

As has been described previously, the WQS are designed to be protective of the 
designated uses. Since the NPOES permit was public noticed, the following 
changes have been made to the NPDES permit: 

Special Condition No. 15 of the draft permit has been modified to reduce the 
maximum chloride concentration for Outfall 011 from 12,000 mg/L to 5,000 mg/L. 

The NPDES permit defines the mixing zone and ZIDs for each of the ports. The 
ZID for Ports 1 and 2 has a length of 4.5 feet by a width of 1.12 feet each. The 
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ZID for Port 3 has a length of 5.68 feet by a width of 1.38 feet. The ZID for Port 
4 has a length of 7.64 feet by a width of 1.97 feet. The ZID for Port 5 has a length 
of 9.18 feet by a width of 2.23 feet. The mixing zone has a length of 46 feet by a 
width of 25 feet. 

Special Condition No. 16 in the final permit requires that the discharge from 
Outfall 011 cease under certain conditions, such as: 1) when the continuous 
chloride data (as measured by conductivity) is 40 percent above the chloride 
WQS more than 20 percent of the time; 2) when the sulfate samples are 40 
percent above the sulfate WQS in more than three of the samples taken within 
the month; 3) when the iron (dissolved) samples are 40 percent above the iron 
{dissolved) WQS in more than three of the samples taken within the month; 4) 
when the copper samples are 20 percent above the copper WQS in more than 
three of the samples taken within the month; or 5) when the nickel samples are 
20 percent above the nickel WQS in more than three of the samples taken within 
the month. 

Special Condition No. 16 also requires increased monitoring for sulfate, nickel, 
copper, and iron (dissolved) to three times per week for Outfall 011 within 10 
feet downstream of the edge of the mixing zone. 

To address the impaired status of Pond Creek, the permittee will be required to 
install and operate a 1.0 MGD RO unit by December 31, 2023. The permittee is 
authorized to discharge the RO permeate (treated water) to one of the eight 
sedimentation basins that discharge to Pond Creek via Outfalls 001 - 008 and 
the RO reject water to the Big Muddy River via Outfall 011. 

The renewed/modified NPDES permit requires monthly effluent monitoring for 
the first year following the effective date of the permit after which semi-annual 
sampling for Outfalls 006, 007, 008, and 011 for the parameters listed in Special 
Condition No.18 of the NPDES permit. These parameters are: arsenic, barium, 
cadmium, chromium (hexavalent), chromium, copper, lead, manganese, 
mercury, nickel, phenols, selenium, silver, and zinc. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. Based upon 
the additional data, the NPDES permit has been modified to include additional 
NP DES permit limits for mercury at Outfall 001, copper and nickel at Outfall 002, 
iron (dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 006, iron 
(dissolved), nickel, and zinc at Outfall 007, and cadmium, copper, nickel, and 
zinc at Outfall 008. 

The permit includes additional effluent sampling, for Outfall 011, for sulfate, 
iron, and chloride will be sampled three times per week. 
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Additionally, the NPDES permit authorizes a discharge only when the Big 
Muddy River is between 30 cubic feet per second (cfs) and 2,350 cfs, except 
after a one-year, 24-hour precipitation event, Outfall 011 can discharge for six 
consecutive days. The one-year, 24-hour precipitation event for this area is 
considered to be 2.97 inches. 

The permit has a condition that the mussel and invertebrate survey on the Big 
Muddy River will be repeated one year after commencement of the discharge. 

The permit includes monitoring or limits for all parameters that could be present 
in the mine discharge. 

Additionally, the NPDES permit has been modified to incorporate a limit of 32.2 
mg/L for Outfall 011 applied as a yearly average. 

Based on the above, the Agency concluded that there will not be acutely high 
concentrations of contaminants that can gravely harm the fish, 
macroinvertebrates, mussels, plants, and other wildlife that depend on the Big 
Muddy River. 

46. Since these are our common-pool resources and waters of the USA, I am curious if 
this has taken into consideration the compounding pollutants that were discharged 
downstream and also considerate of all the other industries that input into streams, 
because the Gulf of Mexico is currently under hypoxia during the summers, and there's 
fish die off, and this is a tributary to the Mississippi which discharges into the Gulf of 
Mexico. 

The effluent does not have sufficient deoxygenating chemicals or sufficient 
phosphorus to contribute to the Dissolved Oxygen impairment or potential 
impairment of phosphorus and will not cause a violation of the WQS in the 
receiving streams or the Gulf of Mexico. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

The Agency considered all of the upstream chloride inputs. In order to 
determine the chloride concentration at the edge of the mixing zone, the facility 
will use upstream flow and continuous chloride concentration data and the 
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effluent flow and continuous chloride concentration data to determine the 
concentration of chloride at the edge of the mixing zone, as per Special 
Condition No. 15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

The constituents discharged at the outfall location will be transported 
downstream by the Big Muddy River. Since all water quality criteria will be met 
at the edge of the mixing zone and ZID, the Agency does not anticipate 
downstream impacts. 

47. Why are you proposing to grant the mine a mixing zone for chlorides at the Pond 
Creek Outfall if the Pond Creek is already impaired? Why was the level of chlorides 
in Pond Creek found by Illinois EPA to no longer be of concern by the recent TMDL 
assessment when it already has been measured at or near the maximum of 500 
milligrams per liter? 

The Agency has removed the proposed mixing zone in Pond Creek from the 
NPDES permit. 

The Agency collected chloride data in Pond Creek {NG-02) between May 2019 
and October 2019 to supplement the data for the TMDL Program. Six samples 
for chloride were taken, which ranged from 687 mg/L to 1,100 mg/L. Pond Creek 
(NG-02) is still listed on the 2018 Illinois Integrated Water Quality Report and 
Section 303(d) List as impaired for aquatic life use with potential cause given as 
chloride. 

Because of the impaired status, the permit has been modified to not authorize 
discharges from the proposed Outfalls 009 and 009ES into Pond Creek and the 
unnamed tributary of Pond Creek respectively. Additionally, to address the 
impaired status of Pond Creek, the permittee will be required to install and 
operate a 1.0 MGD RO unit by December 31, 2023. The permittee is authorized 
to discharge the RO permeate (treated water) to one of the eight sedimentation 
basins that discharge to Pond Creek via Outfalls 001 - 008 and the RO reject 
water to the Big Muddy River via Outfall 011. 

48. Will the increased chloride and total dissolved solids levels in the Big Muddy River 
cause higher methyl mercury levels? Will the acid mine drainage allowed in this permit 
also increase the conversion of mercury to methyl mercury? Can Illinois EPA assure 
us that it will not? 

For the reasons stated below, the Agency concluded that the increased chloride 
and total dissolved solids levels in the Big Muddy River or the discharge from 
the mine will not increase the methylmercury levels. 
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Methylmercury does bond with chloride (Cl-); however, it also bonds with 
hydroxide (OH-) and nitrate (NO3-). 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. The 
minimum detection limit (MDL) in the additional sampling is 0.5 nanograms per 
liter. Based upon the additional data, at this MDL, the NPDES permit has been 
modified to include a limit for mercury at Outfall 001. The data indicate that 
there is no reasonable potential for Outfalls 002 through 008 to exceed the WQS 
for mercury. 

Methylmercury is formed primarily under anaerobic conditions. These 
conditions are expected in the sediments and not expected in the water column. 
The deeper sediments that are not directly impacted by the overlying water 
column are expected to be anaerobic or anoxic. The water column is not 
expected to interact with the anaerobic or anoxic parts of the sediment where 
methylation is expected to occur. 

Effluent present in the mixing zone, where the greatest concentrations of 
chlorides are expected is not anticipated to interact with the bottom sediments. 
Therefore, there is minimal risk of increased release of methylmercury within 
the mixing zone area. Further downstream, the concentration of chloride will 
continue to decrease, thus reducing any risk of mercury release. 

49. Has Illinois EPA evaluated the possible harm to humans from increased methyl 
mercury that could be caused by granting this permit? 

Human health criteria for toxic pollutants are designed to protect people from 
exposure resulting from consumption of fish or other aquatic organisms (e.g., 
mussels, crayfish) or from consumption of both water and aquatic organisms. 
These criteria express the highest concentrations of a pollutant that are not 
expected to pose significant long-term risk to human health. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. The MDL in 
the additional sampling is 0.5 nanograms per liter. Based upon the additional 
data at this MDL, the NPDES permit has been modified to include a limit of 12 
ng/L for mercury at Outfall 001. The data indicate that there is no reasonable 
potential for Outfalls 002 through 008 to exceed the WQS for mercury. 

Additionally, Special Condition No. 18 of the NPDES permit requires that 
Outfalls 006, 007, 008, and 011 shall be monitored monthly for the first year 
following the effective date of the permit after which semi-annual sampling for 
mercury with such monitoring spaced at approximately six-month intervals 
during the entire five-year term of the NPDES Permit. 
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Since the NPDES permit has a mercury limit for Outfall 001, and the Agency has 
determined that there is no reasonable potential to exceed the mercury WQS for 
the other Outfalls, the discharge from this mine will be fully protective of the 
existing uses, including protective of human health. 

50.1 don't see how heavy metals possibly dissolve in water. How does that affect plant 
life and trees, as well as the animals that use those for habitation? 

Heavy metals are regulated in the NPDES permit including cadmium and 
mercury at Outfall 001, cadmium, copper and nickel at Outfall 002, cadmium and 
iron (dissolved) at Outfall 003, cadmium and copper at Outfall 004, cadmium at 
Outfall 005, cadmium, manganese, and nickel at Outfall 006, cadmium, iron 
(dissolved}, nickel, manganese, and zinc at Outfall 007, cadmium, copper, 
nickel, manganese, and zinc at Outfall 008 and manganese at Outfall 011. 

Additionally, the renewed and modified NPDES permit requires monthly effluent 
monitoring for the first year following the effective date of the permit after which 
semi-annual sampling for Outfalls 006, 007, 008, and 011 for the parameters 
listed in Special Condition No. 18 of the NPDES permit. These parameters are: 
arsenic, barium, cadmium, chromium (hexavalent), chromium, copper, lead, 
manganese, mercury, nickel, phenols, selenium, silver, and zinc. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

As the NPDES permit has limits based on the WQS, the uses of the Big Muddy 
River and Pond Creek will be fully protected. 

51.1 noted that you said it's 5,000 gallons a minute maximum flow rate. That's like 7.2 
million a day. The permit mentions a rate of 2.7 to 2.9 daily. How is that working out 
mathematically? 

The estimated maximum daily volume of discharge does not appear to agree 
with the maximum estimated discharge rate because this is not anticipated to 
be a constant discharge at the maximum flow rate on a daily basis. The 
discharge rate will at times be significantly less than the maximum allowable, 
based on the flow in the Big Muddy River, in addition to the discharge possibly 
being episodic or sporadic rather than constant. 
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Please note that the NPDES permit authorizes a discharge only when the Big 
Muddy River is between 30 cfs and 2,350 cfs, except after a one-year, 24-hour 
precipitation event, Outfall 011 can discharge for six consecutive days. The 
one-year, 24-hour precipitation event for this area is considered to be 2.97 
inches. 

52. Has the Illinois EPA done any work to assure that the reasonable potential for mercury 
has been measured down to where it would measure a violation of the mercury 
standards? 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. The MDL in 
the additional sampling is 0.5 nanograms per liter. Based upon the additional 
data at this MDL, the NPDES permit has been modified to include a limit for 
mercury at Outfall 001. The data indicate that there is no reasonable potential 
for Outfalls 002 through 008 to exceed the WQS for mercury. 

53. Did the Illinois EPA use or consider the USEPA technical support document in 1991 
which is used in order to calculate a reasonable potential according to guidance from 
US EPA? 

Yes, the Agency considered the 1991 USEPA technical support document. 

For Outfall 011, based on the effluent characterization, the Agency did the 
reasonable potential analysis as required by 35111. Adm. Code 309.141(h)(3) and 
determined that mercury does not have a reasonable potential to exceed the 
WQS in the effluent. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. The MDL in 
the additional sampling is 0.5 nanograms per liter. Based upon the additional 
data at this MDL, the NPDES permit has been modified to include a limit for 
mercury at Outfall 001. The data indicate that there is no reasonable potential 
for Outfalls 002 through 008 to exceed the WQS for mercury. 

Additionally, Special Condition No. 18 of the NPDES permit requires that 
Outfalls 006, 007, 008, and 011 shall be monitored monthly for the first year 
following the effective date of the permit after which semi-annual sampling for 
mercury with such monitoring spaced at approximately six-month intervals 
during the entire five-year term of the NPDES Permit. 

54. There are six data points listed. As you're aware under the technical support 
document that asks for a minimum of ten, so you're collecting more data at this point? 

The technical support document (EPA/505/2-90-001) does not require 10 
samples to perform a reasonable potential analysis. The guidance document 
recommends a higher multiplier should be used when fewer samples are taken. 
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As an example, with a coefficient of variation of 0.6, if ten sa.,, 1 

the multiplier is 1. 7 and if five samples are taken, the multiplier i: ;~ are taken 

However, at the direction of Illinois EPA, the applicant has conduct • -
' 

sampling in response to comments previously received for Outt e: additional 

Based upon the additional data, the NPDES permit has been rnodifi acts 0<>1-ooa. 

additional NPDES permit limits for mercury at Outfall 001, cop er'e to include 

Outfall 002, iron (dissolved) at Outfall 003, copper at Outfall oo4P ni ~"d ~ickel at 

006, iron (dissolved), nickel, and zinc at Outfall 007, and c~dm<: el at Outfall 

nickel, and zinc at Outfall 008. 

•um, copper, 

55. The mine is going to use conductivity probes in order to determine the . 

Doesn't chloride as a percentage of conductivity vary under various co cd~I?rtde level. 

n 1hons? 

Because chloride as a percent of conductivity varies under vario 

the applicant is required to develop a site-specific database that us Conditions, 

conductivity and chloride concentrations for the Big NI Uddy Riv correlates the 

treated effluent. The Agency has included a requirement in the ~~~nd fo
r the 

that requires monthly chloride samples and conductivity mea ES P8rmit 

ensure that the calibration curves remain accurate. Additionall SUrements to 

has included a requirement in the NPDES permit that re ~, the Agency 

calibration curves are to be approved by the Agency, before dis~~lres that the 

months of operation, and yearly thereafter. 

arge, after six 

56. What is the date of the last watershed analysis, and how extensive is . 

used and its impact on the water source for drinking water for southe ,t th_at ~ou have 

m lll1no1s? 

The Big Muddy River basin is sampled by the Illinois EPA and th 

of the IBS program, a cooperative sampling effort that rout· e IDNR as part 

variety of samples including fish and macroinvertebrate asstnely collects a 

sampling is conducted every five years. The previous IBS sam ~.'llblages. IBS 

Big Muddy River basin was 2018, however, invertebrate mo P.;n~ year for the 

completed due to high river levels. The next IBS sampling "' or,ng Was not 

Muddy River is 2023. Big Muddy River sampling locations 1,
rear for the Big 

programs include stations upstream and downstream of the eluded in these 

011 discharge. There are no known withdrawal locations 
O 

prt°hP05!d Outfall 

River for drinking water supply. 

" e Brg Muddy 

Additionally, the Agency has an AWQMN throughout the Stat 

has stations on the Big Muddy River, both upstream and down e. The AWQMN 

011. The ambient stations are sampled for water quality ap :tr~am of Outfall 

six weeks. 

P ox,mately every 

57. No assessment is provided for the biological or environmental i 

water quality, nor ground water withdrawal impacts. Who is goin rnfacts, cumulative 

discharge meets WQS and does not exceed the allowable vofumg ?oTrnake_ sure the 

e · he 819 Muddy 
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River should not be a sewer for corporate g_reed. The biological diversity of the region 

must be preserved for the enjoyment of all its people. Monitoring results are reported on DMRs Which are submitted quarterly to the 

Agency. The DMRs are assessed_ by the Complia~ce Assurance Section (CAS). 

The Agency runs monthly comphance reports using ICIS/ECHO to detect SNC 

at mine NPDES permits. ICIS/ECHO autorn atically detects violations such as 

DMR Non-Receipt, Effluent limit, or De Ii nquent Schedules/Reports. If a 

violation is identified as SNC, CAS, on_ a weekly basis, determines the 

appropriate compliance or enforcement acta on to resolve the SNC violations. 
The few private wells in the are~ are genE:rally less than 200 feet in depth. The 

formation with the saline water 1s a~prox1mately 450 to 600 feet in depth. Any 

impact of water withdrawal. f~om this depth on the more shallow private wells 

would be expected to be mammal. Generally, water recharges into the ground 

in upland areas and discharge_s to surface wat~r in lowland areas. Water 

recharging to the depth of the mane would be commg from upland areas further 

away, not from local creeks. 
58_ What chemical would be rel_eased and ~hat effects does the discharge have on living 

organisms through an environmental ,mpa~t study. Wha! value is the Illinois EPA 

giving to all the proposed damage and loss t~ ~he lower B19 Muddy River watershed 

ecosystem? If we must choose between assisting on~ coal mine and all that comes 

with an environmentally sound watershed for generations to come, we must choose 

the future. 

A comprehensive analysis of all chemicals that would be released in the Big 

Muddy River was performed for Outfall 011. 
For Outfall 011, the Agency performed the reasonable potential analysis to 

determine that the following contamina_nts do not have a reasonable potential 

to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available) 

Iron (dissolved), lead, manganese, mer~ury, phenols, silver, zinc, and selenium: 

The Agency also determined that there ,s no ~easonable potential to exceed the 

WQS outside of the mixing zone fo~ cadmium, copper, nickel, sulfate, and 

chloride. Further, the Agency deterrmned that there is no reasonable potential 

to exceed the acute WQS outside of the ZID for.cadmium, copper, and nickel. 

Since the discharge is required to comply with all applicable WQS prior to 

discharge or after mixing in the mixing zone and ZID, the designated uses of the 

Big Muddy River will be fully protected. ~•~o, as the WQS will be met in the 

receiving stream, the Agency does not antIcIpate any damage or loss. 59. My major concern is ho~ wil~ the public and your organization know if the dilution 

system is effective, especially if the pr?posed egress of the wastewater is downstream 

from the gauging station where water is measured and analyzed? Has the wastewater 

been tested before and after diluted ~easures taken place on a normal day, and week 

of operation? What exactly does diluted measures mean? How effective and how Page42 
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much of the heavy metals are recovered in the process on a daily, weekly, and monthly 
period? How dangerous will; this water be for the ecosystem? Is it safe for anyone or 
anything to consume, bath, and swim? What is the economic impact as it relates to 
tourism and the recreation industry? What is Williamson Energy's safety and health 
record for its miners? How have other mines dealt with this similar situation? 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

The federal regulations at 40 CFR 131.13 authorize states to use mixing zones 
and zones of initial dilution to implement WQS. Illinois has adopted mixing 
zones and zones of initial dilution WQS located at 35 Ill. Adm. Code 302.102. 

In the zone immediately surrounding an outfall, both the acute and the chronic 
criteria may be exceeded, but the acute criterion must be met at the edge of this 
zone, which is often referred to as the acute mixing zone or the ZID. The acute 
mixing zone is sized to prevent lethality to passing organisms in order to protect 
the designated use of the waterbody as a whole. In case of the mixing zone, 
which is often called the chronic mixing zone, the chronic criterion may be 
exceeded, but the acute criterion must be met. The chronic criterion is met at 
the edge of the chronic mixing zone. The chronic mixing zone is sized to protect 
the designated use of the waterbody as a whole. 

A mixing zone is a limited area or volume of water where initial dilution of a 
discharge takes place and where certain numeric water quality criteria may be 
exceeded. 
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In this case, the applicant has proposed to install a diffuser in the Big Muddy 
River. Based on the Agency's review of the CORMIX model and 35 Ill. Adm. 
Code 302.102, the Agency determined the size of the mixing zone and ZID. 
Based on recommendations from the Agency, the outfall structure was 
reevaluated to provide better mixing. The Agency determined the size of the 
mixing zone and ZID that is consistent with 35 Ill. Adm. Code 302.102. 

The diffuser consists of five individual staged single-port diffusers. This design 
maximizes the mixing zone for each flow condition in the River while allowing 
the facility to discharge based on the flow in the River. As the flow in the River 
decreases or the chloride concentration increases, the larger ports are taken 
off-line so that the WQS can be maintained at the edge of the mixing zone and 
ZID, as per 35 Ill. Adm. Code 302.102. 

In order to determine the chloride concentration at the edge of the mixing zone, 
the facility will use upstream flow and continuous chloride concentration data 
and the effluent flow and continuous chloride concentration data to determine 
the concentration of chloride at the edge of the mixing zone, as per Special 
Condition No.15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

As part of the water treatment on-site, the capture of solids within the retention 
basin systems does serve to reduce the potential concentration of metals that 
would be discharged. This is due to the fact that most metals preference to be 
attached to solids under the conditions found in the holding pond and settling 
ponds. 

The safety and health of the workforce is beyond the scope of Illinois EPAs 
review of the NPDES permit. The Occupational Safety and Health Administration 
(OSHA) and the OMM's Mine Safety and Training Division is charged with the 
health and safety concerns of the state's coal mines and their employees. 

Several mines in Illinois have employed mixing zones and allowed mixing in 
their NPDES permits. While this saltwater aquifer is not unique, it is also not 
common. Most Illinois mines discharge through stormwater discharges while 
still meeting the WQS. The option of discharging through the stormwater 
discharges is not possible because of the high volumes of saltwater into the 
mine. 
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60. What is a full assessment of the biological or other environmental impacts of the 
proposed mixing of this contaminated mine water on the river ecosystem and current 
uses of the Big Muddy River? The mine should be required to build water treatment 
plant onsite to ensure their water discharges meet regulations. 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

The federal regulations at 40 CFR 131.13 authorize states to use mixing zones 
and zones of initial dilution to implement WQS. Illinois has adopted mixing 
zones and zones of initial dilution WQS located at 35 Ill. Adm. Code 302.102. 

A mixing zone is a limited area or volume of water where initial dilution of a 
discharge takes place and where certain numeric water quality criteria may be 
exceeded. 

In this case, the applicant has proposed to install a diffuser in the Big Muddy 
River. Based on the Agency's review of the CORMIX model and 35 Ill. Adm. 
Code 302.102, the Agency determined the size of the mixing zone and ZID. 
Based on recommendations from the Agency, the outfall structure was 
reevaluated to provide better mixing. The Agency determined the size of the 
mixing zone and ZID that is consistent with 35 Ill. Adm. Code 302.102. 

The diffuser consists of five individual staged single-port diffusers. This design 
maximizes the mixing zone for each flow condition in the River while allowing 
the facility to discharge based on the flow in the River. As the flow in the River 
decreases or the chloride concentration increases, the larger ports are taken 
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off-line so that the WQS can be maintained at the edge of the mixing zone and 
ZID, as per 35 Ill. Adm. Code 302.102. 

In order to determine the chloride concentration at the edge of the mixing zone, 
the facility will use upstream flow and continuous chloride concentration data 
and the effluent flow and continuous chloride concentration data to determine 
the concentration of chloride at the edge of the mixing zone, as per Special 
Condition No. 15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

Additionally, to address the impaired status of Pond Creek, the permittee will be 
required to install and operate a 1.0 MGD RO unit by December 31, 2023. The 
permittee is authorized to discharge the RO permeate (treated water) to one of 
the eight sedimentation basins that discharge to Pond Creek via Outfalls 001 -
008 and the RO reject water to the Big Muddy River via Outfall 011. 

Also, see response to question #75. 

61. Disposing of the wastewater is part of the mine's cost of doing business. The Shawnee 
National Forest's famed Snake Road which is in Big Muddy's floodplain could be 
adversely affected. Who is going to monitor the effluent? Will IDNR have someone 
there on a daily basis when water is being released? 

The Shawnee National Forest's Snake Road is approximately 80 miles 
downstream of the proposed discharge. Perhaps this area is most famous for 
the biannual 'Snake Migration' across the LaRue Road at the base of the bluffs, 
adjacent to LaRue Swamp. The road is closed to vehicular traffic every spring 
and fall to help protect thousands of reptiles and amphibians during their 
migration between their summer and winter habitats. The primary source of the 
swamp's water is runoff from west - facing wooded slopes and bluffs of the 
adjacent Pine Hills and from springs along the base of the bluffs. Therefore, the 
source of water for the LaRue Swamp is not the Big Muddy River. The Big 
Muddy River is approximately 1.9 miles Northwest of the LaRue Swamp with a 
stream and a levee in-between the LaRue Swamp and the Big Muddy River. 

The discharge is required to meet all applicable WQS. Therefore, no impact on 
the Big Muddy River is anticipated. 
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WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

IDNR nor the Agency will be at the mine on a daily basis. The applicant will be 
required to calculate the maximum chloride concentration and the maximum 
chloride concentration (correlated to the conductivity value) from the 
downstream continuous monitor be reported on the DMRs. Monitoring results 
are reported on DMRs which are submitted quarterly to the Agency. The Agency 
runs monthly compliance reports using ICIS/ECHO to detect SNC at mine 
NPDES permits. ICIS/ECHO automatically detects violations such as DMR Non­
Receipt, Effluent Limit, or Delinquent Schedules/Reports. If a violation is 
identified as SNC, CAS, on a weekly basis, determines the appropriate 
compliance or enforcement action to resolve the SNC violations. 

The constituents discharged at the outfall location will be transported 
downstream by the Big Muddy River. Since all water quality criteria will be met 
at the edge of the mixing zone and ZID, the Agency does not anticipate 
downstream impacts. Thus, the Agency does not expect any impacts to the 
Shawnee National Forest's famed Snake Road. 

62. Where is the reference to the cumulative effects of adding chemicals to a river that is 
impaired and continually receives discharges from other sources? Why has there 
been no assessment of the cumulative impacts on water quality? 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
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Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

According to Section 39(a) of the Act, it shall be the duty of the Agency to issue 
such a permit upon proof by the applicant that the facility will not cause a 
violation of this Act or of regulations hereunder 415 ILCS 5/39. The Illinois WQS 
are based on individual constituents; therefore, the individual constituents do 
not address cumulative impacts on designated uses. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. 

63. Why would the permittee determine the effluent limitation for chloride and the 
maximum effluent flow? How would this be monitored? Given the violations related to 
this company concerning its outfall sites, why would you trust that regulations will be 
followed? 

In order to determine the chloride concentration at the edge of the mixing zone, 
the facility will use upstream flow and continuous chloride concentration data 
and the effluent flow and continuous chloride concentration data to determine 
the concentration of chloride at the edge of the mixing zone, as per Special 
Condition No. 15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

The applicant will develop a site-specific database that correlates the 
conductivity and chloride concentrations for the Big Muddy River and for the 
treated effluent. The Agency has included a requirement in the NPDES permit 
that requires monthly chloride samples and conductivity measurements, in the 
Big Muddy River (upstream and downstream) and in the effluent, to ensure that 
the calibration curves remain accurate. Additionally, the Agency has included 
a requirement in the NPDES permit that requires that the calibration curves are 
to be approved by the Agency, before discharge, after six months of operation, 
and yearly thereafter. 
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Monitoring results are reported on DMRs which are submitted quarterly to the 
Agency. The Agency runs monthly compliance reports using ICIS/ECHO to 
detect SNC at mine NPDES permits. IC IS/ECHO automatically detects violations 
such as DMR Non-Receipt, Effluent Limit, or Delinquent Schedules/Reports. If 
a violation is identified as SNC, CAS, on a weekly basis, determines the 
appropriate compliance or enforcement action to resolve the SNC violations. 

The Agency typically collects samples at NPDES permitted facilities during 
routine mine inspections. These samples are analyzed by either the Agency 
laboratory or an outside third-party laboratory. IDNR also inspects the sites and 
periodically collects samples. 

64. Who is going to monitor the dilution process? 

The applicant will be required to calculate the maximum chloride concentration 
and the maximum chloride concentration (correlated to the conductivity value) 
from the downstream continuous monitor be reported on the DMRs. 

Also, see response to question #63 for details on determination of chloride limit 
in the NPDES permit. 

65. Has there been a chemical assay performed in the effluent? If so, is there adequate 
data from samples from above and below the proposed discharge location to show 
there is no impact on water quality? 

The Agency used the applicant's effluent characterization of the proposed 
discharge, the AWQMN station data, as well as the Integrated Report to assess 
the impacts on water quality. 

Also, the Big Muddy River basin is sampled by the Illinois EPA and the IDNR as 
part of the IBS program, a cooperative sampling effort that routinely collects a 
variety of samples including fish and macroinvertebrate assemblages. IBS 
sampling is conducted every five years. While the next IBS sampling year for 
the Big Muddy River basin is 2023, this river system is sampled approximately 
every six weeks for water chemistry, and additional biological sampling can be 
conducted as needed. Big Muddy River sampling locations included in these 
programs include stations upstream and downstream of the proposed 
discharge. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
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chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 
Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. 

66. What is the daily water quality biological, and downstream impacts of this proposal on 
the Big Muddy? 

This discharge will be required to meet the WQS outside of the mixing zone and 
ZID, therefore, the Agency does not anticipate and biological impacts in the Big 
Muddy River outside of the mixing zone and ZID. 

As a background, WQS are a set of water quality criteria sufficient to support 
the designated uses of each waterbody. If a waterbody has multiple use 
designations, the criteria must support the most sensitive use. Numeric WQS 
are developed for specific parameters to protect aquatic life and human health 
and, in some cases, wildlife from the deleterious effects of pollutants. Illinois' 
numeric WQS are at 35 Ill. Adm. Code Parts 302 and 303. Human health criteria 
for toxic pollutants are designed to protect people from exposure resulting from 
consumption of fish or other aquatic organisms (e.g., mussels, crayfish) or from 
consumption of both water and aquatic organisms. These criteria express the 
highest concentrations of a pollutant that are not expected to pose significant 
long-term risk to human health. 

67. What are the actual discharges and pollutant levels for the last five years? 

Williamson Energy has had permit violations noted on the NPDES DMRs. The 
data can be found by going to the ECHO website: 
https://echo.epa.gov/trends/loading-tool/get-data/monitoring-data-download 
and clicking on the date range to change and then entering "IL0077666" into the 
NPDES ID box. After pressing "Submit", the website will open an Excel 
worksheet with the data. 

68. What will the proposed daily discharge of high levels of sulfates and chlorides do to 
the aquatic life? 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 
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The Board's WQS are a set of water quality criteria sufficient to support the 
designated uses of each waterbody. If a waterbody has multiple use 
designations, the criteria must support the most sensitive use. Numeric WQS 
are developed for specific parameters to protect aquatic life and human health 
and, in some cases, wildlife from the deleterious effects of pollutants. Illinois' 
numeric WQS are at 35 Ill. Adm. Code Parts 302 and 303. Human health criteria 
for toxic pollutants are designed to protect people from exposure resulting from 
consumption offish or other aquatic organisms (e.g., mussels, crayfish) or from 
consumption of both water and aquatic organisms. These criteria express the 
highest concentrations of a pollutant that are not expected to pose significant 
long-term risk to human health. 

Since the discharge is required to comply with WQS for sulfate and chloride 
prior to discharge or after mixing in the mixing zone and ZID, the designated 
uses will be fully protected. 

69. What volume of water will be discharged into the river? 

The volume of water discharged to the Big Muddy River is dependent upon the 
flow rate and duration of discharge; however, under no circumstances shall the 
maximum discharge rate exceed 5,000 GPM (gallons per minute). The NPDES 
permit authorizes a discharge only when the Big Muddy River is between 30 cfs 
and 2,350 cfs, except after a one-year, 24-hour precipitation event, Outfall 011 
can discharge for six consecutive days. The one-year, 24-hour precipitation 
event for this area is considered to be 2.97 inches. 

70. Will there be violations of water standards due to the excessive amount of mine 
waste? 

No, as the permit contains limits and conditions based on the Board's WQS. 

The Agency performed the reasonable potential analysis to determined that the 
following contaminants do not have a reasonable potential to exceed the WQS 
in the effluent: arsenic, chromium (total), cyanide (available), iron (dissolved), 
lead, manganese, mercury, phenols, silver, zinc, and selenium. The Agency 
also determined that there is no reasonable potential to exceed the WQS outside 
of the mixing zone for cadmium, copper, ~ickel, sulfate, and chloride. Further, 
the Agency determined that there is no reasonable potential to exceed the acute 
WQS outside of the ZID for cadmium, copper, and nickel. 

Also, the NPDES permit has been modified to include additional NPDES permit 
limits for mercury at Outfall 001, copper and nickel at Outfall 002, iron 
(dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 006, iron 
(dissolved), nickel, and zinc at Outfall 007, and cadmium, copper, nickel, and 
zinc at Outfall 008. 
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71. ls the water monitoring of the applicants effluent adequate to determine potential 
effect? 

Yes, the monitoring of the applicant's effluent was placed in the NPDES permit 
to adequately characterize the effluent and ensure that WQS will be met in the 
receiving stream. The Agency placed terms and conditions in the NPDES permit 
to ensure that WQS are met. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

The renewed and modified NPDES permit requires monthly effluent monitoring 
for the first year following the effective date of the permit after which semi­
annual sampling for Outfalls 006, 007, 008, and 011 for the parameters listed in 
Special Condition No. 18 of the NPDES permit. These parameters are arsenic, 
barium, cadmium, chromium (hexavalent), chromium, copper, lead, manganese, 
mercury, nickel, phenols, selenium, silver, and zinc. 

For Outfall 011, in order to determine the chloride concentration at the edge of 
the mixing zone, the facility will use upstream flow and continuous chloride 
concentration data and the effluent flow and continuous chloride concentration 
data to determine the concentration of chloride at the edge of the mixing zone, 
as per Special Condition No. 15 of the NPDES permit. This value will be reported 
on the DMR and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 10 feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

The Agency has included a Special Condition to address this comment. Special 
Condition No. 16 in the final permit requires that the discharge from Outfall 011 
cease under certain conditions, such as: 1) when the continuous chloride data 
(as measured by conductivity) is 40 percent above the chloride WQS more than 
20 percent of the time; 2) when the sulfate samples are 40 percent above the 
sulfate WQS in more than three of the samples taken within the month; 3) when 
the iron (dissolved) samples are 40 percent above the iron (dissolved) WQS in 
more than three of the samples taken within the month; 4) when the copper 
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samples are 20 percent above the copper WQS in more than three of the 
samples taken within the month; or 5) when the nickel samples are 20 percent 
above the nickel WQS in more than three of the samples taken within the month. 

Special Condition No. 16 also requires increased monitoring for sulfate, nickel, 
copper, and iron (dissolved) to three times per week for Outfall 011 within 10 
feet downstream of the edge of the mixing zone. 

Based on the above, the monitoring of the applicants' effluent is adequate to 
determine the potential effect of the discharge. 

72.Are there any locations downstream that have mussel populations? 

Yes, mussels live in the Big Muddy River and the Big Muddy River basin. A 
basin-wide study was issued March 7, 2012 entitled "Freshwater Mussels of the 
Big Muddy River" prepared by the Illinois Natural History Survey: Prairie 
Research Institute, which detail the mussel population found in the Big Muddy 
River and its' basin. According to the study, no threatened or endangered 
mussels were found in the Big Muddy River or the Big Muddy River basin. 

For a more detailed response on mussel survey and findings, see the response 
to question #42. 

73. What other water downstream may be adversely affected? 

Regarding downstream impacts of the Snake Road and LaRue Swamp, please 
see the responses to questions #61 and #100. Regarding downstream impact 
of dissolved oxygen, phosphorus, methyl mercury, and the narrative standard, 
please see response to question #104. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. Thus, other water downstream will not be adversely affected. 

74.Should there be a total dissolved solids or conductivity limit? 

No, because there are no WQS for total dissolved solids or conductivity. The 
IPCB removed the total dissolved solids WQS and replaced it with a sulfate 
WQS. In this case, conductivity will be monitored in the effluent, upstream, and 
downstream for Outfall 011 to ensure that the chloride WQS is met. 

75.Are there alternatives to discharging wastewater into streams? 

The company provided supplemental information on the alternatives for the 
antidegradation analysis on December 17, 2019. A summary of the additional 
information is provided below: 
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Reverse Osmosis 

Reverse Osmosis (RO) is a water purification process that uses partially 
permeable membranes to remove dissolved salt and other unwanted particles 
in suspension from the water stream. The RO process includes a pre-treatment 
pond, ultra-filtration system, high-pressure pumps, membrane assembly, clean 
water discharge, and wastewater discharge. The concentrated brackish water 
must then be treated through an additional process for long-term management 
such as Deep Well Injection or Crystallization or solid waste landfill. 

A single plant could be designed to meet the required capacity to treat the initial 
proposed discharge. After the RO process is completed a highly concentrated 
waste stream of brackish water is created and requires the development of 
additional technology to dispose of the highly concentrated brackish water 
utilizing Deep Well Injection or Crystallization. 

RO technology creates a waste stream more hazardous than the water prior to 
treatment that creates another set of disposal problems. Managing the waste 
stream from 3.5 MGD RO unit could be problematic as can be seen in the 
discussions below. Therefore, RO is not considered applicable or feasible as a 
long-term solution for a mine with a flow of 3.5 million gallons per day. 

However, to address the impaired status of Pond Creek, a portion of the flow 
will be treated by an RO system. A 1.0 MGD RO unit will be required by 
December 31, 2023, that will discharge the permeate from the RO unit (treated 
water) to one of the eight sedimentation basins that discharge to Pond Creek 
via Outfalls 001 - 008 and the RO reject water will be discharged to the Big 
Muddy River via Outfall 011 . 

Deep Well Injection of the Mine Infiltration Water 

The mine infiltration water could be discharged directly to a UIC well (often 
referred to as a deep well). The injection wells must be installed at extreme 
depths to ensure they do not affect potential aquifers used for public 
consumption and into a geologic formation that is capable of receiving excess 
water. 

The receiving underground formation at this mine site has a limited amount of 
volume it can receive instantaneously and long term. As the underground 
formation is filled with excess water, its acceptance can be diminished. 
Consequently, multiple wells cannot be installed in close proximity to one 
another or they will negatively influence one another and restrict flow. In order 
to completely utilize this technology at Pond Creek mine, it is estimated that 
nine deep injection wells spaced an adequate distance apart would be needed. 
Additionally, miles of pipeline conveying water to each individual well. An ultra-

Page 54 



R00089

filtration system would also be needed to remove any suspended solids from 
the water prior to injection. 

Because of reasons stated above, Deep Well Injection is not practicable for 
large flows. Deep Well Injection is an unreliable and impractical alternative to 
dispose of the amount of water infiltrating the Pond Creek mine. Considering 
the operational difficulties that can be experienced when attempting to 
discharge to a deep well, Deep Well Injection of the mine infiltration water is not 
considered either applicable or feasible for the operation of the Mine. 

Evaporation 

Evaporation works by constructing ponds with large surface area, filling the 
ponds with water and exposing water to the forces of nature. The groundwater 
would be evaporated, leaving a TDS residue in a constructed evaporation pond. 
In the conceptual design, it was assumed the evaporators would be placed on 
floating platforms along the outside of the water storage lake and operated 214 
days per year. 

Evaporation ponds require large land areas, and the area would not be expected 
to be productive once it is used for this purpose (salt accumulation). In order 
to evaporate 3.5 million gallons per calendar day during the estimated 214-day 
period, 1,621 evaporators would be required. During the non-evaporative 
season, a 1,600 acre-ft pond would have to be constructed to store the excess 
water during this time. This extremely large pond would have an enormous 
footprint (approximately 160 surface acres, 10-feet deep) because it would have 
to collect unevaporated water and salt that falls back to the surface. 

The climate at the Pond Creek mine is not conducive to evaporation techniques 
because it is not considered moisture deficient. After the evaporators have 
finished concentrating the salt water then some additional technology is 
required to dispose of the salt concentrates (Ex: Deep well injection or 
Crystallization and Solid Waste Land Fill). Given the inefficient system, 
operational difficulties to maintain a system of this magnitude, and additional 
alternatives to dispose of the salt mechanical evaporation is not a viable 
alternative. This option is not considered applicable or feasible to dispose of 
water at the Pond Creek mine. 

Crystallization 

Crystallization is the process that converts the concentrated brackish water 
generated in a mechanical evaporator or reverse osmosis process to create a 
disposable salt cake. This process offers an alternative to Deep Well Injection 
for the brackish reject stream from a reverse osmosis or mechanical evaporator 
system. 
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It is possible that the salt cake could be sold, but unlikely, due to the various 
salt compositions that are captured in a mine related RO process. This process 
usually culminates in the utilization of a large lined landfill to dispose of the 
waste that consumes large tracts of land that would otherwise not be impacted. 
Using crystallization equipment to reduce the RO reject water has a high energy 
demand. 

Considering the above, crystallization is not a standalone treatment option and 
it is not considered either applicable or feasible as a treatment system for the 
operation of the mine as a long-term solution. 

76. How did Williamson Energy LLC dispose of high chloride/ sulfate water in the past? 

See response to question #18(e). 

77. Can you require a new Antidegradation Statement that includes the current 
commercial, recreational, environmental and ecosystem social and economic benefits 
and has more of a total assessment instead of only what is of benefit to the mine? 

An antidegradation assessment was completed as per 35 Ill. Adm. Code 
302.105. The company updated and enhanced the data provided for the 
alternative analysis that is required in the antidegradation assessment (see 
response to question #75). 

The applicant indicates that the discharge will support a mining operation that 
employs over 235 direct jobs with a payroll of approximately $20.2 million 
annually. In addition to the direct employees, approximately 100 additional 
persons such as truck drivers, engineers, and support personnel are employed 
full time through operation of the mine. Further, based on an economic formula 
widely accepted in the state of three persons employed in indirect or induced 
jobs per each direct coal industry job, an additional 705 persons are employed 
as a result of this mine. Williamson Energy contributes approximately $1.5 
million in federal taxes and approximately $0.7 million in local and state taxes. 

The company has summarized the fish data from 1964 to 2018 that has occurred 
in the Big Muddy River and in the Big Muddy River watershed. The company 
has provided a mussel survey performed in the Big Muddy River Basin titled 
"Freshwater Mussels of the Big Muddy River" and published March 7, 2012. 

For a more detailed response on mussel and macroinvertebrates survey and 
findings, see the response to question #42. 

Based on the above, the Agency concludes that the antidegradation 
assessment satisfied all of the requirements of 35 Ill. Adm. Code 302.105. 
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78. Can Illinois EPA require an Environmental Impact Statement for this permit? I'm 
concerned about pollution loading to area surface and groundwater resources and the 
alarming impacts downstream affecting the Mississippi River. 

The environmental impact statement is mandated by the National 
Environmental Policy Act of 1969 and involves projects that constitute federal 
action, as defined by law, including those that use federal land, federal tax 
dollars under federal agency jurisdiction. 

Illinois EPA evaluates permit applications based on the standards and 
requirements of the Illinois Environmental Protection Act, the Clean Water Act 
and appropriate state and federal regulations to issue a NPDES permit that 
addresses pollution loading as well as impacts to groundwater and downstream 
waters. 

79. What will be the impact from increased water volume and toxins contained in 
floodwaters on the rare floodplain fauna and flora? 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
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chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. Thus, other water downstream will not be adversely affected. 

80. Has Illinois EPA considered the cumulative impacts from the discharge along with 
eight existing outfall discharge locations and will it create more suspended solids in 
the river? 

The discharge from each of the eight outfalls is required to comply with the 
WQS, therefore, there will not be any cumulative effects of discharges from 
these eight outfalls. 

Because of the impaired status, the permit has been modified to not authorize 
discharges from the proposed Outfalls 009 and 009ES into Pond Creek and the 
unnamed tributary of Pond Creek respectively. Additionally, to address the 
impaired status of Pond Creek, the permittee will be required to install and 
operate a 1.0 MGD RO unit by December 31, 2023. The permittee is authorized 
to discharge the RO permeate (treated water) to one of the eight sedimentation 
basins that discharge to Pond Creek via Outfalls 001 - 008 and the RO reject 
water to the Big Muddy River via Outfall 011. 

Additionally, the NPDES permit has been modified to incorporate a limit of 32.2 
mg/L for Outfall 011 applied as a yearly average. 

81. Why is the was for iron listed on the draft permit for the pond Creek pipeline as 3 
mg/6mgL when the standard on the EPA was report 2019 states that the acceptable 
level is 1 mg/L? 

The 3 mg/L monthly average and 6 mg/L daily maximum effluent limitations for 
iron (total) are effluent standards which must be met at the end of the pipe 
whereas, the WQS is 1.0 mg/L for iron (dissolved). As there was no reasonable 
potential to exceed WQS for iron (dissolved), no permit limit is necessary except 
as noted below. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. Based upon 
the additional data, the NPDES permit has been modified to include additional 
NPDES permit limits for iron (dissolved) at Outfall 003 and Outfall 007. 

82. Why has the Mercury advisory suddenly been lifted? 

The mercury advisory has not been lifted. When the Agency checked the Illinois 
Department of Public Health website, Common Carp, Crappie, Largemouth 
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Bass, and Channel Catfish were listed under the Big Muddy River and its 
tributaries. The fish consumption advisory due to mercury are still in place. 
The IDPH listings can be found at: http://www.dph.illinois.gov/topics­
services/environmental-health-protection/toxicology/fish­
advisories/map/bigmuddy-river-multicounty. 

83. How can the Illinois EPA allow such a violation of its own and national regulations for 
chloride levels? 

The NPDES permit requires the permittee to comply with the State's WQS for 
chloride. The NPDES permit, as drafted, contains limits and conditions to 
ensure that the discharge meets the WQS, which are protective of the existing 
uses of the Big Muddy River. 

The permit also requires the facility to install a continuous monitor within 1 O 
feet downstream of the edge of the mixing zone. The downstream chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. This value will 
be reported on the DMR and must not exceed 500 mg/L. Since the chloride WQS 
will be met at the edge of the mixing zone, the Agency will not be allowing 
violations of the chloride WQS. 

Also, it should be noted, that in order to determine the chloride concentration 
at the edge of the mixing zone, the facility will use upstream flow and 
continuous chloride concentration data and the effluent flow and continuous 
chloride concentration data to determine the concentration of chloride at the 
edge of the mixing zone, as per Special Condition No. 15 of the NPDES permit. 
This value will be reported on the DMR and must not exceed 500 mg/L. The 
upstream and effluent chloride concentration will be determined from the use 
of a continuous conductivity monitor that has been correlated to the chloride 
concentration. 

84. How's the Illinois EPA taking into consideration current studies regarding effects of 
salination on aquatic animals? 

The Agency did not consider the chloride concentrations in these studies as the 
concentrations recommended by these studies have not been adopted by the 
Board. 

Under the Act, the Illinois EPA is required to issue a permit to an applicant upon 
proof that the proposed facility or equipment will not cause a violation of the 
Act or promulgated regulations. See, 415 ILCS 5/39(a). This standard is a 
mandatory one, expressed in the language of the provision as a "duty" that is 
imposed upon the Illinois EPA. While agency deliberation of certain aspects of 
the permit may be grounded in the exercise of discretion, the broader legal 
standard governing permit issuance or denial limits the discretion of the Illinois 
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EPA. The Illinois EPA finds that the legal standard noted above has been met. 
Nothing in the record, including the public comments on the draft permit, 
adduces otherwise. 

In this case, the applicant provided data and the antidegradation assessment to 
show that its discharge will comply with all applicable WQS. The NPDES permit, 
as drafted, contains limits and conditions to ensure that the discharge meets 
the WQS, which are protective of the existing uses of the Big Muddy River. 

85. Mixing is not allowed in waters containing mussel beds an endangered species habitat 
has this been determined by the EPA and IDNR? How's the current state of the river 
as well as the Sugar Creek mine discharge pipeline been considered in determining 
this? 

On November 2, 2016, the IDNR EcoCAT web-based tool was used, which 
indicated that there were no records of aquatic threatened or endangered 
species present in the vicinity of the discharge. While the IDNR EcoCAT web­
based tool did not terminate the consultation because of the nearby presence 
of Chuck-Will's-Willow (Caprimu/gus carolinensis), IDNR evaluated the 
information and terminated the consultation on September 26, 2019, which was 
reevaluated and terminated again on October 22, 2021. In their termination 
letters, IDNR reiterated that there were no records of threatened or endangered 
species present. However, the termination letters indicated that there were 11 
species designated in the Illinois Wildlife Action Plan as "Species in Greatest 
Need of Conservation" (SGNC). The SGNC that occur in the Big Muddy River 
include the Alligator Gar (Atractosteus spatula), Blacktail Shiner (Cyprinella 
venusta), Brown Bullhead (Ameiurus Nebulosus), Flier ( Centrarchus 
macropterus), Mooneye (Hiodon tergisus), Paddlefish (Po/yodon spathula), 
Pugnose Minnow (Opsopoeodus emiliae), Ribbon Shiner (Lythrurus fumeus), 
River Darter ( Percina shumard1), Spottail Darter (Etheostoma squamiceps), and 
Stripetail Darter (Etheostoma kennicott1). IDNR also noted that the Pistolgrip 
(Tritogonia verrucose) has also been found in the Big Muddy River. In 
conclusion, IDNR indicated that "strict adherence to all effluent limits and all 
effluent monitoring requirements in accordance with NPDES Permit IL0077666 
is requested." 

A basin-wide study was issued March 7, 2012 entitled "Freshwater Mussels of 
the Big Muddy River" prepared by the Illinois Natural History Survey: Prairie 
Research Institute, which detail the mussel population found in the Big Muddy 
River and its' basin. According to the study, no threatened or endangered 
mussels were found in the Big Muddy River or the Big Muddy River basin. 

The mussel survey was conducted April 22-26 and June 5, 2020. The stream 
discharge rate at the Plumfield, Illinois gauge was between 742 and 855 cfs 
during this study. The permit has a condition that the mussel survey will be 
repeated one year after commencement of the discharge. 
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The survey area encompassed the width of the river from 50 m upstream to 150 
m downstream of the proposed outfall location. The mixing zone has a length 
of 46 feet ( 13.3 meters) by a width of 25 feet (7 .62 meters). The Survey Area was 
divided into 40 approximately 10x10 m cells. Four 5-minute qualitative samples 
were collected within each cell. Qualitative sampling entailed a diver searching 
the substrate, collecting all unionids encountered within the time period. 
Substrate composition (Wentworth scale) and water depth (meters) were 
recorded at the beginning of each sample. Unionids were classified as live, 
fresh dead, and weathered dead. Live individuals were identified to species, 
aged, and measured (length in millimeters). At least one individual of each live 
species was photographed, and (if available) a dead shell of each species was 
retained as a voucher specimen. All live individuals of non-listed species were 
relocated to a Recipient Area upstream of the project area with a similar 
substrate and depth profile as the Survey Area. 

A total of 46 live individuals of 11 species were collected from the Survey Area. 
Megalonaias nervosa was the most commonly collected species (n=13), 
followed by Leptodea fragilis (n=11) and Potamilus alatus (n=5); remaining 
species were represented by 4 or fewer live individuals each, including the 
following; Fusconaia flava (n=1), Tritogonia verrucosa (n=2), Quadrula quadrula 
(n=1), Lampsilis teres (n=4), Truncilla truncata (n=1), Lampsilis cardium (n=1), 
Pyganodon grandis (n=3), and Lasmigona complanata (n=4). Abundance was 
low, with 16 of 37 searched cells yielding no live individuals. 

Unionids were scattered throughout the Survey Area; however, abundance 
appeared to be greater towards the downstream end of the site, as 23 of the 46 
live individuals were collected there. Therefore, the greatest concentration of 
mussels found were approximately 80 meters downstream of the mixing zone. 
No mussel beds were found in the mixing zone. In the area of the mixing zone, 
only one live mussel was found. No state listed species (live individuals or dead 
shell material) were observed in this area. 

Since no mussel beds were found within the mixing zone, the Agency has 
determined that the mixing zone satisfies 35 Ill. Adm. Code 302.102(b)(4) which 
states, "Mixing is not allowed in waters containing mussel beds, endangered 
species habitat, fish spawning areas, areas of important aquatic life habitat, or 
any other natural features vital to the well-being of aquatic life in such a manner 
that the maintenance of aquatic life in the body of water as a whole would be 
adversely affected." 

Also, as the discharge is required to meet all WQS and permit conditions, which 
addresses the request from IDNR that "strict adherence to all effluent limits and 
all effluent monitoring requirements in accordance with NPDES Permit 
IL0077666 is requested." 
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86. Given the Big Muddy River already has elevated levels of sulfates, and manganese, 
mixing would be violating this regulation how can a permit be granted for a mixing 
zone? 

Please see response to question #7. 

87. What is the current state of the fish population in the Big Muddy? Has the Illinois EPA 
taken into consideration the numerous sections of the Big Muddy River downstream 
from the pipeline are listed not only on the National Rivers Inventory but also in the 
sub several state and federally listed special environmental zones and therefore has 
special protections? 

The Big Muddy River and tributaries are routinely sampled every five years as 
part of the IBS program, with the most recent sampling conducted in 2018. 
While there is always variability between samples due to a variety of factors 
including fluctuating river levels, fish populations in the mainstem Big Muddy 
River as well as Pond Creek are considered to be relatively stable at this time. 
The next IBS sampling is scheduled for 2023. 

In IDNR's EcoCAT termination letters, IDNR indicated that there were no records 
of state-listed species or protected natural areas in the vicinity of the discharge 
of the Big Muddy River. However, IDNR did note that there were 96 species of 
fish in the Big Muddy River, as well as eleven fish species and one mussel 
designated in the Illinois Wildlife Action Plan as "Species in Greatest Need of 
Conservation". Please see the response to question #32 for details of Species 
in Greatest Need of Conservation. 

35 Ill. Adm. Code 302.101 divides the uses of Illinois waters into four groups: 
General Use; Public and Food Processing Water Supply Use; Chicago Area 
Water System and the Lower Des Plaines River Uses; and Lake Michigan Basin 
Use. General Use is used throughout the State and is applicable to the Big 
Muddy River and Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 
indicate that the General Use must protect the State's water for the following 
uses: aquatic life, wildlife, agricultural use, secondary contact use, and most 
industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

Page 62 



R00097

The Big Muddy River has no special designation or protection. As the Agency 
determined that there is no reasonable potential to exceed the WQS in the 
effluent for arsenic, chromium (total), cyanide (available), iron (dissolved), lead, 
manganese, mercury, phenols, silver, zinc, and selenium. The Agency also 
determined that there is no reasonable potential to exceed the WQS outside of 
the mixing zone for cadmium, copper, nickel, sulfate, and chloride. Further, the 
Agency determined that there is no reasonable potential to exceed the acute 
WQS outside of the ZID for cadmium, copper, and nickel. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. Thus, downstream uses will also be protected. 

As all of the WQS will be met in the receiving stream, there will not be any 
impacts to the fish population in the Big Muddy River. 

88. Has Illinois EPA fully considered whether granting this permit for dumping more 
pollutants into the already impaired big muddy River will violate the law as stated in 
Article XI of our state constitution? 

Article XI of the state constitution establishes "a healthful environment" as a 
public policy of Illinois and mandates the General Assembly to pass legislation 
to implement and enforce that policy. 

The Act provides the criteria that the Agency must consider in allowing 
discharge into Illinois waters. 

Under the Act, the Illinois EPA is required to issue a permit to an applicant upon 
proof that the proposed facility or equipment will not cause a violation of the 
Act or promulgated regulations. See, 415 ILCS 5/39(a). This standard is a 
mandatory one, expressed in the language of the provision as a "duty" that is 
imposed upon the Illinois EPA. While Agency deliberation of certain aspects of 
the permit may be grounded in the exercise of discretion, the broader legal 
standard governing permit issuance or denial limits the discretion of the Illinois 
EPA. The Illinois EPA finds that the legal standard noted above has been met. 
Nothing in the record, including the public comments on the draft permit, 
adduces otherwise. 

In this case, the applicant provided data to show that its discharge will comply 
with all applicable WQS. The NPOES permit, as drafted, contains limits and 
conditions to ensure that the discharge meets the applicable WQS, which are 
protective of the existing uses of the Big Muddy River. 

89. How will the Illinois EPA verify all these calibrations will work so that the effluent stays 
within the limits of the regulations? 
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In order to determine the chloride concentration at the edge of the mixing zone, 
the facility will use upstream flow and continuous chloride concentration data 
and the effluent flow and continuous chloride concentration data to determine 
the concentration of chloride at the edge of the mixing zone, as per Special 
Condition No. 15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 1 O feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

The applicant will develop a site-specific database that correlates the 
conductivity and chloride concentrations for the Big Muddy River and for the 
treated effluent. The Agency has included a requirement in the NPDES permit 
that requires monthly chloride samples and conductivity measurements, in the 
Big Muddy River (upstream and downstream) and in the effluent, to ensure that 
the calibration curves remain accurate. Additionally, the Agency has included 
a requirement in the NPDES permit that requires that the calibration curves are 
to be approved by the Agency, before discharge, after six months of operation, 
and yearly thereafter. 

Monitoring results are reported on DMRs which are submitted quarterly to the 
Agency. The Agency runs monthly compliance reports using lCIS/ECHO to 
detect SNC at mine NPDES permits. IC IS/ECHO automatically detects violations 
such as DMR Non-Receipt, Effluent Limit, or Delinquent Schedules/Reports. If 
a violation is identified as SNC, CAS, on a weekly basis, determines the 
appropriate compliance or enforcement action to resolve the SNC violations. 

The Agency will verify that the effluent stays within the limits of the regulations, 
by reviewing the DMRs for the mixing calculation and downstream monitor to 
ensure that the chloride WQS is met in the receiving stream. 

90. What gives Illinois EPA confidence that there will not be acutely high concentrations 
that could hurt fish, mussels, plants, macroinvertebrates, and other wildlife? 

Please see the response to question #45. 

91 . How current are the surveys of fish and macroinvertebrates in Pond Creek and Big 
Muddy River? 

Page 64 



R00099

The fish su_rveys are part of a long-term monitoring program and was sampled 
in 2018. The company performed a macroinvertebrate survey in 2019 and are 
required by the NPDES permit to resample one year from the commencement 
of discharge from Outfall 011. 

The previous IBS sampling year for the Big Muddy River basin was 2018, 
however, invertebrate monitoring was not completed on the Big Muddy River 
due to high river levels. Pond Creek was sampled in 2018 for fish and 
macroinvertebrates. The next IBS sampling year for the Big Muddy River basin 
is 2023. 

The company also had Alliance Consulting perform a Benthic 
Macroinvertebrates Community Survey of the Big Muddy River approximately 
0.77 miles downstream of the proposed outfall location. The sampling was done 
on November 20th, 2019. Due to the depth of the Big Muddy River and 
accessibility issues, the wadeable collection method was not possible. The 
benthic macroinvertebrates were sampled using and Ekman Dredge dropped 
from an abandoned railroad bridge. The mlBI scored 23.8, which is a rating of 
fair and 80.7% of the sample was made up of tolerant taxa. According to the 
report, the metrics reflect a stream with poor habitat quality, low biodiversity, 
and a struggling benthic macroinvertebrate community. 

92. Why is Williamson Energy not required to put up a bond for repairing damage that 
may be caused by their operations? 

IDNR/OMM does in fact require a bond to be posted for the Pond Creek facility. 
That Department should be contacted regarding the specifics of the bonding 
requirements and what material damages are covered. As noted in the 
response to question #6, bonding requirements are covered by 62 Ill. Adm. Code 
Part 1800. 

93. Can Williamson Energy be responsible for restoring the fish population? 

Williamson Energy is prohibited from causing water pollution that harms or kills 
fish or other aquatic life. If such harm occurs the Agency and the IDNR can 
pursue an enforcement action which may include remedies authorized under 
the Act and other environmental laws. 

94. How do we know what contaminants could be deposited without at least a full analysis 
prior to permit being issued? 

The contaminants of the mine's discharge are known because the facility has 
been discharging to the surface for over five years and has characterized the 
effluent in the application and antidegradation assessment. 
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Because of the impaired status of Pond Creek, the permit does not authorize 
discharges from the proposed Outfall 009 to Pond Creek or the proposed Outfall 
009ES to an unnamed tributary of Pond Creek. The proposed Outfalls 009 and 
009ES have been removed from the NPDES permit. 

For Outfall 011, the Agency performed the reasonable potential analysis to 
determine that the following contaminants do not have a reasonable potential 
to exceed the WQS in the effluent: arsenic, chromium (total), cyanide (available), 
iron (dissolved), lead, manganese, mercury, phenols, silver, zinc, and selenium. 
The Agency also determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for cadmium, copper, nickel, sulfate, and 
chloride. Further, the Agency determined that there is no reasonable potential 
to exceed the acute WQS outside of the ZID for cadmium, copper, and nickel. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. 

95. What happens to the wildlife that lives in these backflow areas? Why do corporations 
get away with dumping the true costs of their for-profit operations? Who's going to pay 
to clean up our waterways or deal with the cancer that will surely develop form this 
pollution? 

The NPDES permit requires Williamson to comply with the WQS in the waters in 
the Big Muddy River as well as Pond Creek and their tributaries. As these WQS 
are protective of the wildlife, the Agency does not expect wildlife to be impacted. 

The Act and Board regulations require the Agency to ensure that the discharge 
complies with all applicable standards irrespective of cost. In this permit, the 
discharge is required to comply with all applicable WQS prior to discharge or 
after mixing in the mixing zone and ZID, thus the designated uses will be fully 
protected. 

For a detailed response for permit requirements, please see the response to 
question # 17. 

As described in the response to question #59, if the discharge complies with 
the WQS, then the designated uses such as human health will be protected. In 
this case, the WQS will be met outside the mixing zone and zone and initial 

96. Foresight Energy is near bankrupt, who will pay for the cleanup when the company 
goes down? Who determines what is economically acceptable? 

See response to question #19. 
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97. How will this stagnation of river water during floods impact assumptions and 
projections on dilution process and the distribution of polluted mine water across the 
landscape? 

The NPDES permit authorizes a discharge only when the Big Muddy River is 
between 30 cfs and 2,350 cfs, except after a one-year, 24-hour precipitation 
event, Outfall 011 can discharge for six consecutive days. The one-year, 24-
hour precipitation event for this area is considered to be 2.97 inches. 

Flooding will further reduce the concentration of the parameters. 

98. Will the applicant be allowed to pump contaminants into the Big Muddy during periods 
when it is flowing backwards? How will the applicant monitor dilution of mine wastes 
in the water column during periods of backwards flow and stagnation? 

There are two scenarios where the Agency is aware of a stream or river flowing 
"backward". The first is when the parent stream is low and a tributary is flowing 
hard, the parent will back up and flow backward on a very localized level. This 
is usually less than 100 yards or so from where the tributary enters. The second 
is when the parent stream (e.g. the Mississippi River) is rising and the tributary 
(in this case, the Big Muddy River) is low, the rising waters can back up into the 
tributary which effectively makes it flow backwards. In the case of the Big 
Muddy, the Agency has witnessed this occur up to several miles from the mouth 
of the Big Muddy. However, this discharge is approximately 85 miles from the 
Mississippi River, so backflow from the Mississippi River is not possible. 

It is important to note that neither of the two situations described above are 
typically representative of the Big Muddy River at Outfall 011. 

Additionally, the NPDES permit authorizes a discharge only when the Big 
Muddy River is between 30 cfs and 2,350 cfs, except after a one-year, 24-hour 
precipitation event, Outfall 011 can discharge for six consecutive days. The 
one-year, 24-hour precipitation event for this area is considered to be 2.97 
inches. 

If the Big Muddy River is flowing backwards, the flow will be less than 30 cfs, 
therefore, any discharge while the Big Muddy River is flowing backward would 
be prohibited. 

99. If the mine waste contaminants don't go down stream, will they spread out over fields 
and forests and how will the applicant monitor the distribution of mine wastes? Will 
contaminants become more concentrated as flood water recede? What will be the 
impact of these mine contaminates on farm soils and wildlife? 

The constituents discharged at the outfall location will be transported 
downstream by the Big Muddy River. Flood waters are not expected to 
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concentrate the discharge. In fact, flooding will further reduce the concentration 
of the parameters. 

The dissolved constituents in the water, as the flood waters recede, will move 
with the water. 

For a detailed response to uses, how WQS are protective of those uses, and 
how the diffuser meets the WQS in the mixing zone and ZID, please see the 
response to question #59. 

Since WQS are met outside of the mixing zone and ZID, farm soils and wildlife 
are not expected to be impacted by the constituents. The additional floodwaters 
that will be present during floods will further reduce the concentrations. 

100. What are the impacts to the LaRue Swamp if polluted mine water seeps under the 
Big Muddy Levy? 

LaRue Swamp is approximately 80 miles downstream of the proposed 
discharge. La Rue Swamp in combination with the adjacent Pine Hills is one of 
the richest, most biologically diverse areas in Illinois. The Pine Hills/La Rue 
Swamp area contains 43% of all the plant species known from Illinois. The 
primary source of the swamps' water is runoff from west - facing wooded slopes 
and bluffs of the adjacent Pine Hills and from springs along the base of the 
bluffs. Therefore, the source ofwaterforthe LaRue Swamp is not the Big Muddy 
River. The Big Muddy River is approximately 1.9 miles Northwest of the LaRue 
Swamp with a levee and a stream in-between the LaRue Swamp and the Big 
Muddy River. 

The constituents discharged at the outfall location will be transported 
downstream by the Big Muddy River. Since all water quality criteria will be met 
at the edge of the mixing zone and ZID, the Agency does not anticipate any 
downstream impacts. Thus, the Agency does not expect any impacts to the 
LaRue Swamp. 

101. What is the total and exact chemical composition, as well as the safety and 
inspection proposed by this pipeline? 

The pipeline will be constructed of high-density polyethylene (HOPE) material. 
Special Condition #15 has additional requirements for the pipeline including 
construction with new material, pressure control sensors (or other type of 
equipment) to stop the pumps when there is a loss of pressure the in the 
pipeline and inspection reports available to the inspectors when requested. 

102. Why would the Illinois EPA issue a permit to a company when a company is going 
into bankruptcy and leave the burden of clean up on the backs of taxpayers? 
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See response to question #19. 

103. The NP DES permit does not ensure compliance as written with Illinois was 35 Ill. 
Adm. Code 302. 105(a) by allowing increased discharge of chloride, sulfate, total 
suspended solids and other pollutants that will adversely affect existing uses of the 
Big Muddy River and Pond Creek and other creeks in the area. The applicants plan 
to prevent violations of Illinois was outside the mixing zone for numerous pollutants 
is unlikely to be implemented. Among the ways in which existing uses will be impacted 
will be through chemical and biological processes resulting from allowed discharges 
that will cause increased methyl mercury, increased phosphorus, increased 
cyanobacteria and decreased dissolved oxygen (DO) in the water column. Damage 
to existing uses may also occur through damage to creeks not receiving discharges 
from the mine but that may be affected in quality from reduced stream flow caused by 
groundwater moving downward to fill areas vacated by groundwater filling the mine. 

The permit doesn't violate 35 Ill. Adm. Code 302.105(a) because 35 Ill. Adm. 
Code 302.101 divides the uses of Illinois waters into four groups: General Use; 
Public and Food Processing Water Supply Use; Chicago Area Water System 
and the Lower Des Plaines River Uses; and Lake Michigan Basin Use. General 
Use is used throughout the State and is applicable to the Big Muddy River and 
Pond Creek. The Board's rules at 35 Ill. Adm. Code 302.202 indicate that the 
General Use must protect the State's water for the following uses: aquatic life, 
wildlife, agricultural use, secondary contact use, and most industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

The federal regulations at 40 CFR 131.13 authorize states to use mixing zones 
and zones of initial dilution to implement WQS. Illinois has adopted mixing 
zones and zones of initial dilution WQS located at 35 Ill. Adm. Code 302.102. 

In the zone immediately surrounding an outfall, both the acute and the chronic 
criteria may be exceeded, but the acute criterion must be met at the edge of this 
zone, which is often referred to as the acute mixing zone or the ZID. The acute 
mixing zone is sized to prevent lethality to passing organisms in order to protect 
the designated use of the waterbody as a whole. In case of the mixing zone, 
which is often called the chronic mixing zone, the chronic criterion may be 
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exceeded, but the acute criterion must be met. The chronic criterion is met at 
the edge of the chronic mixing zone. The chronic mixing zone is sized to protect 
the designated use of the waterbody as a whole. 

A mixing zone is a limited area or volume of water where initial dilution of a 
discharge takes place and where certain numeric water quality criteria may be 
exceeded. 

In this case, the applicant has proposed to install a diffuser in the Big Muddy 
River. Based on the Agency's review of the CORMIX model and 35 Ill. Adm. 
Code 302.102, the Agency determined the size of the mixing zone and ZID. 
Based on recommendations from the Agency, the outfall structure was 
reevaluated to provide better mixing. The Agency determined the size of the 
mixing zone and ZID that is consistent with 35 Ill. Adm. Code 302.102. 

The diffuser consists of five individual staged single-port diffusers. This design 
maximizes the mixing zone for each flow condition in the River while allowing 
the facility to discharge based on the flow in the River. As the flow in the River 
decreases or the chloride concentration increases, the larger ports are taken 
off-line so that the WQS can be maintained at the edge of the mixing zone and 
ZID, as per 35 Ill. Adm. Code 302.102. 

In order to determine the chloride concentration at the edge of the mixing zone, 
the facility will use upstream flow and continuous chloride concentration data 
and the effluent flow and continuous chloride concentration data to determine 
the concentration of chloride at the edge of the mixing zone, as per Special 
Condition No. 15 of the NPDES permit. This value will be reported on the DMR 
and must not exceed 500 mg/L. The upstream and effluent chloride 
concentration will be determined from the use of a continuous conductivity 
monitor that has been correlated to the chloride concentration. 

Additionally, the permit also requires the facility to install a continuous monitor 
within 1 O feet downstream of the edge of the mixing zone. The downstream 
chloride concentration will be determined from the use of a continuous 
conductivity monitor that has been correlated to the chloride concentration. 
This value will be reported on the DMR and must not exceed 500 mg/L. 

The Agency has included a Special Condition to address this comment. Special 
Condition No. 16 in the final permit requires that the discharge from Outfall 011 
cease under certain conditions, such as: 1) when the continuous chloride data 
(as measured by conductivity) is 40 percent above the chloride WQS more than 
20 percent of the time; 2) when the sulfate samples are 40 percent above the 
sulfate WQS in more than three of the samples taken within the month; 3) when 
the iron (dissolved) samples are 40 percent above the iron (dissolved) WQS in 
more than three of the samples taken within the month; 4) when the copper 
samples are 20 percent above the copper WQS in more than three of the 
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samples taken within the month; or 5) when the nickel samples are 20 percent 
above the nickel WQS in more than three of the samples taken within the month. 

Monitoring results are reported on DMRs which are submitted quarterly to the 
Agency. The Agency runs monthly compliance reports using ICIS/ECHO to 
detect significant non-compliance (SNC) at mine NPDES permits. ICIS/ECHO 
automatically detects violations such as DMR Non-Receipt, Effluent Limit, or 
Delinquent Schedules/Reports. If a violation is identified as SNC, CAS, on a 
weekly basis, determines the appropriate compliance or enforcement action to 
resolve the SNC violations. 

Because of the impaired status of Pond Creek, the permit does not authorize 
discharges from the proposed Outfall 009 to Pond Creek or the proposed Outfall 
009ES to an unnamed tributary of Pond Creek. The proposed Outfalls 009 and 
009ES have been removed from the NPDES permit. 

Generally, water recharges into the ground in upland areas and discharges to 
surface water in lowland areas. Water recharging to the depth of the mine would 
be coming from upland areas further away, not from local creeks. 

Cyanobacteria have the ability to convert nitrogen gas into inorganic forms of 
nitrogen needed for growth. The claim that there will be an increase in 
cyanobacteria is based on the assumption that there will be an increase in 
phosphorus. There will be no increase in phosphorus because the mine 
discharge doesn't contain phosphorus. Thus, there will not be an increase of 
cyanobacteria. 

The effluent does not have sufficient deoxygenating chemicals or sufficient 
phosphorus to contribute to the DO impairment or potential impairment of 
phosphorus and will not cause a violation of the WQS. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. Thus, the NPDES permit ensures compliance with the 
applicable WQS and uses. Regarding methyl mercury, please see response #49. 

a.) Nickel has not been properly considered and the cumulative effect of the increased 
concentrations of all these pollutants togethers has been ignored. The limits of the 
testing and the sensitivity of the testing methods is such that increased loading of 
a number of other pollutants is probable. 

The Agency did consider the additional loading for nickel in the December 
12, 2016 antidegradation assessment. The antidegradation memo indicated 
that nickel loading would increase from 1 to 8 lbs/day with a concentration 
ranging from 0.004 to 0.014 mg/L. 
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As part of the permitting process, the mine sampled its expected effluent for 
total and dissolved nickel, each with a MDL of 0.005 mg/L. For Outfall 011, 
the Agency determined that there is no reasonable potential to exceed the 
WQS outside of the mixing zone for nickel. Further, the Agency determined 
that there is no reasonable potential to exceed the acute WQS outside of the 
ZID for nickel. 

Nickel has a reasonable potential to exceed the WQS at Outfalls 002, 006, 
007, and 008 and the NPDES permit has been modified to include a nickel 
permit limit at each of these outfalls. 

The renewed and modified NPDES permit requires monthly effluent 
monitoring for the first year following the effective date of the permit after 
which semi-annual sampling for Outfalls 006, 007, 008, and 011 for the 
parameters listed in Special Condition No. 18 of the NPDES permit, which 
includes nickel. 

Also, because of the impaired status, the permit has been modified to not 
authorize discharges from the proposed Outfalls 009 and 009ES into Pond 
Creek and the unnamed tributary of Pond Creek respectively. Additionally, 
to address the impaired status of Pond Creek, the permittee will be required 
to install and operate a 1.0 MGD RO unit by December 31, 2023. The 
permittee is authorized to discharge the RO permeate (treated water) to one 
of the eight sedimentation basins that discharge to Pond Creek via Outfalls 
001 - 008 and the RO reject water to the Big Muddy River via Outfall 011. 

104. The NPDES permit does not ensure compliance as written with Illinois WQS 35 Ill. 
Adm. Code 302.105, and 309.141(d} and 309.143. by increasing the levels of methyl 
mercury and phosphorus, decreasing DO levels, and causing violations of narrative 
standards in the Big Muddy. The Big Muddy is already listed as impaired by methyl 
mercury, low DO and TSS in the receiving segment and numerous downstream 
segments and as potentially impaired by phosphorus. 

The permit doesn't violate 35 Ill. Adm. Code 302.105 because 35 Ill. Adm. Code 
302.101 divides the uses of Illinois waters into four groups: General Use; Public 
and Food Processing Water Supply Use; Chicago Area Water System and the 
Lower Des Plaines River Uses; and Lake Michigan Basin Use. General Use is 
used throughout the State and is applicable to the Big Muddy River and Pond 
Creek. The Board's rules at 35 Ill. Adm. Code 302.202 indicate that the General 
Use must protect the State's water for the following uses: aquatic life, wildlife, 
agricultural use, secondary contact use, and most industrial uses. 

WQS are a set of water quality criteria sufficient to support the designated uses 
of each waterbody. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. Numeric WQS are developed for specific 
parameters to protect aquatic life and human health and, in some cases, wildlife 
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from the deleterious effects of pollutants. Illinois' numeric WQS are at 35 Ill. 
Adm. Code Parts 302 and 303. Human health criteria for toxic pollutants are 
designed to protect people from exposure resulting from consumption of fish 
or other aquatic organisms (e.g., mussels, crayfish) or from consumption of 
both water and aquatic organisms. These criteria express the highest 
concentrations of a pollutant that are not expected to pose significant long-term 
risk to human health. 

For further information on the antidegradation, please see response to question 
#77. 

The permit doesn't violate 35 Ill. Adm. Code 309.141(d) because the Upper Big 
Muddy River TMDL prepared a load reduction strategy to address the 
sedimentation/siltation impairment. The Load Reduction Strategy (LRS) 
identified a target of 32.2 mg/L for TSS as an average concentration. The NPDES 
permit has been modified to incorporate a limit of 32.2 mg/L for Outfall 011 
applied as a yearly average. 

The permit doesn't violate 35 Ill. Adm. Code 309.143 because for Outfall 011, the 
Agency performed the reasonable potential analysis to determine that the 
following contaminants do not have a reasonable potential to exceed the WQS 
in the effluent; arsenic, chromium (total), cyanide (available), iron (dissolved), 
lead, manganese, mercury, phenols, silver, zinc, and selenium. The Agency 
also determined that there is no reasonable potential to exceed the WQS outside 
of the mixing zone for cadmium, copper, nickel, sulfate, and chloride. Further, 
the Agency determined that there is no reasonable potential to exceed the acute 
WQS outside of the ZID for cadmium, copper, and nickel. 

The federal regulations at 40 CFR 131.13 authorize states to use mixing zones 
and zones of initial dilution to implement WQS. Illinois has adopted mixing 
zones and zones of initial dilution WQS located at 35 Ill. Adm. Code 302.102. 

In the zone immediately surrounding an outfall, both the acute and the chronic 
criteria may be exceeded, but the acute criterion must be met at the edge of this 
zone, which is often referred to as the acute mixing zone or the ZID. The acute 
mixing zone is sized to prevent lethality to passing organisms in order to protect 
the designated use of the waterbody as a whole. In case of the mixing zone, 
which is often called the chronic mixing zone, the chronic criterion may be 
exceeded, but the acute criterion must be met. The chronic criterion is met at 
the edge of the chronic mixing zone. The chronic mixing zone is sized to protect 
the designated use of the waterbody as a whole. 

Since the discharge is required to comply with all applicable WQS prior to 
discharge or after mixing in the mixing zone and ZID, the designated uses will 
be fully protected. 
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The narrative standard requires "Waters of the State shall be free from sludge 
or bottom deposits, floating debris, visible oil, odor, plant or algal growth, color 
or turbidity of other than natural origin." Nothing in this discharge that would 
cause a narrative standard violation. 

The effluent does not have sufficient deoxygenating chemicals or sufficient 
phosphorus to contribute to the DO impairment or potential impairment of 
phosphorus and will not cause a violation of the WQS. Regarding methyl 
mercury, please see response to question #49. Regarding phosphorus and 
dissolved oxygen, please see response to question #103. 

a.) The antidegradation assessment makes no attempt to address impacts to mussels 
or even assess if mussels are present in the area, despite clear direction that 
Illinois' antidegradation policy calls for the maintenance and protection of existing 
uses, including the prevention of a shift from pollution-sensitive to more pollution­
tolerant community and the loss of species diversity (Section 302.105(a)(1 ). 

Because of the impaired status of Pond Creek, the permit does not authorize 
discharges from the proposed Outfall 009 to Pond Creek or the proposed 
Outfall 009ES to an unnamed tributary of Pond Creek. The proposed Outfalls 
009 and 009ES have been removed from the NPDES permit. 

A mussel survey was conducted April 22-26 and June 5, 2020 to satisfy the 
antidegradation regulation. The stream discharge rate at the Plumfield, 
Illinois gauge was between 742 and 855 cfs during this study. The permit 
has a condition that the mussel survey will be repeated one year after 
commencement of the discharge. 

The survey area encompassed the width of the river from 50 m upstream to 
150 m downstream of the proposed outfall location. The mixing zone has a 
length of 46 feet (13.3 m) by a width of 25 feet (7.62 m). The Survey Area was 
divided into 40 approximately 10x10 m cells. Four 5-minute qualitative 
samples were collected within each cell. Qualitative sampling entailed a 
diver searching the substrate, collecting all unionids encountered within the 
time period. Substrate composition (Wentworth scale) and water depth 
(meters) were recorded at the beginning of each sample. Unionids were 
classified as live, fresh dead, and weathered dead. Live individuals were 
identified to species, aged, and measured (length in millimeter). At least one 
individual of each live species was photographed, and (if available) a dead 
shell of each species was retained as a voucher specimen. All live 
individuals of non-listed species were relocated to a Recipient Area 
upstream of the project area with a similar substrate and depth profile as the 
Survey Area. 

Unionids were scattered throughout the Survey Area; however, abundance 
appeared to be greater towards the downstream end of the site, as 23 of the 
46 live individuals were collected there. Therefore, the greatest 
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concentration of mussels found were approximately 80 meters downstream 
of the mixing zone. No mussel beds were found in the mixing zone. In the 
area of the mixing zone, only one live mussel was found. No state listed 
species (live individuals or dead shell material) were observed in this area. 

105. The NPDES permit violates 35 Ill Adm. Code 302 105(c) by allowing new 
discharges to the Big Muddy River and Pond Creek that are not necessary to 
accommodate important social or economic development but, on the contrary, will 
harm social and economic development by further wedding the local economy to an 
industry without a long term future and a company likely to leave the community with 
a large environmental hazard that will have to be cleaned up with public funds. 
Neighbors of the mine will continue to be harmed by the mining operations. Further, 
the mining of coal, to the extent it occurs, and the coal is burned in China or elsewhere, 
will harm the local economy (and the world economy) by increasing the emission of 
greenhouse gases. 

As detailed in the response to the response to question #77, the applicant has 
provided all necessary information to satisfy the requirements of Section 
302.105(c) of the Board regulations. 

The information provided by the applicant satisfies the requirements of 35 Ill. 
Adm. Code 302.105(c). 

106. The NPDES permit violates 35 Ill. Adm. Code 302.105(a), 35 Ill. Adm. Code 
304.105, and 309.141(d), 309.143, and 309.146 by allowing a mixing zone that (the 
misrepresentations made in the record by the applicant notwithstanding) will in fact 
result in violations of applicable WQS outside the mixing zone by allowing increased 
discharges subject to implementation of a complex dilution and monitoring formula by 
an applicant that has proven itself utterly incapable of complying with the limits and 
reporting requirements of its current relatively simple permit and by allowing a mixing 
zone in Pond Creek where no dilution is available. 

The question referencing mixing is related to the proposed discharge to Pond 
Creek. The permit doesn't violate 35 Ill. Adm. Code 302.105(a), 304.105, 
309.141(d), 309.143, or 309.146 because the permit has been modified to not 
authorize discharges from the proposed Outfalls 009 and 009ES into Pond 
Creek and the unnamed tributary of Pond Creek respectively. Additionally, to 
address the impaired status of Pond Creek, the permittee will be required to 
install and operate a 1.0 MGD RO unit by December 31, 2023. The permittee is 
authorized to discharge the RO permeate (treated water) to one of the eight 
sedimentation basins that discharge to Pond Creek via Outfalls 001 - 008 and 
the RO reject water to the Big Muddy River via Outfall 011. 

Also, at the direction of Illinois EPA, the applicant has conducted additional 
sampling in response to comments previously received for Outfalls 001-008. 
Based upon the additional data, the NPDES permit has been modified to include 
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additional NPDES permit limits for mercury at Outfall 001, copper and nickel at 
Outfall 002, iron (dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 
006, iron (dissolved), nickel, and zinc at Outfall 007, and copper, nickel, and zinc 
at Outfall 008. 

107. The NPDES permit violates 35 Ill. Adm. Code 309.146 by failing to require 
monitoring adequate to determine compliance with the complex dilution scheme 
contemplated by the permit. 

The monitoring requirements in the NPDES permit satisfy the requirements of 
Section 309.146 as the permit requires the following monitoring: TSS, iron 
(total), and manganese are required to be reported on the DMRs as a daily 
maximum and monthly average values. Alkalinity must be greater than acidity 
while pH, hardness, and flow must also be measured and reported on the DMR. 
The chloride (correlated to the conductivity values) is measured on a 
continuous basis when discharging and calculated at the edge of the mixing 
zone. The calculated chloride value (correlated to the conductivity values) and 
the downstream chloride concentration (correlated to the conductivity values) 
and reported on the DMR as a daily maximum value. 

For dilution scheme for Outfall 011, please see response to question #45. For 
outfalls 001 through 008, please see response to question #54. For the 
proposed Outfall 009 and the discharges to Pond Creek, please see response 
to question #47. 

108. The NPDES permit violates 35 Ill. Adm. Code 302.102, 302.105(a), 35 Ill. Adm. 
Code 304.105, and 309.141(d) and 309.143 because the reasonable potential test on 
which the public document relies was not properly performed at least with regard to 
mercury, copper, iron, nickel, and selenium. It appears that cadmium and manganese 
have also not been tested properly. 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
in response to comments previously received for Outfalls 001-008. Based upon 
the additional data, the NPDES permit has been modified to include additional 
NPDES permit limits for mercury at Outfall 001, copper and nickel at Outfall 002, 
iron (dissolved) at Outfall 003, copper at Outfall 004, nickel at Outfall 006, iron 
(dissolved), nickel, and zinc at Outfall 007, and cadmium, copper, nickel, and 
zinc at Outfall 008. 

Because of the impaired status, the permit has been modified to not authorize 
discharges from the proposed Outfalls 009 and 009ES into Pond Creek and the 
unnamed tributary of Pond Creek respectively. Additionally, to address the 
impaired status of Pond Creek, the permittee will be required to install and 
operate a 1.0 MGD RO unit by December 31, 2023. The permittee is authorized 
to discharge the RO permeate (treated water) to one of the eight sedimentation 
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basins that discharge to Pond Creek via Outfalls 001 - 008 and the RO reject 
water to the Big Muddy River via Outfall 011. 

The renewed and modified NPDES permit requires monthly effluent monitoring 
for the first year following the effective date of the permit after which semi­
annual sampling for Outfall 011 for the parameters listed in Special Condition 
No. 18 of the NPDES permit. These parameters are: arsenic, barium, cadmium, 
chromium (hexavalent), chromium, copper, lead, manganese, mercury, nickel, 
phenols, selenium, silver, and zinc. 

Manganese is regulated in the permit at Outfalls 006, 007, 008 and 011. 

Thus, the permit, as drafted, meets the requirements of 35 Ill. Adm. Code 
302.102, 302.105(a), 304.105, 309.141(d) and 309.143. Also see response to 
questions #17, #60, #104, and #106. 

109. The NPDES permit violates 35 Ill. Adm. Code 302.102, 302.105(a), 35 Ill. Adm. 
Code 304.105, and 309.141(d) and 309.143 because the testing done for mercury 
was not done with sufficient sensitivity to determine whether there is a reasonable 
potential for the discharge to cause or contribute to violations of the applicable 12 
n[g/L WQS (35 Ill. Adm. Code 302.208(f) 

At the direction of Illinois EPA, the applicant has conducted additional sampling 
for mercury in response to comments previously received for Outfalls 001 
through 008. The MDL in the additional sampling is 0.5 nanograms per liter. 
Based upon the additional data at this MDL, the NPDES permit has been 
modified to include a limit for mercury at Outfall 001 . The data indicate that 
there is no reasonable potential for Outfalls 002 through 008 to exceed the WQS 
for mercury. Thus, the permit, as drafted, meets the requirements of 35111. Adm. 
Code 302.102, 302.105( a), 304.105, and 309.141 ( d) and 309.143. 

General Statements Regarding the NPDES Permit 

The Illinois EPA received hundreds of comments during the public comment period of 
the draft permit and during the comment period from the public hearing. Below is the 
categorized summary of those comments received. 

Flooding 

Short & long-term impacts of volume & contaminants on Wildlife 
Mussels 
Illinois Chorus Frog 
Bald Eagle 
Egrets & Herons 
Red Headed woodpecker 
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River otter 
Migrating waterfowl 

Impact to Aquatic Life 
Long-term exposure 
Micro/Macro-Invertebrate abundance & diversity 
Fish reproduction, abundance & edibility 
Microbial communities 

Human health/social costs 

Overall environmental impact 

Require Treatment & Economic Feasibility of Alternatives 
Reverse Osmosis 
Crystallization 

Impact to recreational uses/tourism/economic development 

Cumulative water quality impacts 
Considering all outfalls 
Considering other sources 
Segment already impaired for TSS/sediment/iron/mercury/others 
o Sedimentation 
o TSS 

Acronyms and Initials 

CFR 

DMR 

ECHO 

IBS 

IDNR 

Illinois EPA 

ILCS 

Code of Federal Regulations 

Discharge Monitoring Report 

Enforcement and Compliance History Online 

Intensive Basin Survey 

Illinois Department of Natural Resources 

Illinois Environmental Protection Agency 

Illinois Compiled Statutes 

Ill. Adm. Code Illinois Administrative Code 

MDL Minimum Detection Limit 
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NPDES 

pH 

RO 

TSS 

USEPA 

ZID 

National Pollutant Discharge Elimination System 

A Measure of Acidity or Alkalinity of a Solution 

Reverse Osmosis 

Total Suspended Solids 

United States Environmental Protection Illinois EPA 

Zone of Initial Dilution 

Distribution of Responsiveness Summary 

An announcement that the NPDES permit decision and accompanying responsiveness 
summary is available on the Illinois EPA website, was mailed or e-mailed to all who 
registered at the hearing and to all who sent in written comments. Printed copies of this 
responsiveness summary are available from Barb Lieberoff, 217-524-3038, e-mail: 
barb.lieberoff@illinois.gov. 

Who Can Answer Your Questions 

Illinois EPA NPDES Permit: 

NPDES Permit ............................. .................. lwona Ward .............. 217-782-3362 
Legal questions .............................................. Stefanie Diers ........... 217-782-5544 
Water Quality Standards Unit ................ ...... .. Scott Twait.. .. ............ 217-782-0610 
Public hearing of December 18, 2019 ............ Jeff Guy .... .... .......... .. 217-785-8724 

The public hearing notice, the Public Notice, the hearing transcript, the NPDES permit 
and the responsiveness summary are available on the Illinois EPA website (it may be 
necessary to paste the web address into the window of your internet browser and then 
enter "IL0077666" in the search box): 

https://www2. ill inois. gov/e pa/publ ic-notices/Pag es/npd es-i ndivid ua I-notices .aspx 
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Date: 

To: 

From: 

Subject 

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
1021 NORTH GRAND AVENUE EAST, P.O. Box 19276, SPRINGFIELD, ILLIN0IS 62794 9276 • (217) 782-3397 

JB PRITZKER, GOVERNOR 

MEMORANDUM 

March 28, 2022 

John J. Kim, Director 

Jeffrey J. Guy, Hearing Officer 

Williamson Energy, LLC 
NPDES Permit No. IL0077666 
Williamson and Franklin Counties 
4 Miles East of Johnston City, Illinois 

JOHN J. KIM, DIRECTOR 

NPDES Board Recommendation 

As Hearing Officer and Chairman of the NPDES Board and pursuant to 35 Ill. Adm. Code 
Sections 166.150(b) and 166.180(c)(7), I recommend that NPDES Pennit No. IL0077666 be 
granted to Williamson Energy, LLC to allow discharge into waters of the state, including Pond 
Creek, unnamed tributaries of Pond Creek, and the Big Muddy River. Please refer to the NP DES 
permit (Attachment A). 

The Illinois EPA held a public hearing in this matter on December 18, 2019, at the Diamond 
Club, Rent One Park in Marion, Illinois. 

Background information for this pennitting action, public comments made at the hearing and 
submitted during the comment period, and the 111inois EPA's responses to the public comments 
are provided in the attached Responsiveness Summary (Attachment B). 

If you agree with this recommendation, please sign and date below and return to Jeffrey J. Guy, 
Hearing Officer, Office of Community Relations. Thank you. 

I h~ereby a rove that NPDES Pennit No. IL0077666 be granted to Williamson Energy, LLC. 

-~--:=> Date: 4 { \!:'( Vl---~!M0-22..--
John J. im 
Director 

2125 S. First Street, Champaign, ll 61820 (2171278-5800 
1101 Eastport Plaza Dr., Suite 100, Collinsville, ll 62234 (618) 346-5120 
9511 Harrison Street, Des Plaines, ll 60016 (847) 294-4000 
595 S. State Street, Elgin, ll 60123 (847) 608-3131 

2309 W. Main Street, Suite 116, Manon, ll 62959 (618) 993-7200 
412 SW Washington Street, Suite D, Peoria, ll 61602 (309) 67HD22 
4302 N. Main Street, Rockford, IL 61103 (8151987 7760 

PLEASE PRINT ON RECYCLED PAPER 
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Twait, Scott 

From: 
Sent: 
To: 
Cc: 
Subject: 

Joe, 

;• ·I. 
, . 

Twait, Scott 
Wednesday, December 09, 2015 4:39 PM 
Stitely, Joe; Ward, Iwona 
Mosher, Bob (Bob.Mosher@lllinois.gov) 
Williamson Energy - Pond Creek Mine 

I am sorry that it took so long to review the request that you sent September 30th
• I thought it was an antidegradation 

review, but it was a Subtitle D permit application. They are not proposing to discharge from the Refuse Disposal Facility 
at this time. My understanding is that they will be applying for an NPDES permit before it starts to discharge. In the 
transmittal letter you asked "Is this submittal acceptable to what was agreed upon in your previous meeting?" The 
Subtitle D application has lots of stuff that we did not talk about, such as thickness of clay liners, QA/QC, etc. However, 
this application is in line with what we discussed at the previous meeting; the site location was adjacent to the existing 
RDA, the facility would construct a basin for water storage that would allow the facility to operate in such a manner that 
there was no discharge, and that the new RDA would be designed such that it would be able to be permitted under the 
S~btitle D permit. 

If you have any questions, please let me know. 

Scott 

1 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

DATE: September 30, 2015 

TO: Bob Mosher 

FROM: Joe Stitely 

SUBJECT: Williamson Energy, LLC - Pond Creek Mine No. 1 
NPDES Permit No. IL0077666 
IBP A Log No. 3403-15 

MEMORANDUM 

Permit Application for Refuse Placement at Refuse Disposal Facility No. 3 

Attached please find a copy of information from the application for Refuse Placement Disposal 
Facility No. 3. This project was previously discussed in Springfield by the Applicant in a power 
point presentation title "Pond Creek Mine Management Challenges and Solutions." Is this 
submittal acceptable to what was agreed upon in your previous meeting? The Applicant has also 
indicated that they would like to meet with you again to discuss the proposed project for approval of 
a Subtitle D permit. If additional information is needed you may obtain such information directly 
from the Applicant. The Applicant's name and address is included in the attached documentation. 

Thank you. 

/ 

RECEIVED 
OCT -1 2015 

·shed Management Section 
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Table 1. S f Potential Disch - - ~ 
to Middle Fork Bit! Muddv Ri 

/ll;JJI~ f;,tc. 6:, Nl11 Jl1, t. '" Discharge 
Flows Predicted in Drainage Basm Maximum Allowable Discharge at Allowed based on 

(cfs) Peak Flow in Stream 24-Hour Average .. ~,., .. , Stream Flow 

Peak Drainage 
Average 

Rainfall Amount 
Basin Flow 

Discharge 24 (cfs) (gpm) (gpm) 
hours 

0.5" 4,165 1,494 262 117,382 42,104 
1.0" 4,915 1,848 309 138,498 52,067 
1.5" 5,459 2,217 343 153,829 62,484 
2.0" 5,869 2,666 369 165,398 75,137 

6-hr Storm 2-yr (2.4") 6,134 3,043 385 172,863 85,762 
2.5" 6,198 3,149 389 174,681 88,742 

5-vr (2.98") 6,437 3,603 404 181,416 101,551 
3.0" 6,451 3,633 405 181,799 102,379 

10-vr (3.45") 6,912 4,067 434 194,777 114,623 
25-yr (4.11 ") 9,528 4,731 598 268,520 133,320 

50-vr (4.66") 11,765 5,293 739 331,548. 149,153 

100-vr (5.22") 14,204 5,882 892 400,300 165,760 
0.5" 0 0 0 0 -
1.0" 119 42 7 3,354 1,191 
1.5" 691 238 43 19,462 6,701 
2.0" 1,507 515 95 42,467 14,510 
2.5" 2,413 826 152 67,997 23,275 
3.0" 3,426 1,215 215 96,556 34,234 

24-hr 
4,186 1,504 263 117,957 42,387 Storm 2-yr (3.37") 

5-yr (4.18") 5,976 2,178 375 168,413 61,385 
10-yr ( 4.84 ") 7,582 2,798 476 213,681 78,855 
25-yr (5.76") 9,809 3,650 616 276,425 102,860 
50-yr (6.51 ") 11,693 4,385 734 329,538 123,581 
100-yr (7.29") 13,653 5,161 857 384,757 145,436 

Note: The Maximum Discharge allowable is based on the more stringent standard. In this case, it is the chloride standard. 

6~~ •" 
~J,..,.,/J 

/00 (' ""~" :~.) . 

0" '"l , ... r . Z-f"$ ,~ rc.c. ;e.,:,.., fT r~c,.... 
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Twait, Scott 

From: Mosher, Bob 
Sent: 
To: 

Monday, April 27, 2015 9:10 AM 
0Twait, Scott 

Subject: FW: Segments IL_N-06 and IL_NG-02 

Bob Mosher 
Manager, Water Quality Standards Section 
Division of Water Pollution Control 
Illinois Environmental Protection Agency 
1021 North Grand Ave. East 
P.O. Box 19276 
Springfield, IL 62794-9276 
217/558-2012 

From: Muir, David 
Sent: Thursday, April 23, 2015 12:01 PM 
To: Mosher, Bob 
Cc: Johnson, Kent A. 
Subject: Segments Il_N-06 and Il_NG-02 

The current aquatic life assessment for IL_N-06 was made in 2010 based on data collected at station N-06 in 

2008 from the INTB and AWQMN programs. The fish 181 score was 36, the Bug 181 score was 17.7. The listing 

of sedimentation/siltation as a cause of impairment was based on field observations on 8/20/08 of 66% 

bottom coverage of silt and an average depth of silt of 12 inches. 

The current aquatic life assessment for IL_NG-02 was made in 2010 based on INTB data collected at NG-05 in 

2008 and from AWQMN data collected at NG-02 from 2006-2008. The fish 181 score was 30, the Bug 181 score 

was 25. Chloride was listed as a cause of impairment based on a single exceedance of the chloride standard 

(1420 mg/L) collected at NG-05 on 7/24/2008. 

If you have any other questions regarding these two assessments let me know. 

David Muir 
Illinois EPA 
Marion Regional Office 
618-993-7200 

1 
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Illinois 
Department of 
Natural Resources 

One Natural Resources Way, Springfield, IL 62702-1271 

http://dnr.state.il.us 

\.. 

CONSULTATION AGENCY ACTION REPORT. 
(Illinois Administrative Code Title 17 Part 1075) 

Division of Resource Review and Coordination 

. ~ 

Date submitted:$ - j- o ..S 
If this is a resubmittal, include previous 
IDNR response if available. 

Applicant Nam ··-===---~-f--':::::!!::::::---~---­
Contact Perso 
Applicant 

FOR DEPARTMENT USE ONLY 
PROJCODE: 6~41.S~ 
Date Due:_ <i:,- . ... o=s-
Phone: ____________ _ 
Fax: ____________ _ 
E-mail: ____________ _ 

-----~~~~.......,~..-~~~~~~o~ 

LOCATION OF PROPOSED ACTION 
A MAP SHOWING LOQ.ATION OF P\(RCJeOSED ACTION IS REQUIRED \ 1 \ 

Project Name: P ... ,"' ~ C \/' "'-~ m , \l\;::ll, i;%. I County: ""' , .... ' ~ O..W). 5. <::> V\ 
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Projected Start Date and End D,aJe of Proposed Action: _______________ _ 

Will state funds or technical assistance support this action? [ Yes I~ If Yes, the lnteragency Wetlands 
Policy Act will apply. Contact the funding agency or this Division for details. 

Local/State Agency with Project Jurisdiction:__..S_~-'-"-'-"'~'-'...,:::::o._-'=s=---=~::..\o-=-=o--v"--'-f ..... _______ _ 
Contact:_____________ Phone: ___________ _ 
Address: Fax: ____________ _ 

E-mail:. ____________ _ 

FOR DEPARTMENT USE ONLY 
Are endangered/threatened species or Natural Areas present in the vicinity of the action? 1 YES@ 
Could the proposed action affect the threatened/endangered species or Natural Area~( YES@) 
Is consultation terminated? 1~ NO J 
Comments: _____________________________ _ 

Evaluated by: 

~O/?~ Date: b - ~ - 0 S,-
Division of Resource Review and Coordination (217) 785-5500 

,Visit our website at http://dnr.state.il.us/orep/nrrc/aar.htm· 
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PLEASE DELIVER THIS FAX TO: 

Fax#: 618-997-1281' 

From: Scott Twait 

Date: 23 June200S 

Number of Pages 
(Including Cover Sheet): 2 

Message: 

Lany, 

Lany Crislip 
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PAGES DURATION 
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Altached is lhe consullation report sent by IDNR. Nonnally, I would indicate in my assessment that 
IDNR tenninated the consultation. but. since this is on public notice, I am faxing it to you to put in the 
file. 

lfyo11 have any questions or comments, please Jct me know. 

Scott 

Illinois EPA• Bureau of Water 
1021 North Grand Avenue East 
Springfield, Illinois 62702 

Water Quality Standards Unit 
'·Phone# 217/558-2012 

FAX # · 217n82•5549 
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PLEASE DELIVER THIS FAX TO: 

Larry Crislip 

Fax#: 618-997-1281 

From: Scott Twait 

Date: 23 June 2005 

Number of Pages 
(Including Cover Sheet): 2 

Message: 

Larry, 

Attached is the consultation report sent by IDNR. Nom1ally, I would indicate in my assessment that 
IDNR terminated the consultation, but, since this is on public notice, I am faxing it to you to put in the . 
file. 

If you have any questions or comments, please iet me know. 

Scott 

Illinois EPA - Bureau of Water 
I 021 North Grand A venue East 
Springfield, Illinois 62702 

Water Quality Standards Unit 
Phone# 217/558-2012 
FAX # 217/782:5549 
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 

1021 NORTH GRAND AVENUE EAST, P.O. Box 19276, SPRINGFIELD, ILLINOIS 62794-9276, 217-782-3397 

JAMES R. THOMPSON CENTER, 100 WEST RANDOLPH, SUITE 11-300, CHICAGO, IL 60601, 312-814-6026 

Roo R. BLAGOJEVICH, GovERNOR RENEE CIPRIANO, DIRECTOR 

_Memorandum 

Date: 20 May 2005 

To: Larry Crislip 

From: "'-. Scott Twait j-, 

Subject: Steelhead Development Co. L.L.C. - Pond Creek Mine No. 1 
Antidegradation Assessment 
NPDES Permit No. IL0077666 (Williamson County) 

The subject facility has applied for an NPDES permit for a new underground coal mine. The 

facility will contain a processing plant, coal stockpiles, refuse disposal areas, railroad loop, and 

support areas. The new discharges are South of Pond Creek. An unnamed tributary will receive 

all eight (8) of the proposed effluents. Outfalls 001, 002, 003, 004, and 005 will be classified as 

alkaline mine drainage. Outfalls 006, 007, and 008 will be classified as acid mine drainage. 
Pond 006 ( outfall 006) will also receive underground pumpage. 

Identification and Characterization of the Affected Water Body. 

The subject facility discharges to an unnamed tributary of Pond Creek at a point where O cfs of 

flow exists upstream.of the outfall during critical 7Q10 low-flow conditions. The outfalls are 
located between two mi_les and seven miles from the confluence of the tributary and Pond Creek. 

The unnamed tributary of Pond Creek is classified as a General Use Water. Neither the unnamed 

tributary of Pond Creek or Pond Creek itself are rated under the Agency's Biological Stream 

Characterization (BSC) program. The unnamed tributary of Pond Creek, tributary to Waterbody 

Segment, NG-02, is not found on the 2004 Illinois 303( d) List. However, Pond Creek itself, 

Waterbody Segment, NG-02, is found on the 2004 Illinois 303(d) List. The uses impaired for 
this segment were aquatic life and primary contact (swimming). The potential causes of 
impairment given for the segment were copper, manganese, pH, sedimentation/siltation, 
dissolved oxygen, physical habitat alterations (streams), total fecal coliform bacteria, and total 

suspended solids (TSS). The potential sources associated with the impairment are agriculture, 

crop related sources, non-irrigated crop production, resource extraction, surface mining, 
petroleum activities, hydrologic/habitat modification, channelization, and source unknown. 

The Illinois Natural History Survey does not list the unnamed tributary of Pond Creek or Pond 

Creek itself as biologically significant streams according to the 1992 publication Biologically 

Significant Illinois Streams. The IDNR WIRT system indicates that no threatened or endangered 

species of aquatic life are present. 

ROCKFORD - -1302 North Main Street. Rockiord, IL 61103 - (815) 987-7760 • DES PLAINES - 9511 W. Harrison St.. Des Plaines, IL 60016 - (847) 294-4000 

ELGIN - 595 South State, Elgin, IL 60123 - (847) 608-3131 • PEORIA - 5415 N. University St., Peoria, IL 61614 - (309) 693-5463 

BUREAU OF LAND· PEORIA - 7620 N. University St., Peoria, IL 61614 - (309) 693-5462 • CHAMPAIGN - 2125 South First Street, Champaign, IL 61820 - (217) 278-5800 

SPRINGFIELD·-' 4500 S. Sixth Street Rd., Springfield, IL 62706 - (217) 786-6892 • COLLINSVILLE - 2009 Mall Street, Collinsville, IL 62234 - (618) 346-5120 

MARION - 2309 W. Main St., Suite 116, Marion, IL 62959 -·(618) 993-7200 
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Identification of Proposed Pollutant Load Increases or Potential Impacts on Uses. 

The parameters of concern for alkaline discharges are total suspended solids, iron (total), pH, 
alkalinity, acidity, sulfates, chlorides, and settleable solids. In addition, the acid mine discharges 
will have manganese added. The applicant has estimated that effluent water quality will meet 
water quality standards for all parameters. Suspended solids should settle in the sedimentation 
pond to a substantial degree before the storm water is released to the receiving stream. The 
concentration of suspended solids in the effluent should be no greater than runoff from the 
existing land use of the property. Some iron should settle with the solids. The pH related 
parameters should not be a problem, however, neutralization of the effluent is available if 
necessary. 

Fate and Effect of Parameters Proposed for Increased Loading. 

Whatever suspended solids remain in the effluent after settling in the treatment pond would be 
expected to behave in a manner similar to the existing soil particles in runoff from the site. The 
other substances in the discharge will tend to persist in stream water except when taken up by 
living organisms. Since water quality standards are predicted to be met in the effluent, and will 
be regulated at the water quality standards in the permit, no adverse impact is expected in the 
receiving waters. 

Manganese is listed in the. Illinois 2004 303( d) List as a potential cause of the impairment noted 
for segment NG-02 of Pond Creek.· As no other potential sources of manganese are listed other 
than surface mining and petroleum activities, it is believed that pre-law mj.ning operations are 
responsible for occasional violations of the 1 mg/L water quality standard for manganese. 
Recent manganese data from the NG-02 monitoring station was compared to total suspended 
solids (TSS) data taken at the same date and time. TSS is an indicator of stream flow, i.e., when 
flow is high, TSS is generally higher than when the stream flow is lower. It was found that 
samples exceeding the water quality standard were collected when TSS, and therefore stream 
flow, was lower than were flows when manganese did not exceed the standard. This. 
corroborates the theory that abandoned mines are the sources of the manganese problem since 
these unregulated mine discharges occur even during dry periods. The discharge from the new 
mine will not contain manganese at concentrations above the water quality standard, moreover, 
the applicant will manage the water level in Pond 006 so that a discharge will only occur during 
wet weather events when the stream does not have a history of exceeding the standard. The new 
discharges should not exacerbate the manganese impairment of Pond Creek, as no net loading of 
manganese will occur during low stream flow conditions. 

Purpose and Anticipated Benefits of the Proposed Activity. 

The purpose of this project is to allow a new mine to be opened. The benefits of this project are 
employment in the local community and provision of an energy supply for the state and region. 
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Assessments of Alternatives for Less Increase in Loading or Minimal Environmental 
Degradation. 

The use of sedimentation ponds is the generally accepted practice to control suspended solids 
and associated pollutants in runoff. 

Very little pumpage is expected in the development of the underground works. The water level 
in Pond 006 will be managed to prevent a discharge in dry weather. 

Summary Comments of the Illinois Department of Natural Resources, Regional Planning 
Commissions, Zoning Boards or Other Entities 

IDNR has received a co·py of the application and will also have the opportunity to review the 
public-notice and fact sheet containing this assessment. Any comments by IDNR or other 
entities received prior to the end of the public notice period will be reviewed after the public 
notice period and appropriate responses will be made at that time. 

Agency Conclusion. 

This assessment was conducted pursuant to the Illinois Pollution Control Board regulation for. 
Antidegradation found at 35 Ill. Adm. Code 302.105 (antidegradation standard). We find that 
the proposed activity will result in the attainment of water quality standards. All existing uses 
will be fully protected. All technically and economically reasonable measures to avoid or 
minimize the extent of the proposed increase in pollutant loading have been incorporated into the 
proposed activity._ This activity will benefit the community at large by providing jobs for the 
community and providing energy for the state and region. The proposed activity is therefore 
compliant with the Antidegradation standard. 

CC: Bob Mosher 
Byron Marks 
Ron Morse 
Chron 
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B01195400 NG 02 7, 9 
B01215000 NG 02 7, 11 
B01243100 570 600 16·· 5 
B01277900 NG 02 7, 9 
B01486800 820 870 15· 6 
B01579300 NG 02 9, 28 
B01649200 NG 02 9, 15 
B01649300 NG 02 9, 13 
B01692300 NG 02 9, 35 
801736400 NG 02 9, 9 
B01829300 640 640 6· 0 
B02191500 350 370 11 5 
B10163200 280 300 17· 7 
B10345800 240 290 65 17 
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B90978700 1600 (1600 24~ 0 
B91412900 700 810 37 14 
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Page 1 of 1 

Scott Twait - Re: NG-02 Manganese impairment 

From: David Muir 
To: Shasteen, Scott; Smogor, Roy; Twait, Scott 
Date: 5/19/2005 3:16 PM 
Subject: Re: NG-02 Manganese impairment 

There is not surface mining (old or new) in the watershed of Pond Creek that I'm aware of. There could be some small 
older underground mines that had some discharges in the wateshed. There is a lot of oil wells in the watershed, but I 
doubt that this provides much manganese to the creek. Mostly, I think soils in the area are naturally high in 
manganese, but I can't say what is the source of manganese in the water. 

>>> Roy Smogor 05/19/05 2:27 PM>>> 
Dave or Scott, 

Might you have any insights for Scott T. ? Thanks. 

For segment NG-02 in our 2004 305(b) report, Aquatic Life Use is impaired due to manganese and copper (among other 
causes). Sources listed for these two parameters are: Surface Mining and Petroleum Activities. 

Roy 

>>> Scott Twait 05/19/05 2:07 PM>>> 
Roy, 

Who would I talk to in order to find out the source of the Manganese impairment of Pond Creek (NG-02)? I would like to 
find out if it is from prior mining (pre-law) or an existing facility. 

Thanks, 
Scott 

q,.J 
,;:: ~,wuT ~, .. -rc.d 

~iH 7 o ~ fo;,J 
. s 

,. .. ,1.,J: .. , 
I I 

rib, -o?.. 

file://C:\Documents%20and%20Settings\epal 131 \Local%20Settings\Temp\GW}00001.HTM 5/19/2005 
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Memorandum 

To: Bob Mosher, Standards Development Unit 

From: Larry D. Crislip, Manager, Permit Section, MPCP 

Date: April 29, 2005 

Re: . Anti-Degradation Analysis for New Outfalls 
· Steelhead Development Company, L.L.C. - Pond Creek Mine No. 1 

Analysis Needed: 

□ 
□ 

□ 

Ammonia Current Limits (avg./max.): summer: ____ mg/L 
winter: mg/L 

Reasonable Potential Analysis 

Toxicity Recommendations 

IX]. Anti-degradation CurrentDAF/DMF: _____ MGD 

Proposed DAF/DMF: _____ MGD 
IX] 303(d) Listing for Receiving Water IX] BCS Rating for Receiving Water 

NPDES Permit No. IL0077666 County: Williamson --------------
Facility Name: Pond Creek Mine No. 1 

NPDES Permit Expiration Date: New NPDES Permit Application 

Receiving Water: Unnamed tributaries to Pond Creek 

( Comments:_ A new underground mine is proposed where there has been no previous mining. 

The facility will contain a processing plant, coal stockpiles, refuse disposal areas, railroad loop, 

and. support areas. The effluent from all eight outfalls is estimated to meet water quality 

standards at all times. 
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A draft NPDES permit is being written for the above mentioned facility. Please evaluate the 
receiving stream with regards to the biological stream characterization and 303( d) list by 
completing the following: 

Type of Discharge: Sedimentation pond discharge. Discharge Nos. 001, 002, 003, 004 and 005 

will be classified alkaline mine drainage. Discharge Nos. 006, 007 and 008 will be classified 

acid mine drainage. Pond (Outfall) 006 will also receive underground pumpage. 

Design Flow: .,;;;S'""'e"""e~ta.;b=le.;;..;.. ________________________ _ 

Outfall No. 25 yr, 6 hr 10 yr, 24 hr 

Discharge cfs Discharge cfs 

001 . 54.01 113.01 

002 13.46 25.80 

003 5.91 8.52 

004 8.12 13.95 

005 96.73 178.98 

006 25.18 35.35 

007 109.62 106.68 

008 44.51 66.38 

Effluent Parameters: For alkaline discharges: Total Suspended Solids, Iron (total), pH, 

. Alkalinity, Acidity, Sulfates, Chlorides and Settleable Solids. For acid mine discharges, 

Manganese will be added. 

Stream Biological 
Outfall Receiving Stream Latitude Longitude 

Classification 
Stream 

Characterization 
001 Unnamed tributaries 37°50'59.2" 88°49'37.5" 

to Pond Creek 
002 Unnamed tributaries 37°50'26.0" 88°49' 51.5" 

to Pond Creek 
003 Unnamed tributaries 37°50'26.0" 88°49' 58.0" 

to Pond Creek 
004 Unnamed tributaries 37°50'25.0" 88°49' 56.6" 

to Pond Creek 
005 Unnamed tributaries 37°50'9.l" 88°50'00" 

to Pond Creek 
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006 Unnamed tributaries 37°50'28.4" 88°49'40.6" 
to Pond Creek 

007 Unnamed tributaries 37°50'29.5" 88°49'34.0" 
to Pond Creek 

008 Unnamed tributaries 37°50'3 l .4" 88°49'33.9" 
to Pond Creek 

The stream segment receiving the discharge from outfall(s) ____ is on the 303(d) list of 
impaired waters. · 
The stream segment receiving the discharge from outfall(s) ____ is not on the 303(d) list 
of impaired waters. The following parameters have been identified as the pollutants causing 
impairment: 

POLLUTANT POTENTIAL CONTRIBUTORS 
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From: 
To: 
Date: 
Subject: 

Bob Kerr 
Twait, Scott 
5/12/2005 9:44:43 AM 
Re: Crislip's Phone 

Talked to Tim Myers (Steelhead Engineer) this morning concerning 006. Fresh water from West Frankfort 
Lake will be pumped through a 12" pipe to the Freshwater Lake which is tributary to Pond 006. The water 
level in 006 will be managed to prevent a discharge ·in dry weather. The water accumulating in this series 
of ponds should be of good quality. We (MPCP) have to include manganese in the effluent sampling list, 
because of the definition of the discharge- acid mine drainage. He thought he could live with 1.0 mg/I 
manganese without problems. The manganese impairment in Pond Creek is very likely due to previous 
mining. Manganese is a routine parameter, except when acid water treatment is be conducted, which is 
not planned here. Most ground water pumpage will be through a discharge yet to be proposed or 
approved through a facility approximately 3 miles away. This facility will be located where the coal is the 
lowest for gravity drainage. Very little pumpage is expected in the development of the underground 

. works, but he wanted to be able to pump to 006 just in case. 

Need anything else? 

»> Scott Twait 05/12/05 9:-10 AM >>> 
I am working on Pond Creek Mine No. 1, which will have 8 discharge locations that will discharge to an 
unnamed tributary to Pond Creek. Pond Creek is on the 303(d) list for Manganese (plus other 
contaminants). I will have to talk to my boss before we allow more Manganese to Pond Creek. I was 
wondering if you knew the reason that the stream is listed for Manganese. Is it from old mines? Also, is 
Manganese expected or is it just a routine parameter? 

Finally, they have underground pumpage to outfall 006. Will this outfall discharge continuously or only 
when it rains? If it will discharge during non-stormwater events, what will be the flowrate? 

Scott 

>>> Bob Kerr 05/12/05 8:57 AM >>> 
You left a message on Crislips's phone on Tuesday. He won't be in much today or tomorrow and asked 
me to find out what yqu needed. 

CC: epa1409 
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Wetland Impact Review Tool Report: Preliminary Checks on NWP Conditions 

Critical Inside 

II 
Buffer II Buffer to account 

Resource Parcel . for GIS inaccuracy 

1100 year Floodplain NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
FOUND FOUND 

IADID Wetlands I NO CONFLICT 
FOUND 

NO CONFLICT II NO CONFLICT FOUND 
FOUND 

Aquatic Life NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
Movements FOUND. FOUND 

Critical Resource NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
Waters FOUND FOUND 

Downstate Regional NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
Condition #2 FOUND FOUND 

High Value NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
Subwatersheds FOUND FOUND 

National Wetlands Conflict found Conflict found II Conflict found-within 100 
Inventory (NWI) within 100 feet feet I NO CONFLICT 

FOUND 
NO CONFLICT II NO CONFLICT FOUND 

FOUND 

NaforePreserve LWR NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
&NAI FOUND FOUND 

Public Water Supply NO CONFLICT NO CONFLICT II NO CONFLICT FOUND 
Intakes FOUND FOUND 

!spawning Areas I NO CONFLICT 
FOUND 

NO CONFLICT II NO CONFLICT FOUND 
FOUND 

Threatened and I NO CONFLICT 
Endangered Species FOUND 

NO CONFLICT II NO CONFLICT FOUND 
FOUND 

Wild and Scenic 
Rivers 

County: WILLIAMSON. Section (PLSS): 3 8S 3E12. 
Watershed (IEPA 818): ILNG02. 
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Memorandum 

To: Bob Mosher, Standards Development Unit 

From: Larry D. Crislip, Manager, Permit Section, MPCP 

Date: April 29, 2005 

Re: . Anti-Degradation Analysis for New Outfalls 

lfl®@&llW&fru 
f~/.Y - 2 2005 ~ 

Watershed Man 
BUR£Au 0agement Section 

'FWATER 

· Steelhead Development Company, L.L.C. - Pond Creek Mine No. 1 

Analysis Needed: 

□ 
□ 

Ammonia Current Limits (avg./max.): summer: ____ mg/L 
winter: mg/L 

Reasonable Potential Analysis 

D Toxicity Recommendations 

1K) Anti-degradation Current DAF/DMF: MGD ------
ProposedDAF/DMF: _____ MGD 

IX] 303(d) Listing for Receiving Water IX] BCS Rating for Receiving Water 

NPDES Permit No. =IL=0.;...;0"""'7-'-7..;;..66..;;;..;6;;...__ ________ County: Williamson 

Facility Name: Pond Creek Mine No. 1 

NPDES Permit Expiration Date: New NPDES Permit Application 

Receiving Water: Unnamed tributaries to Pond Creek 

Comments: A new underground mine is proposed where there has been no previous mining. 

The facility will contain a processing plant, coal stockpiles, refuse disposal areas, railroad loop, 

and support areas. The effluent from all eight outfalls is estimated to meet water quality 

standards at all times, 
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A draft NPDES permit is being written for the above mentioned facility. Please evaluate the 
receiving stream with regards to the biological stream characterization and 303( d) list by 
completing the following: · · 

Type of Discharge: Sedimentation pond discharge. Discharge Nos. 001, ·002, 003, 004 and 005 

will be classified alkaline mine drainage. Discharge Nos. 006, 007 and 008 will be classified 

acid mine drainage. Pond (Outfall) 006 will also receive underground pumpage. 

Design Flow: _S_e_e_ta_b_le_. ________________________ _ 

Outfall No. 25 yr, 6 hr 10 yr, 24 hr 

Discharge cfs Discharge cfs 

001 54.01 113.01 

002 13.46 25.80 

003 5.91 8.52 

004 8.12 13.95 

005 96.73 178.98 

006 25.18 35.35 

007 109.62 106.68 

008 44.51 66.38 

Effluent Parameters: For alkaline discharges: Total Suspended Solids, Iron (total), pH, 

Alkalinity, Acidity, Sulfates, Chlorides and Settleable Solids. For acid mine discharges, 

Manganese will be added. 

Stream 
Biological 

Outfall Receiving Stream Latitude Longitude 
Classification 

Stream 
Characterization 

001 Unnamed tributaries 37°50'59.2" 88°49'37.5" 
to Pond Creek 

002 Unnamed tributaries 37°50'26.0" 88°49'51.5" 
to Pond Creek 

003 Unnamed tributaries 37°50'26.0" 88°49' 58.0" 
to Pond Creek 

004 Unnamed tributaries 37°50'25.0" 88°49'56.6" 
to Pond Creek 

005 Unnamed tributaries 37°50'9.l" 88°50'00" 
to Pond Creek 
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006 Unnamed tributaries · 37°50'28.4" 88°49'40.6" 
to Pond Creek 

007 Unnamed tributaries 37°50'29.5" 88°49'34.0" 
to Pond Creek 

008 Unnamed tributaries 37°50'31 .4" 88°49'33.9" 
to Pond Creek 

The stream segment receiving the discharge from outfall(s) ____ is on the 303(d) list of 
impaired waters. · 
The stream segment receiving the-discharge from outfall(s) ____ is not on the 303(d) list 
of impaired waters. The following parameters have been identified as the pollutants causing 
impairment: 

POLLUTANT POTENTIAL CONTRIBUTORS 
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MODE= MEMORY TRANSMISSION 

FILE .N0.=133 

START=MAY-09 14:50 

STN COMM. 
NO. 

ONE-TOUCH/ STATION NAME/TEL NO. 
ABBR NO. 

001 OK· a 9524417? 

-!EPA BOW 

*******************************"'***"' -

PLEASE DELIVER THIS FAX TO: 

Fax#: 524-4177 

From: Scott Twait 

Date: 9 May2005 

Number of Pages 
(Including Cover Sheet): 6 

Message: 

Mike, 

Mike Branham 

END=MAY-09 14:52 

PAGES DURATION 

005/005 00:01:19 

217 785 1225- ********"' . 

Attached is a consultation request for Pond Creek Mine No. I. This is a new underground coal mioe 
that will have 8 new outfalls. Please see attached. Tam also sending you something from WIRT to 
help you locate the site. 

Thanks, 
Scott 

Illinois EPA• Bureau of Water 
l 021 North Grand A venue East 
Springfield, Tllinois 62702 

Water Quality Standards Unit 
Phone# 217/558-2012 
FAX# 217/782-5549 
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PLEASE DELIVER THIS FAX TO: 

Mike Branham 

Fax#: 524-4177 

From: Scott Twait 

Date: 9 May 2005 

Number of Pages 
(Including Cover Sheet): 6 

Message: 

Mike, 

Attached is a consultation request for Pond Creek Mine No. l. This is a new underground coal mine 
that will have 8 new outfalls. Please see attached. I am also sending you something from WIRT to 
help you locate the site. 

Thanks, 
Scott 

Illinois EPA - Bureau of Water 
1021 North Grand A venue East 
Springfield, Illinois 62702 

Water Quality Standards Unit 
Phone# 217/558-2012 
FAX# 217 /782-5549 
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Illinois Department of 
Natural Resources 

October 22, 2021 
Christopher Skelton, Engineer 
Williamson Energy, LLC. 
P.O. Box 99 
Johnston City, IL 62951 

RE: Pond Creek Mine, Williamson Energy, Mine Dewatering at Depth 
Consultation Program 
EcoCAT Review #2001813 (2-Year Renewal) 
Williamson and Franklin Counties 

Dear Mr. Skelton: 

JB Pritzker, Governor 
Colleen Callahan, Director 

This letter is in reference to your Illinois Environmental Protection Agency (IEP A), National Pollutant Discharge Elimination 
System (NPDES) permit application No. IL0077666. The purpose of this letter is to satisfy consultation requirements 
pursuant to the Illinois Endangered Species Protection Act [520 ILCS 10/11], the Illinois Natural Areas Preservation Act 
[525 ILCS 30/17], and Title 17 Illinois Administrative Code Part l 075. Additionally, the Department may offer advice and 
recommendations for species covered under the Fish & Aquatic Life Code [515 ILCS 5, et seq.]; the Illinois Wildlife Code 
[520 ILCS 5, et seq.]; and the Herptiles-Herps Act [510 ILCS 69]. 

This review is specific to the NPDES permit application as the pipeline installation was previously reviewed in EcoCAT 
projects 1905659, 1905660, and 1905661 under the jurisdiction of the Department's Office of Mines and Minerals. This 
review does not include necessary permits for the outfall structure(s) from the Department's Office of Water Resources. A 
separate consultation will be required for those permits. 

Per the NPDES permit narrative: "The applicant proposes additional surface facilities area to an existing underground coal 
mine (SIC 1222). Mine operations result in the discharge of alkaline and acid mine drainage. Incorporates three (3) new 
outfalls designated as Outfall Nos. 009, 009ES and 011. Receiving waters are Big Muddy River, Pond Creek, and tributaries 
to Pond Creek." The permit states that Pond Creek outfalls 009 and 009ES are permitted to discharge under stormwater 
conditions and are held to specified permit limits. For outfall 011 to the Big Muddy River, water will be conveyed from the 
mine to the river via a 12.5-mile pipeline with a maximum flow of 5,000 gpm at Outfall O 11. Discharge will only be allowed 
when the Big Muddy River is flowing above 30 cfs. The permit states the applicant will perform real-time monitoring and 
flow control to achieve compliance with the water quality standards within the maximum distance of251 feet in length and 
25 feet wide, otherwise known as the "mixing zone." The mixing zone for copper is more restrictive at 18.2 feet long by 4 
~w~ . 

EcoCAT has indicated no records in the vicinity of the proposed outfalls for state-listed species or protected natural areas. 
However, the Department offers the following general information on the aquatic community in the Big Muddy River: 

The Department's routine fish survey efforts indicate 96 species offish occur in the Big Muddy River. These species include 
important sportfish and non-game species, as well as 11 species designated in the Illinois Wildlife Action Plan as "Species in 
Greatest Need of Conservation" (SGNC). The SGNC that occur in the Big Muddy River include the ~lligator 
Gar (Atractosteus spatula) Blacktail Shiner (Cyprinella venusta), Brown Bullhead (Ameiurus nebulosus), Flier (Centrarchus 
macropterus), Mooneye (Hiodon tergisus), Paddlefish (Polyodon spathula), Pugnose Minnow (Opsopoeodus emi/iae), 
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Pond Creek Mine. Williamson Energy. Mine Dewatering at Depth. Consultation # 2001813 

Ribbon Shiner (Lythrurus fumeus), River Darter (Percina shumardi) Spottail Darter (Etheostoma squamiceps), and Stripetail 
Darter (Etheostoma kennicotti). The Department also notes that the Lower Big Muddy River is one of several locations in 
thestate where Alligator Gar have been released as part ofour "Alligator Gar Reintroduction Program." The Lower Big 
Muddy River received a stocking of 500 Alligator Gar in the year 2017. Additionally, a survey by the Illinois Natural History 
survey detected 19 extant species of freshwater mussels in the Big Muddy River with one, the Pistolgrip (Tritogonia 
verrucose) classified as an SGNC (Shasteen et al. 2012). 

Given the above-mentioned diversity of species known to occur within the Big Muddy River, the Department recommends 
strict adherence to all effluent limits and all effluent monitoring requirements in accordance with NPDES Permit IL0077666. 

Consultation on the part of the Department is closed unless Williamson Energy or the IEPA desires additional information or 
advice related to this proposal. Consultation for Part 1075 is valid for two years unless new information becomes available 
which was not previously considered; the proposed action is modified; or additional species, essential habitat, or Natural 
Areas are identified in the vicinity. If the action has not been implemented within two years of the date of this letter, or any of 
the above listed conditions develop, a new consultation is necessary. 

This natural resource review reflects the information existing in the Illinois Natural Heritage Database at the time of the 
project submittal and should not be regarded as a final statement on the project being considered, nor should it be a substitute 
for detailed site surveys or field surveys required for environmental assessments. If additional protected resources are 
unexpectedly encountered during the project's implementation, the applicant must comply with the applicable statutes and 
regulations. 

Thank you, 

Adam Rawe 
Office of Realty & Capital Planning 
Illinois Dept. of Natural Resources 
One Natural Resources Way 
Springfield, IL 62702-1271 
Adam.Rawe@il I inois.gov 
(2 l 7)785-4991 

References 
Shasteen, D. K., A. L. Price, S. A. Bales. 2012. Freshwater Mussels of the Big Muddy River. 
INHS Technical Report 2012(1 l ). Prairie Research Institute, University of Illinois at Urbana 
Champaign. 

cc: Scott Twait, IEPA- Division of Water Pollution Control 
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From: Twait, Scott <Scott.Twait@lllinois.gov> 

Sent: Tuesday, October 20, 2020 2:55 PM 

To: Ward, lwona <lwona.Ward@lllinois.gov> 

Subject: Pond Creek 

lwona, 

s·1ss· 20 
~ cc;_J:s~: ( 1.- 3 -ic 

Can you please make sure that the attached gets into the permit record for Pond Creek. Sanjay wanted 

our thought process on Special Condition 15 to be part of the record. 

The I-year, 24-hour precipitation event for this area is considered to be 2.97 inches. 

507 Acres of land results in 40,888,598 gallons falling on site from a I-year, 24-hour precipitation event. 

Discharge Rate of 7.2 MGD would take 5.68 days to discharge everything that fell onto the site. 

This would allow the mine to discharge the equivalent of all of the precipitation form a I-year, 24-hour 
event and store the equivalent of the mine pumpage. 

Special Condition 15 allowing discharge from Outfall 011 when the Big Muddy River is between 30 to 
2350 cfs, except after a I-year, 24-hour precipitation event, Outfall 01 I can discharge for 6 consecutive 
days. The I-year, 24-hour precipitation event for this area is considered to be 2.97 inches. 
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Williamson Energy, LLC 

PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mrs. Iwona Ward 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

July 20, 2020 

814 3 · 1 2 0 

~ d4,-¼___ ' CJ - ·2- - <-a 

Re: Williamson Energy, LLC - Supplemental information concerning Big Muddy Mussel 
Survey at the proposed mixing zone. 
NPDES Permit IL0077666 

Dear Mrs. Ward: 

Please find attached one (l) copy of the Supplemental information concerning the Big Muddy 
Mussel Survey at the proposed mixing zone regarding the NPDES permit IL0077666 for 
Williamson Energy, LLC's Pond Creek Mine. 

One copy of this submittal has also been submitted to the permit manager at the IEP A Office in 
Marion. 

We appreciate your assistance with the matter. If you have any questions or require additional 
information, please contact me at ( 618) 435-9464. 

Respectfully submitted, 

i=N~LC 
James Plumley, P.E. 

w~w 
~ JUL 2 3 2020 

IL Environmental Protection Agency 
MARION REGIONAL OFFICE 
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1.0 INTRODUCTION 

Alliance Consulting, Inc. is in the permitting process for a proposed outfall diffuser in Franklin County, 
Illinois (Figure 1-1). In-stream construction activity associated with construction of the diffuser has the 
potential to disrupt the substrate and the unionid (freshwater mussel) assemblage therein. Unionids in 
the project area may be crushed by equipment, and increased turbidity may inhibit unionid feeding and 
respiration. 

A 2011 survey of the Big Muddy basin accounted for live individuals of 19 species; while not collected in 
the 2011 survey, historical records exist for an additional 6 species, including the state threatened 
Eurynaia dilatata (Table 1-1). Because the proposed diffuser project may impact mussels, Alliance 
Consulting commissioned a unionid survey of the project area. The objective of this survey was to 
determine unionid distribution and species composition in the project area to determine if unionids, 
particularly state-listed species may be affected by construction. 

1 
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2,0 METHODS 

Fieldwork for this study was conducted April 22-26 and June 5, 2020; stream discharge recorded at the 
Plumfield, Illinois gage was between 742 and 855 cfs during this time period (USGS, 2020). 

The Survey Area encompassed the width of the river from 50 m upstream to 150 m downstream of the 
proposed diffuser location. The Survey Area was divided into 40 approximately 10 x 10 m cells. Four (4) 5-
minute qualitative samples were collected within each cell. Qualitative sampling entailed a diver searching 
the substrate, collecting all unionids encountered within the time period. Substrate composition 
(Wentworth scale) and water depth (m) were recorded at the beginning of each sample. Unionids were 
classified as live, fresh dead (with or without tissue, nacre shiny, valves still intact, periostracum present; 
likely dead less than one year), weathered dead (no tissue, nacre chalky, valves separate or intact, 
periostracum present; likely dead more than one year), and weathered dead (entire shell chalky, valves 
not intact, no periostracum; dead many years to decades). Live individuals were identified to species, aged 
external annuli count, and measured (length in mm). At least one individual of each live species was 
photographed, and (if available) a dead shell of each species was retained as a voucher specimen. Live 
individuals of non-listed species were relocated to a Recipient Area upstream of the project area; 
reconnaissance dives in the Recipient Area confirmed similar substrate and depth profile as the Survey 
Area. 

2 
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3.0 RESULTS AND DISCUSSION 
Physical habitat was fairly uniform throughout the Survey Area. The left descending (south) bank, which 
formed an outside bend through the Survey Area, was steeply sloped with depths increasing rapidly with 
distance from the bank. The right descending (north) bank was less severely sloped, with thick 
overhanging vegetation lining much of the bank. Maximum depth observed in Survey Area cells was 3.7 
m (Figure 3-1). Substrate was a mix of silt, clay, and woody debris, with varying amounts of gravel, sand, 
and detritus also present (Figure 3-2). The prevalence of woody debris posed an entanglement hazard for 
divers, and portions of the Survey Area, particularly those with high current velocities, could not be safely 
sampled. 

A total of 46 live individuals of 11 species were collected from the Survey Area. Megolonaias nervosa was 
the most commonly collected species (n=13), followed by Leptodea fragilis (n=ll) and Potamilus alatus 
(n=S); remaining species were represented by 4 or fewer live individuals each (Table 3-1). Catch per unit 
effort (CPUE) ranged from 0.0 to 1.5 and averaged 0.3 individuals/5-minute search (Table 3-1; Figure 3-3). 
Abundance was low, with 16 of the 37 searched cells yielding no live individuals. Unionids were scattered 
throughout the Survey Area; however, abundance appeared to be greater towards the downstream end 
of the site, as 23 of the 46 live individuals were collected in cells 31-40 (see Table 3-1). Anecdotally, divers 
reported collecting most live individuals along the riverward margins of search cells, near the interface 
between the bank slope and the thalweg. 

The mussel assemblage observed during the reconnaissance survey is consistent with the 2011 basin-wide 
survey (INHS, 2012). Nine (9) of the 11 species collected in this study were also collected in 2011; Lampsilis 
cardium and P. alatus were not collected in the 2011 survey, but are historically known to occur in the Big 
Muddy River. No state listed species (live individuals or dead shell material) were observed in this study. 

Construction of the proposed diffuser outfall is unlikely to harm union id resources in the Big Muddy River. 
The Survey Area harbored a low-abundance unionid assemblage of moderate species richness, with no 
evidence of state-listed species. All live individuals encountered during the survey were relocated to an 
upstream Recipient Area outside of the project's footprint (see Figure 1-1). While search effort for this 
study was not designed to be an intensive relocation, the low overall union id abundance and the absence 
of live individuals in nearly half of the cells suggests that the number of undetected individuals remaining 
in the Survey Area is nominal. 

3 
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Figure 1-1. Survey Area search cells, Recipient Area, and diffuser location, 
Big Muddy River, Franklin County, Illinois. 
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Figure 3-1 . Maximum depth (m) observed in Survey Area Cells, 

Big Muddy River, Franklin County, Illinois. 
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Figure 3-2. Substrate observed in Survey Area Cells, 
Big Muddy River, Franklin County, Illinois. 
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Figure 3-3. Live union ids collected in Search Area Cells, 

Big Muddy River, Franklin County, Illinois. 
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Table 1-1. Recent unionid records within Big Muddy Basin. 

Tribe 

Amblemini 

P!eurobemini 

Quadrulini 

Lampsilini 

Anodontini 

11NHS, 2012 

Species 

Ambfema pficata 

Eurynaia dilatata 

Fuscanaia flava 

Cycfonaias pustulosa 

Megalonaias nervosa 

Quadrula quodrula 

Tritogonia verrucosa 

Uniamerus tetralasmus 

lampsilis cordium 

lampsilis sifiquoidea 

lampsilis teres 

leptodea fragi/is 

ligumia subrastrato 

Potamifus alatus 

Potamilus ohiensis 

Toxolasma parvum 

Toxolosma texasiense 

Truncillo donocijormis 

Truncillo truncata 

Arcidens confrogosus 

lasmigona complonata 

Pyganadan grandis 

Strophitus undulotus 

Utterbackio imbecillis 

Utterbackiano suborbiculota 

No. Live Species 

Total No. Species 

2
1T = Illinois Threatened; IDNR, 2020 

IT 

L = collected live during 2011 basin-wide surveys, H = historical records, not observed in 2011 

EcoAnalysts, Inc. Technical Report, Project No. 20-004, July 2019 

Species accounts1 

Franklin County Big Muddy Basin-wide 

(includes tribs.) 

L 

L 

L 

15 
15 

(includes tribs.) 

H 

H 

H 

H 

H 

L 

H 

19 

25 

9 
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1.0 INTRODUCTION 
Alliance Consulting, Inc. is in the permitting process for a proposed outfall diffuser in Franklin County, 
Illinois (Figure 1-1). In-stream construction activity associated with construction of the diffuser has the 
potential to disrupt the sutistrate and the unionid (freshwater mussel) assemblage therein. Unionids in 
the project area may be crushed by equipment, and increased turbidity may inhibit unionid feeding and· 
respiration. 

A·2011 survey of the Big Muddy basin accounted for live individuals of 19 species; while n·ot collected in 
the 2011 survey, historical records exist for an additional 6 species, including the state threat~ned 
Eurynaia dilatata (Table ·1-1). Because the pre>posed diffuser project may impact mussels, Alliance 
Consulting commissioned a unionid survey of the project area. The objective of this survey was to 
determine unionid distribution and species composition i·n the project area to determine if unionids, 
particularly state-listed species may be affected by construction. 
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2.0 METHODS 
Fieldwork for this study was conduct~d 'April 22-26 and June 5, 2020; stream discharge recorded at the 

Plumfield, Illinois gage was between 742 and 855 cfs·during this time perio~ (USGS, 2020): 

The Survey Area encompassed the width of the river from 50 m upstream to 150 m downstream of the 

proposed diffuser location. The Survey Area was divided into 40 approximately 10 x 10 m cells. Four (4) 5-

minute qualitative samples were collected within each cell. Qualitative sampling entailed a·diver searching 

the substrate, collecting. all unionids encountered within the time period. Substrate composition 

(Wentworth scale) and water depth (m) were recorded at the beginning of each_ sample. Unionids were 

classified as live, fresh qeac;j (with or without tissue, nacre shiny, valves still intact, periostracum present; 

likely dead less than one year), weathered dead (n_o tissue, nacre chalky, valves separate or intact, 

periost_racum present; likely dead more than one year), and weathered dead (entire shell chalky, valves 

not intact, no periostracum; dead many years to decades). Live individuals were identified to species, aged 

e_xternal annuli count, and measured (length in mm). At least one individual of each live species was 

photographed, and (if available) a dead shell of each species was retained as a voucher specimen. Live 

individuals of non-listed species were relocated to a Recipient Area upst_ream of the project area; 

reconnaissance dives in the Recipient Area confirmed similar substrate and depth profile as the Sl!rvey 

Area. 
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3.0 RESULTS AND DISCUSSION 
Physical habitat was fairly uniform throughout the Survey Area. The left descending (south) bank, which 
formed an outside bend through the Survey Area, was steeply sloped with depths increasing rapidly with 
distance from the. bank. The right descending (north) bank was less severely sloped, with thick 
overhangii:ig vegetation lining much of the bank. Maximum depth observed in Survey Area cells was 3-.7 
m (Figure 3-1). Substrate was a mix of silt, clay, and woody debris, with varying amounts of ~ravel, sand, 
and detritus also present (Figure 3-2). The prevalence of woody debris posed an entanglement hazard for 
divers, and portions of the Survey Area, particularly those with high current velocities, could not be sa_fely 
sampled. . 

A total of 46 live individuals of 11 species were collected from the Survey Area. Megolonoios nervoso was 
the most commonly collected species (n=13), followed by leptodeo frogilis (n=ll) and Potomilus o/otus 
(n=S); remaining species were represented by 4 or fewer live individuals each (Table 3-1). Catch per unit 
effort (CPUE) ranged from 0.0 to 1.5 and averaged 0.3 individuals/5-minute search (Table 3-1; Figure 3-3).· 
Abundance was low, with 16 of the 37 searched cells yielding no live individuals. Unionids were scattered 
throughout the Survey Area; ·however, abundance appeared to· be greater towards the downstream end 
of the site, as 23 of the 46 live individuals were collected in cells 31-40. (see Table 3-1). Anecdotally, divers 
reported collecting most live individuals along the riverward margins of search cells, near the interface 
between the bank s!ope and the thalweg. 

The mussel assemblage observed during the reconnaissance survey is consistent with the 2011 basin-wide . 
survey (INHS, 2012).' Nine (9) of the 11 species collected in this study were also collected in 2011; lompsilis 
cardium and P. olotus were not_ colle.cted in the 2011 survey, but are historically known to occur in the Big 
Muddy River. No state listed species (live individuals or dead shell material) were observed in this study. 

Construction of the proposed diffuser outfall is unlikely to harm unionid resources in the Big Muddy River.­
The Survey Area harbored a low-abundance unionid assemblage of moderate species richness, with no 
evidence of state-listed species. All live individuals encountered during the survey were relocated to an 
upstream Recipient Area outside of the project's footprint (see Figure.1-1). While search effort for this 
study was not designed to be an intensive relocation, the low overall union id abundance and the absence 
of live in~ividuals in nearly half of the cells suggests that the number of undetected in.dividuals remaining 
in the Survey Area is nominal. 
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http:ljwaterdata.usgs.gov/nwis/invehtory?agency code=USGS&site no=0559700 
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A 
■ANALYSTS, INC. Figure 1-1. Survey Area search cells, Recipient Area, and diffuser location, 

Big Muddy River, Franklin County, Illinois. 
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■ANALYSTS, INC. 
Figure 3-1. Maximum depth (m) observed in Survey Area Cells, 

Big Muddy River, Franklin County, Illinois. 

EcoAnalysts, Inc. Technical Report, Project No. 20-004, July 2019 

Unionid survey at a proposed diffuser outfall site, Big Muddy River, Franklin County, Illinois 

6 



R00175

Survey Area Cells 

(ml Not searched 

D Searched 

Substrate 

-~ 

LJGravel 

Osand 

.LJSilt 

LJClay 

- Woody Debris 

c:]oetritus * Diffuser Location 

20 10 0 

. ■ANALYSTS, INC. 

N 

A 

20 Meters 

Figure 3-2. Substrate observed in Survey Area Cells, 
Big Muddy River, Franklin County, Illinois. 
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Unionid survey at a proposed diffuser outfall site, Big Muddy River, Franklin County, Illinois 
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■ANALYSTS, INC. 
Figure 3-3. Live unionids collected in Search Area Cells, 

Big Muddy River, Franklin Cqunty, Illinois. 

EcoAnalysts, Inc. Technical Report, Project No. 20·004, July 2019 
Unionid survey at a proposed diffuser outfall site, Big Muddy River, Franklin County, Illinois 
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Table 1-1. Recent unionid records within Big Muddy Basin. 

Tribe 

Amblemin, 

Pleurobemini 

Quadrulini 

Lampsilini 

Anodontinf 

11NH5, 2012 

Species 

Amblemo plicoto 

Eurynoio dilototo 

Fusconoio flo~o 

Cyclonoios pustuloso 

Megolonciios nervoso . 

Qucidrulo quodrulo 

Tritogonio verrucoso 

Uniomerus tetrolosmus 

Lompsilis cordium 

Lompsilis siliquoideo 

lompsilis teres 

leptodeo frogilis 

ligumio subrostroto 

Potomilus olotus 

Potomilus ohiensis 

Toxolosmo porvum 

Toxolosmo texosiense 

Truncillo donociformis 

Truncillo truncoto · 

Arcidens confrogosus • 

losmigono complonoto 

Pygonodon grondis 

Strophitus undulotus 

Utterbockio imbecillis 

Utterbockiono suborbiculoto 

No. Live Species. 
Total No. Species 

21T = Illinois Threatened; IDNR, 2020 

Status' 

IT 

L = collected live during 2011 basin-wide su_rveys, H = historical records, not observed in 2011 

EcoAnalysts,'lnc. Technical Report, Project No. 20-004, July 2019 

Franklin County 
(includes tribs.) 

L 

L 
L 
L 
L 

.L 

L. 

15 
15 

Unionid survey at a proposed diffuser outfall site, Big Muddy River, Franklin.County, Illinois 

Species accounts' 
Big Muddy Basin-wide 

(includes tribs.) 

L 

H 

L 

H 

l 

L 
L 
L 

H 
L 
L 

H 
L . 

L. 

L 

H 

19 
25 

9 
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WILLIAMSON ENERGY'S RESPONSES TO IEP A QUESTIONS 

(i}H:.I..'UUJll..'I 

Question No. 12: How will the unfiltered 
water discharged into the Big Muddy be 
filtered? BY whom and how is the discharge 
monitored? Monitoring needs to occur at all 
times to assess chemical discharge. (El 80) 

Questions No. 18: Several documents have 
said the pipeline is only for 10 years and 
then it will be removed. Is this the projected 
end of date of the coal seam and mine 
closure? (E259) 
Question No. 2 7 What are the long-term 
impacts of continual water usage and water 
withdrawal on nearby communities? 

Question No. 28: What is Foresight's daily 
Rend Lake usage in initial stages of coal 
production? What does it pay Adena 
Resources and the state of Illinois for this 
use? Explain the water contracts and 
Foresight's use of TVA 's coal. 

The water is treated at the site by settling 
solids out in the holding pond. This is a 
standard method of treatment for solids for 
many wastewater treatment systems. The 
Mine is required to comply with a Total 
Suspended Solids (TSS) concentration at the 
compliance point. Filtering has not been 
required to meet the water quality standards 
specified by the NPDES Permit. 

With respect to the monitoring request, a 
system of continuous monitors was proposed 
by the Mine and has been incorporated into 
the NPDES Permit. The treated effluent and 
the receiving stream upstream from the 
diffuser will have continuous monitors that 
will allow the system to maintain compliance 
with the water quality standards downstream. 

IEP A is unaware of any statement from the 
applicant indicating a 10-year service life of 
this pipeline. 

There are no known communities nearby that 
withdraw drinking water from the aquifers 
impacted by the Pond Creek Mine; therefore, 
long-tenn impacts of the water continuously 
infiltrating and removed from the 
undenrround mine is not anticipated. 
Currently Sugar Camp, LLC uses Rend Lake 
water to supplement make-up water for coal 
processing. There is a provision for Pond 
Creek Mine to utilize this source of water as 
coal processing make-up water; however, 
Pond Creek Mine does not currently use this 
approved availability. Williamson Energy 
does not mine, control or have access to TV A 
coal. 
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. '. 
Question No. 35: I would like to know what 
the depth of the Big Muddy in that area is 
currently because it surely isn't 30 feet deep 
for the diffuser to be pouring ejjluent into 
the water? 

Question No. 36: How will the diffuser 
vents be protected ji·om people co11tinui11g 
to use the location as a dump site? 

The river depth at the diffuser site is 8-12 feet 
at baseline flow. This is more than enough 
depth to accommodate diffuser flow. 

As part of the NPDES Permit requirements, 
the Outfall will be marked by signage on the 
bank to let people on the River know the 
outfall is present. The diffuser ports will be 
installed in a way to minimize damage due to 
strikes from natural objects such as logs. 
The site is not located on a public road, 
which will reduce the potential for average 
member of the public from dumping large 
objects into the River at this location. The 
opposite bank is private property, which will 
also minimize the average member of the 
public from attempting to vandalize the 
diffuser. For those determined to do harm to 
the diffuser, the site will be monitored and 
access to the River will be limited. 
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Question No. 41: The /EPA should include a 
fish survey, a mussel survey and a survey of 
invertebrates pre-constructio11 as well as 
lo11g term 11w11itori11g post-co11stmctio11 
would be or should be required. 

The mixing zone is sized and designed to 
provide fish passage and should not affect 
the fish community in the Big Muddy 
River. IEP A used a fish survey conducted 
by the Illinois Department of Natural 
Resources in assessing any potential fish 
impacts and found no adverse impacts. 
Likewise, a benthic macroinvertebrate 
survey has already been conducted by 
Alliance Consulting in 2019 and submitted 
to the administrative record by Williamson. 
The Survey occurred in the area 
downstream of the mixing zone. This 
survey demonstrated that the diffuser will 
be located in a pool of the river with poor 
habitat availability for greater than three­
quarters of a mile below the diffuser. The 
benthic macroinvertebrate community in 
the downstream sample was dominated by 
tolerant Chironomidae and 
Ceratopogonidae, typical of fine, unstable 
substrate. A few mayflies and unionids 
were collected in this survey which may 
indicate substrate, not water quality, is the 
limiting factor in this reach. A mussel 
survey is also scheduled to be conducted 
prior to diffuser construction but mussel 
surveys are limited to a specific sampling 
season which begins in April. In the 
unlikely event that a mussel bed is found 
within the diffuse construction location or 
mixing zone, this would be addressed with 
IEP A prior to construction. 
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Question No. 60(a): My majo,- concern is 
how will the public and you,- OJ"ganization 
know if the dilution system is effective, 
especially if the proposed egress of the 
wastewater is downstream ji-0111 the gauging 
statio11 where water is measured a11d 
analyzed. 

Question 60(b): Has the wastewater been 
tested before and after diluted measu,-es 
take11 place 011 a 11ormal day, and week of 
operation? 

this deposited mercury would be expected to 
migrate downstream within the water column. 

ithout a new source of mercury to the 
sediments, the mercury concentration that 
may be present in the sediments could 
decrease so that the potential for 
methylmercury production in the sediments 
would be reduced. If the elevated chloride 
and TDS concentrations could lead to 
increased transfonnation of the mercury in 
Riverbed sediments and subsequent transport 
into the water column from the sediments, 
this would be a short-lived phenomenon, 
since the potential for the sorption of new 
inorganic mercury onto sediments and 
subsequent deposition to the bed sediments 
would be reduced. In other words, the rate of 
production of methyl mercury would be 
expected to decline overall since the source of 
new mercury to the sediments would be 
reduced. 

The IEP A will require a continuous real-time 
monitoring program as a condition in the 
NPDES Permit. The closest station 
downstream that can be safely monitored will 
be chosen to ensure compliance with the 
water quality standards. 

Dilution occurs within the mixing zone and is 
monitored and calibrated to ensure water 
quality standards are continuously met. 
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Questio11 60(e): How da11gerous will; this 
water be for the ecosystem? 

Questio11 60(/): Is it safe for a,1yo11e or 
a11ythi11g to co11sume, bath a11d swim? 

Questio11 60(g): What is the economic 
impact as it relates to tourism a11d the 
recreatio11 i11dustry? 

Questio11 60(h): What is Williamso11 
E11ergy 's safety a11d health record for its 
111i11ers? 

The water will be well within standards based 
on our studies and will not be a threat. The 
main concern for this discharge is the addition 
of salt ( chloride, which is also found in table 
salt, is the main component of concern). By 
utilizing the mixing zone, which is very small 
and meets all limits imposed by the State of 
Illinois, the Mine will be ensuring that their 
discharge will not harm the Big Muddy River. 
Water quality standards are set after a 
regulatory process the determines whether 
they are protective of uses of the stream. By 
meeting water quality standards, the discharge 
will not be considered a threat to the 
ecosystem. 

The Big Muddy River has not been approved 
as a source of drinking water. The IEP A does 
not recommend human consumption of this 
water. The Big Muddy River has been 
designated as fully supporting Primary 
Contact Recreation. The addition of this 
discharge will not change the ability of this 
waterbody to meet that existing use, since all 
water quality criteria related to the 
constituents discharged by the Mine will be 
met. 
Because the mine discharge will comply with 
water quality standards, the existing uses of 
the Big Muddy River will not change. Thus, 
the discharge is not expected to impact 
tourism or recreation. In addition, the 
physical outfall structure is not expected to 
physically interfere with human activity on or 
near the river. 
The safety and health of the workforce is 
beyond the scope of IEP As review of this 
water discharge permit. 
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Question No. 78: How did Williamson 
Energy LLC dispose of high chloride and 
sulfate water in the past? 

Question No. 87: Mixing is not allowed in 
waters containing mussel beds a11 
endangered species habitat has this been 
determined by IEPA and IDNR? How's the 
current state of the river as well as the Sugar 
Creek mine discharge pipeline been 
considered in determining this? 

Question No. 91: HowwilltheIEPA verify 
all these calibrations will work so that the 
effluent stays within the limits of the 
regulations? (E246) 

As this became a more significant issue as 
mining progressed the mine developed a 
multi-faceted strategy for dealing with the 
water that included storing water 
underground, reusing the water in operations, 
storing water in the impoundments and 
occasionally discharging water when permit 
conditions allow. This system has reached 
capacity for current and potential future 
volumes of water hence the mixing zone 
request. 

IEP A relied upon a study entitled Freshwater 
Mussels of the Big Muddy River prepared for 
Illinois Department ofNatural Resources: 
Office of Resource Conservation that shows 
no particularly sensitive species of mussel are 
present in the main stem of the Big Muddy 
River that would be adversely impacted by 
this discharge. In addition, the applicant has 
conducted a Mussel Survey in April 2020 in 
the immediate vicinity of the mixing zone and 
determined that no mussel beds are present in 
the area of mixing. Based on habitat 
evaluations and surveys conducted to site 
benthic macroinvertebrate collections, no 
mussel habitat is believed in the vicinity of 
the diffuser and mixing zone. The absence of 
mussels will be confinned with a mussel 
survey which is scheduled to be performed 
prior to construction. The expected discharge 
from Sugar Camp has been accounted for in 
both the model analyzing the expected water 
quality standards and in the pennit conditions 
that prohibit discharge if the background 
concentration in the Big Muddy River 
exceeds the water quality standard. 

IEP A will review the monitoring results via 
the submission of company data that is 
required in the permit. The monitoring plan is 
designed to give real time data that allows for 
immediate action should a problem be 
detected b the com an or IEP A. 
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Question No. 101: ff the mine waste 
contaminants don't go down stream, will 
they spread out over fields and forests and 
how will the applicant monitor the 
distribution of mine wastes? Will 
contaminants become more concentrated as 
flood water recede? What will be the impact 
of these mine contaminates on farm soils 
and wildlife? (E385) 

The constituents discharged at the diffuser 
location will be transported downstream by 
the Big Muddy River. All water quality 
criteria will be met at the edge of the mixing 
zone. In the event of flooding conditions 
within the Big Muddy River, the constituent 
concentrations will be further reduced by the 
volume of water present. The distribution of 
these constituents would not likely be able to 
be detected. 
These constituents are dissolved in the water, 
so as the flood waters recede, the dissolved 
salts will move with the water. Flood waters 
tend to leach salts from soils, rather than 
depositing them. 

Farm soils and wildlife are not expected to be 
impacted by the constituents from this 
discharge. The concentrations present in the 
Big Muddy River downstream from the 
mixing zone are not expected to be affect 
farm soils or wildlife. While too much salt 
can be a concern for crop production, the 
predicted concentrations in the water 
downstream during normal conditions are 
within ranges that have been found to be 
manageable for use as irrigation. The 
additional natural floodwaters that will be 
present during floods will further reduce the 
concentrations. At no point in time is a 
flooding condition expected to concentrate the 
dispersed discharge. 
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Question No. 105(a): By allowing increased 
discharge of chloride, sulfate, tss and other 
pollutants that will adversely affect existing 
uses of the Big Muddy River and Pond 
Creek and other creeks in the area. The 
applicants plan to prevent violations of 
Illinois water quality standards outside the 
mixing zone for numerous pollutants is 

· . unlikely to be implemented. Among the ways 
in which existing uses will be impacted will 
be through chemical and biological process 
resulting fi·om allowed discharges that will 
cause increased methyl mercu1y, increased 
phosphorus, increased cyanobacteria and 
decreased dissolved oxygen in the water 
column. Damage to existing uses may also 
occur through damage to creeks not 
receiving discharges ji-om the mine but that 
they may be affected in quality ji-om reduced 
stream flow caused by groundwater moving 
downward to fill areas vacated by 
groundwater filling the mine. (E389) 

The plan to prevent violations of Illinois 
water quality standards will be implemented 
as required by the NPDES Pennit. For the 
response regarding methylmercury, refer to 
the response to Question 4 7. There is not 
expected to be an increase in phosphorus 
concentrations in the Big Muddy River due to 
this discharge. The citations given imply that 
this phosphorus will be released from the 
sediments due to the increased chloride and 
salt concentrations. This would imply that the 
sediments represent an infinite source of 
phosphorus as well. This is simply not true. 
The discharge is not expected to result in an 
increase in the phosphorus concentration 
downstream. 

Cyanobacteria have a potential competitive 
advantage over algal species due to the ability 
of some species to convert nitrogen gas into 
inorganic forms of nitrogen needed for 
growth. The claim that there will be an 
increase in cyanobacteria is based on the 
claim that there will be an increase in 
phosphorus. There is not expected to be an 
increase in phosphorus downstream from the 
proposed discharge. There is therefore not 
expected to be an increase in cyanobacteria. 

The treated discharge is not expected to 
decrease the dissolved oxygen concentration 
in the Big Muddy River. The increased 
turbulence should result in increased 
reaeration, although it is not expected to be a 
significant impact to the DO concentration. 
The mixing zone is not a zone of instant 
death. There is not expected to be a 
substantial increase in dead biomass as a 
result of this treated effluent. There is not 
enough biomass present in the River or within 
the mixing zone to cause an impact on the 
dissolved oxygen if all of the biomass was 
killed. Historic records of carbonaceous BOD 
from the Big Muddy River indicated 
concentrations less than 2.5 m L. This 
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Questioll No. 106: The NP DES permit does 
11ot ellsure compliance a writtell with Illinois 
water quality stalldard 35 Ill. Adm. Code 
302,304.105, alld 308.143. by illcreasi11g 
the levels of methyl mercury a11d 
phosphorus, deceasing DO levels, alld 
causing violations of narrative stalldards ill 
the Big Muddy. The Big Muddy is already 
listed as impaired by methyl mercury, low 
DO alld TSS ill the receivillg segmmt alld. 
llumerous dowllstream segments a11d as 
potentially impaired by phosphorus. (E389) 

Question No. 106(a) The a11tidegradatioll 
assessment makes 110 attempt to address 
impacts to mussels or evell assess if mussels 
are presellt i11 the area, despite clear 
direction that Illinois a11tidegradation policy 
calls for the mailltellance alld protection of 
existing uses, illcludi11g the preve11tio11 of a 
shift from pollution-sensitive to more 
pollution tolerant community and the loss of 
species diversity. 

See response to Question 105. 

Total Maximum Daily Load evaluations 
conducted in the Big Muddy River 

document the current and historic 

impainnent in the watershed, which is 
already dominated by pollutant tolerant 

species. This was further confinned in the 

vicinity of the mixing zone and diffuser in 
recent benthic macroinvertebrate surveys 

which demonstrated poor habitat and 

cmmnunities dominated by Chironomidae 
and Ceratopogonidae, both tolerant 

families. No degradation of existing uses is 

expected as a result of the mixing zone and 

discharges. Due to the depth and habitat 
limitations, no mussels are likely to be 

present in the vicinity of the discharge. 

However, a mussel survey is scheduled to 

be conducted as soon as temperature and 

flow conditions permit. 
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Question No. 110: The NPDES permit 
violates 302.102, 302.105(a), 304.105, 
309.141(d) and 309.143 because the 
reasonable potential test on which the public 
document relies was not properly pe1formed 
at least with regard to mercury, copper, iron, 
nickel, and selenium. It appears that 
cadmium and manganese have also not been 
tested properly. 

Question No. 111: The NPDES permit 
violates 302.102111 302.105(a), 304.105, 
309.14l(d) and 309.143 because the testing 
done for mercury was not done with 
sufficient sensitivity to determine whether 
there is a reasonable potential for the 
discharge to cause or contribute to violations 
of the applicable 12 ng/1 water quality 
standard in 302.208(/). 

The applicant has conducted additional 
sampling in response to comments previously 
received at the direction of IEP A and IEP A 
has used standard reasonably potential 
analyses to set the limits in the pennit. 

The applicant has conducted additional 
sampling for mercury in response to 
comments previously received at the direction 
of IEP A. The minimum detection limit in the 
additional sampling is .5 nano grams per liter 
(0.000005 mg/L). Based upon the additional 
at this MDL, the applicant's effluent does not 
have the reasonable potential to exceed the 
WQS for mercury. 
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WILLIAMSON ENERGY'S RESPONSES TO IEPA QUESTIONS 

Question No. 12: How will the unfiltered 
water discharged into the Big Muddy be 
filtered? BY whom and how is the discharge 
monitored? Monitoring needs to occur at all 
times to assess chemical discharge. (El 80) 

Questions No. 18: Several documents have 
said the pipeline is only for 10 years and 
then it will be removed. Is this the projected 
end of date of the coal seam and mine 
closure? (E259) 
Question No. 27 What are the long-term 
impacts of continual water usage and water 
withdrawal on nearby communities? 

Question No. 28: What is Foresight's daily 
Rend Lake usage in initial stages of coal 
production? What does it pay Adena 
Resources and the state of Illinois for this 
use? Explain the water contracts and 
Foresight's use of TVA 's coal. 

The water is treated at the site by settling 
solids out in the holding pond. This is a 
standard method of treatment for solids for 
many wastewater treatment systems. The 
Mine is required to comply with a Total 
Suspended Solids (TSS) concentration at the 
compliance point. Filtering has not been 
required to meet the water quality standards 
specified by the NPDES Permit. 

With respect to the monitoring request, a 
system of continuous monitors was proposed 
by the Mine and has been incorporated into 
the NPDES Permit. The treated effluent and 
the receiving stream upstream from the 
diffuser will have continuous monitors that 
will allow the system to maintain compliance 
with the water quality standards downstream. 

IEP A is unaware of any statement from the 
applicant indicating a 10-year service life of 
this pipeline. 

There are no known communities nearby that 
withdraw drinking water from the aquifers 
impacted by the Pond Creek Mine; therefore, 
long-term impacts of the water continuously 
infiltrating and removed from the 
under ound mine is not antici ated. 
Currently Sugar Camp, LLC uses Rend Lake 
water to supplement make-up water for coal 
processing. There is a provision for Pond 
Creek Mine to utilize this source of water as 
coal processing make-up water; however, 
Pond Creek Mine does not currently use this 
approved availability. Williamson Energy 
does not mine, control or have access to TV A 
coal. 

APR 21 2020 
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Question No. 30: In response to the 
question of why deep injection wells for salty 
water was not being considered, has 
Foresight provided numbers to /EPA to 
justify assertion? Ifit comesji-om saline 
aquifers why not retum it to them instead of 
dumping smface waters contain life? 

Question No. 31: Williamson Energy was 
found to have 45 effluent violations between 
the years 2015 and 2017. Eleven of those 
violations were sulfate and ten were chloride 
in Pond Creek. How can you say that we will 
not have problems with water quality wizen 
they have repeated problems with water 
quality? How can the water be safe if they're 
repeatedly violated? (T47) 

At Foresight's Sugar Camp operation, two 
underground injection wells were installed -
Well 1 in September 2013 and Well 2 in 
October 2014. The wells operated until 
January 2017, at which point the wells ceased 
operating because they were unable to 
continue to accept injections. The history of 
these two wells showed they only accepted, 
on average 3,750,000 gallons per month, 
which represents less than 4% of Williamson 
water disposal needs. 

Williamson Energy has had water quality 
excursions noted on NPDES Discharge 
Monitoring Reports over the past few years. 
The number of excursions noted are far 
exceeded by the number of compliant 
discharges reported over the same time period 
and it is important to know that Williamson 
remediated each excursion. Water 
management is of great concern to 
Williamson and with the increase of water in 
the mine is causing Williamson to seek out 
more efficient and effective systems to 
maintain proper water quality. Williamson is 
working diligently to maintain compliant 
water quality in Pond Creek and has 
determined a mixing zone is the safest and 
most effective system to employ. The mixing 
zone request is designed to remove most 
discharges from Pond Creek and put in place 
via the mixing zone a system that is designed 
to consistently maintain compliant water 
quality with real time monitoring to ensure 
that compliant water quality is being 
maintained at all times. All this is to reduce 
the possibility of non-compliant discharges. 
The real-time monitoring and flow controls 
included in the permit application are 
specifically designed to prevent water quality 
exceedances. 
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Question No. 35: I would like to know what 
the depth of the Big Muddy in that area is 
currently because it surely isn't 30 feet deep 
for the diffuser to be pouring effluent into 
the water? 

Question No. 36: How will the diffuser 
vents be protected ji·om people continuing 
to use the location as a dump site? 

The river depth at the diffuser site is 8-12 feet 
at baseline flow. This is more than enough 
depth to accommodate diffuser flow. 

As part of the NPDES Permit requirements, 
the Outfall will be marked by signage on the 
bank to let people on the River know the 
outfall is present. The diffuser ports will be 
installed in a way to minimize damage due to 
strikes from natural objects such as logs. 
The site is not located on a public road, 
which will reduce the potential for average 
member of the public from dumping large 
objects into the River at this location. The 
opposite bank is private property, which will 
also minimize the average member of the 
public from attempting to vandalize the 
diffuser. For those determined to do harm to 
the diffuser, the site will be monitored and 
access to the River will be limited. 
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Question No. 37: We analyzed the Data and 
found that the 90th percentile chloride 
concentration is actually 108 mg!, so I 
wanted to ask tonight how did the mine come 
to use 30 mg/ as the 90th percentile? 

Question No. 40: How will the mine develop 
that accurate calibration? Does the Agency 
have to approve the calibration curve derived 
by the mine? And are the calibrated values 
also reported 011 the DMR? Do we have all 
the information that they're using to do that 
calibration? 

The design used a background concentration 
of 151 mg/L for determining the worse-case 
condition for discharging. By using a 
background chloride concentration that is 
greater than the known background 
concentration, the Mine is ensuring that the 
water quality criteria will be met. The 
maximum discharge determined for each flow 
scenario utilized this elevated background 
concentration, so that the water quality 
criteria will be met at the edge of the mixing 
zone. 

In any event, even if the model under-reports 
the background levels, the water quality 
standard is still protected, because if the 
background concentration approaches or 
exceeds the WQS, then Williamson's ability 
to use the mixing zone will be limited or 
prevented by the terms and conditions of the 

ermit. 
The Mine will utilize a database that 
correlates the conductivity and chloride 
concentrations for the River coming to the 
diffuser and for the treated effluent 
discharged. The use of the conductivity 
sensor allows the system to respond in real­
time to reduce the discharge as necessary. 
These data will be provided to IEP A so that 
the Agency will be able to ensure compliance 
with the water quality standards and the 
Penni!. The Mine will review these data to 
ensure the control system stays up to date so 
that the system will maintain compliance with 
the water quality standards. 

IEP A is adding a condition to the pennit that 
requires Williamson to submit, and IEP A to 
accept, the correlation and underlying data 
prior to use of the mixing zone. Any 
information or data submitted to support the 
calibration will be publicly available. 
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Question No. 41: The IEPA should include a 
fish survey, a mussel survey and a survey of 
invertebrates pre-construction as well as 
long term monitoring post-construction 
would be or should be required. 

The mixing zone is sized and designed to 
provide fish passage and should not affect 
the fish community in the Big Muddy 
River. IEP A used a fish survey conducted 
by the Illinois Department of Natural 
Resources in assessing any potential fish 
impacts and found no adverse impacts. 
Likewise, a benthic macroinvertebrate 
survey has already been conducted by 
Alliance Consulting in 2019 and submitted 
to the administrative record by Williamson. 
The Survey occurred in the area 
downstream of the mixing zone. This 
survey demonstrated that the diffuser will 
be located in a pool of the river with poor 
habitat availability for greater than three­
quarters of a mile below the diffuser. The 
benthic macroinvertebrate community in 
the downstream sample was dominated by 
tolerant Chironomidae and 
Ceratopogonidae, typical of fine, unstable 
substrate. A few mayflies and unionids 
were collected in this survey which may 
indicate substrate, not water quality, is the 
limiting factor in this reach. A mussel 
survey is also scheduled to be conducted 
prior to diffuser construction but mussel 
surveys are limited to a specific sampling 
season which begins in April. In the 
unlikely event that a mussel bed is found 
within the diffuse construction location or 
mixing zone, this would be addressed with 
IEP A prior to construction. 
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Question No. 47: Will the increased 
chloride and total dissolved solids levels in 
the Big Muddy River cause higher methyl 
mercury levels? Will the acid mine drainage 
allowed in this permit also increase the 
conversion of mercury to methyl mercury? 
Can Illinois EPA assure us that it will not? 
(Till) 

The increased chloride and total dissolved 
solids concentrations in the Big Muddy River 
are not expected to lead to greater 
concentrations of methyl mercury. 

The claim of increased methylmercury 
releases due to the increased chloride 
concentrations are unsubstantiated. 
Methylmercury is formed primarily under 
anaerobic conditions. These conditions are 
not expected in the Big Muddy River. These 
conditions are expected in sediments not in 
direct contact with aerated water. Meaning 
the deeper sediments that are not directly 
impacted by the overlying water column are 
expected to be anaerobic or anoxic. 

While the literature sources cited indicate a 
potential for the increase in the release of 
methylmercury upon increased chloride 
concentrations, this does not mean that there 
is an infinite source of available mercury to 
convert. Effluent present in the mixing zone, 
where the greatest concentrations of chlorides 
are expected is not anticipated to interact with 
the bottom sediments. Therefore, there is 
minimal risk of increased release of 
methylmercury within the mixing zone area. 
Moving downstream, the concentration of 
chloride will continue to decrease, further 
reducing the theoretical risk of mercury 
release. 

There is much discussion in the public 
comments that atmospheric deposition of 
mercury is the primary source of mercury in 
the Big Muddy River. The presence of 
elevated chloride concentrations has been 
shown to prevent inorganic mercury from 
sorbing to sediments (Randall, March 2013, 
Enviromnental Research). Therefore, the 
presence of this chloride is expected to reduce 
the potential deposition of mercury to the 
sediment beds. By reducing the potential 
so tion of mere onto sediments, more of 
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Question No. 60(a): My major concern is 
how will the public and your organization 
know if the dilution system is effective, 
especially if the proposed egress of the 
wastewater is downstream ji·om the gauging 
station where water is measured and 
analyzed. 

Question 60(b): Has the wastewater been 
tested before and after diluted measures 
taken place on a normal day, and week of 
operation? 

this deposited mercury would be expected to 
migrate downstream within the water column. 

ithout a new source of mercury to the 
sediments, the mercury concentration that 
may be present in the sediments could 
decrease so that the potential for 
methylmercury production in the sediments 
would be reduced. If the elevated chloride 
and TDS concentrations could lead to 
increased transformation of the mercury in 
Riverbed sediments and subsequent transport 
into the water column from the sediments, 
this would be a short-lived phenomenon, 
since the potential for the sorption of new 
inorganic mercury onto sediments and 
subsequent deposition to the bed sediments 
would be reduced. In other words, the rate of 
production of methyl mercury would be 
expected to decline overall since the source of 
new mercury to the sediments would be 
reduced. 

The IEP A will require a continuous real-time 
monitoring program as a condition in the 
NPDES Permit. The closest station 
downstream that can be safely monitored will 
be chosen to ensure compliance with the 
water quality standards. 

Dilution occurs within the mixing zone and is 
monitored and calibrated to ensure water 
quality standards are continuously met. 
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Question 60(c): What exactly does diluted 
measures mean? 

Question 60(d): How effective and how 
much of the heavy metals are recovered in 
the process 011 a daily, weekly, and monthly 
period? 

The holding pond from where the treated 
effluent will be discharged has been 
monitored in preparation for this pennit and 
will continue to be monitored as part of the 
NPDES Permit compliance. The effluent is 
expected to vary with the addition of 
rainwater as part of natural conditions. This 
is the only natural dilution that will occur 
prior to discharge. 

With respect to the outfall configuration, the 
effluent will be discharged in a manner to 
maintain the water quality criteria 
downstream. The NPDES sets discharge 
limits for the discharge to the Big Muddy 
River. The Mine will not be allowed to 
exceed these limits. If the Big Muddy River 
flow is very high, the maximum discharge 
that can occur is 5,000 gallons per minute. 
During the majority of the time based on the 
historical flow record, the Mine's discharge 
will be limited by the actual flowrate, the 
background concentration, and the effluent 
concentration. Each of these three parameters 
will be monitored to achieve the water quality 
criteria at the edge of the mixing zone. 

Based on testing performed as part of the 
permit application, heavy metals are not at 
concentrations that have the reasonable 
potential to exceed the water quality criteria. 
The effect of the mixing zone will be to 
further reduce the concentration, so that there 
is less of a chance of exceeding the water 
quality criteria in the Big Muddy River due to 
this discharge. The Mine does not actively 
attempt to recover heavy metals as part of its 
business model. However, as part of the 
water treatment on-site, the capture of solids 
within the pond systems does serve to reduce 
the potential concentration of metals that 
would be discharged. This is due to most 
metals preference to be attached to solids 
under the conditions found in the Holding 
Pond. 
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Question 60(e): How da11gerous will; this 
water be for the ecosystem? 

Question 60(/): Is it safe for a11yo11e or 
a11ythi11g to co11sume, bath a11d swim? 

Question 60(g): What is the eco11omic 
impact as it relates to tourism a11d the 
recreation industry? 

Question 60(h): What is Williamso11 
Energy's safety a11d health record for its 
111i11ers? 

The water will be well within standards based 
on our studies and will not be a threat. The 
main concern for this discharge is the addition 
of salt ( chloride, which is also found in table 
salt, is the main component of concern). By 
utilizing the mixing zone, which is very small 
and meets all limits imposed by the State of 
Illinois, the Mine will be ensuring that their 
discharge will not hann the Big Muddy River. 
Water quality standards are set after a 
regulatory process the determines whether 
they are protective of uses of the stream. By 
meeting water quality standards, the discharge 
will not be considered a threat to the 
ecosystem. 

The Big Muddy River has not been approved 
as a source of drinking water. The IEP A does 
not recommend human consumption of this 
water. The Big Muddy River has been 
designated as fully supporting Primary 
Contact Recreation. The addition of this 
discharge will not change the ability of this 
waterbody to meet that existing use, since all 
water quality criteria related to the 
constituents discharged by the Mine will be 
met. 
Because the mine discharge will comply with 
water quality standards, the existing uses of 
the Big Muddy River will not change. Thus, 
the discharge is not expected to impact 
tourism or recreation. In addition, the 
physical outfall structure is not expected to 
physically interfere with human activity on or 
near the river. 
The safety and health of the workforce is 
beyond the scope of IEP As review of this 
water discharge permit. 



R00199

I 

Question 60(i): How have other mines dealt 
with this similar situation? 

Question No. 65: Why would the permittee 
determine the effluent limitation for chloride 
and the maximum effluent flow? How would 
this be monitored? Given the violations 
related to this company conceming its 
outfall sites, why would you trust that 
regulations will be followed? (El 58) 

Question No. 74: Are there any locations 
downstream that have mussel populations? 

Several mines in IL have employed mixing 
zones previously and currently. While this 
saltwater aquifer is not unique, it is also not 
common. Other mines are able to discharge 
through stonnwater discharges while still 
meeting the water quality criteria. This has 
become impossible due to the inclusion of the 
saltwater aquifer into our water supply. 

The maximum flow at which compliant water 
quality could be maintained had to be 
detennined for permitting purposes so that the 
monitoring system could be properly 
calibrated so that flow can be automatically 
adjusted to ensure water quality is always 
maintained. The monitoring design and 
protocol can be found in the response to 
request. Diligent monitoring and IEP A 
reporting requirements and oversight will 
ensure water quality is properly maintained. 
The law imposes the requirement to monitor 
and report water quality of effluent on every 
discharger in the state of Illinois. The State 
does not conduct the required bi-monthly 
monitoring of any pennitee's effluent. 

IEP A relied upon a study entitled Freshwater 
Mussels of the Big Muddy River prepared for 
Illinois Department ofNatural Resources: 
Office of Resource Conservation that shows 
no particularly sensitive species of mussel are 
present in the main stem of the Big Muddy 
River that would be adversely impacted by 
this discharge. In addition, the applicant has 
conducted a Mussel Survey in April 2020 in 
the immediate vicinity of the mixing zone and 
determined that no mussel beds are present in 
the area of mixing. 
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Questioll No. 78: How did Williamsoll 
Ellergy LLC dispose of high chloride alld 
sulfate water ill the past? 

Questioll No. 87: Mixing is 11ot allowed ill 
waters colltai11i11g mussel beds a11 
e1lda11gered species habitat has this bee11 
determilled by /EPA alld IDNR? How's the 
curre11t state of the river as well as the Sugar 
Creek mine discharge pipeli11e bee11 
considered ill determillillg this? 

Questioll No. 91: How will the /EPA verify 
all these calibrations will work so that the 
effluent stays within the limits of the 
regulations? (E246) 

As this became a more significant issue as 
mining progressed the mine developed a 
multi-faceted strategy for dealing with the 
water that included storing water 
underground, reusing the water in operations, 
storing water in the impoundments and 
occasionally discharging water when pennit 
conditions allow. This system has reached 
capacity for current and potential future 
volumes of water hence the mixing zone 
request. 

IEP A relied upon a study entitled Freshwater 
Mussels of the Big Muddy River prepared for 
Illinois Department of Natural Resources: 
Office of Resource Conservation that shows 
no particularly sensitive species of mussel are 
present in the main stem of the Big Muddy 
River that would be adversely impacted by 
this discharge. In addition, the applicant has 
conducted a Mussel Survey in April 2020 in 
the immediate vicinity of the mixing zone and 
determined that no mussel beds are present in 
the area of mixing. Based on habitat 
evaluations and surveys conducted to site 
benthic macroinvertebrate collections, no 
mussel habitat is believed in the vicinity of 
the diffuser and mixing zone. The absence of 
mussels will be confinned with a mussel 
survey which is scheduled to be performed 
prior to construction. The expected discharge 
from Sugar Camp has been accounted for in 
both the model analyzing the expected water 
quality standards and in the permit conditions 
that prohibit discharge if the background 
concentration in the Big Muddy River 
exceeds the water quality standard. 

IEP A will review the monitoring results via 
the submission of company data that is 
required in the permit. The monitoring plan is 
designed to give real time data that allows for 
immediate action should a problem be 
detected by the com an or IEP A. 
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Question No. 95: Can Williamson Energy 
be responsible for restoring the fish 
population 

Question No. 97: What happens to the 
wildlife that lives in these backflow areas? 
Why do corporations get with dumping the 
true costs of their for-profit operations,? 
Who's going to pay to clean up our 
waterways or deal with the cancer that will 
surely develop from this pollution? (E371) 

Question No. 100: Will the applicant be 
allowed to pump co11ta111i11a11ts into the Big 
Muddy during periods when it is flowing 
backwards? How will the applicant monitor 
dilution of mine wastes in the water column 
during periods of backwards.flow and 
stagnation? (E385) 

We do not expect or anticipate fish kills 
directly related to the mixing zone discharges 
because the water leaving the mixing zone 
boundaries will meet all relevant water 
standards. Within the mixing zone itself it is 
required to leave a safe passage for fish and 
you cannot use more the ¼ of the stream 
width for the mixing zone by regulation. 
Should there be an unanticipated fish kill 
directly related to the mixing zone the State of 
Illinois will investigate and take appropriate 
actions under existing laws. 

The effluent is discharged into the Big Muddy 
River, not into a backwater area. During a 
flood in which water from the Big Muddy 
River could be pushed upstream into the 
tributaries, the additional dilution from the 
flood waters would result in even lower 
concentrations. Therefore, there would not be 
any expected impacts to backflow areas of the 
tributaries. 
Mixing zones are specifically sized and 
shaped to protect wildlife by providing 
passage around the mixing zone and 
achieving protective water quality criteria at 
the edge of the mixing zone. Compliance 
with water quality standards is designed to be 
protective of aquatic life and human health. 

Upon reviewing the data for the gage at 
Murphysboro, which has recorded gage 
height since 1995, the elevations recorded 
during times of flow reversal range from 
339.36 ft NGVD29 to 366.45 ft NGVD29. 
The proposed diffuser location has a 
minimum water surface elevation of357.21 ft 
NGVD29. It is therefore not likely that any 
flow reversal will occur within the mixing 
zone. 
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Question No. 101: ff the mine waste 
contaminants don't go down strea111, will 
they spread out over fields and forests and 
how will the applicant monitor the 
distribution of mine wastes? Will 
conta111inants beco111e 111ore concentrated as 
flood water recede? What will be the i111pact 
of these mine conta111inates onfar111 soils 
and wildlife? (E3 85) 

The constituents discharged at the diffuser 
location will be transported downstream by 
the Big Muddy River. All water quality 
criteria will be met at the edge of the mixing 
zone. In the event of flooding conditions 
within the Big Muddy River, the constituent 
concentrations will be further reduced by the 
volume of water present. The distribution of 
these constituents would not likely be able to 
be detected. 
These constituents are dissolved in the water, 
so as the flood waters recede, the dissolved 
salts will move with the water. Flood waters 
tend to leach salts from soils, rather than 
depositing them. 

Farm soils and wildlife are not expected to be 
impacted by the constituents from this 
discharge. The concentrations present in the 
Big Muddy River downstream from the 
mixing zone are not expected to be affect 
farm soils or wildlife. While too much salt 
can be a concern for crop production, the 
predicted concentrations in the water 
downstream during normal conditions are 
within ranges that have been found to be 
manageable for use as irrigation. The 
additional natural floodwaters that will be 
present during floods will further reduce the 
concentrations. At no point in time is a 
flooding condition expected to concentrate the 
dispersed discharge. 
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I I 

Question No. 102: What are the impacts to 
the La Rue Swamp if polluted mine water 
seeps under the Big Muddy Levy? (E385) 

Question No. 103: What is the total and 
exact chemical composition, as well as the 
safety and inspection proposed by this 
pipeline? 

Question No. 105: The NP DES permit does 
not ensure compliance as written with 
Illinois water quality standard 35 Ill. Adm. 
Code 302. 

There are not expected to be any impacts to 
the LaRue Swamp. The LaRue Swamp is 
located approximately within 6 miles from the 
confluence with the Mississippi River. At 
this point, the water discharged by the Mine at 
the diffuser location will be dispersed within 
the River. There will not be a separate layer 
of water. The ability for any water to seep 
into the LaRue swamp through the levy 
system is dependent upon the difference in 
elevation (head) of the waters on each side of 
the levy. During normal flow conditions on 
the Big Muddy River, we do not anticipate a 
head pressure significant enough to push 
water from the River to the other side of the 
swamp. During times of higher flow 
including flooding conditions, the amount of 
additional water present in the River will 
further decrease the concentrations that are 
discharged. Any water that would seep 
through the levy system would not be 
expected to contain concentrations of 
constituents discharged by the mine that 
would impact the LaRue Swamp. 

The discharge pipe will be constructed using 
PVC material of appropriate gauge and will 
be inspected according to good engineering 
practices, permit and agency requirements. 

We assert that the NPDES pennit does meet 
standards and it is the IEP A obligation 
throughout the pennitting and approval 
process to place standards and conditions in 
the permit to assure compliance. 
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Question No. 105(a): By allowing increased 
discharge of chloride, sulfate, tss and other 
pollutants that will adversely affect existillg 
uses of the Big Muddy River and Pond 
Creek and other creeks in the area. The 
applicants plan to prevent violations of 
Illinois water quality sta11dards outside the 
mixi11g zone for numerous pollutants is 

·. unlikely to be i111pleme11ted. Among the ways 
in which existing uses will be impacted will 
be through chemical and biological process 
1·esulting ji·om allowed dischaiges that will 
cause increased methyl 111ercury, increased 
phosphorus, increased cyanobacteria and 
decreased dissolved oxygen in the water 
column. Da111age to existing uses may also 
occur through damage to creeks not 
receiving discharges fi·om the mille but that 
they may be affected in quality ji-0111 reduced 
stream flow caused by groundwater moving 
downward to fill areas vacated by 
groundwater filling the mine. (£389) 

The plan to prevent violations of Illinois 
water quality standards will be implemented 
as required by the NPDES Permit. For the 
response regarding methylmercury, refer to 
the response to Question 4 7. There is not 
expected to be an increase in phosphorus 
concentrations in the Big Muddy River due to 
this discharge. The citations given imply that 
this phosphorus will be released from the 
sediments due to the increased chloride and 
salt concentrations. This would imply that the 
sediments represent an infinite source of 
phosphorus as well. This is simply not true. 
The discharge is not expected to result in an 
increase in the phosphorus concentration 
downstream. 

Cyanobacteria have a potential competitive 
advantage over algal species due to the ability 
of some species to convert nitrogen gas into 
inorganic fonns of nitrogen needed for 
growth. The claim that there will be an 
increase in cyanobacteria is based on the 
claim that there will be an increase in 
phosphorus. There is not expected to be an 
increase in phosphorus downstream from the 
proposed discharge. There is therefore not 
expected to be an increase in cyanobacteria. 

The treated discharge is not expected to 
decrease the dissolved oxygen concentration 
in the Big Muddy River. The increased 
turbulence should result in increased 
reaeration, although it is not expected to be a 
significant impact to the DO concentration. 
The mixing zone is not a zone of instant 
death. There is not expected to be a 
substantial increase in dead biomass as a 
result of this treated effluent. There is not 
enough biomass present in the River or within 
the mixing zone to cause an impact on the 
dissolved oxygen if all of the biomass was 
killed. Historic records of carbonaceous BOD 
from the Big Muddy River indicated 
concentrations less than 2.5 m L. This 
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Question No. 105(a)(2): Nickel has 11ot bee11 
properly considered and the cumulative 
effect of the increased co11ce11tratio11s of 
these polluta11ts together have been ignored. 
The limits of the testing and the se11sitivity of 
testing methods is such that illcreased 
loading of a number of other polluta11ts is 
probable. (E389) 

indicates that there is not a significant 
concentration of biomass present in the Big 
Muddy River. 

The saltwater aquifer that is the source of this 
chloride water is not likely connected to the 
freshwater systems feeding the surface 
drainage. Furthermore, no connection 
between surface drainage features and the 
mining operations is known. The claim that 
creeks will be affected by a loss of water due 
to groundwater migrating to fill the saltwater 
aquifer as it is migrating into the mine is 
unfounded. 

Nickel is not a constituent of concern for site 
surface pond operations. While nickel can be 
found in coal, the source of the salt water is 
from an aquifer in the sandstone layer above 
the operating unit of the mine and is not 
expected to have a nickel concentration that is 
above water quality criteria. The water being 
discharged will be a mix of the saltwater 
aquifer and from surface water collected on­
site. Nickel can be found in coal. However, 
this nickel is not expected to leach from the 
coal under the operating conditions found at 
the mine site. Further, it is expected that the 
control of solids discharged from the final 
holding pond will limit the amount of coal 
and therefore, metals that may be found in 
coal, that could be discharged. 

As pati of the pem1itting process, the mine 
sampled its expected effluent for total nickel 
and dissolved nickel, each with a minimum 
detection limit of .005 mg/L. The results 
from this sampling and analysis indicate that 
the mine effluent does not have the reasonable 
potential to exceed the water quality standard 
for nickel. 
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Question No. 106: The NP DES per111it does 
ll0t ensure co111pliallce a writtell with Illinois 
water quality standard 35 Ill. Adm. Code 
302,304.105, alld 308.143. by increasillg 
the levels of 111ethyl 111ercury and 
phosphorus, deceasillg DO levels, alld 
causillg violatiolls of narrative standards ill 
the Big Muddy. The Big Muddy is already 
listed as i111paired by 111ethyl 111ercury, low 
DO and TSS ill the receiving segment and· 
llumerous downstrea111 segments and as 
potentially impaired by phosphorus. (E389) 

Question No. 106(a) The alltidegradation 
assess111ellt 111akes no attempt to address 
impacts to 111ussels or evell assess if mussels 
are presellt ill the area, despite clear 
direction that Illinois antidegradation policy 
calls for the maintenance alld protection of 
existing uses, illcluding the prevelltion of a 
shift fro111 pollutioll-sensitive to 111ore 
pollutioll tolerant com111ullity and the loss of 
species diversity. 

See response to Question 105. 

Total Maximum Daily Load evaluations 
conducted in the Big Muddy River 

document the current and historic 

impairment in the watershed, which is 
already dominated by pollutant tolerant 

species. This was further confinned in the 
vicinity of the mixing zone and diffuser in 

recent benthic macroinvertebrate surveys 

which demonstrated poor habitat and 

communities dominated by Chironomidae 
and Ceratopogonidae, both tolerant 

families. No degradation of existing uses is 

expected as a result of the mixing zone and 
discharges. Due to the depth and habitat 

limitations, no mussels are likely to be 

present in the vicinity of the discharge. 

However, a mussel survey is scheduled to 

be conducted as soon as temperature and 
flow conditions permit. 
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Questio11 No. 107: The NPDES permit 
violates 302.105(c) by allowi11g 11ew 
discharges to the Big Muddy River a11d Po11d 
Creek that are 11ot 11ecessa1y to 
accommodate important social a11d 
economic development but, 011 the contrary, 
will harm social and economic development 
by further wedding the local eco11omy to an 
industly without a lo11g term future and a 
company likely to leave the community with 
a large e11viro11me11tal hazard that will have 
to be cleaned up with public funds. 
Neighbors of the mi11e will co11tinue to be 
harmed by the mining operations. Further, 
the mining of coal, to the extent it occurs, 
and the coal is burned in China or 
elsewhere, will harm the local econo111y by 
i11creasing the emission of greenhouse gases. 

Question No. 108: The NPDES permit 
violates 302.105 a11d 309.141(d), 309.143, 
and 309.146 by allowing a mixing zone that 
(the misrepresentations made in the record 
by the applicant noflvithsta11ding) will i11 fact 
result is violations of applicable water 
quality standards outside the mixing zo11e by 
allowing increased discharges subject to 
impleme11tatio11 of a complex dilution and 
monitoring formula by a11 applica11t that 
has prove11 itself utterly incapable of 
complying with limits and reporting 
requirements of its current relatively simple 
per111it and by allowing a mixing zone in 
Pond Creek with 110 dilution is available. 

Question No. 109: The NPDES per111it 
violates Code 146 by failing to require 
111011itori11g adequate to determine 
compliance with the co111plex dilutio11 
scheme contemplated by the permit. 

The applicant indicates that the discharge will 
support a mining operation that employs over 
235 direct, highly paid employees and 
supports an additional 705 indirect jobs, using 
industry-standard metrics for measuring 
indirect impacts of coal mining. The mine 
supports an additional 100 jobs directly 
through use of contractors. The discharge is 
not anticipated to have the harm stated in the 
question as it will comply with water quality 
standards. 

The effect of coal bum in China or elsewhere 
is beyond the scope ofIEP A's review of this 
water discharge pennit. 

The applicant has removed the mixing zone 
on Pond Creek from its renewal application in 
response to this comment. However, the Big 
Muddy mixing zone remains. The operation 
of the discharge will be controlled by 
programmable logic controls using real-time 
and continuous data. Thus, the software 
systems will control the flow. 

Most NPDES permits issued require limited 
sampling. This Permit will require 
continuous monitoring. This includes real­
time sensors that track the Big Muddy River 
coming to the proposed diffuser location as 
well as the effluent being discharged. This 
scheme will ensure that the effluent is not 
being discharged at a rate or at a 
concentration that will cause an exceedance 
of the water uality criteria. 
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Question No. 110: The NPDES permit 
violates 302.J 02, 302.105(a), 304.105, 
309.141(d) and 309.143 because the 
reaso11able potential test 011 which the public 
document relies was 11ot properly performed 
at least with regard to mercury, copper, iron, 
11ickel, and selenium. It appears that 
cadmium and manganese have also not been 
tested properly. 

Question No.111: The NPDES permit 
violates 302.102111 302.105(a), 304.105, 
309.14l(d) and 309.143 because the testing 
do11e for mercury was not done with 
sufficient sensitivity to determille whether 
there is a reaso11able potential for the 
discharge to cause or contribute to violations 
of the applicable 12 ng/1 water quality 
standard in 302.208(/). 

The applicant has conducted additional 
sampling in response to comments previously 
received at the direction of IEP A and IEP A 
has used standard reasonably potential 
analyses to set the limits in the permit. 

The applicant has conducted additional 
sampling for mercury in response to 
comments previously received at the direction 
of IEP A. The minimum detection limit in the 
additional sampling is .5 nano grams per liter 
(0.000005 mg/L). Based upon the additional 
at this MDL, the applicant's effluent does not 
have the reasonable potential to exceed the 
WQS for mercury. 
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FROM:. 

SUBJECT: 

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY 
1021 NORTH GRAND AVENUE EAST, P.O. Box 19276, SPR.INGFIELO, ILLINOIS 62794-9276 • (217) 782-3397 

JB PRITZKER, GOVERNOR JOHN J. KIM, DIRECTOR 

15 April 2020 

Iwona Ward 

Scott Twait / 

WQBELs 

Memorandum 

Williamson Energy, LLC - Pond Creek Mine 
NPDES Permit No. IL007766 · (Williamson County) 

The subject facility discharges to the unnamed tributaries of Pond Creek through Outfalls 001 - 008 at a point 
where O cfs of flow exists upstream of the outfalls during critical 7Q10 low-flow conditions. The unnamed 
tributaries of Pond Creek are classified as a·General Use Water. The unnamed tributaries of Pond Creek are not 
listed as a biologically si~ficant streams in the 2008 Illinois Department of Natural Resources Publication 
Integrating Multiple Taxa in a Biologi,cal Stream Rating System, nor are they given an integrity rating in that 
document. The unnamed tributaries of Pond Creek, tributary to Waterbody Segment, NG-02, is not listed on the 
draft 2016 Illinois Integrated Water Quality Report and Section 303(d) List since they have not been.assessed. The 
unnamed tributaries of Pond Creek are not subject to enhanced dissqlved oxygen standards. 

. . 
Outfalls 001 through 005 are alkaline-mine 9,I'ainage and outfalls 006 - 008 are acid mine drainage. The NPDES 
application did not indicate any watershed sizes or flow expected for mixing and therefore, no mixing is ·allowed. 

Chloride should be regulate;d as a daily maximum at the water quality standard of 500 mg/L for all of the outfalls. · 

The Sulfate limit is determined according to the water quality standards at 302.208(h)(2). The chloride and 
hardness data is from AWQMN station NG-02, Pond Creek, South edge of West Frankfort, downstream of the 
Williamson. Energy, LLC - Pond Creek Mine No. 1 property,, so this limit should be used for all outfalls. Flow data 
was not provided, so calculation of mixing was not completed.- No mixing was used in the derivation of the· 
effluent limit. The following table shows the results of downstream chl?ride and hardness. 

Average Receiving Stream Sulfate Water Quality 
Outfalls Receiving Stream Critical Hardness Standard (mg/L) 

Chloride (mg/L) (mg/L) 
001-009 21.5 141 .1250 

The sulfate values in the far-right column are applied as daily maximum permit limits. 

. . 
Where appropriate, Manganese should be regulated as a daily maximum at the water quality standard of 1.0 mg/L. 

Monitoring for chloride, sulfate and hardness should be periodically required at a downstream location from each 
outfall, or downstream of the mine property, during the course of the permit. This data will be used to recalculate 
sulfate limits for the next renewed or modified permit. 

.Cadmium, Chromium (Trivalent), Copper, Fluoride, Lead, Manganese, Nickel, and Zinc standards are based on 
hardness data collected at AWQMN station NJ-07, Casey Fork, S of Mount Vernon, :with a critical hardness value 
of 141 mg/Las CaCO3. Water quality standards identified in the table are expressed in units of mg/L except where 
noted. Dissolved metals standards have been converted to total metal exce~t where noted. All data was provided 

4302 N. Main Street, Rockford, IL61103 (815) 987-7760 
595 s. State Street, Elgin, ll 60123 (847) 608-3131 
2125S. First Street, Champaign, IL61820(217) 278-5800 
2009 Mall Street CoOinsville, IL 62234 (618) 346-5120 · 

9511 Harrison Street, Des Plaines, IL 60016 (847) 294-4000 
412 SW Washington Street, Suite 0, Peoria, IL 61602 (309) 671-3Q2i 
2309 w. Main Street, Suite 116, Marlon, IL 62959 (618) 993-7200 ·· 
100 W. Randolph Street, Suite4-500, Chicago, IL 60601 

PLEASE PRINT ON RECYCLED PAPER 
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by the discharger. 

Outfall 001 

Substance 

Arsenic 

Cadmium 

Chromium (Total) 

Conner 

Iron <Dissolved) 

Lea:d 

Man~anese 

Mercury (nwi,) ** 

Nickel 

Phenols 

Silver 

Zinc 

Selenium 

Max. Eff. 
Cone. 

0.002 

0.018 

0.004 

0.004 

0.386 

< 0.0075 

0.52 

14.7 

0.067 

<0.01 

< 0.005 

0.025 

0.011 

No.of ·Multiply 95% 
Samples by Potential 

7 2.0- 0.004 

7 2.0 0.036 

7 2.0 Q.008 

7 2.0 0.008 

17 1.4 0.5404 

7 2.0 0.015 

6 2.1 1.092 

10 1.7 24.99 

7 2.0 0.134 

.7 2.0 . 0.02 

7 2.0 0.01 

7 2.0 0.05 

7 2.0 0.022 
* No RP = no reasonable potential to exceed water quality standards. 
*.* ·au results in rig/L. Human Health standard given 

Further Analysis: 

Acute 302.208(g) Further 
Standard standard Analysis? 

0.3600 - No RP* 

0.0144 - Yes 

2.3009 - No RP* 

0.0245 - No RP* 

- 1.0 No RP* 

0.1482 - No RP* 

5.51 No RP* 

- 12.0 Yes 

0.1104 - Yes 

- 0.1 No RP* 

- 0.005 Yes 

0.1635 - No RP* 

- 1.0 No RP* 

There is a reasonable potential to exceed the acute water quality standard for Cadmium. Cadmium should be 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals 
translator. · 

The average of the Mercury samples times the multiplier (12. ng/L x 1.7 = 20.4 ng/L) was greater than the human 
health water quality standard. My conclusion is that a Mercury limit should be incorporated into the NPDES permit 
at ~e human health water quality standard. 

The Williamson Energy-_ Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion 
is that no regulation of Silver is necessary and that no monitoring beyond the routine requirements is needed. 

The Nickel value.(0.067 mg/L) reported in the application has been determined to be an outlier according to th~ 
procedure found in the 18th ~dition of Standard Methods. The next highest Nickel value times the multiplier (0.003 
mg/L x 2.1_ = 0.0063 mg/L), therefore, there is no reason.able potential to.exceed the acute water quality standard for 
Nickel. My conclusion is that no regulation of Nickel is necessary and that no monitoring beyond the routine 
requirements is needed. · 

Outfall· 002 

Max. Eff. No.of Multiply 95% Acute 302.208(g) Further 
Substance Cone. Samples bv Potential Standard standard Analysis? 

Arsenic 0.002 7 2.0 0.004 0.36.00 - No RP* 
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Cadmium 0.031 7 2.0 0.062 

Chromium (Total) 0.004 7 2.0 0.008 

Copper 0.013 7 2.0 0.026 

Iron <Dissolved) . 0.63 17 1.4 0.882 

Lead < 0.0075 7 2.0. 0.015 

Manganese 1.185 6 2.1 2.4885 

Mercury (nwl,) **. 3.67 10 1.7 6.239 

Nickel 0:014 · 7 2.0 0.148 

Phenols <0.01 7 2.0 0.02 

Silver < 0.002 7 2.0 0.004 

Zinc 0.059 7 2.0 0.118 

Selenium · 0.016 7 2.0 0.032 
* No RP = no reasonable potential to exceed water quality standards. 
** all results in ng/L. Human Health standard given. 

Further Analysis: 

0.0144 - Yes 

2.-3009 - No RP* 

0.0245 - Yes 

- 1.0 No RP* 

0.1482 - No RP* 

5.51 - No RP*. 

- 12.0 No RP* 

0.1104 - Yes 

. - 0.1 No RP* 

- 0.005 No RP* 

0.1635 - No RP* 

- 1.0 No RP* 

There is a reasonable potential to ·exceed the acute water quality standard for Cadmium. Cadmiupi should be 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals· 
translator. 

There is a reasonaqle potential to exceed the acute water quality ~tandard for Copper. Copper should be regulated 
as a daily maximum in the NPDES permit at the acute water quality standard using the default metals translator . 

.. There is a reasonable potential to exceed the acute water quality standard for Nickel. Nickel should be regulated as 
a daily maximum in the NPDES permit at the acute water quality standard using the default metals translator. 

Outfall 003 

Max. Eff. No.of Multiply 95% Acute 302.208(g) Further 
Sub.stance Cone: Samples bv Potential Standard standard Analysis? 

Arsenic · 0.003 7 2.0 · 0.006 0.3600 - No RP* 

Cadmium 0.024 7 2.0 0.048 0.0144 - Yes 

Chromium (Total) 0.004 7 2.0 0.008 2.3009 - No RP* 

Copper 0.003 7 2.0 0.006 0.0245 - No RP* 

Iron <Dissolved) 0.73 17 1.4 1.022 - 1.0 Yes 

Lead < 0.0075 7 2.0 0.015 0.1482 - No RP* 

Manganese 0.625 7 2.0 1.25 5.51 - No RP* 

Mercury (nwl,) ** 10 9 1.8 18 - 12.0 Yes 

Nickel 0.003 7 2.0 0.006 0.1104 - No RP* 

Phenols . < 0.01 7 2.0 0.02 - 0.1 No RP* 

Silver < 0.005 7 2.0 0.01 - 0.005 Yes 

Zinc '<0.05 7 2.0 0.1 0.1635 - No RP* 
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I Selenium 0.009 7 2.0 0.018 
* No RP = no reasonable potential to exceed water quality standaras . 
. ** all results in ng/L. Human Health standard given. 

Further Analysis: 

1.0 I ·No RP* 

There is a reasonable potential to exceed the acute w~ter quality standard for Cadmium. Cadmium should be . 
regulated as a daily maximum in the NPDES permit at the acute water quality st;mdard using the default metals 
translator. · · 

There is a reasonable potential to exceed the 302.208(g) water quality standard for Iron (dissolved). Iron · 
(dissolved) should be regulated as a daily maximum in.the NPDES permit at the 302:208.(g) water quality standard. 

The average of the Mercury samples times the multiplier (7.36 ng/L x 1.4 = 10.3 ng/L) was less than the human 
health water quality standard. My conclusion is that no regulation of Mercury is necessary and that no monitoring 

_ beyond the routine requireinents is needed. 

The Williamson Energy- Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion 
is that no regulation of Silver is necessary and that no monitoring beyond the routine requirement~ is needed. 

Outfall 004 

Max. Eff. No.of Multiply 95% 
Substance Cone. Samples by Potential 

Arsenic 0.002 7 2.0 0.004 

Cadmium 0.024 T 2.0 0.048 

Chromium (Total) 0.002 7 2.0 0.004 

Copper 0.019 7 2.0 0.038 

Iron <Dissolved) 0.42 17 1.4 0.588 

Lead <0.0075 7 2.0 0.015 

Manganese 0.75 6 2.1. 1.575 

Mercurv (ng/IJ ** 3.4 10 1.7 5.78 

Nickel 0.005 7 2.0 0.01 

Phenols < 0.01 7 2.0 0.02 

Silver < 0.005 7 2.0 0.01 

Zinc 0.0203 7 2.0 0.0406 

Selenium 0.008 6 2.1 0.0168 
* No RP = no reasonable potential to exceed water quality standards. 
** all results m ng/L. Human Health standard given. 

Further Analysis: 

Acute 302.208(g) Further 
Standard standard Analysis? 

0.3600 - No RP* 

0.0144 - Yes 

2.3009 - No RP* 

0.0245 - Yes 

- 1.0 No RP* 

0.1482 - No RP* 

5.51 - No RP* 

- 12.0 No RP*· 

0.1104 · - No RP* 

- 0.1 No RP* 

- 0.005 Yes 

0.1635 - No RP* 

- 1.0 No RP* 

. There is a reasonable potential to exc.eed the acute water quality standard for Cadmium. Cadmium should be· 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals 
translator. · 
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There is a reasonable potential to exceed the acute water quality standard for Copper. Copper should be regulated 
as a daily maximum in the NPDES permit at the acute water quality standard using the default metals translator. 

The Williamson Energy- Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion 
is that no regulation of Silver is necessary and that no monitoring beyond the routine requirements is needed. 

Outfall 005 

Max .. Eff. No .. of Multiply 95% 
· Substance Cone. Samples· by Potential 

Arsenic · 0.002 7· 2.0 0.004 

Cadmium 0.043 7 2.0 0.086 

Chromium (Total) 0.003 ·7 2.0 0.006 

Copper 0.003 7 2.0· 0.006 

Iron <Dissolved) 0.37 17 1.4 0.518 

Lead <0.0075 7 2.0 0.015 

Manganese 0.736 6 2.1 1.5456 

Mercury (ng/L) ** 8.22 10 1.7 13.974 

Nickel 0.0052 7 2.0 0.0104 

Phenols < 0.01 7 2.0 0.02 

Silver < 0.005 7 2.0 ·0.01 

Zinc 0.0255 8 1.9 0.0485 

Selenium 0.007 6 2.1 0.0147 
* No RP = no reasonable potential to exceed water quality standards. 
*.* all results in ng/L. Human Health standard given. 

Further Analysis: . 

Acute 302.208(g) Further. 
Standard standard· Analysis? 

0.3600 - No RP* 

0.0144 - Yes 

2.3009 - NoRP* 

0.0245 -: No RP* 

- 1.0 No RP* 

0.1482 - No RP* 

5.51 
. 

No RP* -
- 12.0 .Yes 

0.1104 - No RP* 

- OJ NoRP*. 

- 0.005 Yes 

0.1635 - No RP* 

- 1.0 No RP* 

There is a reasonable potential to· exceed, the acute water quality standard for Cadmium. Cadmium should be 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals 
translator. 

The average of the Mercury samples times the multiplier (5.64 ng/L x 1.7 = 9.59 ng/L) was less than the human 
health water quality standard. My conclusion is that no regulation of Mercury is necessary and that no monitoring· 
beyond the routine requirements is needed. 

The Williamson Energy- Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion. 
is that no regulation of Silver is necessary and that no monitoring beyond the routine requirements is needed. 

Outfall 006 

Max. Eff. No.of Multiply 95% Acute 302.208(g) Further 
Substance Cone. Samples by Potential Standard standard Analysis? 

... 
Arsenic 0.002 7 2.0 0.004 0.3600 . - No RP* 

Cadmium 0.03 7 2.0 0.06 · 0.0144 - Yes 

Chromium {Total) 0.012 7 2.0. 0.024 2.3009 - No RP* 
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Copper 0.012 7 2.0 0.024 

Iron <Dissolved) 0.24 17 1.4 0.336 

Lead < 0.0075 7 . 2.0 0.015 

Mercurv (n£/L) ** 5.81 10 1.7 9.877 

Nickel 0.106 7 2.0 0.212 

Phenols < 0.01 7 2.0 0.02 

Silver . <0.005. . ·7 2.0 0.01 

Zinc 0.095 7 2.0 0.19 

Selenium 0.022 6 2.1 0.0462 
* No RP = no reasonable potential to exceed water quality standards. 
** all results in ng/L. Human Health standard given. 

Further Analysis: 

0.0245 - No RP* 

- 1.0 No RP* 

0.1482 - No RP* 

- 12.0 No RP* 
0.1104 - Yes 

- 0.1 No RP* 

- 0.005 Yes 

0.1635 - Yes 

- 1.0 No RP* 

There is a reasonable potential to exceed the acute water quality standard for Cadmium. Cadmium should be 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals 
translator. 

There is a reasonable potential to exceed the acute water quality standard for Nickel. • Nickel should be regulated as 
a daily maximum in the NPDES permit at the acute water quality standard using the default metals translator. 

The.Williamson Energy-Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion 
is that no_regulation of Silver is necessary and that no monitoring beyond the routine requirements is nee~ed. 

The Zinc value (0.095 mg/L) samples on December 6, 2019 has been detennined to be an outlier according to the 
procedure found in the 18th edition of Standard Methods. ·The next highest Zinc value times the multiplier (0.0217 
mg/L x 2.1 = 0.0456 mg/L), therefore, there is no reasonable potential to exceed the acute water quality standard for 
Zinc. My conclusion is that no regulation of Zinc is necessary and that no monitoring beyond the routine 
requirements is needed. 

Outfall 007 

Max. Eff. No.of Multiply 95% Acute 302.208(g) Further 
Substance ·cone. Samples bv Potential Standard standard Analysis? 

Arsenic 0.003 1 2.0 0.006 0.3600 - No RP* 

Cadmium 0.044 7 2.0 0.088 0.0144 - Yes 

Chromium (Total) 0.021 · 7 2.0 0.042 2.3009 - No RP* 

Cooner• . 0.012 7 2.0 0.024 0.0245 - No RP* 

Iron <Dissolved) 0.943 17 1.4 1.3202 - 1.0 Yes 

Lead <0.0075 7 2.0 0.015 0.1482 - No RP* 

Mercury (n£1L) ** 16.3 10 L7 27.71 - 12.0 Yes 

Nickel 0.14 7 2.0 o'.28 0.1104 - Yes 

Phenols <.0.01 7 2.0 0.02 - 0.1 No RP* 

Silver < 0.005 7 2.0 0.01 - 0.005 Yes 

Zinc 0.227 7 2.0 0.454 0.1635 - Yes 
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I Selenium 0.018 6 2.1 0.0378 
* No RP = no reasonable potential to exceed water quality standards. 
** all resµlts in ng/L. Human Health standard given. 

·Further Analysis: 

1,.0 No RP* 

There is a reasonable potential to exceed the acute water quality standard for Cadmium. Cadmium should be 
regulated as a daily maximum in the NPDES pertnit at the acute water quality standard using the default metals 
translator. · · · · · 

There is a reasonable potential to exceed the 302.208(g) water quality standard for Iron ( dissolved). Iron 
( dissolved) should be regulated as a daily maximum in the NPDES permit at the 302.208(g) water quality standard. 

The average of the Mercury.samples times the multiplier (12. ng/L x 1.7 = 5.76 ng/L) was less than the human 
. health water quality standard. My conclusion is that no regulation of Mercury is necessary and that no monitoring 

beyond the routine requirements is needed. 

There is a reasonable potential to exceed the acute water quality standard for Nickel. Nickel should be regulated as. 
a daily maximum in the NPD'ES permit at the acute water quality standard using the default metals translator. 

The Williamson Energy- Pond Creek Mine #1 facility STP had no detections reported for Silver. My.cortclusion 
is that no regulation of Silver is necessary and that no monitoring beyond the routine requirements is needed. 

· There is a .reasonable potential to exceed the acute water quality standard for Zinc. Zinc should be regulated as a 
daily maximum in the NPDES permit at the acute water quality standard using the default metals translator. 

Outfall 008 

Max. Eff. No.of Multiply 95% 
Substance Cone. Samples by Potential 

Arsenic 0.004 7 2.0 0.008 

Cadmium 0.0114 7 2.0 0·.0228 

Chromium (Total) 0.015 ·7 ,2.0 0.03 

Coooer 0.505 , 7 2.0 1.01 

Iron (Dissolved) 0.366 17 1.4 0.5124 

Lead . < 0.0075 7 2.0 0.015 

Mercurv (ng/L) ** 12.l 10 1.7 20.57 

Nickel 0.222 7 2.0 0.444 

Phenols <0.01 7 2.0 0.02 

· Silver < 0.005 7 2.0 0.01 

Zinc 0.288 7 2.0 0.576 

Selenium 0.024 6 2.1 0.0504 
* No RP = no reasonable potential to exceed water quality standards. 

·· ** all results in ng!L. Human Health standard given. 

Further Analysis: 

Acute 302.208(g) Further 
Standard standard Analysis? 

.0.3600 - No RP* 
. 0.0144 - Yes 

2.3009 - No RP* 

0.0245 - Yes 

- 1.0 No RP* 

0.1482 - No RP* 

- 12.0· Yes 

0.1104 - Yes 

- 0.1 No RP* 

- 0.005 Yes 

0.1635 - Yes. 

- 1.0 No RP* 
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There is a reasonable potential to exceed the acute water quality standard for Cadmium. Cadmium should be 
regulated as a daily maximum in the NPDES permit at the acute water quality standard using the default metals 

translator . 

. • .. There is a reasonable potential to exceed the acute water quality standard for Copper. Copper should be regulated· 
as a daily maximum in the NPDES pennit at the acute water q~ality s_tandard using the default metals translator. 

The average of the Mercury samples times the multiplier (2.35 ng/L x 1.7 = 4.0 ng/L) was less than the human 
health water quality standard. My conclusion is that no regulation of Mercury is.necessary and that no monitoring 
beyond the routine requirements is needed. · 

There is a reasonable potential to exceed the acute water quality standard for Nickel. Nickel should be regulated as 
a daily maximum in the NPDES permit at the. acute water quality standard using the default metals translator. 

The WiUiamson Energy - Pond Creek Mine #1 facility STP had no detections reported for Silver. My conclusion 
is. that no regulation of Silver-is necessary and that no monitoring beyond the routine requirements is needed . 

. There-is a reasonable potential to exceed the acute water quality standard for Zinc. Zinc should be regulated as a 
daily maximum in the NPDES permit at the acute water quality standard usirig the default metals translator. 

Recommendations: 

My evaluation of the metals and other substances given for Outfall 001 finds.that water quality-_based permit limits 
are necessary for Cadmium and Mercury at the limits below. Permit limits identified in the table are expressed in 
units of mg/L except where otherwise noted. 

Substance 

Cadmium 

Daily 
Maximum 

0.0144 

12-month 

12 ng/L 

My evaluation of the-metals and other substances given for Outfall.002· finds that water quality-based permit limits 
are necessary for Cadmium, Copper, and Nickel at the limits below. Permit li.rp.its identified in the table are 
expressed. in units of mg/L except where otherwise noted. · 

Daily 
Substance Maximum 

Cadmium 0.0144 

Copper 0.0245 

Nickel 0.1104 

My evaluation of the metals and other substances given for Outfall 003 finds that water quality-based permit limits 
are necessary for Cadmium and Iron ( dissolved) at the limits below. Permit limits identified 111 the table are 
expressed in units of mg/L except where otherwise noted. 

Daily 
Substance Maximum 

Cadmium 0.0144 
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l1ron ( dissolved) 1.0 
, . 

My evaluation of the metals and other substances given for Outfall 004 finds that water quality-based permit limits 

are necessary for Cadmium and Copper at the limits below. Permit limits identified in the table are expressed in 

. units of mg/L except where otherwise noted. 

Daily 
Substance Maximum 

Cadmium 0.0144 

Coooer 0.0245 

My evaluation of the metals and.other substances given for Outfall 005 finds that water quality-based permit limits 

are necessary for Cadmium _at the limits below. Permit limits identified in the table are expressed in units of mg/L 

except where otherwise noted. 

Daily 
Substance Maximum 

Cadmium 0.0144 

My evaluation of the metals and other substances given for Outfall 006 finds that water quality-based perinit limits 

are necessary for Cadmium and Nickel at the limits below. Permit limits identified in the table are expressed in 

units of mg/L except where otherwise noted. · 

Daily 
Substance Ma~imum 

Cadmium 0.0144 

Nickel 0.1104 

My evaluation of the metals and other substances given for Outfall 007 finds that water quality-based permit limits 

are necessary for Cadmium, Iron (dissolved), Nickel, and Zinc at the limits below. Permit limits identified in the 

table are expressed in units of mg/L except where otherwise noted. 

Daily 
Substance Maximum 

Cadmium. 0.0144 

OCron (dissolved) 1.0 

Nickel 0.1104 

Zinc 0.1635 

My evaluation of the metals and other substances given for Outfall 008 finds that water quality-based permit limits 

are necessary for Cadmium, Copper, Manganese, Nickel, and Zinc at the limits below. Permit limits identified in 

the table are expressed in units of mg/L except where otherwise noted: 

Daily 
Substance Maximum 

Cadmium 0.0144 
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Copper 0·.0245 

!Nickel 0.1104 

!Zinc 0.1635 

These recommendations reflect a water. q~ality standards perspective only and should not be construed as being 
inclusive of all factors that must be taken into consideration by the permit writer. 

cc: Carol Selinger 
.Chron 



Cell 417

Substance Max. Eff. Conc.No. of SamplesMultiply by95% PotentialAcute StandardChronic Standard302.208(g) standardFurther Analysis? Date Sampled Application

Arsenic 0.004 7 2.0 0.008 0.3600 0.1900 - No RP* Arsenic < 0.002 1

Barium 0.0 0 - - 5.0 No Data Barium

Cadmium 0.008 7 2.0 0.016 0.0144 0.0015 - Yes Cadmium 0.008 1

Chromium (Hex) 0.0 0 0.0160 0.0110 - No Data Chromium (Hex)

Chromium (Total) 0.015 7 2.0 0.03 2.3009 0.2742 - No RP* Chromium (Total) < 0.006 1

Cyanide (available) < 0.02 6 2.1 0.042 0.0220 0.0052 - Yes Cyanide (available)

Copper 0.505 7 2.0 1.01 0.0245 0.0159 - Yes Copper 0.003 1

Fluoride 0.0 0 12.10 4.00 - No Data 6.0867 Fluoride

Iron (Dissolved) 0.366 15 1.5 0.549 - - 1.0 No RP* Iron (Dissolved)

Lead < 0.0075 7 2.0 0.015 0.1482 0.0311 - No RP* Lead < 0.0075 1

Manganese 0.145 7 2.0 0.29 5.51 2.34 - No RP* Manganese 0.011 1

Mercury (ng/L) ** 5.08 10 1.7 8.636 - - 12.0 No RP* Mercury

Nickel 0.1 7 2.0 0.2 0.1104 0.0067 - Yes Nickel < 0.01 1

Phenols < 0.01 7 2.0 0.02 - - 0.1 No RP* Phenols 0.005 1

Silver < 0.005 7 2.0 0.01 - - 0.005 Yes Silver < 0.002 1

Zinc < 0.05 7 2.0 0.1 0.1635 0.0424 - Yes Zinc < 0.001 1

Selenium 0.024 6 2.1 0.0504 - - 1.0 No RP* Selenium < 0.002 1

Boron 0.0 0 40.1 7.6 - No Data Boron

Sulfate 2000 7 2.0 4000 - - 1287.0 Yes Sulfate 1100 1

Chloride 1969 6 2.1 4134.9 - - 500.0 Yes Chloride

Benzene 0.0 0 4.2 0.86 - No Data Benzene

Ethylbenzene 0.0 0 0.15 0.014 - No Data Ethylbenzene

Toluene 0.0 0 2 0.6 - No Data Toluene

Xylene 0.0 0 0.92 0.36 - No Data Xylene

Mercury 0.0 0 0.0026 0.0013 - No Data Mercury < 0.002 1

* No RP = no reasonable potential to exceed water quality standards.

** derived water quality criteria.

** all results in ng/L.  Human Health standard given.

**** COV was calculated for Zinc.

R00221
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10/25/2019 11/1/2019 11/7/2019 11/13/2019 11/20/2019 12/6/2019 1/6/2020 12/20/2019 12/23/2019

< 0.01 1 0.004 1 0.003 1 0.002 1 0.004 1 0.004 1

< 0.002 1 < 0.0002 1 < 0.0002 1 < 0.0002 1 0.0003 1 0.004 1

< 0.005 1 0.011 1 0.009 1 0.014 1 0.011 1 0.013 1

< 0.02 1 < 0.02 1 < 0.02 1 < 0.02 1 < 0.02 1 < 0.02 1

< 0.005 1 0.012 1 0.003 1 0.025 1 < 0.001 1 < 0.001 1

0.3 1 < 0.05 1 < 0.05 1 < 0.05 1 < 0.05 1 0.072 1 < 0.05 1 < 0.05 1

< 0.006 1 < 0.002 1 < 0.002 1 < 0.002 1 < 0.002 1 < 0.002 1

0.059 1 0.054 1 0.037 1 < 0.2 1 0.076 1 0.145 1

1.86 1

0.0278 1 0.015 1 0.008 1 < 0.001 1 0.016 1 0.014 1

0.01 1 < 0.01 1 < 0.01 1 < 0.01 1 < 0.01 1 < 0.01 1

< 0.005 1 < 0.001 1 < 0.001 1 < 0.001 1 < 0.001 1 < 0.001 1

< 0.02 1 < 0.05 1 < 0.05 1 < 0.05 1 < 0.05 1 < 0.05 1

0.0128 0.019 1 0.022 1 0.019 1 0.023 1 0.027 1

1220 1 1633 1 1367 1 1567 1 1833 1 1280 1

1250 1 1300 1 1350 1 1799 1 1570 1 1250 1

< 0.002 1 < 0.002 1 < 0.002 1 < 0.002 1 < 0.002 1 < 0.002 1
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Cell 417

1/2/2020 1/3/2020 1/6/2020 1/8/2020 Total Date Sampled 1/10/2020 1/13/2020 1/15/2020

7 Arsenic

0 Barium

7 Cadmium

0 Chromium (Hex)

7 Chromium (Total)

6 Cyanide (available)

7 Copper

0 Fluoride

< 0.05 1 < 0.05 1 < 0.05 1 < 0.05 1 12 Iron (Dissolved) 0.104 1 0.058 1 < 0.05

7 Lead

7 Manganese

0.57 1 2 Mercury 5.08 1 1.09 1 1.32

7 Nickel

7 Phenols

7 Silver

7 Zinc

6 Selenium

0 Boron

7 Sulfate

6 Chloride

0 Benzene

0 Ethylbenzene

0 Toluene

0 Xylene

7 Mercury
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1/17/2020 1/20/2020 1/22/2020 1/27/2020 1/29/2020

1 0.104 3

1 1.65 1 0.673 1 2.8 1 0.588 1 0.846 1 5.08 8
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.1111111111111 .1111111111111 .1111111111111 Williamson Energy, LLC 
...... POBox99 

.1111111111111 .1111111111111 .1111111111111 Johnston City, IL 62951 
...... Office: 618-983-3020 Fax: 618-983-3017 

Supplemental Information 

to Permit Renewal IL 0077 666 

April 1, 2020 
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Williamson Energy, LLC 

PO Box 99 

Johnst on City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mrs. lwona Ward 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

April 1, 2020 

Re: Williamson Energy, LLC - Supplemental information concerning the Anti-Degradation 
Document for Pond Creek Mine, Big Muddy Flood Analysis, and Modeling of Big Muddy 
River Chloride dispersion downstream of the proposed mixing zone. 
NPDES Permit IL0077666 

Dear Mrs. Ward: 

Please find attached one (1) copies of the Supplemental infonnation concerning the NPDES 
Renewal of Pennit IL 0077666. 

• Additional Water Samples for RP Analysis 
• Additional Water Samples for Low-Level Mercury Analysis 
• Additional Water Samples for Dissolved Iron Analysis. 

Two copies of this submittal have also been submitted to Mr. Lecrone at the IEP A Office in 
Springfield. 

We appreciate your assistance with the matter. If you have any questions or require additional 
information, please contact me. 

Respectfully submitted, 

James Plumley, P .E. 

m~lD' 
APR O l 2020 )J/j 
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SUMMIT 
~~~ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC A L ANALYSTS & CONSULTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
To tal Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
21407-1 
Pond I 
I 0/25/ 19 

RESULT 

7.9 
10 
144 
11 3 
80 

244 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.0100 
< 0.0100 
< 0.0010 
< 0.0020 
< 0.0020 
< 0.0050 
< 0.0050 

0.372 
< 0.100 

< 0.0060 
0.195 

< 0.0100 
< 0.002 

< 0.0050 
< 0.0050 
< 0.0100 
< 0.0050 
< 0.0200 
< 0.0200 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mL/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.0100 
0.0100 
0.0010 
0.0020 
0.0020 
0.0050 
0.0050 
0.100 
0.100 

0.0060 
0.0 100 
0.0 I 00 
0.002 

0.0050 
0.0050 
0.0 100 
0.0050 
0 .0200 
0.0200 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
245 .1 
200.7 
200.7 
200.7 
200 .7 
200 .7 
200.7 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: w'.vw.summitenviro.com 

11/19/19 

Client-BM 
10/25/ 19 

DATE/ 
AN ALYST 

10/25/ 19 KR 
10/31/19 OG 
10/31/19 OG 
10/29/19 KR 
10/29/19 KR 
11/1/19 OG 

10/28/19 KR 
10/28/ 19KR 
ll /5/19KR 
11/8/19 KR 

11/15/ 19 WA 
11 /15/ 19 WA 
11 /15/ 19 WA 
ll / 15/ \9 WA 
11 /1 5/19 WA 
11/15/ 19 WA 
1\ /15/19WA 
11 /1 5/19 WA 
11 /1 5/19 WA 
II / 15/ \9 WA 
11/15/ 19 WA 
11 /1 5/19 WA 

11/6/ 19 AK 
ll /1 5/19WA 
11 /1 5/19 WA 
11 /1 5/ 19 WA 
11 / 15/19 WA 
11 /1 5/19 WA 
ll /1 5/19WA 



R00229

SUMMIT 
!;_:- ~-_-v/1 ENVIRONMENTAL 

SERVICES, INC. 
C H E MIC AL AN ALYSTS & CONSU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Ac1d1ty 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2 1407-2 
Pond 2 
I 0/25/ 19 

RESULT 

Phenols, Total Recoverable 
Antimony 

* 
* 
* 

Arsenic 
Be1yllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ____,.A,._,_.mb.L-."'--Q.""'A,,""'--"C""'d..._),._.~--CL.o.<>7:-~--

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
IO 
5 
IO 
IO 
5 

0.25 
0.02 
0.01 

0.0100 
0.0100 
0.0010 
0.0020 
0.0020 
0.0050 
0.0050 
0.100 
0.100 

0.0060 
0.0l00 
0.0l00 
0.002 

0.0050 
0.0050 
0.0100 
0 .0050 
0.0200 
0.0200 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 

335.4 
420.4 
200.7 
200.7 
200.7 
200.7 
200.7 
200 .7 
200 .7 
200 .7 
200.7 
200.7 
200.7 
200.7 
245.1 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 

I 7650 Route 37 

West Frankfort, Hli.nois 6289r 
Phone ( 6 1 8) 983-82 

Fax (6l8) 983-820 

Website: ww~v.summitenviro.com 

11/19/19 
DRY 
Client-BM 
10/25/ 19 

DATE/ 
ANALYST 

* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

C 

C 
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SUMMIT 
ENVIRONMENTAL I 7650 Route 37 

West Frankfort, Jllinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (6 l8) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: 1v,vw.summitenviro.corn 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 21407-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT AN ALYST 

pH l0.7 Unit 1 - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 23 l0 B 10/3 1/l 9 OG 
Alkalin ity 176 mg/L l0 2320 B l0/3 l/ l9 OG 
Sulfate 40 mg/L 5 4500 E 10/29/l9 KR 
Chloride 15 mg/L IO 4500 B 10/29/ 19 KR 
Hardness 180 mg/L 10 2340 C 11/l /l 9 OG 
Total Suspended Solids 48 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/ 19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11 /8/l 9 KR 
Antimony < 0 .0100 mg/ L 0.0100 200.7 l l/15/l 9 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 l l / 15/l 9 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 l l/ 15/l 9 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 l l/l5/l 9 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 l l/l5/l9 WA 
Chromium < 0.0050 mg/ L 0.0050 200.7 l 1/l5/l 9 WA 
Copper < 0.0050 mg/ L 0.0050 200.7 11/l5/l 9 WA 
Iron, Total 1.72 mg/ L 0 .100 200.7 l 1/ 15/l 9 WA 
Iron, Dissolved < 0. 100 mg/ L 0 .100 200.7 l l/15/l 9 WA 
Lead < 0.0060 mg/L 0.0060 200.7 I 1/l 5/l 9 WA 
Manganese, Total 0.625 mg/L 0 .0100 200.7 1 l /l 5/l 9 WA 
Manganese, Disso lved < 0.0100 mg/L 0 .0100 200.7 11/l5/l 9 WA 
Mercury < 0.002 mg/L 0.002 245.1 ll /6/l9AK 
N ickel, Total < 0.0050 mg/ L 0.0050 200.7 1l / 15/l 9WA 
Nickel , Dissolved < 0.0050 mg/L 0.0050 200.7 I l/l5/l 9 WA 
Selenium < 0.0100 mg/ L 0.0100 200.7 l l /l 5/l 9WA 
Silver < 0.0050 mg/L 0.0050 200.7 I I/l 5/l 9 WA 
Thallium < 0.0200 mg/ L 0.0200 200.7 11 /l 5/l 9 WA 
Zinc < 0.0200 mg/ L 0.0200 200.7 1 l /l 5/l 9 WA 
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SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 628r 

SERVICES, INC. Phone (6 18) 983-82 
Fax (6 18) 983-820 

CHEM I CAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/ 19/ 19 
PDL: 2 1407-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION l\1ETHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B I 0/25/ 19 KR 
Acidity < IO mg/L 10 2310 B 10/31 / 19 OG 
Alkalinity 136 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 93 mg/L 5 4500 E 10/29/19 KR 
Chloride 30 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 300 mg/L 10 2340 C 11/ 1/19 OG 
Total Suspended Solids 11 mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/ 15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Beryllium < 0.0010 mg/L 0.0010 200.7 ll /15/19WA 

C Cadmium, Total < 0.0020 mg/L 0.0020 200 .7 ll /15/19WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 / 15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/ 15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 0.593 mg/L 0.100 200.7 11/15/19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 ll/15/ 19WA 
Lead < 0.0060 mg/L 0.0060 200 .7 11/15/ 19 WA 
Manganese, Total 0.368 mg/L 0.0100 200 .7 11/15/19 WA 
Manganese, Dissolved < 0.0 100 mg/L 0.0100 200.7 ll / 15/19WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/ 19 AK 
Nickel, Total < 0.0050 mg/L 0.0050 200 .7 ll / 15/19WA 
Nickel, Dissolved < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 / 15/19 WA 
Thallium < 0.0200 mg/L 0.0200 200 .7 11/15/19 WA 
Zinc 0 .0203 mg/L 0.0200 200.7 l l/15/19WA 

Reviewed By: ---<-/{,__.._..hlb-'-""""-QA,==-'u),."'-"'-_,~~-CL-"""'---

C 
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SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

C 
West Frankfort, Jllinois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTAN TS Website: ww~,,.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: ll/19/ 19 
PDL: 2 1407-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/25/ I 9 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 2310 B 10/31 / 19 OG 
Alkal inity 160 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 60 mg/L 5 4500 E 10/29/19 KR 
Chloride 18 mg/L 10 4500 B 10/29/19 KR 
Hardness 276 mg/L 10 2340 C 11/1 / 19 OG 
Total Suspended Solids 39 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/19 KR 
Phenols, Total Recoverab le < 0.0 1 mg/L 0.0 1 420.4 11 /8/19 KR 
Antimony < 0.0 100 mg/L 0.0 100 200.7 11 / 15/ 19 WA 
Arsenic < 0.0 100 mg/L 0.0100 200.7 11/15/1 9 WA 

C 
Beryll ium < 0.0010 mg/L 0.0010 200.7 11/ 15/1 9WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11/15/19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 I 1/15/1 9 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/ 15/19 WA 
Iron, Total 2.48 mg/L 0. 100 200.7 ll/15/19WA 
Iron, Dissolved < 0.100 mg/L 0. 100 200.7 11/ 15/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 0.736 mg/L 0.0 100 200.7 11/15/19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 I 1/ 15/19 WA 
Mercury < 0.002 rng/L 0.002 245.1 11/6/19 AK 
N ickel, Total 0.0052 mg/L 0.0050 200.7 11/ 15/19 WA 
Nickel, Dissolved < 0.0050 mg/L 0.0050 200.7 11/ 15/ 19 WA 
Selenium < 0.0 100 mg/L 0.0 100 200.7 11/ 15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 I 1/ 15/19 WA 
Thall ium < 0.0200 mg/L 0.0200 200.7 11 / 15/19 WA 
Zinc 0.0255 mg/L 0.0200 200.7 11/1 5/19 WA 

(_ 
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SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

West F ra nkfort, lllinois 628l-.. 

SERVICES, INC. Phone (6 18) 983-82 
Fax (6 18) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTAN TS Website: ,vww.summitenviro.corn 

CLIENT: Mach Mining REPORT DATE: 11/19/19 
PDL: 21407-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/25/19 DATE RECEIVED: 10/25/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 23 10 B I 0/31/19 OG 
Alkal inity 640 mg/L 10 2320 B 10/31/19 OG 
Sulfate 1,320 mg/L 5 4500 E 10/29/19 KR 
Chloride 1,490 mg/L 10 4500 B 10/29/19 KR 
Hardness 340 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 15 mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Arsenic < 0.0 100 mg/L 0.0100 200.7 11/15/ 19 WA 
Beryllium < 0.0010 mg/L 0.00 10 200.7 11/15/ 19 WA 

C Cadmium, Total < 0.0020 mg/L 0.0020 200.7 I 1/ 15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 0.651 mg/L 0.100 200.7 11/15/19WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 0.0772 mg/L 0.0 100 200.7 11/ 15/19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0 100 200 .7 11 / 15/19 WA 
Mercury < 0.002 mg/L 0.002 245 .1 11/6/19 AK 
Nickel, Total 0.0245 mg/L 0.0050 200.7 ll/15/ 19WA 
Nickel, Dissolved 0 .0 168 mg/L 0.0050 200.7 11 /1 5/19 WA 
Selenium < 0.0100 mg/L 0.0 100 200.7 11 / 15/ 19 WA 
Silver < 0.0050 mg/L 0.0050 200 .7 ll / 15/19WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 /15/ 19 WA 
Zinc 0.0217 mg/L 0.0200 200.7 11/15/19 WA 



R00234

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

C 
West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 21407-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: 10/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.5 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 23 10 B 10/31/19 OG 
Alkalinity 412 mg/L 10 2320 B 10/31/19 OG 
Sulfate 1,220 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,350 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 580 mg/L 10 2340 C 11/ 1/1900 
Total Suspended Solids 12 mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 0/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335 .4 11/5/ 19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/8/ 19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 

C 
Beryllium < 0.0010 mg/L 0.00 10 200.7 11/15/ 19 WA 
Cadmium, Total 0.0089 mg/L 0.0020 200.7 ll /1 5/19WA 
Cadmium, Dissolved 0.0072 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/ 15/19 WA 
Copper 0.0123 mg/L 0.0050 200.7 ll/15/1 9WA 
Iron, Total 0.801 mg/L 0.100 200.7 11/ 15/19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/ 15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 2.05 mg/L 0.0100 200.7 11/15/19 WA 
Manganese, Dissolved 1.82 mg/L 0.0100 200.7 11/ 15/19 WA 
Mercury < 0.002 mg/L 0.002 245 . 1 l l /6/ 19AK 
Nickel, Total 0.140 mg/L 0.0050 200.7 11/ 15/19 WA 
Nickel, Dissolved 0.11 3 mg/L 0.0050 200.7 11 /1 5/19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11 /1 5/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 /1 5/19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 /1 5/19 WA 
Zinc 0.227 mg/L 0.0200 200.7 I 1/15/19 WA 

(_ 



R00235

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

West Frankfort, Jl1inois 62896 

SERVICES, INC. Phone (618) 983-828 
Fax (618) 983-8208 

CHEMI CAL ANALYSTS & CONSULTANTS Website: www.sutnmitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /19/ 19 
PDL: 21407-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: C lient-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIM IT ANALYST 

pH 6.9 Unit I - 14 4500 B 10/25/ 19 KR 
Acidi ty 26 mg/L 10 2310 B 10/3 1/19 OG 
Alkalinity 3 12 mg/L 10 2320 B I 0/3 1/19 OG 
Sulfate 1,633 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,590 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 980 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 9 1 mg/L 5 2540 D I 0/28/ 19 KR 
Settleable Solids I.SO mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /5/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /8/ 19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/15/ 19 WA 

C Cadmium, Total 0.0114 mg/L 0.0020 200.7 11 /15/19 \VA 
Cadmium, Dissolved 0.0031 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper 0.0 155 mg/L 0.0050 200.7 11 / 15/19 WA 
Iron, Total 60.3 mg/L 0.100 200.7 11/15/19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/ 15/ 19 WA 
Manganese, Total 4. 19 mg/L 0.0 100 200.7 11/15/ 19 WA 
Manganese, Dissolved 3.6 1 mg/L 0.0100 200.7 11/15/19 WA 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/19 AK 
Nickel, Total 0.222 mg/L 0.0050 200.7 11/15/ 19 WA 
Nickel, Dissolved 0.100 mg/L 0.0050 200.7 11/15/ 19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11 /15/ 19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/15/ 19 WA 
Zinc 0.288 mg/L 0.0200 200.7 11/15/ 19 WA 

Reviewed By: --=A~tn6c.=c....,M.,"-=-...,.(M'-=--=~,c;-'f'.L-"""'---
C 



R00236

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 l8) 983-8280 
Fax (618) 983-8208 

CHEMICAL AN ALYSTS & CONSULTAN 'rS Website: www.summiten viro.com 

CLIENT: Mach M ining REPORT DATE: 11/19/ 19 
PDL: 2 1407-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: l 0/25/ l 9 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 2310 B 10/3 1/19 OG 
Alkalinity 484 mg/L 10 2320 B 10/31/19 OG 
Sulfate 1,600 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,380 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 400 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 22 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/ 19 KR 
Phenols, Total Recoverable 0.01 mg/L 0.01 420.4 11/8/ 19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 

C 
Beryllium < 0.00 10 mg/L 0.0010 200.7 11/15/ 19 WA 
Cadmium, Total < 0 .0020 mg/L 0.0020 200.7 11/15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 /15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.647 mg/L 0.100 200.7 11/ 15/ 19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/1 9 WA 
Lead < 0 .0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 0.239 mg/L 0.0 100 200.7 11/15/19WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/15/1 9 \VA 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/1 9 AK 
Nickel, Total 0.0488 mg/L 0.0050 200.7 11/15/19 WA 
Nickel, Dissolved 0.0341 mg/L 0.0050 200.7 11/15/19 WA 
Selenium 0.0172 mg/L 0.0 100 200.7 11/15/1 9 WA 
Silver < 0.0050 mg/L 0.0050 200.7 l l/15/1 9WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/15/1 9 WA 
Zinc < 0.0200 mg/L 0.0200 200.7 ll/15/1 9WA 

(_ 
Reviewed By: --=/l.,_.._,hlb=-=,M.,,c..=.._..(M'-=---=¥,c.;'~C>o<..---



R00237

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sul fate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryll ium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2 1426- 1 
Pond 1 
10/30/19 

RESULT 

7.6 
< IO 
116 
100 
56 
240 
9 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.00 1 

< 0.001 
< 0.0002 
< 0.0002 

0.002 
0.003 
0.680 
0.063 

< 0.002 
0.052 

< 0.020 
< 0.002 
0.003 
0.002 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0 .001 
0.050 
0.050 
0.002 
0.020 
0.020 
0 .002 
0 .001 
0.001 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 

J 7650 Route 37 
West Frankfort, lll inoi 62896 

Phone (618) 983-828 
Fax (6 18) 983-8208 

Website: www.surnmitenviro.com 

l l/26/19 
Grab W2 
Client-BM 
I 0/30/ 19 

DATE/ 
ANALYST 

10/30/ 19 KR 
10/3 1/ 19 OG 
10/3 1/19 OG 

I 1/1/ 19 KR 
11/ 1/ 19 OG 
ll /l / 19OG 

10/30/ 19 OG 
10/30/19 OG 

11 /8/ 19 OG 
11/14/ 19 KR 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/1 9 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 

ll /6/ 19AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11 /25/19 AK 

C 



R00238

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Frankfort, 1llinois 62896 

SERVICES, INC. Phone ( 6 I 8) 983-8280 
Fax (618) 983-8208 

CHEM I CAL ANALYSTS & CONSULTANTS Wcbs.ite: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 21426-2 COMMENT: Grab W2 
SAMPLE ID: Pond 2 SAMPLED BY: C lient-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIM IT AN ALYST 

pH 7.2 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity < 10 rng/L 10 2310 B 10/3 1/19 OG 
Alkalinity 11 2 mg/L 10 2320 B 10/31 / 19 OG 
Sulfate 350 rng/L 5 4500 E 11/1/19 KR 
Chlo ride 52 rng/L 10 4500 B 11 /1/19 OG 
Hardness 304 mg/L 10 2340 C 11 /1/1900 
Total Suspended Solids 7 mg/L 5 2540 D 10/3 0/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/19 KR 
Anti mony < 0.002 mg/L 0.002 3 125 B 11 /25/19 AK 
Arsenic < 0.00 1 mg/L 0.00 1 3 125 B 11 /25/19 AK 

C 
Bery llium < 0.001 mg/L 0.001 3 125 B 11 /25/19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3 125 B 11 /25/19 AK 
Cadmium, Dissolved 0.0008 mg/L 0.0002 3 125 B I 1/25/19 AK 
Chromium 0.002 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Copper 0.004 mg/L 0.001 3 125 B 11 /25/19 AK 
Iron, Total 0 .1 95 mg/L 0.050 3125 B l l/25/ 19AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B I 1/25/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /25/19 AK 
Manganese, Total 0.376 mg/L 0.020 3 125 B 11 /25/ 19 AK 
Manganese, Dissolved 0.323 mg/L 0.020 3125 B 11 /25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/ 19 AK 
N ickel, Total 0.023 mg/L 0.001 3125 B 11 /25/ 19 AK 
Nickel, Dissolved 0 .019 mg/L 0.001 3125 B 11 /25/19 AK 
Selenium 0.004 mg/L 0.002 3 125 B 11 /25/19 AK 
Silver < 0.001 mg/L 0.001 3125 B I 1/25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B I 1/25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/25/ 19 AK 

(_ Reviewed By: _ ___.,.A..L.Lmu.'b""'-"a""''A,,"'--'-(""''1£..A.:..u""'~,:t::.· :u.d..~-



R00239

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 628r 

SERVICES, INC. Phone (6 18) 983-82 
Fax (6 18) 983-820 

CHEMIC AL AN ALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 2 1426-3 COMMENT: Grab W2 
SAMPLE ID: Pond 3 SAMPLED BY: C lient-BM 
DATE SAMPLED: I 0/30/19 DATE RECEIVED: 10/30/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.0 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity < 10 mg/L 10 23 10 B I 0/31 / 19 OG 
Alkalinity 148 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 46 mg/ L 5 4500 E 11 /1 /19 KR 
Chlo ride < 10 mg/L 10 4500 B 11 / 1/ 19 OG 
Hardness 184 mg/L 10 2340 C 11 /1 / 19 OG 
Total Suspended Solids 5 mg/L 5 2540 D I 0/30/19 OG 
Settleable Sol ids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Pheno ls, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/25/19 AK 
Arsenic 0.003 mg/L 0.00 1 3125 B 11/25/19 AK 
Bery llium < 0.00 1 mg/L 0.00 1 3 125 B 11/25/ 19 AK 

C Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/25/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0 .0002 3 125 B 11/25/ 19 AK 
Chromium 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Copper 0.003 mg/L 0.001 3 125 B 11/25/ 19 AK 
Iron, Total 0.634 mg/L 0.050 3125 B 11/25/ 19 AK 
Iron, Dissolved 0. 106 mg/ L 0.050 3125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /25/ 19 AK 
Manganese, Total 0.250 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0.025 mg/L 0.020 3125 B 11/25/1 9 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/ 19 AK 
Nickel, Total 0.003 mg/L 0.00 1 3 125 B 11/25/1 9 AK 
Nickel, Dissolved 0.002 mg/ L 0.00 1 3125 B 11/25/ 19 AK 
Selenium < 0.002 mg/ L 0.002 3 125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/ L 0.050 3 125 B 11 /25/ 19 AK 

Reviewed By: _ __,cA~n1,...-A .... '-'a"""'A,,""--'-l"""'dL../2 ..... .L-""'~""'· LMO,.Z--~- (_ 



R00240

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
21426-4 
Pond 4 
10/30/ 19 

RESULT 

7.9 
12 
156 
86 
14 

232 
24 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0.001 
< 0.001 

< 0.0002 
< 0.0002 

0.002 
0.004 
0.499 
0.067 

< 0.002 
0.085 

< 0.020 
< 0.002 
0.005 
0.003 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/ L 

Reviewed By: __ ...,.A..J..Lm .... 'b-..c..sq_-<..1'&~V .... A'--'"'F"'c';FL'-.....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMlT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335 .4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618} 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l l/26/ 19 
Grab W2 
Client-BM 
I 0/30/ 19 

DATE/ 
ANALYST 

10/30/19 KR 
10/3 1/ 1900 
10/31/1900 

11/1 /1 9 KR 
11/ 1/1900 
11/1 / 1900 

10/30/1900 
10/30/ 1900 

11 /8/ 1900 
11/14/ 19 KR 
11 /25/19 AK 
ll /25/19AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11 /25/19AK 
11 /25/19 AK 
ll/25/ 19AK 

11 /6/ 19 AK 
ll /25/19AK 
11 /25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11/25/19 AK 



R00241

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

West Frankfort, 111inois 628K~ 
SERVICES, INC. Phone ( 6 18) 983-82 

Fax (618) 983-820 

CHEM I CAL ANALYSTS & CONSULTANTS Website: www.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 21426-5 COMMENT: Grab W2 
SAMPLE ID: Pond 5 SAMPLED BY: C lient-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B I 0/30/ 19 KR 
Acidity 10 mg/L 10 2310 B 10/3 1/19 OG 
Alkal inity 108 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 180 mg/L 5 4500 E ll/l/19KR 
Chloride 32 mg/L IO 4500 B 11 / 1/19 OG 
Hardness 284 mg/L IO 2340 C 11/ 1/19 OG 
Total Suspended Solids 43 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B I 1/25/19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B I 1/25/19 AK 
Beryllium < 0.00 1 mg/L 0.001 3 125 B I 1/25/19 AK 

C Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B ll /25/19AK 
Chromium 0.002 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Copper 0.002 mg/L 0.001 3125 B II /25/19AK 
Iron, Total 1.575 mg/L 0.050 3 125 B 11 /25/19 AK 
Iron, Dissolved 0.32 1 mg/L 0.050 3 125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B ll /25/19AK 
Manganese, Total 0.296 mg/L 0.020 3 125 B 11 /25/19 AK 
Manganese, Dissolved 0. 135 mg/L 0.020 3 125 B I 1/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/19 AK 
Nickel, Total 0.004 mg/L 0.001 3 125 B ll /25/19AK 
Nickel, Dissolved 0.003 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Selenium < 0.002 mg/L 0.002 3125 B 11 /25/19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 

Reviewed By: _ __.,_//-4-LmU4<A._./J""'A"", ...... {aJ.:..A=~..,,.· =---r __ 
C 



R00242

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

C 
West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYS'fS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/19 
POL: 2 1426-6 COMMENT: Precip/ 

Grab W2 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/28/ 19 DATE RECEIVED: I 0/30/19 

TEST DESCRIPTION RESULT UNITS DETECTION l\.1ETHOD DATE/ 
LIMIT ANALYST 

pH 7.2 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity 16 mg/L 10 23 10 B I 0/31/ 19 OG 
Alkal inity 272 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 1,567 mg/L 5 4500 E 11/1/ 19 KR 
Chloride 880 mg/L 10 4500 B I 1/ 1/19 OG 
Hardness 632 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 3 1 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/1 9 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 I 1/14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11 /25/19 AK 

C 
Arsenic 0 .002 mg/L 0.001 3 125 B 11 /25/19 AK 
Beryllium < 0.001 mg/L 0.001 3 125 B 11/25/1 9 AK 
Cadmium, Total 0.0073 mg/L 0.0002 3 125 B 11/25/ 19 AK 
Cadmium, Dissolved 0.0073 mg/L 0.0002 3 125 B I 1/25/19 AK 
Chromium 0.0 12 mg/L 0.001 3 125 B l l /25/19AK 
Copper 0.004 mg/L 0.001 3 125 B 11/25/19 AK 
Iron, Total 0.704 mg/L 0 .050 3 125 B 11/25/19 AK 
Iron, Dissolved 0.147 mg/L 0.050 3 125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Manganese, Total l.749 mg/L 0.020 3 125 B 11/25/19AK 
Manganese, Dissolved 1.749 mg/L 0.020 3 125 B 11/25/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/19 AK 
Nickel, Total 0.096 mg/L 0.001 3 125 B 11/25/19 AK 
Nickel , Dissolved 0.094 mg/L 0.001 3 125 B l l /25/19AK 
Selenium 0.0 19 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/19 AK 
T hallium 0.0004 mg/L 0.0004 3 125 B 11/25/19 AK 
Z inc < 0.050 mg/L 0.050 3 125 B I 1/25/ 19 AK 

(_ 



R00243

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

West Frankfort, 11linois 628r 
SERVICES, INC. Phone (6 18) 983-82 

Fax (618) 983-820 

CHEMIC AL AN ALYS'I'S & CON SULTANTS Website: www.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 2 1426-7 COMMENT: Grab W2 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity 16 mg/L 10 23 10 B 10/31 / 19 OG 
Alkalinity 392 mg/L 10 2320 B I 0/31/ 19 OG 
Sulfate 967 mg/L 5 4500 E 11 /1 / 19 KR 
Chloride 776 mg/L IO 4500 B 11/1 / 19 OG 
Hardness 628 mg/L IO 2340 C 11/1/19 OG 
Total Suspended Solids 26 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/ 19 OG 
Phenols, Total Recoverab le < 0.0 1 mg/L 0.01 420.4 11/14/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B I 1/25/ 19 AK 
Beryll ium < 0.001 mg/L 0.001 3125 B 11/25/ 19 AK 

C Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11/25/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/ 19 AK 
Chromium 0.006 mg/L 0.001 3125 B 11 /25/ 19 AK 
Copper 0.004 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Iron, Total 0.290 mg/L 0.050 3 125 B I 1/25/ 19 AK 
Iron, Dissolved 0.062 mg/L 0.050 3 125 B 11/25/1 9 AK 
Lead < 0.002 mg/L 0.002 3125 B 11/25/1 9 AK 
Manganese, Total 0.320 mg/L 0.020 3125 B 11/25/19 AK 
Manganese, Dissolved 0.128 mg/L 0.020 3 125 B I 1/25/1 9 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/6/19 AK 
Nickel , Total 0.021 mg/L 0.001 3 125 B I 1/25/19 AK 
Nickel, Dissolved 0 .02 1 mg/L 0.001 3 125 B I 1/25/19 AK 
Selenium 0.006 mg/L 0.002 3 125 B 11/25/1 9 AK 
Silver < 0.001 mg/L 0.001 3125 B 11/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11/25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B I 1/25/19 AK 

Reviewed By: _ ____../l--,..Lknu.A ........ tJ:..<,A<-<.<-<.f.o.)-<../2.:..r...c.,¥,f". ZL,d.r __ 
(_ 



R00244

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Frankfort, 111inois 62896 

SERVICES, INC. Phone ( 6 J 8} 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: 1•.rv.rw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 2 1426-8 COMMENT: Grab W2 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DA TE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 10/30/19 KR 
Acidity IO mg/L 10 23 10 B 10/3 1/19 OG 
Alkalinity 340 mg/L 10 2320 B 10/31/19 OG 
Sulfate 967 mg/L 5 4500 E l l/I / l9KR 
Chloride 1,5 16 mg/L 10 4500 B 11 /1/19 OG 
Hardness 672 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 25 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 / 14/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B I 1/25/19 AK 
Arsenic 0.002 mg/L 0.00 1 3125 B 11/25/19 AK 

C 
Be1yllium < 0.00 1 mg/L 0.001 3125 B 11 /25/ 19 AK 
Cadmium, Total 0.0002 mg/L 0.0002 3125 B 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/25/19 AK 
Chromium 0.007 mg/L 0.00 1 3 125 B I 1/25/ 19 AK 
Copper 0 .004 mg/L 0.001 3125 B 11 /25/ 19 AK 
Iron, Total 0 .39 1 mg/L 0.050 3125 B 11/25/ 19 AK 
Iron, Dissolved 0.103 mg/L 0.050 3125 B 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Manganese, Total 0.417 mg/L 0.020 3125 B 11 /25/ 19 AK 
Manganese, Dissolved 0.197 mg/L 0.020 3125 B I 1/25/ 19 AK 
Mercu1y < 0.002 mg/L 0.002 245.1 11/6/19 AK 
Nickel, Total 0.023 mg/L 0.001 3125 B l l /25/ 19AK 
Nickel, Dissolved 0.02 1 mg/L 0.00 1 3125 B 11/25/19 AK 
Selenium 0.009 mg/L 0.002 3125 B 11 /25/19 AK 
Silver < 0.00 1 mg/L 0.00 1 3125 B 11/25/19 AK 
Thallium < 0 .0004 mg/L 0.0004 3125 B 11 /25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /25/19 AK 

Reviewed By: _ __.._,d"'-"m ... /2......,.t:1...,4..._, .....,().,_/4'-'-'-'~....,·__.. .... z:~-



R00245

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

West Frankfort, lllinois 6289r 

SERVICES, INC. Phone (618} 983-828 
Fax (618) 983-820 

CHE M IC AL AN ALYSTS & CONSU LTANTS Website : v.n,:vw.summitenviro.corn 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 21426-9 COMMENT: Grab W2 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/30/19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/30/19 KR 
Acidi ty < 10 mg/L 10 23 10 B 10/31/ 19 OG 
Alkalinity 320 mg/L 10 2320 B 10/31/1900 
Sulfate 1,333 mg/L 5 4500 E l i/1/19KR 
Chloride 834 mg/L 10 4500 B 11/ 1/ 1900 
Hardness 524 mg/L 10 2340 C 11/1/1900 
Total Suspended Solids 27 mg/L 5 2540 D 10/30/ 1900 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/1900 
Cyanide < 0.02 mg/L 0.02 335.4 ll /8/ 19OO 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /14/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11 /25/ 19 AK 
Beryllium < 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 

C Cadmium, Total 0.0005 mg/L 0.0002 3 125 B 11 /25/19AK 
Cadm ium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/ 19 AK 
Chromium 0.009 mg/L 0.001 3125 B 11 /25/19 AK 
Copper 0.00 1 mg/L 0.001 3125 B 11 /25/19 AK 
Iron, Total 0.267 mg/L 0.050 3125 B 11 /25/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3125 B I 1/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /25/19 AK 
Manganese, Total 0.35 1 mg/L 0.020 3125 B 11 /25/ 19 AK 
Manganese, Dissolved 0.224 mg/L 0.020 3 125 B l 1/25/19AK 
Mercury < 0.002 mg/L 0.002 245.1 I l/6/ l9AK 
Nickel, Total 0.033 mg/L 0.001 3 125 B ll /25/19AK 
Nickel, Dissolved 0.026 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.022 mg/L 0.002 3 125 B I 1/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Thallium 0.0005 mg/L 0.0004 3125 B 11 /25/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /25/19AK 

C 



R00246

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acid ity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2 1449-1 
Pond 2 
11/5/ 19 

RESULT 

7.7 
< 10 
36 
540 
26 

6 10 
39 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, D issolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
T hallium 
Z inc 

0.002 
< 0.001 

< 0.0002 
< 0.0002 

0.002 
0.004 
0.354 
0 .063 

< 0 .002 
0.037 

< 0 .020 
< 0.002 
0.006 
0.005 
0.0 15 

< 0 .00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIM IT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.00 I 
0.00 1 

0 .0002 
0.0002 
0.00 1 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.00 1 

0.0004 
0.050 

MET HOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
245. 1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 

J 7650 Route 37 
West Frankfort, llli.nois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

11 /27/ 19 
Grab W3 
Client-BM 
11/5/ I 9 

DATE/ 
ANALYST 

11/5/19 KR 
11 / 11/ 19 OG 
l l/l l / 190G 
11 / 11/ 19 KR 

11 /6/19KR 
11/ 12/19 KR 

I 1/7/19 KR 
11/5/19 KR 
11/8/ 19 OG 

11/14/ 19 KR 
11 /25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/1 9 AK 
11/25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11/20/ 19 AK 
I 1/25/19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 



R00247

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL AN ALYSTS & CON SULTAN TS 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sul fate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2145 1-1 
Pond l 
11/6/ 19 

RESULT 

7.6 
10 

116 
120 
52 

220 
< 5 

Phenols, Total Recoverable 
Antimony 

< 0 .25 
< 0.02 
< 0.0 1 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadm ium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, T otal 
Manganese, Dissolved 
Mercury 
N ickel, T otal 
N ickel, Dissolved 
Selenium 
Si lver 
Thall ium 
Zinc 

0.002 
< 0.001 

< 0.0002 
< 0.0002 

0.002 
0.004 
0.359 

< 0.050 
< 0.002 
0.077 
0.044 

< 0.002 
0.002 
0.00 1 
0.01 I 

< 0 .001 
< 0.0004 
< 0 .050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 

Reviewed By: --A~m ........ b~tJ~A-,__.l .... 'J~/4~r~· ""'""-t=~ -

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIM IT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.00 1 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

J 7650 Route 37 
West Frankfort, 11linois 6289f­

Phone ( 6 18) 983-82\ 
Fax (618) 983-820x 

Website: www.summite11viro.com 

11/27/ 19 
Grab W3 
Client-BM 
11/6/ 19 

DATE/ 
ANALYST 

11/6/19 KR 
11 /11/ 19 OG 
11 /1 1/19 OG 
11/11 / 19 KR 
11/12/1 9 OG 
11/12/19 KR 

11 /7/19 KR 
11 /6/19 KR 
11/8/19 OG 

11 /22/1 9 KR 
11 /25/19 AK 
11 /25/19 AK 
11/25/19 AK 
1l /25/19AK 
11/25/19 AK 
11 /25/19 AK 
ll /25/19 AK 
ll /25/19AK 
ll /25/1 9AK 
11 /25/19AK 
l l /25/19AK 
11/25/1 9 AK 
11 /20/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19AK 
11/25/ 19 AK 

C 



R00248

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidi ty 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
21451-2 
Pond 3 
11/6/19 

RESULT 

7.4 
< 10 
108 
60 

< 10 
108 
< 5 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.01 
< 0.002 

Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Disso lved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
S ilver 
T hallium 
Zinc 

0.003 
< 0.001 

< 0.0002 
< 0.0002 

0 .002 
0.003 
0.275 
0.073 

< 0.002 
0.054 

< 0.020 
< 0.002 
0 .002 
0.002 
0.009 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mL/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mg/ L 

Reviewed By: -~A-->.£m,,.....A .... o .... A..,_,....,{""j.L./4""""'~~-=-----

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0 .050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0 .002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
245.1 

3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: 1.v1vw.summite11viro.com 

11/27/19 
Grab W3 
Client-BM 
11/6/ 19 

DATE/ 
ANALYST 

11/6/ 19KR 
11/ 11/ 19 OG 
11/ 11/ 19 OG 
11/11/19 KR 
11/ 12/19 OG 
11/12/19 KR 

11/7/ 19 KR 
11 /6/ 19 KR 
11/8/19 OG 

11 /22/ 19 KR 
11/25/19 AK 
11 /25/ 19 AK 
ll /25/19AK 
11/25/19 AK 
11/25/19AK 
ll /25/19AK 
11/25/19 AK 
11/25/ 19 AK 
11 /25/19AK 
11 /25/ 19 AK 
11 /25/19AK 
11/25/ 19 AK 
11 /20/ 19 AK 
11 /25/1 9AK 
11 /25/ 19 AK 
ll /25/19AK 
11/25/1 9 AK 
11 /25/19 AK 
11/25/1 9 AK 



R00249

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CH EMI CAL ANALYSTS & CONSU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadm ium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21451-3 
Pond 4 
11 /6/19 

RESULT 

8.2 
< 10 
100 
100 
36 
180 
5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.002 
0.002 
0.249 

< 0.050 
< 0.002 
0.059 

< 0.020 
< 0.002 
0.004 
0.002 
0.008 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mL/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
10 
5 
10 
IO 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
245.1 

3125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 

17650 Route 37 
West Fnu1kfort, llli.nois 628o/­

Phone (61 8) 983-82\. 
Fax (6l8) 983-8208 

Website: ,..,,,,vw.summitenviro .com 

11 /27/ 19 
Grab W3 
Client-BM 
11 /6/ 19 

DATE/ 
ANALYST 

11/6/ 19 KR 
11/ 11/19 OG 
11 /1 1/19 OG 
l l/ll /19KR 
11/12/19 OG 
I 1/12/19 KR 

11/7/19 KR 
11/6/19 KR 
11/8/19 OG 

11/22/19 KR 
11/25/1 9 AK 
11/25/ 19 AK 
I 1/25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/20/19 AK 
11/25/ 19 AK 
11 /25/1 9 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
I 1/25/19 AK 

C 

(_ 



R00250

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( 
West Frankfort, ]lli..nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (6 18) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: ,.,,,ww.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: 11 /27/ 19 
PDL: 2145 1-4 COMMENT: Grab W3 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/6/19 DATE RECEIVED: 11 /6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit I - 14 4500 B I 1/6/ 19 KR 
Acidity 10 mg/L 10 23 10 B I 1/11 / 19 OG 
Alkalinity 104 mg/L 10 2320 B 11/11/[9 00 
Sulfate 145 mg/L 5 4500 E l l/ll/19KR 
Chloride 34 mg/L 10 4500 B 11/12/19 OG 
Hardness 188 mg/L 10 2340 C 11/12/ 19 KR 
Total Suspended Solids 35 mg/L 5 2540 D 11/7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 I 1/22/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/25/19 AK 

C 
Beryllium < 0.00 I mg/L 0.001 3125 B I 1/25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/25/19 AK 
Chromium 0.002 mg/L 0.001 3125 B 11/25/19 AK 
Copper 0.002 mg/L 0.001 3125 B 11/25/19 AK 
Iron, Total 1.233 mg/L 0.050 3125 B I 1/25/19 AK 
Iron, Dissolved 0.245 mg/L 0.050 3 125 B I 1/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/19AK 
Manganese, Total 0.21 3 mg/L 0.020 31 25 B 11/25/19 AK 
Manganese, Dissolved 0.126 mg/L 0.020 3125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
N ickel, Total 0.003 mg/L 0.001 3 125 B I 1/25/1 9 AK 
N ickel, Dissolved 0.002 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.007 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/1 9 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B I 1/25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3125 B ll /25/ 19AK 

(_ 
Reviewed By: __ ..... ,&.:t-.c,m<J..~'-'-1<():..C.A:.,_, ~(a.dL/2:1..~«<·,#::Z.L .... t=~-



R00251

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Be1y llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2145 1-5 
Pond 6 
11/6/ 19 

RESULT 

7.6 
12 

176 
560 
248 
480 
13 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.002 

< 0.001 
0.00 14 
0.00 14 
0.004 
0.002 
0.520 
0.112 

< 0.002 
0.438 
0.390 

< 0.002 
0.025 
0.024 
0.009 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.00 1 

0.0002 
0.0002 
0.001 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 8 
3 125 8 
3 125 8 
3 125 8 
3 125 8 
3 125 8 
3 125 8 
3125 8 
3 125 8 
3 125 B 
3 125 8 
3 125 8 
245.1 

3 125 8 
3 125 8 
3 125 8 
3 125 B 
3 125 8 
3 125 8 

J 7650 Route 37 
West Frankfort, Illinois 628r 

Phone (618) 983-82 
Fax (618) 983-820 

Website: www.summitenviro.com 

I 1/27/ 19 
Grab W3 
Cl ient-BM 
11/6/ 19 

DATE/ 
ANALYST 

11 /6/19 KR 
11/ 11/ 19 OG 
11/11/ 19 OG 
l l/l l/19KR 
11/12/ 19 OG 
I l / 12/19 KR 
11/7/19 KR 
11/6/19 KR 
11 /8/ 19 OG 

11/22/ 19 KR 
ll /25/1 9AK 
11/25/1 9 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
l l/25/ 19AK 
11/25/1 9 AK 
11/25/1 9 AK 
11/25/ 19 AK 
11/25/1 9 AK 
11/25/ 19 AK 
11/25/1 9 AK 
11/20/ 19 AK 
11/25/1 9 AK 
11 /25/19 AK 
ll /25/1 9AK 
ll /25/19AK 
11/25/19 AK 
11/25/19 AK 

C 

(_ 



R00252

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTAN T S 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
21451 -6 
Pond 7 
1 l/6/ I 9 

RESULT 

7.4 
32 
720 

1,800 
1,600 
980 
< 5 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0.003 
< 0.00 1 
0.0003 

< 0.0002 
0 .0 10 
0 .004 
0.463 
0.112 

< 0.002 
0.404 
0.394 

< 0.002 
0 .01 I 
0 .0 10 
0.020 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 

Reviewed By: -~A<>...J...am,A<-=<1"'-"''1/4,"""---'-'l{""~'-'~""'""'.µ'-<'""'--

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0 .02 
0 .01 

0.002 
0.001 
0.00 1 

0.0002 
0.0002 
0 .00 1 
0 .00 1 
0.050 
0.050 
0.002 
0 .020 
0.020 
0.002 
0.001 
0 .00 1 
0 .002 
0 .001 

0 .0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 18) 983-8280 
Fax (6 L8) 983-8208 

Website: •;vww.summitenviro.com 

11/27/1 9 
Grab W3 
Client-BM 
11/6/ 19 

DATE/ 
ANALYST 

11/6/ 19 KR 
11/ 11 /19 OG 
l l/ 11 /19 OG 
I l/l l /19 KR 
11/ 12/ 19 OG 
11/12/ 19 KR 

11/7/ 19 KR 
11/6/ 19 KR 
11/8/19 OG 

11/22/ 19 KR 
l l /25/19AK 
11 /25/ 19 AK 
11/25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/20/ 19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 



R00253

CHEMICAL AN ALYSTS & CO N SU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols , Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21451-7 
Pond 8 
11 /6/ 19 

RESULT 

7.4 
24 

668 
1,867 
1,799 
780 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.001 
0.0003 

< 0.0002 
0.0 10 
0.004 
0.399 

< 0.050 
< 0.002 
0.374 
0.356 

< 0.002 
0.011 
0.010 
0.020 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 

Reviewed By: _ __.A,._,__.mcu.a'.h..c...s.M""~'--'-"U-'-'/2_...F~·~ ...,__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
IO 
IO 
5 

0 .25 
0.02 
0 .0 1 

0.002 
0.001 
0.001 

0.0002 
0 .0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
245. 1 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 

West Frankfon , 1llinois 628r 
Phone ( 6 1 8) 983-82 

Fax (6 18) 9 83-820 

Website: www.sum mitenviro.com 

11 /27/19 
Grab W3 
Client-BM 
11/6/ 19 

DATE/ 
ANALYST 

I 1/6/19 KR 
11/11 / 19 OG 
11/ 11/19 OG 
11/11 / 19 KR 
11/ 12/1 9 OG 
11/12/19 KR 

11/7/19 KR 
11/6/19 KR 
11/8/19 OG 

11 /22/19 KR 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19AK 
11 /25/ 19 AK 
11/20/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
l l /25/19AK 
11/25/ 19 AK 

C 



R00254

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

C 
West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax (6 l8) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /27/ 19 
PDL: 2145 1-8 COMMENT: Grab W3 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/6/19 DATE RECEIVED: 11/6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT AN ALYST 

pH 8.5 Unit I - 14 4500 B 11/6/19 KR 
Acidity < 10 mg/L 10 2310 B 11 / 11/19 OG 
Alkalinity 432 mg/L 10 2320 B 11/ 11/19 OG 
Sulfate 1,467 mg/L 5 4500 E 11/11/19 KR 
Chloride 1,200 mg/L 10 4500 B 11 / 12/19 OG 
Hardness 460 mg/L 10 2340 C 11/12/19 KR 
Total Suspended Solids 46 mg/L 5 2540 D 11/7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 /22/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/25/ 19 AK 
Arsenic 0 .003 mg/L 0.001 3125 B 11 /25/19 AK 

C 
Beryllium < 0.001 mg/L 0.00 1 3125 B l l /25/19AK 
Cadmium, Total < 0 .0002 mg/L 0.0002 3125 B l l /25/19AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/25/19 AK 
Chromium 0.008 mg/L 0.001 3125 B 11/25/19 AK 
Copper 0.004 mg/L 0.00 1 3125 B 11 /25/19 AK 
Iron, Total 0.210 mg/L 0.050 3125 B ll /25/19AK 
Iron, Dissolved < 0.050 mg/L 0.050 31 25 B l l /25/19AK 
Lead < 0.002 mg/L 0.002 3125 B 11/25/1 9 AK 
Manganese, Total 0.057 mg/L 0.020 3 125 B 11 /25/19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 B 11/25/19 AK 
Mercury < 0.002 mg/L 0.002 245 .1 l l /20/19 AK 
N ickel, Total 0 .013 mg/L 0.001 3125 B I l/25/ l9AK 
N ickel, Dissolved 0.013 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.021 mg/L 0.002 3125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Thal lium < 0.0004 mg/L 0.0004 3125 B 11/25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 

Reviewed By: - ~A~krtb~-M~,~l{_A_F..,.·,........ _ _ 



R00255

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM IC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel , Dissolved 
Selenium 
Si lver 
Thallium 
Z inc 

Mach Mining 
2 1478-1 
Pond I 
11/ 13/19 

RESULT 

7. 1 
< IO 
80 
115 
54 
108 
7 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
< 0.001 
< 0.001 

< 0.0002 
< 0.0002 
< 0.001 
< 0.001 
0.260 
0.085 

< 0 .002 
< 0.020 
< 0.020 
< 0.002 
< 0.001 
< 0.001 
< 0.002 
< 0.00 1 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ____,,A'-L.Lm_,..-h ... ...,q'""'A""<-'(""''d..c../2 ..... v. ... ~~-CL.w>'.i:::~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .01 
0.002 
0.00 1 
0.00 1 

0.0002 
0.0002 
0.00 1 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.00 1 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
31 25 B 

17650 Route 37 

West Frankfort, 1llinois 628r 
Phone ( 61 8) 983-82 

Fax (618) 983-820 

Website: www.summitenviro.com 

12/3/ 19 
Grab Wk4 
Cl ient-BM 
11 /13/19 

DATE/ 
ANALYST 

11 /13/ 19 OG 
11 /19/ 19KR 
11 /19/1 9 KR 
11/ 15/1 9 KR 
11/ 18/19 OG 
11 /18/1 9 KR 
11 /14/ 19 KR 
11 / 13/ 19 OG 
11 /25/19 OG 

12/3/1 9 KR 
11 /27/19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11/27/ 19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
I 1/27/19 AK 
11 /27/1 9 AK 
11/27/19 AK 
11/27/1 9 AK 
11/27/19 AK 
11 /27/1 9 AK 
11 /20/ 19 AK 
11/27/ 19 AK 
11/27/ 19 AK 
l l /27/1 9AK 
l l/27/19AK 
11/27/1 9 AK 
l l/27/1 9AK 

C 

(_ 



R00256

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Frankfort, lllinois 62896 

SERVICES, INC. Phom~ ( 6 I 8) 983-8280 
Fax (61 8) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-2 COMMENT: Grab Wk4 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/1 3/ 19 DATE RECEIVED: I l / 13/l9 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.3 Unit I - 14 4500 B 11/13/19 OG 
Acidity < 10 mg/L 10 2310 B l l /19/ 19KR 
Alkalinity 100 mg/L 10 2320 B 11/19/19 KR 
Sulfate 660 mg/L 5 4500 E 11 / 15/19 KR 
Chloride 156 mg/L 10 4500 B 11/ 18/ 19OG 
Hardness 460 mg/L 10 2340 C 11/18/19 KR 
Total Suspended Solids 17 mg/L 5 2540 D 11 /1 4/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/ 19 KR 
Antimony < 0 .002 mg/L 0.002 3125 B 11/27/19 AK 
Arsenic < 0 .00 I mg/L 0.001 3125 B 11/27/ 19 AK 

(_ 
Beryllium < 0.001 mg/L 0.001 3125 B 11/27/19 AK 
Cadmium, Total 0.0008 mg/L 0.0002 3125 B 11 /27/19 AK 
Cadmium, Dissolved 0.0008 mg/L 0.0002 3125 B 11/27/19 AK 
Chromium 0.001 mg/L 0.00 1 3125 B 11/27/19 AK 
Copper < 0 .00 1 mg/L 0.00 1 3125 B 11 /27/1 9 AK 
Iron, Total 0.164 mg/L 0.050 3125 B 11 /27/19 AK 
Iron, Dissolved 0.068 mg/L 0.050 3 125 B 11 /27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Manganese, Total 0.5 11 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved 0.511 mg/L 0.020 3 125 B 11/27/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.001 3 125 B 11 /27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3 125 B 11 /27/19 AK 
Selenium 0.003 mg/L 0.002 3 125 B 11/27/19 AK 
Silver < 0.00 I mg/L 0.001 3 125 B 11/27/1 9 AK 
Thallium < 0 .0004 mg/L 0.0004 3 125 B 11/27/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/27/19 AK 

(_ Reviewed By: __ Ac....,... ..... m""''.b'""--"'M"-"<"--'--'()C...).'-,u ... ~'9'·FL'-''""--



R00257

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL AN ALYSTS & CONSULTANTS 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21478-3 
Pond 3 
11/13/ 19 

RESULT 

7.5 
< 10 
64 
63 
12 

104 
5 

< 0 .25 
< 0.02 
< 0.01 

< 0.002 
< 0.001 
< 0.001 
< 0.0002 
< 0.0002 
< 0.001 
< 0.00 1 
0.473 
0 .209 

< 0.002 
< 0.020 
< 0.020 
< 0.002 
< 0.001 
< 0.001 
< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Uni t 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0 .002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3 12 5 B 
31 25 B 
3125 B 
3125 B 

J 7650 Route 37 
West F rankfort, Hlin ois 6289f­

Phone (618) 983-828..,_ 
Fax (618) 983-8208 

Website: www.sumrnilenviro.com 

12/3/ 19 
Grab Wk4 
Client-BM 
11 /13/ 19 

DATE/ 
ANALYST 

11/13/ 19 OG 
11 / 19/19 KR 
11/19/19KR 
11/15/19 KR 
11/18/ 19 OG 
I 1/18/19 KR 
11/14/19 KR 
11/ 13/1 9 OG 
11/25/1 9 OG 

12/3/ 19 KR 
ll /27/ 19AK 
11/27/1 9 AK 
11/27/ 19 AK 
11/27/ 19 AK 
11 /27/1 9 AK 
11 /27/ 19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11/27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 
11 /27/ 19 AK 
11 /20/ 19 AK 
11 /27/19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 
I 1/27/ 19 AK 
11/27/19 AK 

C 

(_ 



R00258

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone(618)983-8280 
Fax (6 18) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-4 COMMENT: Grab Wk4 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/ 13/ 19 DATE RECEIVED: 11/13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.9 Unit I - 14 4500 B I 1/ 13/19 OG 
Acidity < 10 mg/L 10 2310 B 11/19/19 KR 
Alkalinity 88 mg/L 10 2320 B 11/19/ 19 KR 
Sulfate 107 mg/L 5 4500 E l l/15/ 19KR 
Chloride 22 mg/L 10 4500 B 11/18/19 OG 
Hardness 168 mg/L 10 2340 C 11/18/19 KR 
Total Suspended Solids 19 mg/L 5 2540 D 11/14/1 9 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/ 13/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/27/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/27/ 19 AK 
Chromium < 0.001 mg/L 0.001 3 125 B 11/27/19 AK 
Copper 0.0 19 mg/L 0.001 3125 B 11/27/19 AK 
Iron, Total 0. 127 mg/L 0.050 3125 B 11/27/19 AK 
Iron, Dissolved 0.058 mg/L 0.050 3 125 B 11/27/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /27/19 AK 
Manganese, Total < 0.020 mg/L 0.020 3 125 B 11 /27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11 /27/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/20/19 AK 
Nickel , Total < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Nickel , Dissolved < 0.001 mg/L 0.00 1 3 125 B 11 /27/19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 11/27/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11/27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B l l/27/19AK 

(_ Reviewed By: -~AL..J..AmCLL.<b..<.JGod-1«..<'-('-"JL-</2~r""· o:zurc.... __ 



R00259

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, 1lli.nois 628( 

SERVICES, INC. Phone ( 6 1 8) 983-82 
Fax ( 6 18) 983-8208 

CHEM I C AL ANALYSTS & CONSULTANTS Website: w\vw.surnmitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 2 1478-5 COMMENT: Grab Wk4 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/ 19 DATE RECEIVED: 11 /13/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 8 11/13/ 19 OG 
Acidity < 10 mg/L 10 2310 8 11/ 19/19 KR 
Alka linity 72 mg/L 10 2320 8 11 /19/19 KR 
Sulfate 130 mg/L 5 4500 E 11 / 15/19 KR 
Chloride 38 mg/L 10 4500 8 11/ 18/19 OG 
Hardness 176 mg/L 10 2340 C 11 /18/19 KR 
Total Suspended Solids 19 mg/L 5 2540 D 11 / 14/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/1900 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/3/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 8 11/27/19AK 
Arsenic < 0.00 I mg/L 0.001 3125 B 11 /27/19 AK 
Beryllium < 0.001 mg/L 0.001 3 125 8 11 /27/19 AK 

C Cadmium, Total < 0.0002 mg/L 0.0002 3125 8 11/27/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 8 11 /27/19 AK 
Chromium < 0.001 mg/L 0.001 3125 8 11/27/ 19 AK 
Copper < 0.001 mg/L 0.001 3 125 8 11/27/ 19 AK 
Iron, Total 0.384 mg/L 0.050 3125 8 11/27/ 19 AK 
Iron, Disso lved 0.147 mg/L 0.050 3 125 8 11/27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 8 11/27/ 19 AK 
Manganese, Total 0.1 39 mg/L 0.020 3 125 8 11/27/ 19 AK 
Manganese, Disso lved < 0.020 mg/L 0.020 3 125 8 11 /27/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/20/19 AK 
Nickel, Total < 0.00 1 mg/L 0.00 1 3125 8 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3 125 8 11 /27/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11 /27/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Thallium < 0.0004 mg/L 0 .0004 3 125 B 11/27/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11 /27/ 19 AK 

(_ 



R00260

C 

SUMMIT 
~~~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC AL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2 1478-6 
Pond 6 
I I /13/19 

RESULT 

8.1 
< 10 
172 
760 
526 
420 
10 

Pheno ls, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
< 0.00 1 
< 0.00 1 
0.0007 
0.0007 
0.007 

Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
C hromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, T otal 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

< 0.001 
0.155 
0.088 

< 0.002 
0.508 
0.508 

< 0.002 
< 0.001 
< 0.001 
0.009 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ .... A.L.Ll,mCJ.<'b~U.,_."'--"U""'A'-~-"'"';·~ ,._.__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 
0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0 .002 
0.00 1 
0 .001 
0.002 
0.001 

0 .0004 
0 .050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
245 .1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

J 7650 Route 37 
West F rankfort, fllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ,vv,rw.summitenviro.com 

12/3/ I 9 
Grab Wk4 
Cl ient-BM 
11 / 13/ 19 

DATE/ 
ANALYST 

11/13/ 19 OG 
11/ 19/1 9 KR 
l l/19/ 19KR 
11 / 15/19 KR 
11 /1 8/ 19 OG 
11 /18/ 19 KR 
11/ 14/19 KR 
11/1 3/1 9 OG 
11 /25/19 OG 

12/3/ 19 KR 
11/27/1 9 AK 
11/27/ 19 AK 
11/27/ 19 AK 
11/27/ 19 AK 
11 /27/ 19 AK 
11/27/19 AK 
11/27/19 AK 
11/27/19 AK 
11/27/1 9 AK 
11/27/ 19 AK 
11/27/ 19 AK 
11 /27/19 AK 
I 1/20/19 AK 
11/27/19 AK 
11/27/19 AK 
11/27/19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 



R00261

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Sett leable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
21478-7 
Pond 7 
11/13/ 19 

RESULT 

7.4 
16 

740 
1,933 
1,849 
1,200 

14 
< 0.25 
< O.Q2 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.021 
0.045 
1. 156 
0.943 

< 0.002 
0.597 
0.597 

< 0.002 
< 0.001 
< 0.001 
0.020 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0 .002 
0.001 
0.001 

0 .0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
245. 1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 

17650 Route 37 

West Frankfort, 11linois 628r 
Phone (618) 983-82 

Fax (6 l8) 983-820 

Website: www.summitenviro.com 

12/3/ 19 
Grab Wk4 
Client-BM 
11/13/ 19 

DATE/ 
ANALYST 

11/13/19 OG 
11/ 19/ 19 KR 
l l/19/19KR 
11/15/19KR 
I 1/ 18/ 19 OG 
11/18/19 KR 
11/14/19 KR 
11/13/19 OG 
11/25/ 19 OG 

12/3/ 19 KR 
11/27/ 19 AK 
I 1/27/ 19 AK 
ll/27/19AK 
11/27/ 19 AK 
11/27/ 19 AK 
l l/27/1 9AK 
11/27/ 19AK 
11/27/ 19 AK 
11 /27/19 AK 
I 1/27/19 AK 
11/27/19 AK 
ll /27/19AK 
ll /20/19AK 
l l/27/19AK 
11 /27/19 AK 
11/27/ 19 AK 
I 1/27/ 19 AK 
11 /27/19 AK 
11/27/ 19 AK 

C 

C 



R00262

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Fra nkfort, lllinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website : W\,Vw.summite nviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/19 
PDL: 21478-8 COMMENT: Grab Wk4 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/ 19 DATE RECEIVED: 11/13/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.0 Unit I - 14 4500 B 11/1 3/ 19 OG 
Acidity < 10 mg/L 10 2310 B 11/ 19/ 19 KR 
Alkalinity 630 mg/L 10 2320 B ll/19/ 19KR 
Sulfate 1,700 mg/L 5 4500 E ll/1 5/19KR 
Chloride 1,500 mg/L 10 4500 B 11 /18/ 19 OG 
Hardness 760 mg/L 10 2340 C 11/18/19 KR 
Total Suspended Solids 14 mg/L 5 2540 D I 1/14/19 KR 
Settleable Solids < 0 .25 mL/L 0.25 2540 F I 1/13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /27/ 19 AK 
Arsenic 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11 /27/1 9 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /27/19 AK 
Chromium 0.014 mg/L 0.001 3125 B I 1/27/ 19 AK 
Copper 0.072 mg/L 0.001 3125 B 11 /27/ 19 AK 
Iron, Total 0.149 mg/L 0.050 3125 B 11 /27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3125 B 11 /27/19 AK 
Lead < 0 .002 mg/L 0.002 3125 B 11 /27/ 19 AK 
Manganese, Total 0.416 mg/L 0.020 3 125 B 11 /27/ 19 AK 
Manganese, Dissolved 0.416 mg/L 0.020 3125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245 .1 11/20/ 19 AK 
Nickel, Total < 0.00 I mg/L 0.001 3125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3125 B I 1/27/19 AK 
Selenium 0.016 mg/L 0.002 3125 B 11 /27/19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /27/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/27/19 AK 

(_ Reviewed By: _ ___,.A....,_.m.LWLb.wil""/1...,,'--'("""'J""'/2 ......... ✓~""'· =T:~-



R00263

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 628( 
SERVICES, INC. Phone ( 61 8) 983-82 

Fax (6 18) 983-8208 

CHEM I CAL ANALYSTS & CONSULTAN TS Website: www.sumrnitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-9 COMMENT: Grab Wk4 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 / 13/1 9 DATE RECEIVED: 11/ 13/19 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B I 1/13/ 19 OG 
Acidity < 10 mg/L 10 23 10 B 11/19/ 19 KR 
Alkalinity 440 mg/L 10 2320 B ll /19/ l9KR 
Sulfate 1,500 mg/L 5 4500 E ll /15/ 19KR 
Chloride 1,250 mg/L 10 4500 B 11/18/19 OG 
Hardness 360 mg/L 10 2340 C 11/18/ 19 KR 
Total Suspended Solids 16 mg/L 5 2540 D 11/14/19 KR 
Settleable Solids < 0 .25 mL/L 0.25 2540 F 11/1 3/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Pheno ls, Total Recoverable < 0.01 mg/ L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0 .00 1 mg/L 0.00 1 3 125 B 11 /27/ 19 AK 
Beryllium < 0.001 mg/ L 0.00 1 3 125 B 11 /27/19 AK 

C Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11 /27/ 19 AK 
Cadmium, Dissolved < 0 .0002 mg/L 0.0002 3 125 B 11/27/ 19 AK 
Chromium 0.010 mg/L 0.00 1 3 125 B 11 /27/ 19 AK 
Copper 0 .008 mg/L 0.00 1 3 125 B 11 /27/ 19 AK 
Iron, Total < 0.050 mg/L 0.050 3 125 B 11 /27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11 /27/ 19 AK 
Lead < 0.002 mg/ L 0.002 3 125 B 11 /27/ 19 AK 
Manganese, Total < 0.020 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11 /27/ 19 AK 
Mercury < 0.002 mg/ L 0.002 245. 1 11/20/ 19 AK 
Nickel, Total < 0.001 mg/ L 0.00 1 3 125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3 125 B I 1/27/ 19 AK 
Selenium 0.016 mg/L 0.002 3 125 B 11/27/1 9 AK 
Silver < 0.00 1 mg/ L 0.00 1 3 125 B 11/27/19 AK 
Thallium < 0.0004 mg/L 0 .0004 3 125 B 11 /27/ 19 AK 
Z inc < 0.050 mg/ L 0.050 3 125 B 11 /27/19 AK 

Reviewed By: __ Lf .......... kn~h~d-1=-......... U~A~F.,,· ........ ~-



R00264

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acid ity 
Alka linity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
21505- 1 
Pond 1 
11 /20/19 

RESULT 

7.9 
< 10 
68 
120 
60 
120 
8 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.0 1 
< 0.002 

Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0.001 
< 0.001 

< 0.0002 
< 0.0002 

0.002 
< 0.001 
0.808 
0.197 

< 0.002 
0.121 
0.057 

< 0.002 
0 .003 
0.003 

< 0.002 
< 0.00 1 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __,_A"-Lltn.6CUd""-""QA""','-'tL.<.'di..</4-"""r">I· =7';:::~_ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
IO 
10 
5 

0.25 
0.02 
0.01 
0.002 
0,001 
0.001 

0 .0002 
0 .0002 
0.001 
0.001 
0.050 
0 ,050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: ,,v,,vw.summitenviro.com 

12/6/ 19 
Grab W5 
Client-BM 
11 /20/19 

DATE/ 
ANALYST 

11/20/ 19 KR 
11 /22/ 19 KR 
I 1/22/19 KR 
11 /25/19 KR 
11/2 1/ 19 KR 
11 /2 1/19 KR 
I 1/2 1/19 KR 
I 1/21/19 KR 
11/25/19 OG 

12/5/19 KR 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/6/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 



R00265

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

West Frankfort, Jl1inois 6289r 

SERVICES, INC. Phone ( 61 8) 983-828 
Fax (6 I 8) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: wvr.v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
POL: 21505-2 COMMENT: Grab W5 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: I 1/20/ 19 DATE RECEIVED: l 1/20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.7 Unit 1 - 14 4500 8 11/20/ 19 KR 
Acidity < 10 mg/L 10 2310 8 11/22/ 19 KR 
Alkalinity 100 mg/L 10 2320 8 11/22/ 19 KR 
Sulfate 590 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 172 mg/L 10 4500 8 11/21 / 19 KR 
Hardness 550 mg/L 10 2340 C 11/21/19 KR 
Total Suspended Solids 5 rng/L 5 2540 D 11/2 1/1 9 KR 
Settleable Sol ids < 0.25 mL/L 0.25 2540 F 11 /2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 8 12/2/ 19 AK 
Arsenic 0.001 mg/L 0.001 3125 8 12/2/19 AK 
Beryllium < 0.001 mg/L 0.001 3125 B 12/2/19 AK 

C Cadmium, Total 0.0013 mg/L 0.0002 3125 8 12/2/ 19 AK 
Cadmium, Dissolved 0.0013 mg/L 0.0002 3125 B 12/2/ 19 AK 
Chromium 0.002 mg/ L 0.001 3125 B 12/2/19 AK 
Copper 0.005 rng/ L 0.00 1 3125 B 12/2/19 AK 
Iron , Total 0.218 mg/ L 0.050 3125 8 12/2/19 AK 
Iron, Dissolved 0.104 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/ L 0.002 3125 8 12/2/19 AK 
Manganese, Total 0.641 mg/ L 0.020 3125 B 12/2/19 AK 
Manganese, Dissolved 0.641 mg/L 0.020 3 125 8 12/2/19 AK 
Mercury < 0.002 rng/ L 0.002 245.1 12/6/ 19 AK 
N ickel, Total 0.029 mg/ L 0.001 3125 8 12/2/19 AK 
Nickel, Dissolved 0.029 rng/L 0.001 3 125 8 12/2/19 AK 
Selenium 0.006 mg/L 0.002 3 125 8 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 8 12/2/ 19 AK 
Z inc < 0.050 mg/L 0.050 3125 8 12/2/19 AK 

Reviewed By: -~A"'--'--'m<.L>d:b~VL.....,_ .... fd,../2'-""'~""'·µ.,..,.....__ 



R00266

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C 
West Frankfort, minois 62896 

SERVICES, INC. Phone {618) 983-8280 
Fax (61 8) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: v.rww.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-3 COMMENT: Grab W5 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/19 DATE RECEIVED: I 1/20/ 19 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 11/20/19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/19 KR 
Alkal inity 44 mg/L 10 2320 B 11/22/19 KR 
Sulfate 68 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 16 mg/L 10 4500 B 11/2 1/ 19 KR 
Hardness 104 mg/L 10 2340 C 11 /2 1/ 19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11 /2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.002 mg/L 0.00 1 3125 B 12/2/19 AK 

C 
Be1yllium < 0.00 I mg/L 0.001 3125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 12/2/ 19 AK 
Chromium < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/2/ 19 AK 
Iron, Total 0.548 mg/L 0.050 3125 B 12/2/ 19 AK 
Iron, Dissolved 0.262 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Manganese, Total 0.185 mg/L 0.020 3 125 B 12/2/ 19 AK 
Manganese, Dissolved 0.146 mg/L 0.020 3 125 B 12/2/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/1 9 AK 
Nickel, Total 0.003 mg/L 0.001 3125 B 12/2/1 9 AK 
Nickel, Dissolved 0.002 mg/L 0.001 3125 B 12/2/1 9 AK 
Selenium < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

(_ 



R00267

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-828 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: w,vw.summite1wiro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-4 COMMENT: Grab W5 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/ 19 DATE RECEIVED: 11/20/19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 11/20/19 KR 
Acidity < IO mg/L 10 2310 B 11/22/ 19 KR 
Alka linity 68 mg/L 10 2320 B I 1/22/19 KR 
Sulfate I 17 mg/L 5 4500 E I l/25/19KR 
Chloride 24 mg/L IO 4500 B 11/21/19 KR 
Hardness 176 mg/L 10 2340 C I 1/2 1/19 KR 
Total Suspended Solids 11 mg/L 5 2540 D 11/2 1/1 9 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Arsenic 0 .001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 

C Cadmium, Total < 0 .0002 mg/L 0 .0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Copper < 0 .001 mg/L 0.001 3 125 B 12/2/19 AK 
Iron, Total 0.327 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0 .1 I 8 mg/L 0.050 3 125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Manganese, Total 0.101 mg/L 0.020 3 125 B 12/2/19 AK 
Manganese, Dissolved 0.040 mg/L 0.020 3 125 B 12/2/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/ 19 AK 
Nickel, Total 0.005 mg/L 0.001 3 125 B 12/2/19 AK 
Nickel, Dissolved 0.005 mg/L 0.001 3 125 B 12/2/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

(_ 



R00268

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

c· West Frankfort, ll1i.nois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: .. :v-,vw.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/19 
PDL: 21505-5 COMMENT: Grab W5 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/19 DA TE RECEIVED: 11 /20/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.7 Unit I - 14 4500 B I 1/20/ 19 KR 
Acidity < 10 mg/L 10 2310 B 11 /22/ 19 KR 
Alkal inity 68 mg/L 10 2320 B 11/22/19 KR 
Sulfate 135 mg/L 5 4500 E l l/25/ l9KR 
Chloride 38 mg/L 10 4500 B 11 /21/ 19 KR 
Hardness 172 mg/L 10 2340 C 11/2 1/ 19 KR 
Total Suspended Solids 20 mg/L 5 2540 D I l/2 1/19KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /2 1/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.001 mg/L 0.001 3125 B 12/2/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Iron, Total 0.754 mg/L 0.050 3125 B 12/2/19 AK 
Iron, Dissolved 0.241 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/1 9 AK 
Manganese, Total 0.226 mg/L 0.020 3 125 B 12/2/19 AK 
Manganese, Dissolved 0.131 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245 .1 12/6/19 AK 
Nickel, Total 0.003 mg/L 0.001 3 125 B 12/2/19 AK 
Nickel , Dissolved 0.003 mg/L 0.001 3 125 B 12/2/19 AK 
Seleni um < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Thallium < 0 .0004 mg/L 0.0004 3125 B 12/2/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

l 



R00269

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Ulinois 628r 

SERVICES, INC. Phone (618) 983-82 
Fax. (618) 983-8208 

CHEMI CAL AN ALYSTS & CONSULTAN TS Website: ww w.su1nmitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-6 COMMENT: Grab W5 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/ 19 DATE RECEIVED: 11/20/ 19 

TEST DESCRJPTION RESULT UN ITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 11 /20/19 KR 
Acidity < 10 mg/L 10 2310 B 11 /22/ 19 KR 
Alkalinity 132 mg/ L 10 2320 B 11/22/ 19 KR 
Sulfate 933 mg/ L 5 4500 E 11 /25/ 19 KR 
Chloride 605 mg/ L 10 4500 B 11 /21 / 19 KR 
Hardness 372 mg/L IO 2340 C I 1/21/19 KR 
Total Suspended Solids 8 mg/ L 5 2540 D 11 /21 / 19 KR 
Settleable Solids < 0.25 mL/L 0 .25 2540 F 11/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/1 9 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 12/2/19 AK 
Beryllium < 0.001 mg/L 0.001 3125 B 12/2/19 AK C Cadmium, Total 0.0010 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved 0.0009 mg/L 0.0002 3125 B 12/2/ 19 AK 
Chromium 0.006 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Copper 0.012 mg/L 0.001 3 125 B 12/2/19 AK 
Iron, Total 0.302 mg/L 0.050 3125 B 12/2/ 19 AK 
Iron, Dissolved 0.071 mg/L 0.050 3125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Manganese, Total 0.675 mg/L 0.020 3 125 B 12/2/19 AK 
Manganese, Dissolved 0.629 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/ 19 AK 
Nicke l, Total 0.032 mg/L 0.001 3 125 B 12/2/ 19 AK 
N ickel, Dissolved 0.028 mg/L 0.001 3 125 B 12/2/1 9 AK 
Selenium 0.016 mg/L 0.002 3125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/ 19 AK 

(_ 



R00270

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Su lfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
21505-7 
Pond 7 
11 /20/19 

RESULT 

7.7 
10 

556 
1,800 
1,7 I 9 
740 
12 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0.003 
< 0.001 

< 0 .0002 
< 0.0002 

0 .0 12 
< 0.001 
0.750 
0.223 

< 0 .002 
0.558 
0.558 

< 0.002 
0.017 
0.0 16 
0.018 

< 0.00 I 
< 0 .0004 
< 0 .050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.00 1 
0.001 

0.0002 
0 .0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0 .020 
0.002 
0.001 
0.001 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 

l 7650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: w,,,-..v.summite11viro.com 

12/6/ 19 
Grab W5 
Client-BM 
I 1/20/ 19 

DATE/ 
ANALYST 

11/20/19 KR 
11/22/ 19 KR 
11/22/ 19 KR 
11/25/19 KR 
ll /21 / l9KR 
11/21/19 KR 
11/21/19 KR 
11/21/19 KR 
11/25/19 OG 

12/5/ 19KR 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/6/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/1 9 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 



R00271

SUMMIT 
~~__,,-v/1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPT ION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverab le 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chrom ium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
T hall ium 
Z inc 

Mach Mining 
21505-8 
Pond 8 
11 /20/ 19 

RESULT 

7.4 
18 

640 
2,000 
1,969 
800 
14 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.004 

< 0.00 1 
< 0.0002 
< 0.0002 

0.0 15 
< 0.001 

1.9 I 9 
0.366 

< 0.002 
0.569 
0.566 

< 0.002 
0.0 14 
0.0 12 
0.024 

< 0.00 1 
< 0 .0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: --~A>...L-Lmb.u.o..""'q""''A,,"""--'("""',,{..,_/2_.u...,~~· CL.L4Z:::~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DET ECTION 
LIMIT 

I - 14 
10 
10 
5 
IO 
IO 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.00 1 
0.0002 
0.0002 
0.00 1 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.001 
0.002 
0 .00 1 
0.0004 
0.050 

METHOD 

4500 B 
231 0 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 

l 7650 R oute 37 

West Frankfort, 111:i.nois 628r 
Phone ( 6 18) 983-82 

Fax (618) 983-820 

Website: www.summitenviro.com 

12/6/19 
Grab W5 
Client-BM 
11/20/ 19 

DATE/ 
ANALYST 

11/20/19 KR 
11/22/19 KR 
11/22/19 KR 
11/25/19 KR 
I l/2 1/19KR 
11/21/19 KR 
ll /21/19KR 
11/2 1/19 KR 
I 1/25/19 OG 

12/5/19 KR 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/6/ 19 AK 
12/2/1 9 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 

C 



R00272

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( 
West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-9 COMMENT: Grab W5 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DA TE SAMPLED: 11/20/19 DATE RECEIVED: 11/20/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 11/20/ 19 KR 
Acidity < IO mg/L 10 23 10 B 11 /22/19 KR 
Alkal in ity 480 mg/L 10 2320 B 11/22/ 19 KR 
Sulfate 1,733 mg/L 5 4500 E ll /25/ l9 KR 
Chloride 1,530 mg/L 10 4500 B 11 /2 1/ 19 KR 
Hardness 310 mg/L 10 2340 C 11 /2 1/19 KR 
Total Suspended Solids 18 mg/L 5 2540 D 11/2 1/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /2 1/1 9 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony 0.003 mg/L 0.002 3125 B 12/2/19 AK 
Arsenic 0.004 mg/L 0.001 3 125 B 12/2/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium 0.013 mg/L 0.001 3 125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Jron, Total 0.385 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0. 166 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Manganese, Total 0.091 mg/L 0.020 3 125 B 12/2/19 AK 
Manganese, Dissolved 0.048 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/19 AK 
Nickel, Total 0.022 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Nickel, Dissolved 0.020 mg/L 0.00 1 3 125 B 12/2/19 AK 
Selenium 0.027 mg/L 0.002 3125 B 12/2/19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

(_ Reviewed By: _ __.A:i.....i..,mACL.<4"'--"<M'-"'~'-t""''d'"').-'~-· =...or~--



R00273

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYS TS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21533-1 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DA TE SAMPLED: 11/26/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.6 Unit 1 - 14 4500 B 
Acidity < 10 mg/L 10 23 10 B 
Alkalinity 120 mg/L 10 2320 B 
Sulfate 867 mg/L 5 4500 E 
Chloride 250 mg/L 10 4500 B 
Hardness 800 mg/L 10 2340 C 
Total Suspended Solids 8 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3125 B 
Arsenic 0.002 mg/L 0.00 1 3125 B 
Beryllium < 0.001 mg/L 0.001 3125 B 
Cadmium, Total 0.0022 mg/L 0.0002 3125 B 
Cadmium, Dissolved 0.0017 mg/L 0.0002 3 125 B 
Chromium 0.005 mg/L 0.001 3125 B 
Copper 0.013 mg/L 0.001 3125 B 
Iron, Total 0.063 mg/L 0.050 3125 B 
Iron, Dissolved < 0.050 mg/L 0.050 3125 B 
Lead < 0.002 mg/L 0.002 3125 B 
Manganese, Total 0.7 11 mg/L 0.020 3125 B 
Manganese, Dissolved 0.219 mg/L 0.020 3125 B 
Mercury < 0.002 mg/L 0.002 245 .1 
Nickel, Total 0.048 mg/L 0.001 3 125 B 
Nickel, Dissolved 0.031 mg/L 0.001 3125 B 
Selenium 0.008 mg/L 0.002 3 125 B 
Silver < 0.00 1 mg/L 0.00 I 3 125 B 
Thallium < 0.0004 mg/L 0.0004 3 125 B 
Zinc < 0.050 mg/L 0.050 3125 B 

J 7650 Route 37 
West Frankfort, lllinois 6289?­

Phone ( 61 8) 983-82l\ 
Fax ( 618) 983-8208 

Website: wv.iw.summitenviro.com 

12/1 1 / I 9 
WI makeup 
Client-JP 
11 /26/ 19 

DATE/ 
ANALYST 

11 /26/19 OG 
12/2/19 OG 
12/2/1 9 OG 

11 /26/19 KR 
12/3/ l9KR 
12/2/1 9 OG 
12/3/19 KR 

11 /26/19 OG 
12/ 10/ 19 KR 
12/10/19 KR 

12/5/1 9 AK 
12/5/ l9 AK 
12/5/ 19 AK 

C 12/5/19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/19 AK 
12/6/ 19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/19 AK 

(_ 



R00274

SUMMIT 
ENVIRONMENTAL I 7650 Route 37 

C 
West Frankfort, ll1inois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax(618)983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/16/ 19 
PDL: 2 1550- 1 COMMENT: Grab W6 
SAMPLE ID: Pond I SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/19 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 12/6/19 KR 
Acidity 10 mg/L 10 2310 B 12/9/ 19 OG 
Alkalinity 92 mg/L IO 2320 B 12/9/ 19 OG 
Sulfate 82 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 34 mg/L 10 4500 B 12/6/19 KR 
Hardness 100 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 29 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/1 1/19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/1 0/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/ 10/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/10/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B 12/10/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/10/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/ 10/ 19 AK 
Chromium 0.004 mg/L 0.001 3 125 B 12/10/1 9 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/10/ 19 AK 
Iron, Total 1.897 mg/L 0.050 3125 B 12/ 10/ 19 AK 
Iron, Dissolved 0.253 mg/ L 0.050 3 125 B 12/10/19 AK 
Lead 0.002 mg/ L 0.002 3 125 B 12/10/ 19 AK 
Manganese, Total 0.121 mg/L 0.020 3 125 B 12/10/19 AK 
Manganese, Dissolved 0.074 mg/ L 0.020 3 125 B 12/1 0/1 9 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/13/19 AK 
Nickel, Total < 0.001 mg/L 0.001 3 125 B 12/1 0/19 AK 
Nickel , Dissolved < 0.001 mg/L 0.001 3 125 B 12/ 10/ 19 AK 
Selenium 0.002 mg/ L 0.002 3 125 B 12/ 10/ 19 AK 
Silver < 0.001 mg/ L 0.001 3 125 B 12/10/19 AK 
T hallium < 0.0004 mg/L 0.0004 3 125 B 12/ 10/ 19 AK 
Z inc < 0.050 mg/L 0.050 3 125 B 12/ 10/19 AK 

(_ 
Reviewed By: -~//o.....µm~b.,-<...K.IIA..,_,,_...,() ..... h~~.,,,·,-u.,,...__ 



R00275

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYS'I'S & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21550-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.3 Unit I - 14 4500 B 
Acidity 14 mg/L 10 23 10 B 
Alkal inity 72 mg/L 10 2320 B 
Sulfate 640 mg/L 5 4500 E 
Chloride 175 mg/L 10 4500 B 
Hardness 608 mg/L 10 2340 C 
Total Suspended Solids 9 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3 125 B 
Arsenic < 0.001 mg/L 0.001 3 125 B 
Beryllium < 0.001 mg/L 0.00 1 3125 B 
Cadmium, Total 0.0039 mg/L 0.0002 3125 8 
Cadmium, Dissolved 0.0038 mg/L 0.0002 3125 B 
Chromium 0.004 mg/L 0.001 3125 B 
Copper < 0.001 mg/L 0.001 3125 B 
Iron, Total 0.421 mg/L 0.050 3125 8 
Iron, Dissolved 0 .149 mg/L 0.050 3 125 B 
Lead < 0.002 mg/L 0.002 3 125 8 
Manganese, Total 1.185 mg/ L 0.020 3 125 B 
Manganese, Dissolved 1.185 mg/L 0.020 3 125 B 
Mercury < 0.002 mg/L 0.002 245.1 
Nickel, Total 0.074 mg/L 0.001 3125 B 
Nickel, Dissolved 0.074 mg/ L 0.001 3125 B 
Selenium 0.016 mg/L 0.002 3 125 B 
Si lver < 0.001 mg/ L 0.00 1 3 125 B 
Thallium < 0.0004 mg/L 0.0004 3 125 B 
Zinc 0 .059 mg/L 0.050 3 125 B 

Reviewed By: __ Ao..i..m=A~Ma<<...J.<u"-<).'-C~W~·F"'..._ __ 

17650 Route 37 

West Frankfort, Illinois 6289r6 
Phone (618) 983-828 

Fax (618) 983-820 

Website: w\vw.summitenviro.com 

12/ 16/19 
Grab W6 
Client-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/19 OG 
12/6/ 19KR 
12/6/ 19 KR 
12/9/ 19 OG 
12/6/ 19 KR 

12/ 11/19 KR 
12/ 10/19 KR 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/19 AK 

C 12/10/19 AK 
12/ 10/ 19 AK 
12/1 0/19 AK 
12/1 0/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/1 0/ 19 AK 
12/1 0/ 19 AK 
12/10/19 AK 
12/13/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/10/1 9 AK 
12/ 10/19 AK 
12/10/19 AK 

(_ 



R00276

C 

(_ 

SUMMIT 
~~~;y1ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL AN ALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
POL: 21550-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCRIPT ION RESULT UNITS DETECTION l\lIETHOD 
LIMIT 

pH 7.3 Unit I - 14 4500 B 
Acidity < 10 mg/L 10 2310 B 
Alkalinity 52 mg/L 10 2320 B 
Sulfate 4 1 mg/L 5 4500 E 
Chlo ride < 10 mg/L IO 4500 B 
Hardness 64 mg/L 10 2340 C 
Total Suspended Solids 23 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3125 B 
Arsenic 0.002 mg/L 0.001 3125 B 
Beryllium < 0.001 mg/L 0.001 3125 B 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 
Chromium 0.004 mg/L 0.001 3125 B 
Copper < 0.00 I mg/L 0.001 3125 B 
Iron, Total 2.247 mg/L 0.050 3125 B 
Iron, Dissolved 0.324 mg/L 0.050 3 125 B 
Lead 0.002 mg/L 0.002 3125 B 
Manganese, Total 0. 123 mg/L 0.020 3125 B 
Manganese, Dissolved 0. 103 mg/L 0.020 3 125 B 
Mercury < 0.002 mg/L 0.002 245. 1 
Nickel, Total < 0.001 mg/L 0.001 3 125 B 
Nickel, Dissolved < 0.001 mg/L 0.001 3 125 B 
Selenium < 0.002 mg/L 0.002 3 125 B 
Silver < 0.00 1 mg/L 0.001 3 125 B 
Thallium < 0.0004 mg/L 0.0004 3 125 B 
Zinc < 0.050 mg/L 0.050 3 125 B 

Reviewed By: _ __,&......,m:..u.c.hLq.,.4:.<.<<:....JCCAJ'-"/2-'-"'F0,1. :.<LA~-

17650 Route 37 
West Frankfort, lllinois 62896 

Phone ( 61 8) 983-8280 
Fax (618) 983-8208 

Website: www.summite11viro.com 

12/ 16/19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/19 OG 
12/9/ 19 OG 
12/9/19 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/19 OG 
12/6/19 KR 

12/1 1/19 KR 
12/10/19 KR 
12/10/ 19 AK 
12/10/19 AK 
12/10/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/1 0/1 9 AK 
12/10/19 AK 
12/10/19 AK 
12/10/19 AK 
12/ 10/ 19 AK 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/ 13/ 19 AK 
12/10/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/10/19 AK 



R00277

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL AN ALY STS & CON S ULTAN T S 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21550-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.5 Unit I - 14 4500 B 
Acidity 14 mg/L 10 23 10 B 
Alkalinity 128 mg/L 10 2320 B 
Sulfate 95 mg/L 5 4500 E 
Chloride 18 mg/L 10 4500 B 
Hardness 236 mg/L 10 2340 C 
Total Suspended So lids 15 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3 125 B 
Arsenic 0.001 mg/L 0.001 3125 B 
Beryllium < 0.001 mg/L 0.001 3 125 B 
Cadm ium, Total < 0.0002 mg/L 0.0002 3 125 B 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 
Chromium 0.002 mg/L 0.001 3 125 B 
Copper < 0.001 mg/L 0.001 3 125 B 
Iron, Total 0.6 12 mg/L 0.050 3 125 B 
Iron, Dissolved 0.151 mg/L 0.050 3 125 B 
Lead < 0.002 mg/L 0.002 3 125 B 
Manganese, Total 0.750 mg/L 0.020 3125 B 
Manganese, Dissolved 0.736 mg/L 0.020 3125 B 
Mercury < 0.002 mg/L 0.002 245.1 
Nickel, Total < 0.001 mg/L 0.001 31 25 B 
Nickel , Dissolved < 0.001 mg/L 0.001 3 125 B 
Selenium < 0.002 mg/L 0.002 3125 B 
Silver < 0.001 mg/L 0.001 3125 B 
Thallium < 0.0004 mg/L 0.0004 3125 B 
Zinc < 0.050 mg/ L 0.050 3 125 B 

Reviewed By: _ __.A::>...L..AM'-Ud~fl&'-'-£_u:u.>-<,),.C-"~ .... .,,,·='-'--

17650 Route 37 
West Frankfort, 1llinois 6289f­

Phone ( 618) 983-82~ 
Fax (618) 983-8208 

Website: w,vw.summitenviro.com 

12/ 16/19 
Grab W6 
C lient-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/19 OG 
12/9/ 19 OG 
12/9/19 OG 
12/6/1 9 KR 
12/6/1 9 KR 
12/9/19 OG 
12/6/ 19 KR 

12/11/ 19 KR 
12/10/ 19 KR 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/10/19 AK 

C 12/ 10/1 9 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/1 0/1 9 AK 
12/ 10/1 9 AK 
12/ 10/1 9 AK 
12/1 0/ 19 AK 
12/1 0/1 9 AK 
12/ 10/1 9 AK 
12/13/1 9 AK 
12/1 0/1 9 AK 
12/1 0/1 9 AK 
12/1 0/1 9 AK 
12/1 0/1 9 AK 
12/ 10/1 9 AK 
12/1 0/1 9 AK 

( 



R00278

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL AN ALYSTS & CONSULTANT S 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
2 1550-5 
Pond 5 
12/6/19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel , Dissolved 
Seleni um 
Silver 
Thallium 
Zinc 

7.8 
12 
80 
90 
20 
148 
30 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.001 

< 0.001 
< 0.0002 
< 0.0002 

0.003 
< 0.001 

1.666 
0.349 

< 0.002 
0.174 
0.149 

< 0.002 
< 0.00 1 
< 0.00 1 
< 0.002 
< 0.00[ 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ___.,&.........,mc.u.c.A..c...o .... :a""':....J(L-"J....,/4..:.,...,..ro,i· <LLAt: __ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.00 1 
0.00 1 
0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00[ 
0.00 1 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 l25 B 
3l25 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245. 1 

3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (6 l 8) 983-8208 

Website: www.summitenviro.com 

12/ 16/ 19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/19 KR 
12/9/19 OG 
12/9/ 19 OG 
12/9/ 19 OG 
12/6/19 KR 
12/6/19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/11/19 KR 
12/10/19 KR 
12/1 0/ 19 AK 
12/1 0/19 AK 
l2/I0/19AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/ 10/ [9 AK 
12/10/ 19 AK 
12/10/19 AK 
12/10/1 9 AK 
12/10/19 AK 
12/13/1 9 AK 
12/10/19 AK 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/10/19 AK 



R00279

SUMMIT 
!,;;_:--=~-"Vi ENVIRONMENTAL 

SERVICES, INC. 
CHE M I CAL AN ALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21550-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DA TE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.8 Unit I - 14 4500 B 
Acidity 14 mg/L 10 2310 B 
Alkalinity 120 mg/L 10 2320 B 
Sulfate 780 mg/L 5 4500 E 
Chloride 6 10 mg/L 10 4500 B 
Hardness 550 mg/L 10 2340 C 
Total Suspended Solids < 5 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3125 B 
Arsenic 0.002 mg/L 0.001 3125 B 
Beryllium < 0.001 mg/L 0.001 3125 B 
Cadmium, Total 0.0065 mg/L 0.0002 3125 B 
Cadmium, Dissolved 0.0060 mg/L 0.0002 3125 B 
Chromium 0.006 mg/L 0.001 3125 B 
Copper < 0.001 mg/L 0.001 3125 B 
Iron, Total 0.364 mg/L 0.050 3125 B 
Iron, Dissolved 0.128 mg/L 0.050 3125 B 
Lead < 0.002 mg/L 0.002 3125 B 
Manganese, Total 1.734 mg/L 0.020 3125 B 
Manganese, Dissolved 1.603 mg/L 0.020 3 125 B 
Mercury < 0.002 mg/L 0.002 245.1 
Nickel, Total 0.106 mg/L 0.001 3125 B 
Nickel , Dissolved 0.103 mg/L 0.001 3125 B 
Selenium 0.022 mg/L 0.002 3125 B 
Silver < 0.001 mg/L 0.001 3125 B 
Thallium < 0.0004 mg/L 0.0004 3125 B 
Zinc 0.095 mg/L 0.050 3125 B 

Reviewed By: ----"A---,....C.mLL,C..b<.>O'-Lt2<.<e-1,(_.,,_J..,_/2-'-'-"-"F""" ......._ __ 

17650 Route 37 
West Frankfort, Ill inois 6289r 

Phone (6 18) 983-82~ 
Fax (6 18) 983-8208'" 

Website: ww w.summitenviro.com 

12/16/19 
Grab W6 
C lient-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/19 OG 
12/6/ 19 KR 
12/6/ 19 KR 
12/9/ 19 OG 
12/6/ 19 KR 

12/ 11 / 19 KR 
12/ 10/ 19 KR 
12/ 10/19 AK 
12/10/19 AK 
12/ 10/19 AK 

C 12/ 10/19 AK 
12/I0/19AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/10/19 AK 
12/10/19 AK 
12/ 13/ 19 AK 
12/10/19 AK 
12/I 0/19AK 
12/ 10/19 AK 
12/1 0/19 AK 
12/ 10/19 AK 
12/1 0/1 9 AK 



R00280

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

C 
West Frankfort, 1llinois 62896 

SERVICES, INC. Phone(618)983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTAN T S Website: ,:v,,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DA TE: 12/16/ 19 
PDL: 2 1550-7 COMMENT: Grab W6 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/19 DATE RECEIVED: 12/6/ l 9 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B 12/6/ 19 KR 
Acidity 20 mg/L 10 23 10 B 12/9/ 19 OG 
Alka linity 472 mg/L 10 2320 B 12/9/19 OG 
Sulfate 1,220 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 1, 150 mg/L IO 4500 B 12/6/ 19 KR 
Hardness 680 mg/L 10 2340 C 12/6/ 19 KR 
Total Suspended Solids 12 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/1 9 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/1 1/19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/10/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Arsenic 0.003 mg/L 0.001 3125 B 12/ 10/19 AK 

(_ 
Beryllium < 0.001 mg/L 0.001 3125 B 12/ 10/19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3 125 B 12/ 10/19 AK 
Cadmium, Dissolved 0.0009 mg/L 0.0002 3125 B 12/10/19 AK 
Chromium 0.014 mg/L 0.001 3125 B 12/ 10/ 19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/1 0/19 AK 
Iron, Total 0.909 mg/L 0.050 3 125 B 12/10/19 AK 
Iron, Dissolved 0.538 mg/L 0.050 3125 B 12/10/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/ 10/19 AK 
Manganese, Total 0.776 mg/L 0.020 3125 B 12/1 0/19 AK 
Manganese, Dissolved 0.776 mg/L 0.020 3 125 B 12/10/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/1 3/19AK 
Nickel, Total 0.023 mg/L 0.001 3 125 B 12/10/ 19 AK 
N ickel, Dissolved 0.021 mg/L 0.001 3 125 B 12/ 10/19AK 
Selenium 0.020 mg/L 0.002 3 125 B 12/1 0/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/1 0/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/10/ 19 AK 
Zinc 0.217 mg/L 0.050 3 125 B 12/10/19 AK 

(_ 
Reviewed By: __ ..._// .... m""""b ........ 'l.u.4~-.... u ... J,'-'L,C~...,-~....._-



R00281

SUMMIT 
~-==-~-./1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL AN ALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21550-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECT ION METHOD 
LIMIT 

pH 8.0 Unit I - 14 4500 B 
Acidity 18 mg/L 10 2310 B 
Alkal inity 428 mg/L 10 2320 B 
Sulfate 940 mg/L 5 4500 E 
Chloride 1,000 mg/L 10 4500 B 
Hardness 610 mg/L IO 2340 C 
To tal Suspended Solids 14 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3 125 B 
Arsenic 0.003 mg/L 0.00 1 3 125 B 
Beryllium < 0.00 1 mg/L 0.00 1 3 125 B 
Cadmium, Total 0.00 10 mg/L 0.0002 3 125 B 
Cadmium, Dissolved 0.00 10 mg/L 0.0002 3 125 B 
Chromium 0.012 mg/L 0.001 3 125 B 
Copper < 0.00 1 mg/L 0.00 1 3 125 B 
Iron, Total 0.505 mg/L 0.050 3 125 B 
Iron, Dissolved 0 .3 1 I mg/L 0.050 3 125 B 
Lead < 0 .002 mg/L 0.002 3 125 B 
Manganese, Total 0.694 mg/L 0.020 3 125 B 
Manganese, Dissolved 0 .694 mg/L 0.020 3 125 B 
Mercury < 0.002 mg/L 0.002 245 .1 
N ickel, Total 0.024 mg/L 0.001 3 125 B 
N ickel , Di ssolved 0.024 mg/L 0.001 3 125 B 
Selenium 0.0 16 mg/L 0.002 3 125 B 
S ilver < 0 .001 mg/L 0.00 1 3 125 B 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 
Z inc 0. I 85 mg/L 0.050 3 125 B 

Reviewed By: __ ...,._/l-,...c.,l11u.b"-'-"o""A..._,..._(,._",{.c.../2,=~...,-_,_.._i=~ -

17650 Route 37 
West fraJJkforl, Illinois 6289r 

Phone (618) 983-828~ 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/16/19 
Grab W6 
C lient-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/1 9 KR 
12/9/19 OG 
12/9/19 OG 
12/9/ 19 OG 
12/6/ 19 KR 
12/6/ 19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/1 1/19 KR 
12/10/19 KR 
12/ 10/1 9 AK 
12/1 0/ 19 AK 
12/10/ 19 AK 

C 12/ 10/ 19 AK 
12/ 10/19AK 
12/1 0/1 9 AK 
12/1 0/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/1 0/ 19 AK 
12/1 0/1 9 AK 
12/1 0/ 19 AK 
12/ 13/ 19 AK 
12/ 10/ 19 AK 
12/1 0/19 AK 
12/1 0/ 19 AK 
12/1 0/19 AK 
12/ 10/ 19 AK 
12/ 10/1 9 AK 



R00282

C 

(_ 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
2 1550-9 
Pond 9 
12/6/19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Sol ids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Si lver 
Thallium 
Zinc 

8.5 
< I O 
352 

1,000 
1,000 
450 
29 

< 0 .25 
< 0.02 
< 0.01 
0.002 
0.003 

< 0.001 
0.0019 
0.0019 
0 .010 

< 0.001 
0.513 
0.103 

< 0.002 
0.661 
0.661 

< 0.002 
0 .048 
0.048 
0.027 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
m L/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 

Reviewed By: ----4-++<m .... b ....... t?~a~-...,.{J..._./4~r=~· ......,. __ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
231 0 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
245. 1 

3 125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 

Website: www.summitenviro.com 

12/ 16/ 19 
Grab W6 
Client-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/ 19 OG 
12/9/ 19 OG 
12/6/ 19 KR 
12/6/ 19 KR 
12/9/1 9 OG 
12/6/ 19 KR 

12/11/ 19 KR 
12/ 10/19 KR 
12/ 10/ 19 AK 
12/1 0/19 AK 
12/1 0/19 AK 
12/10/19 AK 
12/I0/19AK 
12/1 0/1 9 AK 
12/ 10/1 9 AK 
12/ 10/19 AK 
12/10/19 AK 
12/1 0/ 19 AK 
12/1 0/1 9 AK 
12/1 0/1 9 AK 
12/13/ 19 AK 
12/1 0/ 19 AK 
12/1 0/19 AK 
12/1 0/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 



R00283

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21579-1 
SAMPLE ID: Mach 
DA TE SAMPLED: 12/16/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: _ _,.__/l:,..,kn<U-4b.u0""4'-"-< --1,,v"-"),'-"'-"'F..,.· ="'--

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client-CS 
12/ I 6/ l 9 

DATE/ 
ANALYST 

12/23/19 AK 



R00284

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21589-1 
SAMPLE ID: Mach 2 
DATE SAMPLED: 12/18/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 6289/°"' 

Phone(6!8)983-828~ 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client-CS 
12/ l 9/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 

C 



R00285

SUMMIT 
( -.-~.~~I ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1589-2 COMMENT: 
SAMPLE ID: Mach 3 SAMPLED BY: 
DATE SAMPLED: 12/19/ 19 DA TE RECEIVED: 

TEST DESCRIPTlON RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed By: -~A'-"--'--'tnb~::....:,~==-=...=W.=--..,~~-==---

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/19 

Client-CS 
12/ 19/19 

DATE/ 
ANALYST 

12/27/19 AK 



R00286

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-1 
SAMPLE ID: Pond I 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.109 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896c 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 

(_ 



R00287

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-2 
SAMPLE ID: Pond 2 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMlT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R00288

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1603-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTlON METHOD 
LIMIT 

Iron, Dissolved 0.222 mg/L 0.050 3 125 B 

Reviewed By: -~A~m,,6~=~'-=-'W."'-=--~~~-,-,-=""'--

J 7650 Route 37 
West Frankfort, Jllinois 6289r-r-­

Phone ( 618) 983-8280\.. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 

C 



R00289

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-4 
SAMPLE ID: Pond 4 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R00290

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSUL'I'ANTS 

CLIENT: Mach Mining 
PDL: 21603-5 
SAMPLE ID: Pond 5 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed By: __ A~hlh~~~~-W.~~--+-'-=--

17650 Route 37 
West Frankfort, Illinois 6289(r 

Phone (618) 983-828o\. 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

12/3 0/19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 



R00291

r 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.082 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summilenviro.com 

12/30/ 19 

C lient 
12/20/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R00292

SUMMIT 
7"-=~_,.-Y// ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1603-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 12/20/19 DA TE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.174 mg/L 0.050 3 125 B 

Reviewed By: ---=,ff.,_ht,b<-<-="-~= ...... W.'-"'-~=::;,,· ="---

17650 Route 37 
West Frankfort, Illinois 6289ff 

Phone (6 I 8) 983-828o\_ 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 



R00293

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-8 
SAMPLE ID: Pond 8 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R00294

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
POL: 2 1603-9 
SAMPLE ID: Pond 9 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION l\.1ETHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 

17650 Route 37 
West Frankfort, Tllinois 6289d" 

Phone (618) 983-828o'-­
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 

(_ 



R00295

C 

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1603-10 
SAMPLE ID: Mach 4 (417) 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: -~/f'-'-L..Lm,b-'--"""''--"'~"-=--""'W."'---"'~,:;;;·µ.=..,___ 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax ( 6 I 8) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient 
12/20/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R00296

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1614-1 
SAMPLE ID: Pond 1 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.139 mg/L 0.050 3125 B 

Reviewed By: _--=.A...L.L..<.;n6-=-=€,1,,=----W,<-=-~=c.;;i·=,<__ 

17650 Route 37 
West Frankfort, Tllinois 6289~.J" 

Phone (618) 983-828o\. 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 

C 

C 



R00297

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-2 
SAMPLE ID: Pond 2 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: _ _,,(/"--'---'-hlb--'--"""'--"(lA..,"--=--"-W.=-=~--'-=-"'-

I 7650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R00298

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach M ining 
PDL: 2 16 14-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.250 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 6289c ' 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 

C 



R00299

SUMMIT 
( ~_,,=-___,-... 1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANT S 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1614-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 12/23/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.123 mg/L 0.050 3 125 B 

C 

(_ Reviewed By: --=-/1...__.m-b~:...:~~ .... W.=-=~-· =""'--

17650 Route 37 
West Frankfort, 1llinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R00300

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-5 
SAMPLE ID: Pond 5 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.107 mg/L 0.050 3 125 8 

17650 Route 37 
West Frankfort, Tll inois 6289r 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 

C 



R00301

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/19 AK 



R00302

SUMMIT 
~-=~~-.... 

1
, ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21614-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: I 2/23/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

lron, Dissolved < 0.050 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, lllinois 62896t" 

Phone ( 6 I 8) 983-8280 \. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 

C 

C 



R00303

SUMMIT 

C ~-,-=-___,,-.... ,1 ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
POL: 21614-10 COMMENT: 
SAMPLE ID: Mach 4 (417) SAMPLED BY: 
DATE SAMPLED: 12/23/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed By: --=//....,m-6'-'-""'<....:~=-"'--"'W.~~=;.,;,.· =<---

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R00304

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am-6:Mc ~~ 
Amber Wright, Laboraryllirector 

Page I of 10 

*These results relate only to the sam ples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 6289r 

Phone (6 l 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 

C 



R00305

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 8 

Reviewed and Authorized By: A;,n6u ~~ 
Amber Wright, Lab<m1ryllirector 

Page 2 of 10 

*These results relate only to rhe samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R00306

SUMMIT 
~~~~ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am.6:vi, ~~ 
Amber Wright, Lab<mtryDirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 6289d 

Phone ( 618) 983-8280\__ 
Fax (6 I 8) 983-8208 

Website: www.summilenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 

C 

(_ 



R00307

SUMMIT 

C ~--=~_...,., ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Atn-6:flA, W~ 
Amber Wright, LaboraryDirector 

(_ 
Page 4 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summilenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R00308

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,,(/;n,6-QA,,, ~~ 
Amber Wright, Labor~rector 

Page 5 of IO 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 62896( 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 

C 

(_ 



R00309

C 
CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: AJn6~ ~~ 
Amber Wright, Lah<m1ryDirector 

(__ 
Page 6 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R00310

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn-6:u ~~ 
Amber Wright, Laboraryllirector 

Page 7 of 10 

*These results relate only lo the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Jll inois 6289{✓ 

Phone ( 6 18) 983-828o\-. 
Fax ( 6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 

C 



R00311

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21625-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn-6:QA., ~~ 
Amber Wright, LaboraryDirector 

Page 8 of 10 

*These results rela te only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R00312

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn&~ ~~ 
Amber Wright, LabontryDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289d 

Phone (618) 983-828°" 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 

C 



R00313

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 625-10 COMMENT: 
SAMPLE ID: Mach 6 (4 17) SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atnlu& ~~ 
Amber Wright, Laitt;rnryDirector 

Page 10 of 10 

*These res ults relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R00314

SUMMIT 
~~~·'WI ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630- 1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DA TE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Iron, Dissolved 0.362 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am,6u W~ 
Amber Wright, L~rory0irector 

Page l of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289« 

Phone (618) 983-828o\-, 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 

C 



R00315

C 
SUMMIT 

~~;y1ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn-6:u ~fr 
Amber Wright, Labotoryl}irector 

Page 2 of 10 

*These res ults relate only to the samples as recei ved . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R00316

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: l /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.573 mg/L 0.0 50 3 125 B 

Reviewed and Authorized By: Atn-6:u ~~ 
Amber Wright, Laborntyl}irector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, lllinois 6289r 

Phone(618)983-828~ 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/1 0/20 AK 

C 



R00317

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21630-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION N1ETHOD 
LIMIT 

Iron, Dissolved 0.126 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atrr-6:u ~~ 
Amber Wright, Labora~ector 

Page 4 of 10 

*These results re late only lo the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R00318

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESU LT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.179 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Ambu ~~ 
Amber Wright, LaboratryDirector 

Page 5 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896( 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/13/20 

C lient 
I /3/20 

DATE/ 
ANALYST 

1/ 10/20 AK 

C 

(_ 



R00319

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.200 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Ant6:u ~~ 
Amber Wright, Lafu;raryDirector 

Page 6 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES . 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/ 10/20 AK 



R00320

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESU LT UNlTS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am-6:u ~~ 
Amber Wright, Laboraryllirector 

Page 7 of 10 

*These results relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval o f SES. 

17650 Route 37 
West Frankfort, Illinois 6289r 

Phone (6 I 8) 983-8286\. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 

C 



R00321

C 

L 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: AnzAu U/2~ 
Amber Wright, Laborary llirector 

Page 8 of 10 

*These results rela te only to the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
l/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R00322

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: l/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: cbrr-6:u ~~ 
Amber Wright, LaboratryDirector 

Page 9 of 10 

*These results relate only to the samples as rece ived 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 6289r 

Phone (618) 983-8280\.. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/1 0/20 AK 

C 



R00323

SUMMIT 
~~~-:y1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630- 10 COMMENT: 
SAMPLE ID: Mach 7 (417) SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 

C 

Reviewed and Authorized By: Atn6u ~~ 
Amber Wright, LaborntryDirector 

Page 10 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
fax ( 6 18) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/ 10/20 AK 



R00324

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1 /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.400 mg/L 0.050 3 125 B 

Reviewed and Authorized By: .6hn/2M, U/4~ 
Amber Wright, LabororyOirector 

Pagel of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 6289if 

Phone (618) 983-828;;\.. 
Fax (6 I 8) 983-8208 

Website: \vww.surnmitenviro.com 

1/ 17/20 

Client 
l/6/20 

DATE/ 
ANALYST 

1/ 17/20 AK 

C 



R00325

SUMMIT 
~-=~_...,.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1633-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.085 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Anu,-dA< ll/4~ 
Amber Wright, LabororyDirector 

(_ 
Page 2 of 10 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/17/20AK 



R00326

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.730 mg/L 0.050 3125 B 

Reviewed and Authorized By: &MM< ~f 
Amber Wright, Lat)O~ryDirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289c 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

\/ 17/20AK 

C 



R00327

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.280 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am.6u. ~~ 
Amber Wright, L~rnryDirector 

Page 4 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, lll inois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 7/20 AK 



R00328

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.299 mg/L 0.050 3125 B 

Reviewed and Authorized By: AmAM< u~~ 
Amber Wright, Lai,;raryllirector 

Page 5 of IO 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289« 

Phone (618) 983-828o\.. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/ 17/20 AK 

C 



R00329

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIM IT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: //Jzt,bu ~~ 
Amber Wright, Laboraryllirector 

Page 6 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full wtthout the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Websi te: www.summitenviro.com 

1 / 17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R00330

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21633-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DA TE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AnzA.llA,, u),~ 
Amber Wright, Labor~yDirector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289i 

Phone (618) 983-8280 
Fax ( 6 18) 983-8208 

Website: www.summitenviro.com 

1117120 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 

C 

(_ 



R00331

SUMMIT 
( ~-==:--'7...,./, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Atn6u ~~ 
Amber Wright, LaboraryDirector 

(__ 
Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summilenviro.com 

1/ 17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R00332

SUMMIT 
~-=~_,, .... /, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Min ing REPORT DATE: 
PDL: 21633-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: .t5/...JMA0A (,I ./4~ 
AmberWright;i'abo;:;;tyDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in lull without the approval of SES 

17650 Route 3}­
West Frankfort, Illinois 6289\ 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
l /6/20 

DATE/ 
ANALYST 

1/17/20 AK 

C 

(_ 



R00333

( 

C 

(_ 

SUMMIT 
~-r-=-___,,-.... /, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: --~4 ......... m~A~o~a~-..... (=)~/4=/'4dr·~.._.._ __ 
Amber Wright, LaboratM-yDlrector 

Page 10 of 10 

*These results re la te only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R00334

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION l'v1ETHOD 
LIMIT 

Iron, Dissolved 0.247 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AMM, ()A~ 
Amber Wright, LabotoryDirector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3r7 
West Frankfort, Illinois 6289 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

l/ 17/20AK 

C 



R00335

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1658-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0 .050 3125 B 

Reviewed and Authorized By: Anu,u, U/4~ 
Amber Wright, Laborory0irector 

Page 2 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (6 l 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.summilenviro.com 

1/ 17/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R00336

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANA LYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCR.IPTION RESULT UNITS D ETECTION METHOD 
LIM IT 

Iron, Dissolved 0.595 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,6J.JM6:_o,,, V ./4~ 
Ami,;rWright, L~botoryDirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289if 

Phone (618) 983-828o\-. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/1 7/20 AK 
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(_ 



R00337

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.118 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn-6:u ~foi 
Amber Wright, L1lbor~irector 

Page 4 of 10 

*These results rela te only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/1 7/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/1 7/20 AK 



R00338

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DA TE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.265 mg/L 0.050 3125 B 

Reviewed and Authorized By: &tnb:Me ~~ 
Amber Wright, Labcffaryllirector 

Page 5 of 10 

*These results relate only to the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 6289~r 

Phone (618) 983-828~ 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 

C 



R00339

SUMMIT 

7--c.~-:y1 ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1658-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: AmAu ~~ 
Amber Wright, Lab~mtry Director 

(_ 
Page 6 of 10 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R00340

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/ L 0.050 3125 B 

Reviewed and Authorized By: AmA:u, ll/4~ 
Amber Wright, LaboratyDirector 

Page 7 of 10 

*These results relate only to the samples as received . 
*This report shall not be reprod uced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Ill inois 6289if 

Phone (618) 983-828;;\. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/ 17/20 AK 

C 

l 



R00341

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.A:u w~ 
Amber Wright, Labor 7ry Director 

Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
I /8/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R00342

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: 6/mbtU, (//4~ 
Amber Wright, Labora~rector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62891 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/ 17/20 AK 

C 

(_ 



R00343

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21658-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: I /8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: -~A"'--'--'fn<.Lkl'.be.L..K,M .... <<....J.<U,../2'---""'/""'.dr-'µ....._ __ 
Amber Wright, Labor7o;;;iiirector 

Page 10 of 10 

*These resul ts relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone(618)983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
I /8/20 

DATE/ 
ANALYST 

l/ 17/20AK 



R00344

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.222 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6:M.-~~ 
Amber Wright, Lalm~irector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289d 

Phone ( 6 18) 983-828°" 
Fax (6 18) 983-8208 

Website: W\1/w.summitenviro.com 

1/24/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/23/20 AK 

C 



R00345

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21666-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.307 mg/L 0.050 3 125 B 

Reviewed and Authorized By: At>t6u ~~ 
Amber Wright, Lkr~rector 

Page 2 of 10 

*These res ults rela te only 10 the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/24/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/23/20 AK 



R00346

SUMMIT 
~-=~_..,,,.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEM I CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M in ing REPORT DATE: 
PDL: 21666-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.351 mg/L 0.050 3125 B 

Reviewed and Authorized By: A i,,n,bQA, (~~ 
Amb~Wrigirt, Laborory0irector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289~r 

Phone ( 6 l 8) 983-828o\.. 
Fax (6 18) 983-8208 

Website: www.surnmitenviro.com 

1/24/20 

C lient 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 

C 



R00347

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYS T S & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1666-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.420 mg/L 0.050 3 125 B 

Reviewed and Authorized By: //mbtJA, ll,/4~ 
Amber Wright, Labora~rector 

Page 4 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/24/20 

C lient 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 



R00348

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LI MIT 

Iron, Dissolved 0.198 mg/L 0.050 3 125 B 

Page 5 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval o f SES. 

17650 Route 37 
West Frankfort, Illinois 6289d 

Phone (6 18) 983-828o\.­
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/24/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/23/20 AK 

C 

(_ 



R00349

C 

(_ 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC A L ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION JvfETHOD 
LIMIT 

Iron, Dissolved 0.240 mg/L 0.050 3 125 B 

Reviewed and Authorized By: A'11-6u ~~ 
Amber Wright, Laborory0irector 

Page 6 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 I 8) 983-8208 

Website: w-vw.summitenviro.com 

1/24/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 



R00350

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.337 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am..6:u ~fo 
Amber Wright, L~rory0irector 

Page 7 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, lllinois 6289( 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

l/24/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 

C 



R00351

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.219 mg/L 0.050 3125 B 

Reviewed and Authorized By: A YJ'lb(U, (~~ 
AmberWright,LabwatyDirector 

Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/24/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/23/20 AK 



R00352

SUMMIT 
~-r~_...,.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1666-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESC RIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0 .235 mg/L 0.050 3 125 B 

Reviewed and Authorized By : Am-6u w~ 
Amber Wright, Laboraryl}irector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896( 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/24/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 

C 



R00353

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21666-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.104 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn.6:ea, ~~ 
Amber Wright, L~rory0irector 

Page 10 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/24/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/23/20 AK 



R00354

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1669-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.379 mg/L 0.050 3 125 B 

Reviewed and Authorized By: A;n6-Vt-~~ 
Amber Wright, Laboraryllirector 

Page l of lO 

*These results relate only to the samples as received 
*This report sha ll not be reproduced except in ti.i ll without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 628961 

Phone ( 618) 983-8280 \__ 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/22/20 

Client 
l/13/20 

DATE/ 
ANALYST 

1/21 /20 AK 

C 

( 



R00355

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: I / 13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.630 mg/L 0.050 3125 B 

Reviewed and Authorized By: /?htbtl/2 ~~ 
Amber Wright, Labontyllirector 

Page 2 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/22/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/21 /20 AK 



R00356

SUMMIT 
~~.~~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/1 3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.478 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AfnblVL, ~~ 
Amber Wright, Laboraryl)irector 

Page 3 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Jllinois 6289if 

Phone (618) 983-828o\.. 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/22/20 

C lient 
1/13/20 

DATE/ 
ANALYST 

1/2 1/20 AK 

C 



R00357

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: l/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.245 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn-6:f/A, ~~ 
Amber Wright, LabontyDirector 

Page 4 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax ( 6 18) 983-8208 

Website: www.summitenviro.com 

l/22/20 

Client 
l/13/20 

DATE/ 
ANALYST 

1/2 1/20 AK 



R00358

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/ 13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.370 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Ah1-6-QA., ~~ 
Amber Wright, Laboratyl)kector 

Page 5 of IO 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289fF 

Phone (618) 983-828°"­
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/22/20 

C lient 
1/13/20 

DATE/ 
ANALYST 

1/21 /20 AK 

C 



R00359

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21669-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.077 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,6'/tn-6:t2A., ~~ 
Amber Wright, Laboraryllirector 

Page 6 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone ( 618) 983-8280 
Fax (618) 983-8208 

Website: W-1/w.summitenviro.com 

1/22/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/21 /20 AK 



R00360

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: l/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.244 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn,6-QA..-~~ 
Amber Wright, LaborntyOirector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 6289r 

Phone ( 618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/22/20 

Client 
1/ 13/20 

DATE/ 
ANALYST 

1/2 1/20 AK 

C 



R00361

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1669-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.253 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6rvv ~~ 
Amber Wright, LaboratryDirector 

Page 8 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/22/20 

C lient 
1/13/20 

DATE/ 
ANALYST 

1/21 /20 AK 



R00362

SUMMIT 
~=-~-.._/1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.107 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn,6Q.A.., ~~ 
Amber Wright, LabontryDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, lllinois 6289(' 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/22/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/21/20 AK 

C 

(_ 



R00363

SUMMIT 

( ~-.-=-__ .... /) ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21669-10 COMMENT: 
SAMPLE ID: Cell 4 17 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.058 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Atn6,/l/4, ~~ 
Amber Wright, LaboutyDirector 

(_ 
Page 10 of 10 

*These results rela te only to the samples as received 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l/22/20 

Client 
1/ 13/20 

DATE/ 
ANALYST 

1/21/20 AK 



R00364

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: l/15/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.112 mg/L 0.050 3 125 B 

Reviewed and Authorized By: ~Vt, ~fc 
Amber Wright, Labotoryl)irector 

Pagel of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
l/15/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 

(_ 



R00365

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: /ikrt/2:M, (,()u~ 
Amber Wright, Labor ~irector 

Page 2 of 10 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00366

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21685-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.217 mg/L 0.050 3125 B 

Reviewed and Authorized By: 6/nrbu, fd/2~ 
Amber Wright, Labo ioryoirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.surnmitenviro.com 

1/28/20 

C lient 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 

( 



R00367

SUMMIT 

C -.--~-=;:;-~ ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: l/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: /lm/2M, U/4~ 
Amber Wright, Labo toryl)irector 

(_ 
Page 4 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.sumrnitenviro.com 

1/28/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00368

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1685-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.135 mg/L 0.050 3125 B 

Reviewed and Authorized By: A hlbQA., !~fn 
AmbuWrighl, Laborory0irector 

Page 5 of 10 

*These resul ts relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 6289{✓ 

Phone (618) 983-828o\.. 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/28/20 

C lient 
1 /15/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00369

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21685-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: l/15/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Disso lved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: /ihl/2:M, (j/4~ 
Amber Wright, Labo toryDirector 

Page 6 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in foll without the approva l of SES 

17650 Route 37 
West Frankfort, fllinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00370

SUMMIT 
~~-~~' ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,</hlbM.., ~~ 
Amber Wright, Labotoryl)irector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289(" 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00371

( 

( 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: l/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: t<bnbM, u),~ 
Amber Wright, Labor ~rector 

Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l/28/20 

Client 
l/15/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00372

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn-6:~ W~ 
Amber Wright, LaboraryDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Jllinois 6289'('" 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 

(_ 



R00373

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21685-10 COMMENT: 
SAMPLE ID: Cell 4 17 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION R.ESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6-u ~~ 
Amber Wright, Laboraryllirector 

Page 10 of 10 

*These results relate only to the samples as received 
*This repon shall not be reproduced except in full without the approval of S ES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/15/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00374

SUMMIT 
~--==:-7 .... /, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21691-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.087 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Arn.6-flA, ~~ 
Amber Wright, LabffltyDirector 

Page 1 of9 

•These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 6289c 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/ 17/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00375

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21691-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: /ltnbtlA,, ~~ 
Amber Wright, Labontyl)ir'ector 

Page 2 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/ 17/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00376

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21691-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.2 18 mg/L 0.050 3 125 B 

Reviewed and Authorized By: /lm,btl/4, ~~ 
Amber Wright, LaborntryDirector 

Page 3 of 9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 6289~r 

Phone (618) 983-828o'­
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/1 7/20 

DATE/ 
ANALYST 

1/27/20 AK 
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(_ 



R00377

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 169 1-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By : ,.(lm-6,vi, W~ 
Amber Wright, Laboraryl)irector 

Page 4 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/17/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00378

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M in ing REPORT DATE: 
POL: 21691-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1 /17/20 DATE RECEIVED: 

TEST DESCR1PTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.073 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn,6,QA,, ~~ 
Amber Wright, LaboratryDirector 

Page 5 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 6289~ 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00379

SUMMIT 

( ~-,,~·'WI ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1691-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: AJn.bflA, ~~ 
Amber Wright, Laborat)'rnrector 

(_ 
Page 6 of9 

•These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/17/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00380

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1691-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/ 17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: /{tnb12A, ~~ 
Amber Wright, LabmtyOirector 

Page 7 of9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00381

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1691-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 31 25 B 

Reviewed and Authorized By: ,(/m,bM,, ~fi 
Amber Wright, Laboraryl)irector 

Page 8 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/17/20 

DATE/ 
ANALYST 

1/27/20 AK 



R00382

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21691-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6~ w~ 
Amber Wright, Laboraryl}irector 

Page 9 of9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 6289( 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1 /28/20 

Client 
1/ 17/20 

DATE/ 
ANALYST 

1/27/20 AK 

C 



R00383

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21697-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: l/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.386 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am,6~ ~~ 
Amber Wright, L;;i;;raryllirector 

Page I of9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in lull without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(6!8)983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 



R00384

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 697-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LI MIT 

Iron, Dissolved < 0.050 mg/ L 0.050 3 125 B 

Reviewed and Authorized By: __ ...c.A'--'--'-m.6--'-="-=M---=-=W.-=-~=-.·f---'-"'-=---­
Amber Wright, Labtm14,;;Director 

Page 2 of 9 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval o f SES 

17650 Route 37 
West Frankfort, Jllinois 62896( 

Phone (618) 983-8280 \,_ 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 

C 

l 



R00385

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21697-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: l/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.488 mg/L 0.050 3125 8 

Reviewed and Authorized By: Am.6-Q/4, ~~ 
Amber Wright, Labtm1ryllirector 

Page 3 of9 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1 /30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 



R00386

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1697-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.074 mg/L 0.050 3125 8 

Reviewed and Authorized By: ,f/ht,b(IA,, ~~ 
Amber Wright, LaboratryDirector 

Page 4 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

l 7650 Route 37 
West Frankfort, Illinois 6289"rr 

Phone (618) 983-828;;\. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 

C 

(_ 



R00387

r 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21697-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.200 mg/L 0.050 3125 B 

Reviewed and Authorized By: __ ....,//"--'--'mb="'--"'(l,1.,'-"'---"'u),.-=-~=·==--­
Amber Wright, Labora7r;rnrector 

Page 5 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/30/20 

C lient 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 



R00388

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21697-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.05 1 mg/L 0.050 31 25 B 

Reviewed and Authorized By: ~flA, W~ 
Amber Wright, LaboraryDirector 

Page 6 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/30/2 0 

Client 
1120/20 

DATE/ 
ANALYST 

1/29/20 AK 

C 

(_ 



R00389

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21697-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.113 mg/L 0.050 3125 B 

Reviewed and Authorized By: Afn6flA,, ~~ 
Amber Wright, Laboraryl)irector 

Page 7 of 9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 



R00390

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21697-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.097 mg/L 0.050 3 125 B 

Reviewed and Authorized By: A mA~ (~~ 
Amb;Wrigh~Laix;raryllirector 

Page 8 of9 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Ill inois 6289( 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/30/20 

C lient 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 

C 

(_ 



R00391

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21697-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.125 mg/L 0.050 3 125 B 

Reviewed and Authorized By: --~.i~m-b~ ~'1A..-~ ~(M~~~=.,,,-· ~~-­
Amber Wright, L;i;;;r;a;;furector 

Page 9 of9 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/30/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/29/20 AK 



R00392

C -
SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634- 1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DA TE SAMPLED: 1/6/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 4.44 11g/L 0.500 1631 E 

C 

Reviewed and Authorized By: Atn,6v,,, ~fo 
Amber Wright, L~rory0irector 

(_ 
Page I of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
Wc,t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\VW.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 



R00393

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.783 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atne/l/4-~~ 
Amber Wright, LabcmtryOirector 

Page 2 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

l 7650 Route 37 
West Frankfort, lllinois 628r 

Phone (618) 983-8280 
fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/ 14/20 

Client 
1/6/20 

DAT E/ 
ANALYST 

1/ 13/20 WA 

C 



R00394

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.65 17g/L 0.500 1631 E 

Reviewed and Authorized By: Ani6-u ~~ 
Amber Wright, Laboraryllirector 

Page 3 of 11 

*These results re late only lo the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
l:ax ( 6 I 8) 983-8208 

\Vebsile: W\\'\\.summitenviro.com 

1/ 14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R00395

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0 .963 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am.6-a ~~ 
Amber Wright, Laboraryllirector 

Page 4 of 11 

*These results relate only to the samples as received. 
*Th is report shall not be reproduced except 111 full without the approval of SES 

17650 Route 3;_r-­
We~t Frankfort, Illinois 6289~ 

Phone {618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/ 13/20 WA 

C 

(_ 



R00396

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.57 11g/L 0.500 1631 E 

Reviewed and Authorized By: ,,(/;n,b12A., ~~ 
Amber Wright, Lai,;raryllirector 

Page 5 of 11 

*These results re late only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 3 7 
We~t ~rankfort, Illinois 62896 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: WW\\.Summitenviro.com 

l/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R00397

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn,6vi.,, ~~ 
Amber Wright, Laboraryllirector 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES 

17650 Route 3~/ 
Wc~t Frankfort, lllinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 

C 



R00398

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.09 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn-6:QA,, ~~ 
Amber Wright, Lai,;;rnryDirector 

Page 7 of 11 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 6 I 8} 983-8208 

Website: ww1\.summitenviro.com 

l /1 4/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R00399

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Mercury, Low Level 0.974 qg/L 0.500 163 1 E 

Reviewed and Authorized By : AmA:R-& ~r 
Amber Wright, Labor oryDirector 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lll inois 6289;✓ 

Phone (618) 983-8280-
Fax (618) 983-8208 

Website: wwv..summitenviro.com 

1/14/20 

C li ent 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 

C 

(_ 



R00400

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: I /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMJT 

Mercury, Low Level 1.29 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AmA:u U/4~ 
Amber Wright, LaboratyDi;ector 

Page 9 of 11 

*These results re late only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R00401

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-10 COMMENT: 
SAMPLE ID: Ce11417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

T EST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.86 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AnzAu u)~ 
Amber Wright, Laborat yDirector 

Page 10 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, lllinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 

C 



R00402

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634- 11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: l/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION ivtETHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ~VI.,, W~ 
Amber Wright, Laboraryfilrector 

Page 11 of 11 

*T hese results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website: ww\\.Surnmitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/ 13/20 WA 



R00403

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21657-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: I /8/20 DA TE RECEIVED: 

TEST DESCR.IPTION R.ESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 4.54 11g/L 0.500 1631 E 

Reviewed and Authorized By: ,6/ht,bllA,, ~f, 
Amber Wright, wotol"yDirector 

Page I of I I 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES 

17650 Route 3'.t 
\Ve<;t Frankfort, Illinois 6289, 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/21/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 

C 

C 



R00404

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Min ing REPORT DATE: 
PDL: 2 1657-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.514 qg/L 0.500 1631 E 

Reviewed and Authorized By: AmA-dA, u),~ 
Amber Wright, Labo toryl}irector 

Page 2 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval o r SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618} 983-8280 
Fax (618) 983-8208 

Website: ww,,.summitenviro.com 

1/21 /20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 



R00405

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1657-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1 /8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.72 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Ant6u ~~ 
Amber Wright, wotoryDirector 

Page 3 of 11 

*These resul1s rela1e only 10 1he samples as received. 
*This report shall no! be reproduced excepl in full withoul !he approval o f SES 

17650 Route 37 
Wc~t Frankfort, Jllinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/2 1/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 

C 



R00406

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21657-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: I /8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMJT 

Mercury, Low Level 0.83 1 11g/L 0.500 163 1 E 

Reviewed and Authorized By: /lknb:M, (j/4~ 
Amber Wright, Labor ~irector 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6[8) 983-8208 

Website: www.summitenviro.com 

1/21/20 

C lient 
I /8/20 

DATE/ 
ANALYST 

1/20/20 WA 



R00407

SUMMIT 
---r-,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1657-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1 /8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.36 qg/L 0.500 163 1 E 

Reviewed and Authorized By: .6/..mb_o.n {J ./4~ 
Amb;Wrighl: Lai,;r~ryDirector 

Page 5 of 11 

*These results relate only to the samples as received. 
*Th,s report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
We~t Frankfort, Illinois 62896( 

Phone (618) 983-8280 \. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/21/20 

Cl ient 
1/8/20 

DAT E/ 
ANALYST 

1/20/20 WA 

C 



R00408

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21657-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.564 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,t!/._mhoA (_j /4~ 
Amb;Wrigbt,Labm-~rector 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/21 /20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 



R00409

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Min ing REPORT DATE: 
PDL: 21657-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.02 11g/L 0.500 1631 E 

Reviewed and Authorized By: dmA-11-1, U/4~ 
Amber Wright, Labora~rector 

Page 7 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
Wc~t Frankfort, Illinois 62896r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww1>,.summitenviro.com 

1/21 /20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 

C 

(_ 



R00410

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21657-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.949 11g/L 0.5 00 1631 E 

Reviewed and Authorized By: AMfl& ~~ 
Amber Wright, LilintryDirector 

Page 8 of ll 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort , lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/21/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 



R00411

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21657-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.28 qg/L 0.500 1631 E 

Reviewed and Authorized By: AmbdA, ()/4~ 
Amber Wright, Lab~ Director 

Page 9 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Frankfort, Illinois 62896c 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.sumrnitenviro.com 

1/21/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/20/20 WA 

C 



R00412

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21657-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.570 11g/L 0.500 1631 E 

Reviewed and Authorized By: .6/rnbtM, f,{./4~ 
Amber Wright, Labo toryDirector 

Page 10 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/21 /20 

Client 
1 /8/20 

DATE/ 
AN ALYST 

1/20/20 WA 



R00413

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21657-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: &,_m,b:_tJA {,) /4~ 
Amb~Wright: L;~r~irector 

Page 11 of 11 

*These results relate only to the samples as received. 
*Th,s report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Fr:mkfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.sumrnitenviro.com 

1/21 /20 

Client 
1 /8/20 

DATE/ 
ANALYST 

1/20/20 WA 

C 



R00414

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21668-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 9.53 11g/L 0.500 1631 E 

Reviewed and Authorized By: /1 ht.,baA.,, ~~ 
Amber Wright, L~y Director 

Page I of 11 

*These results relate only to the samples as received. 
*Th is report shall not be reproduced except in full without the approval of SES. 

l 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website; www.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00415

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21668-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: l /10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.32 11g/L 0.500 1631 E 

Reviewed and Authorized By: A }1,tbllA.,, ~~ 
Amber Wright, L~y Director 

Page 2 of 11 

*These results re late only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
We~t Frankfort, Illinois 6289( 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

C lient 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

C 



R00416

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1668-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 10.0 11g/L 0.500 163 1 E 

Reviewed and Authorized By: A m,bllA, ~~ 
Amber Wright, L~ry Director 

Page 3 of 11 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37 
\Ve<;t Frankfort, Illinois 62896 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

C lient 
1/ 10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00417

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 I 668-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.41 11g/L 0.500 1631 E 

Reviewed and Authorized By: AmbM., ~~ 
Amber Wright,Laoratory Director 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES 

17650 Route 3~/ 
We-;t Franl..fort, lllinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: \\'W11,;.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00418

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 I 668-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESC RIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 6.62 11g/L 0.500 1631 E 

Reviewed and Authorized By: dJ,n,6-vi,, W~ 
Amber Wright,Laratory Director 

Page 5 of 11 

*These results relate only to the samples as received 
*Tl11S report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/23/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00419

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1668-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DA TE RECEIVED: 

TEST DESCRlPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 5.81 11g/L 0.500 1631 E 

Reviewed and Authorized By: A hlbV2., u)~ 
Amber Wright, Laratory Director 

Page 6 of 11 

*These resul1s relale only 10 !he samples as received. 
*This report shall 1101 be reproduced excep1 in full w11hou11he approval of SES. 

J 7650 Route 37 / 
Wc~t Frankfort, Illinois 62896\. 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

C 



R00420

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
POL: 2 1668-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN1TS DETECTION METHOD 
LIMIT 

Mercury, Low Level 16.3 qg/L 0.500 163 1 E 

Reviewed and Authorized By: /l Jn.6V& ~~ 
Amber Wright, Lanttot'y Director 

Page 7 of 11 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\\'\\.summitenviro.com 

1/23/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00421

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
POL: 2 1668-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Mercury, Low Level 12. 1 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,«/m,6.vi, W~ 
Amber Wright,Laratory Director 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
Wc,;t Frankfort, l llinois 6289{" 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00422

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21668-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/ 10/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 7. 11 11g/L 0.500 1631 E 

Reviewed and Authorized By: A hf..btVi, ~~ 
Amber Wright, L~ry Director 

Page 9 of 11 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00423

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 668-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: Ill 0/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 5.08 qg/L 0.500 1631 E 

Reviewed and Authorized By: A htb~ W~ 
Amber Wright, Labatory Director 

Page 10 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37,r-­
Wc~t Frankfort, lllinois 62891 

Phone (618) 983-8280 
Fax (6l8) 983-8208 

Website: W\\'\\.summitenviro.com 

1/23/20 

Client 
1/10/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

C 



R00424

C 

( 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

Mercury, Low Level 

ANALYSIS REPORT 

Mach Mining REPORT DATE: 
21668-11 COMMENT: 
Field Blank SAMPLED BY: 
Il l 0/20 DATE RECEIVED: 

RESULT UNlTS DETECTION METHOD 
LIMIT 

< 0.500 11g/L 0.500 1631 E 

Amber Wright, La ratory Director 

Page I I o f I I 

*These results relate only lo the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
Wc~t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

Client 
1/ 10/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00425

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21671-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 14.7 11g/L 0.500 1631 E 

Reviewed and Authorized By: Am,6-u ~~ 
Amber Wright,Laratory Director 

Page I of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37r 
West Frankfort, lllinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww~.summitenviro.com 

1/23/20 

Client 
1/ 13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

( 



R00426

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2167 1-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.67 11g/L 0.500 163 IE 

Reviewed and Authorized By: ,f/frlb((A_, ~~ 
Amber Wrigbt,Laratory Director 

Page 2 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
Wc~t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00427

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 9.83 qg/L 0.500 1631 E 

Reviewed and Authorized By: Atn-6:flA.,,, ~~ 
Amber Wright,L~ry Director 

Page 3 of II 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896(' 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\.\.summitenviro.com 

1/23/20 

Client 
1/ 13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

(_ 



R00428

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

Mercury, Low Level 

ANALYSIS REPORT 

Mach Mining REPORT DATE: 
2 I 671-4 COMMENT: 
Pond 4 SAMPLED BY: 
I /13/20 DATE RECEIVED: 

RESULT UNlTS DETECTION METHOD 
LIMIT 

1.94 11g/L 0.500 163 IE 

Amber Wright, La oratory Director 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES 

l 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00429

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: I /I 3/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 8.22 qg/L 0.500 1631 E 

Reviewed and Authorized By: A m,bQA,, ~~ 
Amber Wright, L~y Director 

Page Sofll 

*These results relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289(' 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00430

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2167 1-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.932 qg/L 0.500 1631 E 

Reviewed and Authorized By: At>t,,6-tl.A.., ~~ 
Amber Wrigirt:L~ry Director 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reprod uced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00431

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 671-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIM IT 

Mercury, Low Level 1.36 qg/L 0.500 163 1 E 

Reviewed and Authorized By: Am,,6-QA,, ~~ 
Amber Wrighi:L~ry Director 

Page 7 of II 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3~ 
West Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00432

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671 -8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1 /1 3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECT ION METHOD 
LIM IT 

Mercury, Low Level 1.22 qg/L 0.500 1631 E 

Reviewed and Authorized By: /i ht.,b-QA, ~~ 
Amber Wright, ~ry Director 

Page 8 of l l 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 6 18) 983-8208 

Website: WW\\.summitenviro.com 

1/23/20 

Client 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00433

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.44 qg/L 0.500 1631 E 

Reviewed and Authorized By: A J?t.b~ ~~ 
Amber Wright, L~ry Director 

Page 9 of 11 

*These results relate only to the samples as rece ived 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3~r 
Wc<;t Frankfort, Jllinois 6289~ 

Phone (618) 983-8280 
fax (618) 983-8208 

Website: www.summitenviro.com 

I /23/20 

C lient 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00434

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/13/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.09 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Ant.6V1..-~~ 
Amber Wright,Laoratory Director 

Page 10 of 11 

*These results relate only to the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/23/20 

C lient 
1/13/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00435

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1671-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/13/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 qg/L 0.500 1631 E 

Reviewed and Authorized By: ,I/J,n.bf2.A., ~~ 
Amber Wright,Laratory Director 

Page 11 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route .i.~, 
West Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website: www.summitenviro.com 

1/23/20 

Client 
1/ 13/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00436

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1687-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: l/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN1TS DETECTION METHOD 
LIMIT 

Mercury, Low Level 13.6 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,{fhlbfJ/4, ~~ 
Amber Wright, LabontyDirector 

Page 1 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

J 7650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/27/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00437

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.743 11g/L 0.500 163 1 E 

Reviewed and Authorized By: /ltnbV& ~~ 
Amber Wright, LabontyDirector 

Page 2 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES 

17650 Route 37r' 
Wcc;t Frankfort, Illinois 6289:\. 

Phone (6 l 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2 7/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

(_ 



R00438

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 8.53 11g/L 0 .500 163 1 E 

Reviewed and Authorized By: Atn¢t2/4, W~ 
Amber Wright, Laboraryl}irector 

Page 3 of 11 

*These results re late only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/27/20 

Cl ient 
I /15/20 

DATE/ 
AN ALYST 

1/22/20 WA 



R00439

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1687-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.21 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AhU5-f2A, ~~ 
Amber Wright, Laboraryllirector 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full wtthout the approval of SES 

l 7650 Route 37 
West Frankfort, Illinois 628961 

Phone (618) 983-8280 '­
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/27/20 

C lient 
1/15/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

C 



R00440

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 7.10 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn,6-(l,A,, ~~ 
Amber Wright, Laboratyllirector 

Page S of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except m full without the approval of SES. 

17650 Route 37 
We~t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\~.summitenviro.com 

1/27/20 

Cl ient 
1/15/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00441

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.34 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn,6M..-~~ 
Amber Wright, LaboratryDirector 

Page 6 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3y 
West Frankfort, Jllino is 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1127120 

Client 
l/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 

(_ 



R00442

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1687-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN1TS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.27 11g/L 0 .500 163 1 E 

Reviewed and Authorized By: /fm.b~ ~~ 
Amber Wright, Laboratyllirector 

Page 7 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 628% 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\ .summitenviro.com 

1/27 /20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00443

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.47 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Afn6:~ ~~ 
Amber Wright, LabontryDirector 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES 

J 7650 Route 37 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/27/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 

C 



R00444

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21687-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.38 qg/L 0.500 163 1 E 

Reviewed and Authorized By: Atn-6:~ ~~ 
Amber Wright, LabontyDirector 

Page 9 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West r-rankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww,\.summitenviro.com 

1/27/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00445

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1687-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/ 15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION MET HOD 
LIMIT 

Mercury, Low Level 1.32 qg/L 0.500 163 1 E 

Reviewed and Authorized By: ,(hn6.12A.., ~~ 
Amber Wright, LaboratryDirector 

Page IO ofll 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7r 
West Frankfort, Ill inois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/27/20 

Client 
1/15/20 

DAT E/ 
ANALYST 

1/22/20 WA 

C 

C 



R00446

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1687-1 1 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/15/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: ,Am,6~ ~~ 
Amber Wright, Laborat)'llirector 

Page 11 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.sumrnitenviro.com 

1/27/20 

Client 
1/ 15/20 

DATE/ 
ANALYST 

1/22/20 WA 



R00447

SUMMIT 
'1:-.:£--~ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1693-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 12.6 11g/L 0.500 163 1 E 

Reviewed and Authorized By: //Mu ~~ 
Amber Wright, L%1Jorory0irector 

Page I of II 

*These resul1s relate only to the samples as received. 
*This report shall not be reproduced excepl in full wi1hou1 the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\:..summitenviro.com 

1/28/20 

Client 
1/ 17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00448

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21693-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.657 11g/L 0.500 163 1 E 

Reviewed and Authorized By: /lkrlbM, {J/4/~ 
Amber Wright, Labor 7r;,riirector 

Page 2 of 1 I 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We~t Frankfort, Hlinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/17/20 

DATE/ 
AN ALYST 

1/27/20 WA 



R00449

SUMMIT 
L....:£..-'Y1ENVIRONMENTAL 

SERVICES, INC. 
CHEM I CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
POL: 21693-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMTT 

Mercury, Low Level 7. 15 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn6u uJ,f 
Amber Wright, wotory Director 

Page 3 of 11 

*These results relate only to the samples as received , 
*This report shall not be reproduced except in full without the approval of SES_ 

l 7650 Route 37 
We,t Frankfort, Illinois 62896r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww,\·.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00450

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21693-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.924 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am.6-u ~~ 
Amber Wright, L;i;;;raryllirector 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
Wec;t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Websi te: www.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00451

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1693-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 6.28 11g/L 0.500 1631 E 

Reviewed and Authorized By: L}_m,b_oA (,,/ /4~ 
Amb~Wright,' L;fu;r~>ryDirector 

Page 5 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route JY" 
West Frankfort, Illinois 6289~\.. 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: wwv..summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00452

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 2 1693-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/ 17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.859 11g/L 0.500 1631 E 

Reviewed and Authorized By: Am-6:u ~~ 
Amber Wright, iabotory Director 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00453

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1693-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.698 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am.6-u ~~ 
Amber Wright, Laborory0irector 

Page 7 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37,/ 
West Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 

(_ 



R00454

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21693-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: l/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.817 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Ani6-u ~~ 
Amber Wright, L~rory0irector 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES. 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 6 l 8) 983-8208 

Website: wwv..summitenviro.com 

1 /28/20 

Client 
1/17 /20 

DATE/ 
ANALYST 

1/27/20 WA 



R00455

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21693-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/ 17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 2.20 11g/L 0.500 163 1 E 

Reviewed and Authorized By: 6'/._mb_oA (,I ./4~ 
AmberWright:LabmryDirector 

Page 9 of 11 

*These results relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 3 7 
We~t Frankfort, Illinois 62896c 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww,~.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00456

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21693-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: l/17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.65 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am-6:u ~~ 
Amber Wright, LaboraryDirector 

Page 10 of 11 

*These resuhs re late only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/28/20 

Client 
1/17/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00457

SUMMIT 
c.._~~'V1ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1693-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/ 17/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 163 1 E 

Reviewed and Authorized By: _ _,,&_,._._.me.u..o<b...<..LollA"'""--""(,)~/4~/dr-"J!' ~....._ _ _ 
AmbffWright: LidJ;rfforyDirector 

Page 11 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES. 

17650 Roule 3~/ 
Wc~t Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/ 17/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 

(_ 



R00458

( 

CHEMICAL ANALYS'l'S & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21698-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 12.7 qg/L 0.500 1631 E 

C 

Reviewed and Authorized By: &mbM, (j/4~ 
Amber Wright, Labor ~rector 

Page 1 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00459

SUMMIT 
Y-~-v,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DA TE: 
PDL: 21698-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: ,6/m,b:o,1, (,{/4~ 
Amber Wright, Labor ~rector 

Page 2 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 3 7 
West Frankfort, lll inois 6289r 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website: WW\\..summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00460

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21698-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 6.99 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AMM, (j/4~ 
Amber Wright, Laborory0irector 

Page 3 of 11 

*These results relate only to the samples as received 
*Th is report shall no t be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: ww~ .summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00461

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1698-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: l/20/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.08 qg/L 0.500 163 1 E 

Reviewed and Authorized By: .t</m/2v,, U/4~ 
Amber Wright, Labo toryl)irector 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full wnhout the approval of SES. 

17650 Route 3r7 
West Frankfort, 11linois 6289 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: \\'\\'W.summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 



R00462

SUMMIT 

( ~,,1 ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21698-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: I /20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 5.89 qg/L 0.500 163 1 E 

C 

Reviewed and Authorized By: ,t!l.mAIIA (,/ ),,~ 
AmberWright: L;;imr~irector 

(_ 
Page 5 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00463

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21698-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCR.IPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.36 qg/L 0.500 163 1 E 

Reviewed and Authorized By: Lim.AM, UAf, 
Amber Wright, LaboioryDirector 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
We<;t Frankfort, lllinois 62896c 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 

C 

(_ 



R00464

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1698-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.15 11g/L 0.500 163 1 E 

Reviewed and Authorized By: t<hnbM, u./4~ 
Amber Wright, Labora~rector 

Page 7 of 11 

*These results re late only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00465

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1698-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

T EST DESCRIPT ION RESULT UNlTS DETECT ION METHOD 
LIM IT 

Mercury, Low Level 1.27 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AJn6u ~fo 
Amber Wright, Laborory0irector 

Page 8 of 11 

*These results relate only to the samples as rece ived. 
*Th is repon sha ll not be reproduced except in full without the approval of SES 

J 7650 Route 37 
Wc~t Frankfort, Illinois 6289~ 

Phone (618) 983-8280 
Fax (6 l8) 983-8208 

Website: ww,\.summitenviro.com 

1 /28/20 

Cl ient 
1/20/20 

DAT E/ 
ANALYST 

1/27/20 WA 

C 

(_ 



R00466

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1698-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1. 18 qg/L 0.500 1631 E 

Reviewed and Authorized By: AtJi6u ~~ 
Amber Wright, LabotllryDirector 

Page 9 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lll inois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

C lient 
1/20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00467

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21698-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST D ESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0 .673 11g/L 0.500 163 1 E 

Reviewed and Authorized By : ,6'Lm,6:.oA {J /4~ 
AmberWright, Labtol"y Director 

Page 10 of II 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

I 7650 Route 37 
West Frankfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

1/28/20 

Client 
1/20/20 

DATE/ 
ANALY ST 

1/27/20 WA 

C 



R00468

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1698-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/20/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atrt-6u ~~ 
Amber Wright, Labotoryllirector 

Page 11 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except tn full without the approval of SES. 

17650 Route 37 
Weo;t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/28/20 

Cl ient 
I /20/20 

DATE/ 
ANALYST 

1/27/20 WA 



R00469

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1708- 1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMJT 

Mercury, Low Level 12.6 qg/L 0.500 1631 E 

Reviewed and Authorized By: Afnbfl/4, u}~ 
Amber Wright, L;.;;iroryOirector 

Page 1 of 11 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/31 /20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 

C 



R00470

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21708-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION l'v1ETHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: ,(fht,bfl/4, ~~ 
Amber Wright, LabontyDirector 

Page 2 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

l 7650 Route 37 
We~t Frankfort , lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww\\.summitenviro.com 

1/3 1/20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 



R00471

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21708-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 7.30 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am,6.Q./4, w~ 
Amber Wright, LaboraryDirector 

Page 3 of 11 

*These results relate only to the samples as received 
*This repon shall not be reproduced except in full without the approval of SES 

17650 Route 37,r 
West Frankfort, Ill inois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/31 /20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/3 0/20 WA 

C 

C 



R00472

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21708-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMI T 

Mercury, Low Level 0.593 11g/L 0.500 1631 E 

Reviewed and Authorized By: /fh1-b~ ~~ 
Amber Wright, Lai,;raryllirector 

Page 4 of 11 

*These resul ts relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval o f SES. 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\ .summitenviro.com 

1/31 /20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 



R00473

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1708-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 5.38 qg/L 0.500 163 1 E 

Reviewed and Authorized By: /fm,bvi, ~~ 
Amber Wright, LabontyDirector 

Page 5 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 / 
Wcc;t Frankfort, Illinois 62896\ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/31 /20 

C lient 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 

C 

(_ 



R00474

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21708-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 5.37 11g/L 0.500 163 l E 

Reviewed and Authorized By: ,dm,6-~ ~~ 
Amber Wright, Laboraryllirector 

Page 6ofll 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
\Ve<;t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 l8) 983-8208 

Website: www.summitenviro.com 

1/3 1 /20 

Client 
I /22/20 

DATE/ 
ANALYST 

1/30/20 WA 



R00475

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21708-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 8.24 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn-6:M.., ~~ 
Amber Wright, Laboraryllirector 

Page 7 of 11 

*These results re late only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES 

J 7650 Route 37 
We,;t Frankfort, Illinois 62894 

Phone (618) 983-828o\. 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/31 /20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 

C 

(_ 



R00476

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1708-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DA TE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.84 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,(/mbV& ~~ 
Amber Wright, Laboratyli;ector 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
We~t Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/3 1/20 

Client 
1/22/20 

DATE/ 
ANA LYST 

1/30/20 WA 



R00477

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21708-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.930 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,«/}1-t,bQA,, ~~ 
Amber Wright, LaboraryDirector 

Page 9 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approva l of SES 

17650 Route 3 7 
West Frnnkfort, Illinois 6289r 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: w\1'w.summitenviro.com 

1/31/20 

Client 
022120 

DATE/ 
ANALYST 

1/30/20 WA 

C 

(_ 



R00478

( 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21708-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 2.80 qg/L 0.500 1631 E 

Reviewed and Authorized By: /'/J,n,bM.,, ~~ 
Amber Wright, Laborntyllirector 

Page 10 of 11 

*These results relate only to the samples as received. 
*Th is report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37 
We~t Frankfort, Illinois 62896 

Phone (618) 983-8280 
fax (618) 983-8208 

Website: www.summitenviro.com 

1/31/20 

C lient 
1/22/20 

DATE/ 
ANALYST 

1/30/20 WA 



R00479

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1708- 11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/22/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 qg/L 0.500 163 1 E 

Reviewed and Authorized By: --~8'-'-'-hlb'-='-M.,~_W.~ _'uaft=-,,·,-..,..=~-­
Amber Wright, LaborntMynirector 

Page 11 of 11 

*These results re late only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 6289~ 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/31/20 

Client 
1/22/20 

DATE/ 
ANALYST 

1/29/20 WA 

C 

(_ 



R00480

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21726-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 12.7 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,(/mg~ u)~ 
Amber Wright, L~r~ryDirector 

Page I of II 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

2/7/20 

Client 
1/27/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00481

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21726-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1127120 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.542 qg/L 0.500 1631 E 

Reviewed and Authorized By: AJ-n6~ ~~ 
Amber Wright, L~r~irector 

Page 2 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37,r 
We<:t Frankfort, Jll inois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: wwv •. summitenviro.com 

2/7/20 

Client 
1/27/20 

DATE/ 
ANALYST 

2/6/20 WA 

C 



R00482

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21726-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 6.36 qg/L 0.500 163 1 E 

Reviewed and Authorized By: ,f/hlb12.A, ~~ 
Amber Wright, Laitt;raryllirector 

Page 3 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: WW\\.summitenviro.com 

2/7/20 

C lient 
1/27/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00483

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21726-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: l/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.834 11g/L 0.500 1631 E 

Reviewed and Authorized By: Am-6~ ~~ 
Amber Wright, LaboraryDirector 

Page 4 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37r 
West Frankfort, Illinois 6289~\.. 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
1/27 /20 

DATE/ 
ANALYST 

2/6/20 WA 
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(_ 



R00484

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

Mercury, Low Level 

ANALYSIS REPORT 

Mach Mining REPORT DATE: 
2 1726-5 COMMENT: 
Pond 5 SAMPLED BY: 
1/27/20 DATE RECEIVED: 

RESULT UNlTS DETECTION METHOD 

5.03 qg/L 

Amber Wright, Laborat 

Page 5 of 11 

LIMIT 

0.500 

*These results relate only to the samples as received. 

163 IE 

*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
We,;t Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

C lient 
1/27 /20 

DATE/ 
ANALYST 

2/6/20 WA 



R00485

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1726-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LI MIT 

Mercury, Low Level 0.569 11g/L 0.500 163 1 E 

Reviewed and Authorized By: ,f/m-6-Vt-~~ 
Amber Wright, LaboraryDirector 

Page 6 of 11 

*These results re late only to the samples as received. 
*This report sha ll not be reproduced except in lull without the approval of SES 

17650 Route 37 
Wc,t Frankfort, Illinois 62896/ 

Phone (618) 983-8280'­
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
I /27120 

DATE/ 
ANALYST 

2/6/20 WA 

C 



R00486

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21726-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.40 qg/L 0.500 1631 E 

Reviewed and Authorized By: Atn-6fJA.., w~ 
Amber Wright, Lkroryl)irector 

Page 7 of 11 

*These resulis relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
Wc,;t Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

C lient 
1/27/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00487

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21726-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DET ECTION ME THOD 
LIMIT 

Mercury, Low Level 1.1 5 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atrt-6€,1_, ~~ 
Amber Wright, Laborary()irector 

Page 8 of I I 

*These results relate only to the samples as received 
*This report shall not be reproduced except m fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 6289("' 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww,, .summitenviro.com 

2/7/20 

Client 
1/27/20 

DATE/ 
ANALYST 

2/6/20 WA 

C 



R00488

SUMMIT 

( ~-:vi ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21726-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.887 11g/L 0.500 163 IE 

C 

Reviewed and Authorized By: /ih-1.bQA.,, ~~ 
Amber Wright, Labontyl)irector 

Page 9 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
l/27 /20 

DATE/ 
ANALYST 

2/6/20 WA 



R00489

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 2 1726- 10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.588 qg/L 0.500 163 l E 

Reviewed and Authorized By: Am.bvi, ~~ 
Amber Wright, LabontyI>irector 

Page 10 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approva l of SES. 

17650 Route 37 
West Frankfort, Illinois 6289[ 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

C lient 
1/27 /20 

DATE/ 
ANALYST 

2/6/20 WA 

C 



R00490

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1726-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/27/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Am.bVi, u}~ 
Amber Wright, Laboraryfilrector 

Page 11 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Ulinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 
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R00491

SUMMIT 
_r--,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21739-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN1TS DETECTION METHOD 
LIMIT 

Mercury, Low Level 12.5 11g/L 0 .500 163 1 E 

Reviewed and Authorized By: /Zhtb~ u)~ 
Amber Wright, LaboraryDirector 

Page 1 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES. 

17650 Route 37 
Wc~t f-'rankfort , Illinois 6289r 

Phonc(618)983-8280 
Fax (618) 983-8208 

Website: WW\'\-.summitenviro.com 

2/7/20 

Client 
1/29/20 
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ANALYST 
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R00492

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21739-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.761 l'Jg/L 0.500 163 1 E 

Reviewed and Authorized By: /yh1.ftQA, ~~ 
Amber Wright, Laboraryllirector 

Page 2 of l1 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
fa~ (618) 983-8208 

Website: wwv..summitenviro.com 

2/7/20 

C lient 
1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00493

SUMMIT 
. ~,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21739-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 6.43 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn-6:/lA.., ~~ 
Amber Wright, Labtm1ryDirector 

Page 3 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896(' 

Phone (618) 983-8280 
fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 
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1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 
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R00494

( 

C 

(_ 

SUMMIT 
-r-..-,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1739-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0 .794 11g/L 0.500 1631 E 

Reviewed and Authorized By: /jm,6€,1.., ~~ 
Amber Wright, LaboraryDirector 

Page 4 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: wwv..summitenviro.com 

2/7/20 

Client 
1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00495

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 2 1739-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 4.90 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AJ1-l6.QA., ~~ 
Amber Wright, Labonty[)ir'ector 

Page 5 of 11 

*These results rela te only to the samples as received. 
*This repon shall not be reproduced except m fu ll without the approval of SES 

17650 Route 37 
We~, Frankfort, lllinois 6289~ 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

C lient 
1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 

C 



R00496

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1739-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.775 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn-6:~ ~~ 
Amber Wright, LaboratryOirector 

Page 6 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618} 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00497

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1739-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.36 11g/L 0.500 1631 E 

Reviewed and Authorized By: Ahtbt;A,, ~~ 
Amber Wright, LabontryDirector 

Page 7 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except ,n full without the approval of SES 

17650 Route 37 

West Frankfort, Illinois 6289r 
Phone (618) 983-8280 

Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
l/29/20 

DATE/ 
ANALYST 

2/6/20 WA 
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R00498

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21739-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.75 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn-6:vt, W~ 
Amber Wright, L1lbor~irector 

Page 8 of 11 

*These results re late only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 
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1/29/20 

DATE/ 
ANALYST 

2/6/20 WA 



R00499

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1739-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.19 11g/L 0.500 1631 E 

Reviewed and Authorized By: -~/l~h0~~M.,=~~~~~--,..:=c___ __ 

Amber Wright, Labor~rector 

Page 9 of 11 

*These results re late only to the samples as rccc,ved. 
*This report sha ll not be reproduced except in full without the approval of SES 

17650 Route 3~1 We~t Frankfort, Jllinois 6289:\. . 
Phone (618) 983-8280 

Fax (6l8) 983-8208 

Website: wwv..summitenviro.com 

2/7/20 

Client 
1/29/20 
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ANALYST 
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R00500

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21739-10 COMMENT: 
SAMPLE ID: Cel l 417 SAMPLED BY: 
DATE SAMPLED: 1/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNTTS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.846 11g/L 0.500 1631 E 

Reviewed and Authorized By: __ __,_A:....1....<me..:..=,:;__,e:~:.=.....-=:u),.-=-~=·'J:-!.."=--­
Amber Wright, Labora~ector 

Page 10 of 11 

' These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

2/7/20 

Client 
1/29/20 

DATE/ 
ANALYST 

216120 WA 



R00501

SUMMIT 
,....~ -£-v,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21739- 11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: l/29/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: .,(/m,6~ ~~ 
Amber Wright, L;;i;;;nryDirector 

Page 11 of 11 

*These results re late only to the samples as received, 
*This report shall not be reproduced except m full without the approval of SES 

17650 Route 3 ;_r-­
Wcst Frankfort, Illinois 6289~ , 

Phone (618) 983-8280 
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R00503

\ 

Williamson Energy, LLC 

PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mrs. Iwona Ward 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
2309 West Main Street, Suite 116 
Marion, IL 62959 

January 1 7, 2020 

c4 45 G -(3 
,s,,._~u.. ctc:.Gt. : 2 ~ 2 S- co 

Re: Williamson Energy, LLC - Supplemental infonnation concerning the Anti-Degradation 
Document for Pond Creek Mine, Big Muddy Flood Analysis, and Modeling of Big Muddy 
River Chloride dispersion downstream of the proposed mixing zone. 
NPDES Pennit IL0077666 

Dear Mrs. Ward: 

Please find attached one (1) copies of the Supplemental infonnation concerning the NPDES 
Renewal of Pennit IL 0077666. 

• Alliance Consulting, Inc - Benthic Macroinvertebrate Community Survey of the Big 
Muddy River 

• Illinois Natural History Survey - Fresh Water Mussels of the Big Muddy River 
• Aquaeter - Update Corm ix Model Results 
• Potesta - Opinion of the Ecological Effects of Williamson Energy' s Renewal of NPDES 

Permit IL0077666 
• Big Muddy River TMDL Report 2004 
• Stage 3 TMDL Report Upper Big Muddy Watershed 2018 
• IDNR, Division of Fisheries Resources - Big Muddy Fish Data 
• Supplemental Water Data from Williaamson Energy, LLC 

Two copies of this submittal have also been submitted to Mr. Lecrone at the IEP A Office in 
Springfield. 

We appreciate your assistance with the matter. If you have any questions or require additional 
information, please contact me at (618) 969-8259. 

Respectfully submitted, 

F;ldGY,LLC 
~ James Plumley, P.E. 

~~~~ 
&\ JAN 1 7 2020 

IL [:, i..,,rd11f11• , ,,. i , .1 :h ct,on Agency 

MARION REGIOiJAL OFFICE 



R00504

\ 

Williumson Energy, LLC 

PO Box 99 
Johnston City, IL 62951 
Office: 618-983-3020 Fax: 618-983-3017 

Mr. Darin LeCrone 
ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY 
1021 North Grand A venue East 
Springfield, IL 62794-9276 

January 17, 2020 

Re: Williamson Energy, LLC - Supplemental information concerning the Anti-Degradation 
Document for Pond Creek Mine, Big Muddy Flood Analysis, and Modeling of Big Muddy 
River Chloride dispersion downstream of the proposed mixing zone. 
NPDES Permit IL0077666 

Dear Mr. LeCrone: 

Please find attached two (2) copies of the Supplemental infonnation concerning the NPDES 
Renewal for Permit IL 0077666 . One copy of this submittal has also been submitted to the 
permit manager at the IEP A Office in Marion. 

• Alliance Consulting, Inc - Benthic Macroinvertebrate Community Survey of the Big 
Muddy River 

• Illinois Natural History Survey- Fresh Water Mussels of the Big Muddy River 
• Aquaeter - Update Cormix Model Results 
• Potesta - Opinion of the Ecological Effects of Williamson Energy's Renewal of NP DES 

Permit IL0077666 
• Big Muddy River TMDL Report 2004 
• Stage 3 TMDL Report Upper Big Muddy Watershed 2018 
• IDNR, Division of Fisheries Resources - Big Muddy Fish Data 
• Supplemental Water Data from Williaamson Energy, LLC 

We appreciate your assistance with the matter. If you have any questions or require additional 
information, please contact me at ( 618) 969-8259. 

Respectfully submitted, 

WILLIAMSON EN ERG LLC 

~ 
James Plumley, P.E. 

~~@ 
JAN 1 7 2020 

IL Envm :1111cntal [' •ti ,-· ,v1 Agency 

MARION REGIONAL OFFICE 



R00505
2 4 /4 5 . c - 6 

OPINIONS ON THE ECOLOGICAL EFFECTS 
OF WILLIAMSON ENERGY'S RENEW AL OF 

NATIONAL POLLUTANT DISCHARGE 
ELIMINATION SYSTEM PERMIT IL0077666 

Prepared for: 

Mr. Nick Johnson 
Bailey and Glasser, LLP 

209 Capitol Street 
Charleston, West Virginia 25301 

Prepared by: 

Potesta & Associates, Inc. 
7012 MacCorkle A venue, SE 

Charleston, West Virginia 25304 
Phone: (304) 342-1400 Fax: (304) 343-9031 

Email: potesta@potesta.com 

POTESTA 
Project No. 0101-19-0375 

January 17, 2020 
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R00507

OPINIONS OF THE ECOLOGICAL EFFECTS OF WILLIAMSON 
ENERGY'S RENEWAL OF NATIONAL POLLUTANT DISCHARGE 

ELIMINATION SYSTEM PERMIT IL0077666 

1.0 INTRODUCTION 

This report summarizes the opinions of Dr. Mindy Yeager-Armstead on the Williamson Energy 
Renewal of National Pollutant Discharge Elimination System (NPDES) Permit IL0077666 being 
issued for the Pond Creek Mine discharging into the Muddy River in Franklin County, Illinois. 
Formation of the opinions herein relied on documents provided to me (listed below), review of the 
draft permit and comments on the permit, review of relevant literature, and my experience. My 
educational background is described in my Curriculum Vita. My experience includes 15 years of 
consulting experience with the mining industry, specifically mining permitting and compliance, 
and 8 years of teaching and research experience at Marshall University. Since joining the faculty 
at Marshall University in August of2011 as an assistant professor, I have established a productive 
research group, obtained tenure and full professorship, and now serve as Chair of the Department 
of Natural Resources and the Environment. My review is divided into 3 sections which include: 
review of the permitting procedures employed in permit issuance; consideration of the potential 
for biological effects from the permit in Muddy Branch; and a response to issues raised by 
commenters on the draft permit. 

2.0 ITEMS REVIEWED 

♦ Draft NPDES Permit No. IL0077666, Notice No 7516c Williamson Energy, LLC Pond 
Creek Mine Draft Renewed Permit and Fact Sheet 

♦ Williamson Energy's Antidegradation Document for NPDES Permit No. IL0077666, 
Notice No. 7516c Williamson Energy, LLC, Pond Creek Mine. 

♦ Comments provided to Illinois Environmental Protection Agency (!EPA) Bureau of Water, 
Water Pollution Control Permit Section (August 12, 2019) by Sierra Club, Illinois Chapter. 

♦ !EPA Memorandum to Iwona Ward from Scott Twait, December 13, 2016, pertaining to 
Water Quality Based Effluent Limitations for Williamson Energy, LLC-Pond Creek Mine 
NPDES Permit No. 11007766. 

♦ Additional data collected in response to comments on the draft permit. 
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♦ Memorandum to James Plumley from John Michael Corn, P.E. and Pam Hoover, P.E., 
AquAeTer, Inc. on April 26, 2019 regarding 2019 Mach Mine Pond 009 Effluent Results. 

♦ Illinois Department of Natural Resources Endangered Species Act (and others) 
Consultation Review Letter dated September 26, 2019 EcoCA T Review# 2001813. 

♦ Water Quality Data from sites in the Big Muddy River watershed obtained from !EPA by 
Freedom of Information Act. 

♦ Freshwater Mussels of the Big Muddy River, !NHS Technical Report, 2012. 

♦ Benthic Macroinvertebrate Community Survey in the Big Muddy River, conducted by 
Alliance Consulting, December 2019. 

♦ Big Muddy River Total Maximum Daily Load (TMDL) Report, !EPA 2004. 

♦ Stage 3 TMDL Repo1t, Upper Big Muddy River Watershed, LimnoTech 2018. 

♦ Figures prepared for the public meeting on December 18, 2019 and general information on 
the mixing/dilution studies prepared by consultants. 

♦ Historic documents and other information on the watershed obtained by internet searching. 

3.0 PERMITTING PROCEDURES 

A review of the draft permit and associated information indicates the permit was developed using 
appropriate methods consistent with the industry standards and protective of in-stream water 
quality criteria. The permit development included an exceptional and thorough anti-degradation 
review containing alternatives analysis, endangered species consultation, appropriate presentation 
of mixing zone and diffuser design considerations, and a real-time water quality management 
strategy. The real-time water quality management strategy has been sparsely used in permitting 
historically, but advances in remote sensing technology make this strategy feasible. The location 
of an United States Geological Survey (USGS) gaging station in the permit area and the ability to 
hold discharges when necessary optimize conditions to employ this permitting strategy. 

Use of a mixing zone is acceptable to achieve permit compliance, which is widely used and 
consistent with federal and state regulations. Mixing zones are particularly desirable when 
pollutants are not persistent or bio-accumulative, such as with salts that are decidedly not toxic in 
lower levels. Additionally, salt discharges are well suited for mixing or dilution because treatment 
or removal has inherent environmental costs such as the high-energy demands of reverse osmosis, 
evaporation, and crystallization. Additionally, the consistent relationship between individual salts 
and specific conductivity, once established, will allow for real-time monitoring of stream and 
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discharge constituent concentrations. Generally, the relative mineral concentrations of water from 
the same source are consistent allowing specific conductivity, a surrogate measurement, to 
represent chloride in permit evaluations. This consistency is demonstrated with 7 samples 
collected from the holding basin location ( 417) on sampling dates from October 25, 2019 to 
January 13, 2020. Major ion concentrations (alkalinity, sulfate, chloride, and hardness) were 
summed to estimate total dissolved solids that was not detennined. The relative contribution of 
chloride to the total ions ranged from 34.1 % to 37.9% in these 7 samples with this minimal 
variability suggesting high confidence in the ability to develop a predictive relationship between 
chloride and specific conductivity, which can be measured in real-time. Utilization of this 
advanced sensor technology is required in the permit; it will support monitoring ofreal-time stream 
conditions, demonstrate consistent compliance with permit conditions, and notify operators of 
deviations from compliance continuously. The state-of-the-art monitoring discussed in detail 
below will reliably protect the stream from chloride excursions. It should be noted that my review 
of the mixing zone and diffuser design does not constitute an engineering review, only that the 
information is presented and was apparently found to be consistent with regulatory expectations 
by the agency for permit development. 

The extensive and thorough anti-degradation analysis and supporting documents provided by the 
permittee were reviewed by !EPA for permit development. !EPA conducted a review based on 
Illinois Pollution Control Board (!PCB) Anti degradation regulations (35 Ill. Adm. Code 302.105) 
and concluded that the discharge would attain water quality standards and maintain existing uses 
of the stream based on the information provided and pursuant to additional information provided 
in comments. I concur with their findings and have seen nothing presented in the public comments 
reviewed that undermines the agency conclusions. 

Consultation with the Illinois Department of Natural Resources (IDNR) was undertaken to ensure 
protection of threatened and endangered (T &E) species in the permit area. The consultation 
indicated no T &E aquatic species present in the discharge location (letter dated 
September 26, 2019), but indicates adherence to the permit conditions is requested to protect fish 
and mussel populations in the area. No concern was expressed by IDNR regarding aquatic 
community impairment under the permit conditions. The !EPA permit writer also indicates the 
web-based database was consulted and confirms no T &E species. This information appears to 
have been appropriately considered in permit development. 

4.0 BIOLOGICAL EFFECTS 

A benthic macroinvertebrate survey was conducted in the v1c1mty of the diffuser on 
November 20, 2019 by Alliance Consulting. Sampling was conducted by dredge due to river depth 
and accessibility. Sample results are qualitative due to deviation from optimal sampling 
timeframes, sample collection methods and habitat necessitated by study objectives, and river 
condition. However, consideration of the type and diversity ofmacroinvertebrates collected, with 
knowledge of their life histories and tolerance values, still provides information on the stream 
conditions. Land use in the diffuser and mixing zone location is dominated by agriculture. 
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Riparian zones are forested, wide to narrow, and contribute to fair woody debris that appears to be 
the only stable substrate in the stream. Steep undercut banks in the area downstream of the diffuser 
indicate historic instability and heavy erosion. Sediment bar formation is substantial, as is 
deposition. Substrate in the area is dominated by silty, sandy bottoms with hard packed clay also 
found. Stream morphology is pool with no riffle/nm or gravel/cobble substrate noted in the 0.77 
mile surveyed. Stream macroinvertebrate community is considered in the context of the sampling 
limitations. The benthic macroinvertebrate community is dominated by tolerant taxa generally of 
the gatherer/collector or filter/collector trophic groups. This community is indicative of the slow 
moving pool conditions. The community does not appear robust or healthy with limitations 
potentially resulting from habitat degradation as evidenced by the presence of several less tolerant 
taxa. 

A mussel survey reported in 2012 by the Illinois Natural History survey offers an excellent 
description of the current (2009/20 I 0) and historical condition of the Big Muddy River. It 
confirms the aforementioned dominance of silt/clay or "mud" stream bottoms, dominance of 
woody debris as the primary stable substrate, and the dominance of agriculture with lesser-forested 
land use in the watershed. 

The potential for biological effects resulting from discharge mixing in the Big Muddy River is low 
due to poor habitat conditions, heavy sedimentation, and historic and ongoing anthropogenic 
impacts in the watershed. While no unique or highly valued mussel populations were found on 
the main stem of Big Muddy River, the sampling location most representative of the stream in the 
discharge area was ranked as moderate. Thirteen taxa were found at this specific site in the main 
stem of the Big Muddy, with 19 of 25 historically collected taxa also collected in the survey. 
Restricted or limited mussel communities were found at 75% of the locations sampled. 
Gravel/cobble/boulder substrate were found to be non-existent in the basin, as repo1ted recently in 
the aforementioned benthic macroinvertebrate survey. Sediment/siltation may influence the lack 
of mussel species (!NH 2012). These factors were also listed as impairing aquatic life at many 
locations in the Big Muddy River in the 20 IO !EPA Water Quality Repott and 303(d) list indicated 
in the mussel survey and specifically in the reach where the diffuser will be located in the 2018 
TMDL Report prepared by LimnoTech for the Big Muddy River. Given these geologic and 
biologic factors, it is not likely that mussel communities will be adversely impacted by this 
discharge. 

Generally, fish are less sensitive to increases in salinity than other taxa evaluated and are well 
protected by the 500 mg/I single threshold standard. Fish communities in the Big Muddy River 
demonstrate moderate abundance and richness indicative of anthropogenically influenced 
watersheds. Historical record indicates the Big Muddy River has traditionally displayed lowland 
characteristics with muddy banks, predominantly silt substrate, and sluggish flow. The naturally 
limited habitat and environmental damage already prevalent in the watershed likely contribute to 
the limited fish community and to selection for tolerant taxa. 
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The potential for biological effects resulting from discharge mixing in the Big Muddy River is low 
due to current/historical poor habitat conditions from heavy sedimentation/siltation which have 
already limited biological communities in the vicinity of the discharge. The moderately healthy 
fish and mussel communities are comprised oftaxa tolerant of the current conditions and are likely 
to continue to persist if water with the proposed discharge in compliance with the permitting 
conditions. The historic and ongoing anthropogenic impacts in the watershed, mainly agricultural, 
are not likely to abate any time in the future. Although better management practices may improve 
loading, the substrate in the Big Muddy River is likely to remain unfavorable for establishing 
optimal habitat conditions necessary to support exceptional aquatic populations. 

5.0 RESPONSE TO COMMENTS 

Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

The facility has current and recent violations of their NPDES permit that have yet 
to be resolved. 

The mixing zone and updated real-time discharge limits contained in the draft 
permit represent a long-term sol11tion to previo11s permit exceedances. Pond Creek 
Mine has worked with ]EPA to develop acceptable regulat01y methods to achieve 
compliance in the river. 

In view of the frequent violations and the danger of discharges of chemicals that 
are toxic to aquatic life, the monitoring is inadequate. 

The permit limits calculate real-time discharge limits to ensure the constituents of 
the discharge are not in concentrations toxic to aq11atic life and is computer 
controlled such that the .system will shut down to prevent permit exceedances. As 
indicated above, prelimina,y evaluations show a substantial relationship between 
chloride concentration and estimated total dissolved solids; the chloride 
concentration is relatively stable with respect to the other major ions and should 
be predictable fi'om the specific conductivity measurements. This relationship will 
be confirmed with additional measurements and a predictive equation developed. 
When the discharge is initiated, the continuous, real-time monitoring of Outfall OJ I 
in-stream will fitrther ensure compliance with permit conditions and protect 
aquatic life from toxicity. 

The chloride acute limit is too weak and the permit lacks a chronic chloride limit 
and thus fails to protect aquatic life and violates 35 Ill. Adm. Code 302. 105(a), 
302.210, 304.105. and 309.143. 

The hardness values in the mixing zone will be influenced by the discharge which 
has an average hardness of 610 mg/I CaC01. The permit derivations are in 
compliance with the mixing zone regulations, water quality standards, and effluent 
limitations referenced in the comments. The single-standard approach for 
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Comment: 

Response: 

Comment: 

Response: 

chlorides is consistent with low acute to chronic ratios in salt toxicity and the 
"pass-through" exposure scenario of organisms moving through the mixing zone. 
The in-place chloride standard is deemed acceptable by the IEP A and the United 
States Environmental Protection Agency (USEP A). Changes to the in-place water 
quality criteria are beyond the purview of this permit which puts in place 
mechanisms to ensure compliance with the currently approved water quality 
standards which are developed to be protective of daily and long term biological 
exposures. Chlorides are not "accumulative". 
If the standard was to be changed, the permit conditions would be reevaluated; 
however, the 500 mg/I chloride standard is not substantially different than that 
calculated using Soucek's equations. The current single-value standard has been 
acceptable to USEPA in recent considerations of the IEP A for chloride standard 
revisions in parts of Illinois where road salt application has resulted in 
exceedances of the standard (PCB 18-32). 

},;fixing zone concentrations are calculated as "worst case" with highest discharge 
concentrations and flow volumes mixed under low stream flow conditions to ensure 
compliance with the water quality criteria. Water quality standards are also 
determined as worst case; designed to protect for the most sensitive taxa and with 
a built in margin of safety. Permit conditions limit discharge volumes and 
concentrations to be protective under both low-flow and high:flow conditions again 
utilizing "worst case" conditions for each. For these reasons, the biota in Big 
Muddy River will be protected from adverse conditions continuously when the 
d!ffi1ser is discharging. 

The Reasonable Potential Analysis is improper because the !EPA did not use the 
multipliers recommended by USEPA to assure measured reasonable potential or 
require an adequate amount of testing. See Des Plaines Watershed Alliance v. 
Illinois EPA, 2007 Ill. Env. Lexis 149 * 138 (!PCB 2007). 

Reasonable potential analysis is used to predict upper contaminant concentrations 
in discharges using the variability in the discharge for ensuring stream protection 
in the previously mentioned "worst case" discharge scenario. The upper 
contaminant concentration in Outfall 011 is determined in the permit to be 12,000 
mg/I chloride and will be measured in real-time using the relationship between 
chloride and conductivity, an easily monitored indicator. Estimating this upper 
limit using reasonable potential calculations is not necessary. 

The potential effect of the increased discharges has not been determined as to 
flooding, groundwater use and other factors. 

The permit discusses the increased flow to the stream which may occur under 
high-flow scenarios and states the maximum pumped volume would raise the water 
level by less than an inch. I did not conduct an engineering review, but relied on 
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Comment: 

Response: 

the permittee and the !EPA 's review to ensure these calculations are correct. The 
comments present no evidence to the contrary. This has clearly been included in 
the permit development and approval. There is no evidence that increased chloride 
concentrations increase the toxicity of algal blooms. The reference suggesting this 
relationship provided by the comments refers to the condition of ji-eshwater algae 
flowing into the ocean where they die and release toxins. This specific situation, 
which occurs in the drainage Ji-om Lake Okeechobee in Florida, is not relevant to 
the discharges in the Big Muddy River. 

The permit describes that the volumes of discharge will not exacerbate flooding, as 
indicated above, under worst case conditions and thus would exist within the range 
of natural-flow conditions under lower.flows. The channel can thus "handle" the 
discharge without increasing the risk of flooding, the condition of the channel 
banks, vegetative cover, and in-stream substrates is known to be suboptimal 
throughout the watershed, but unrelated to this permit. 

Increased chloride levels may increase toxicity of algal blooms in Big Muddy and 
other waters. 

There is no evidence to indicate that the chloride levels in Big Muddy River will 
increase the toxicity of algal blooms in the river. On the contrary, references 
provided in the comments demonstrate the safety of chloride concentrations in the 
range of those which will be found in the Big Muddy River outside of the mixing 
zone with 4fects levels higher than in-stream concentrations. 

Suggestions that the discharges in Big Muddy River will contribute to the toxicity 
of algal blooms are unfounded as the chloride concentrations included in the study 
provided were not consistent with the concentrations which will be present in Big 
Muddy River but were more consistent with ocean water. The USGS reference 
spec/fically pertained to the introduction o.ffi-eshwater blooms to marine conditions 
where salinity is well above the levels occurring in this case. Additionally, the 
ecological risks suggested from lake studies are not representative of conditions in 
the Big Muddy River as comparison of ecological effects Ji-om lentic to lotic systems 
is not feasible. In lakes, particularly those with no outflow, evaporation 
concentrates salts and continued elevated inputs will concentrate. In flowing 
systems, the dissolved salts dioperse downstream, generally becoming more diluted 
until reaching the ocean. However, it is noteworthy that the Lind, et al study 
provided in the comments actually demonstrates, as other peer-reviewed literature 
demonstrates, the safety of chlorides discharges in concentrations that will be 
present in the river outside of the mixing zone. 
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6.0 CLOSING 

The scope of this report is limited to the specific project and location described herein and 
represents my understanding of the factors as presented in this report. If these factors change as 
additional data concerning this report is obtained, I should be informed so that I may examine the 
data and, if necessary, modify or revise the opinions presented in this report. 

Sincerely, 

MYA/rlh 
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rearing methodology for Ephemeroptera taxa. Accepted for Poster Presentation at the 7th 

SETAC World Congress/SETAC No11h America 37th Annual Meeting in Orlando, 
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level disturbance in a West Virginia watershed. Accepted for Poster Presentation at the 
7th SETAC World Congress/SETAC North America 37th Annual Meeting in Orlando, 
Florida. November 8-12 2016. 

Armstead, M.M (Presenter), Wilson, M., Amanda Chapman. 2015. Ongoing evaluation of the 
effects o/ watershed disturbance on aquatic ecosystems. Oral presentation at the Second 
Environmental Considerations in Energy Production Conference. Pittsburgh, 
Pennsylvania. September 20-23, 2015 

Armstead, M.M., Wilson, M. (Presenter). 2015. An evaluation o/ seasonal selenium 
bioaccumulation in mining influenced streams. Oral presentation at the Second 
Environmental Considerations in Energy Production Conference. Pittsburgh, 
Pennsylvania. September 20-23, 2015. 
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Rowsey, K., Armstead, M.M., Wilson, M., 2015. Investigation o/ parthenogenesis in 
Ephemeroptera and development o/ methods for rearing native mayfly taxa in laborato1y 

MM Yeager Armstead, CV, Page 5 
Revised: June 2017 



R00518
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Jacksonville, Florida. (May 23, 2013). 
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Florida. (May 23, 2013). 
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Armstead, M. M. (Presenter). 2013. Selenium Effects on fish reproduction in mining influenced 
watersheds in West Virginia. Oral presentation at the Society of Freshwater Science. 
Jacksonville, Florida. (May 23, 2013). 

Armstead, M. M. (Presenter). 2013. Chronic Toxicity Testing in Mining Influenced Streams. 
Environmental Considerations in Energy Production, Appalachian Research Initiate for 
Environmental Studies, Charleston, West Virginia. (April 16, 2013). 

Armstead, M. M. (Presenter), Wilson, M., Keller, L., Kinney, J., McGill, K., Snyder, E. 2013. 
Effects of a Simulated Mine .Effluent with Elevated Ionic concentration on Field Collected 
Benthic Macroinvertebrates. Environmental Considerations in Energy Production, 
Appalachian Research Initiative for Environmental Studies. Charleston West Virginia. 
(April 16, 2013). 
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Fish. Sponsored by the Office of Surface Mining and Reclamation, S l 6AC20026. 
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June 30, 2013). 
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Alliance attempted to identify areas to use as sample reaches for the survey in accordance with 
established wadeable collection methods provided by the USEPA (1999) and the Illinois EPA 
(2006) for sampling benthic macroinvertebrate communities. Alliance personnel walked the 
entire length of the Big Muddy River from the sampling location to the water diffuser location 
and evaluated the potential stream habitat to obtain a benthic sample according to the wadeable 
collection protocol. However, it was determined that this was not feasible due to lack of 
preferred habitat (riffles and/or runs) and the inaccessibility of the river due to steep banks and/or 
depth of the river to reach snags or submerged aquatic vegetation (Appendix B). The entire reach 
of the stream in the project area was determined to be 100% pool with no available riffle, run, or 
glide habitat, and the depth of the river made it far too deep for wadeable collection methods. 

3.2 Stream Habitat Assessment 

Upon evaluation of the project reach it was deemed that traditional methods of habitat 
assessment for wadable streams were not applicable based on the physical conditions of the 
survey area. A total of 32 photographs were taken along the stream reach for documentation of 
the stream conditions at the time of sampling (Figures, Drawing No. B16-454-A3). The substrate 
found within the reach consisted primarily of fine grained clay, silt, and sandy sediments. 
Additionally, large portions of the channel exhibited no substantial bedload material and was 
primarily hard packed clay substrate commonly found within streams in southern Illinois. 

3.3 Benthic Macroinvertebrate Sampling 

Alliance was requested to sample benthic macroinvertebrates downstream of the project area 
within the Big Muddy River (BMR). Benthic macroinvertebrates were sampled using an Ekman 
Dredge dropped from an abandoned railroad bridge at the sampling location. The dredge was 
dropped 20 times from multiple points on the upstream and downstream side of the bridge to best 
represent the sampling reach due to lack of preferred habitat and inaccessibility issues, which 
prevented Alliance personnel from collecting a sample in a more traditional manner. 

Following field preservation of benthic macro invertebrates, individual specimens were sorted, 
preserved with 95 percent denatured ethanol, and were identified to the lowest practical level (to 
family level in most cases) by Alliance personnel located in Beaver, West Virginia. 

The following are benthic macroinvertebrate community metrics used to analyze the composition 
of the benthic community sampled in this study: 

Number of Coleopteran Taxa: The number of different taxa identified belonging to the Order 
Coleoptera (beetles). This metric generally decreases with increasing impairment. 

Number of Ephemeropteran Taxa: The number of different taxa identified belonging to the 
order Ephemeroptera (mayflies). This metric generally decreases with increasing impairment. 

Number of Intolerant Taxa: The total number of different taxa determined to be sensitive to 
degradation according to the IEPA. This metric should decrease with increasing degradation. 
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Alliance reviewed the relative abundance of pollution tolerant species as a measure of the 
general health of the benthic community. Taxa such as Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies), collectively referred to as EPT, are often pollution 
sensitive, whereas taxa such as Chironomidae (midges) have a relatively high tolerance for 
pollution. Skewed populations of specific groups provide insight into the existence of 
environmental stress factors. 

4.0 RESULTS 

4.1 Biological Monitoring Survey 

The surveys were performed by Alliance on November 201
'\ 2019 at the established monitoring 

station on the Big Muddy River (Figures, Drawing No. Bl 6-454-A4). Data collected includes 
aquatic organism community data and associated metrics. 

4.2 Station Big Muddy River 

The biological monitoring Station BMR is located approximately 0.77 miles directly downstream 
of the proposed diffuser location on the Big Muddy River (Figures, Drawing No. Bl6-454-A4). 

4.2.1 Benthics for Big Muddy River 

In total 274 individuals, representing IO taxa were identified during the benthic survey (Table 1 ). 
A diversity score of 0.9 (Shannon-Wiener Diversity Index) (Table 2). Chironmidae made up 
76% of the sample with 209 individuals. A low percent EPT score of 12.04% was recorded 
showing a lack of sensitive organisms. The mIBI scored 23.8, which is a rating of fair and 80.7% 
of the sample was made up of tolerant taxa. The metrics reflect a stream with poor habitat 
quality, low biodiversity, and a struggling benthic macroinvertebrate community. 

5.0 CONCLUSIONS 

Concerning the benthic macroinvertebrate community, Alliance reviewed several metrics and 
community characteristics which evaluate the overall health of the macroinvertebrate 
community. Metrics such as percent tolerant taxa, EPT taxa richness, and the Shannon-Wiener 
Diversity index are often good indicators of aquatic life health. 

The sampled site showed a tolerant taxa percentage of 80.7%. The station had a low percentage 
of EPT taxa collected at 12.04%. Chironomidae dominated the sample at 76% which would be 
indicative of a more pollutant tolerant benthic community. The Shannon-Wiener Diversity Index 
scores the site at 0.90 showing a low diversity of organisms. The mIBI scored at 23.8 which 
indicates a benthic community in fair health. 

Metrics recorded based on the samples collected reflect a stream with poor habitat quality, low 
biodiversity, and a struggling benthic macroinvertebrate community. Some factors likely 
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ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Authorization is hereby granted, under 520 ILCS 5/3.22 and 515 ILCS 5/20-100 of the Illinois 

Compiled Statutes and 17 ILL. Adm. Code 520 to: 

Last Name: Patterson 
Issued: 3/712019 
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species). After data bas been humanely collected from these species, all animals shall be released unharmed at or near the original site of capture. Deceased animals 
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contacted. to request and seek approval of all project activities of the permit applicant prior to activities being initiated. If such species are encountered as part of 
previously authorized projects, they may be kept for deposition into st.ate, scientific, educational, or zoological institutions, if appropriate precautions are taken to finther 
restrict potential release into the environment AND immediate reporting of escape to dnr.aquaculture@illinois.gov . (All aquatic life may be immediately returned 
unharmed from where they were taken. 515 JLCS 5/10-100.) 
Authorization: Statewide, exclusive of nature preserves, and IDNR owned and managed properties. 
Individuals authorized to work under direction of applicant include; Braden Hoffman, Bethany Wolfe, Jennifer Arp-Ba7.Zie, Brandon Alderman, Blake Davis, Bo Wolfe 

I agree to the following provisions and terms of this Scientific Permit. 

Permittee's j 
Signatur~A// t,e0 Approved 

(Permit not valid unless signed) 

TERMS FOR SCIBNTIFIC PERMIT 
This permit is valid only for1he approved methods, locations and activities stated on the pemrit. 

2. All permitted activities shall be performed by or under the direct supervision of the permittee. Pennittee must be present w-ith persons involved in actual 
taking of fauna. 

3. Under no circumstances shall a scientific permit be used in lieu of sport or commercial licenses. 

4. · This p'ermit is wlid onJy for species not listed as Illinois ·Threatened or Endangered 
(https://www .dnr.illinois.gov/conservation/NaturalHeritagelPages/EndangeredandThreatenedSpccies.aspx). If a Threatened or Endangered species is 
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7. Fauna taken and/or salvaged and rehabilitated must be released to the wild or permanently donated to a public or state scientific educational or zoological 
institution 

8. This permit does not supersede Federal permits, which may be necessary for the permitted work. 

9. All gear left unattended must be tagged bearing name and scientific permit number of pecmittee. 

1 O. Use of rotenone or any other toxic materials for taking of fauna must have written approval .from the Department prior to using such materials, and may need a 
variance from the Dlinois Environmental Protection Agency. 

11. An annual report must be submitted to the Department by January 31 of each year. 

12. This permit maybe revoked or suspended if the Department finds that a pemrlttee has falsified information on the application, failed to comply with the 
provisions of this permit, or violated state or federal laws. 

The Department of Natural Resources is an equal opportunity employer. 
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Table 1: BENTHIC RESULTS DATA 

Taxon Feeding Group Tolerance Value 
Tolerance Samplin2 Station 

Level BM-1 
Amphipoda 

Gammaridae-Gammarus omnivore 4 Facultative I 

Bivalvia 
Unionidae-ND filter/collector 8 Tolerant 5 

Coleoptera 
Psephenidae-ND scraper 4 Facultative I 

Diptcra 
Ceratopogonidae-ND nredator 5.7 Facultative 18 

Chironomidae-ND gatherer/collector 6 Tolerant 209 
Ephemeroptera 

Ephemeridae-Ephemera gatherer/collector 3.1 Facultative 30 
lsopoda 

Asellidae-Asellus gatherer/collector 9.4 Tolerant 7 
Trichoptcra 

Hvdropsychidae-ND filterer/collector 4 Facultative I 

Leotoceridae-ND gatherer/collector 4 Facultative I 
Philopotamidae-ND filterer/collector 3 Sensitive I 

Totals 274 
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BENTHIC MACROINVERTEBRA TE 
COMMUNITY SURVEY OF THE BIG MUDDY RIVER 

WILLIAMSON ENERGY, LLC 
DIFFUSER LOCATION 

WILLIAMSON COUNTY, ILLINOIS 

1.0 INTRODUCTION 

Alliance Consulting, Inc. (Alliance) was contracted by Williamson Energy (Williamson) to 
perform a benthic macroinvertebrate survey for a proposed diffuser location in Franklin County, 
Illinois. 

The benthic survey was performed by Alliance on November 20, 2019. The survey was 
completed following the protocols set forth by the U.S. Environmental Protection Agency 
(USEPA), Illinois Environmental Protection Agency (Illinois EPA), and the Illinois Department 
of Natural Resources (IDNR). 

The purpose of the survey was to obtain data on the condition and composition of the aquatic 
macroinvertebrate communities present in the Big Muddy River downstream of the project area. 
This data will be used to help assess the impacts of the proposed project on the aquatic 
community. 

2.0 SITE LOCATION 

The sampling site is located on the Big Muddy River approximately 1.2 miles southeast of 
Ziegler, Illinois and approximately 0. 77 miles downstream of the proposed diffuser location 
(37.524392°N, -89.23009°W). 

The project area is located within the Central Lowland Physiographic Province and Interior 
River valleys and Hills ecoregion. The topography of the region is characterized by low lying 
flatland (typically agricultural) to gently rolling hills. The geology of the area is heavily 
influenced from glaciation. 

The land cover attributes of the sample site are primarily composed of agricultural cropland and 
bottomland forest with heavily forested, but often narrow, riparian buffer zones. 

3.0 METHODS 

All work performed by Alliance to complete the survey of the benthic communities generally 
followed the protocols set forth by the USEPA, and the Illinois EPA, benthics were collected in 
accordance with the conditions of Illinois DNR 2019 Scientific Collecting Permit (No. 
Al8.5984) (Appendix A). 

3.1 Stream Site Selection 

Using topographic maps, aerial photographs, and field reconnaissance of the project site, 
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Alliance attempted to identify areas to use as sample reaches for the survey in accordance with 
established wadeable collection methods provided by the US EPA ( 1999) and the Illinois EPA 
(2006) for sampling benthic macroinvertebrate communities. Alliance personnel walked the 
entire length of the Big Muddy River from the sampling location to the water diffuser location 
and evaluated the potential stream habitat to obtain a benthic sample according to the wadeable 
collection protocol. However, it was determined that this was not feasible due to lack of 
preferred habitat (riffles and/or runs) and the inaccessibility of the river due to steep banks and/or 
depth of the river to reach snags or submerged aquatic vegetation (Appendix B). The entire reach 
of the stream in the project area was determined to be 100% pool with no available riffle, run, or 
glide habitat, and the depth of the river made it far too deep for wadeable collection methods. 

3.2 Stream Habitat Assessment 

Upon evaluation of the project reach it was deemed that traditional methods of habitat 
assessment for wadable streams were not applicable based on the physical conditions of the 
survey area. A total of 32 photographs were taken along the stream reach for documentation of 
the stream conditions at the time of sampling (Figures, Drawing No. Bl 6-454-A3). The substrate 
found within the reach consisted primarily of fine grained clay, silt, and sandy sediments. 
Additionally, large portions of the channel exhibited no substantial bedload material and was 
primarily hard packed clay substrate commonly found within streams in southern Illinois. 

3.3 Benthic Macroinvertebrate Sampling 

Alliance was requested to sample benthic macroinvertebrates downstream of the project area 
within the Big Muddy River (BMR). Benthic macroinvertebrates were sampled using an Ekman 
Dredge dropped from an abandoned railroad bridge at the sampling location. The dredge was 
dropped 20 times from multiple points on the upstream and downstream side of the bridge to best 
represent the sampling reach due to lack of preferred habitat and inaccessibility issues, which 
prevented Alliance personnel from collecting a sample in a more traditional manner. 

Following field preservation of benthic macroinvertebrates, individual specimens were sorted, 
preserved with 95 percent denatured ethanol, and were identified to the lowest practical level (to 
family level in most cases) by Alliance personnel located in Beaver, West Virginia. 

The following are benthic macroinvertebrate community metrics used to analyze the composition 
of the benthic community sampled in this study: 

Number of Coleopteran Taxa: The number of different taxa identified belonging to the Order 
Coleoptera (beetles). This metric generally decreases with increasing impairment. 

Number of Ephemeropteran Taxa: The number of different taxa identified belonging to the 
order Ephemeroptera (mayflies). This metric generally decreases with increasing impairment. 

Number of Intolerant Taxa: The total number of different taxa determined to be sensitive to 
degradation according to the IEPA. This metric should decrease with increasing degradation. 
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Percent Individuals as Scrapers: The overall percentage of individual macro invertebrates 
within the subsample belonging to the Scraper functional feeding group. This metric generally 
decreases with increasing impairment. 

Shannon-Wiener Diversity Index: An index that measures the diversity of a community by 
taking into account the number of taxa present (richness) and taxa evenness (McCune and Grace, 
2002). Evenness is essentially how equal in abundance individuals of different taxa are to each 
other. A healthy community should have a high Shannon-Wiener Diversity Index value. 

Taxa Richness: Indicative of community health through a measurement of the number of taxa 
present. Typically increases with increasing water quality and habitat quality. Majority of taxa 
should come from pollution sensitive groups, with fewer from facultative and tolerant groups. 

Percent Contribution of Ephemeroptera, Plecoptera, and Trichoptera (EPT): Measures 
community health considering a community in good health should have a high percent 
contribution from the EPT groups as they are often pollution sensitive. 

Macroinvertebrate Index of Biotic Integrity (mlBI): An indicator of stream ecosystem health 
and impairment. The index combines seven metrics (Macroinvertebrate Biotic Index, Total Taxa 
Richness, Number ofEphemeropteran Taxa, % EPT, Number of Coleopteran Taxa, Number of 
Intolerant Taxa, and % Scaper) that collectively represent the overall health and integrity of a 
stream ecosystem and its benthic macro-invertebrate community. The following is a list of the 
mIBI ratings based on score: 

Macroinvertebrate IBI (mlBI) Quality Categories 
Lower Upper Narrative 

Boundary Boundary Description 
73 100 Exceptional 

41.8 72.9 Good 

20.9 41.7 Fair 

0.0 20.8 Poor 

Macroinvertebrate Biotic Index: Indicates presence/absence of pollution (specifically organic 
pollution) by summarizing the abundance of a taxon multiplied by its tolerance value, and 
divided by the total number of organisms in the sample (Hilsenhoff, 1977). The biotic index is 
based on a scale from 0 - 10, with 0 being the best possible score (no pollution) and 10 being the 
worst possible score (high pollution). 

Macroinvertebrate Biotic Index (MBI) 

Limits 
Water Quality 

Narrative Description 
< 6.0 Good 

6.0 to 7.5 Fair 

7.6 to 8.9 Poor 

> 9.0 Very Poor 
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Alliance reviewed the relative abundance of pollution tolerant species as a measure of the 
general health of the benthic community. Taxa such as Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera ( caddisflies), collectively referred to as EPT, are often pollution 
sensitive, whereas taxa such as Chironomidae (midges) have a relatively high tolerance for 
pollution. Skewed populations of specific groups provide insight into the existence of 
environmental stress factors. 

4.0 RESULTS 

4.1 Biological Monitoring Survey 

The surveys were performed by Alliance on November 201
\ 2019 at the established monitoring 

station on the Big Muddy River (Figures, Drawing No. Bl6-454-A4). Data collected includes 
aquatic organism community data and associated metrics. 

4.2 Station Big Muddy River 

The biological monitoring Station BMR is located approximately 0.77 miles directly downstream 
of the proposed diffuser location on the Big Muddy River (Figures, Drawing No. Bl6-454-A4). 

4.2.1 Benthics for Big Muddy River 

In total 274 individuals, representing IO taxa were identified during the benthic survey (Table 1 ). 
A diversity score of 0.9 (Shannon-Wiener Diversity Index) (Table 2). Chironmidae made up 
76% of the sample with 209 individuals. A low percent EPT score of 12.04% was recorded 
showing a lack of sensitive organisms. The mIBI scored 23.8, which is a rating of fair and 80.7% 
of the sample was made up of tolerant taxa. The metrics reflect a stream with poor habitat 
quality, low biodiversity, and a struggling benthic macroinvertebrate community. 

5.0 CONCLUSIONS 

Concerning the benthic macroinvertebrate community, Alliance reviewed several metrics and 
community characteristics which evaluate the overall health of the macroinvertebrate 
community. Metrics such as percent tolerant taxa, EPT taxa richness, and the Shannon-Wiener 
Diversity index are often good indicators of aquatic life health. 

The sampled site showed a tolerant taxa percentage of 80.7%. The station had a low percentage 
of EPT taxa collected at 12.04%. Chironomidae dominated the sample at 76% which would be 
indicative of a more pollutant tolerant benthic community. The Shannon-Wiener Diversity Index 
scores the site at 0.90 showing a low diversity of organisms. The mlBI scored at 23.8 which 
indicates a benthic community in fair health . 

Metrics recorded based on the samples collected reflect a stream with poor habitat quality, low 
biodiversity, and a stmggling benthic macroinvertebrate community. Some factors likely 
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contributing to impairment are the lack of heterogeneity in stream habitat (i.e. very little 
riffle/run habitat), bank instability and substrate composition. 

If you have any questions or require clarification, please do not hesitate to call. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

~~ 
Alex Patterson 

~~, ;1-------
Braden A. Hoffman 
Senior Project Manager 

AP/BAH:kjs 

File: \\Aci-zeus\projec1s\Projccts\Williamson Energy ( 1413)\2016\ 13 16-454-1413\Bemhic Survey\2019\benthic survey.doc 

5 Lll 



R00563

6.0 LITERATURE CITED 

Hilsenhoff, W.L. 1977. Using a Biotic Index to Evaluate Water Quality/Streams. Wisconsin 
Department of Natural Resources Technical Bulletin No. 100. Madison, Wisconsin. 

McCune, B. , Grace, J.B., and D.L. Urban. 2002. Analysis of Ecological Communities. MjM 
Software Design. Gleneden Beach, Oregon. 

Merritt, R. W., and K. W. Cummins. 2008. An Introduction to the Aquatic Insects of North 
America. 4th Edition. Kendall/Hunt Publishing Company, Dubuque, Iowa. 

United States Environmental Protection Agency (USEPA). 1999. Rapid Bioassessment 
Protocols for Use in Wadeable Streams and Rivers: Periphyton, Benthic 
Macroinvertebrates, and Fish, Second Edition. Office of Water. Washington, D.C. 
EPA 841-B-99-002. 

Illinois Department of Natural Resources (IDNR). 2015. Scientific Collecting Permit Standard 
Conditions for Environmental Assessments on Wadeable Streams. 

Illinois Department of Natural Resources (IDNR) IBR Calculator. Metric and Total IBI Score. 
[Web]. 2014. 
http://dnr.illinois.gov/IBICalculation/ResultsForm.aspx#SampleSummary 

Illinois Environmental Protection Agency. 2011. Standard Operating Procedure for Sample 
Processing for the Macroinvertebrtate Index of Biotic Integrity (mini). Springfield, 
Illinois. 

6 Lll 



R00564

APPENDIX A 

COLLECTION PERMIT 



R00565
ILLINOIS DEPARTMENT OF NATURAL RESOURCES 

Authorization i~ hereby granted, under 520 ILCS 5/3.22 and 515 ILC:S 5/20-100 of the Illinois 
Compiled Statutes and 17 ILL. Adm. Code 520 to: 

Last Name: Patterson 
Issued: 3/7/2019 

First Name: Alex 

Expires: 12/31/2019 

Business Name: Alliance Consulting, Inc. 

Street Address: 124 Philpott Lane 

City: Beaver State: WV Zip Code:25813 

Permit Number: Al9.5984 

for strictly scientific, educational or zoological purposes, to take the Illinois fauna identified below subject 
to the following provisions: 

May legally capture, by scientifically accepted methods, only the specific aquatic life species listed on the accompanying Illinois Department of Natural Resources (IDNR) scientific permit application/project proposal (on file in Springfield, IL) strictly for scientific, educational. and/or zoological purposes (except endangered and threatened species). After data bas been humanely collected ftom these species, all animals shall be released unbanned at or near the original site of capture. Deceased animals and/or animal parts must be buried or given to a public or state scientific educational or zoological institution. A federal permit is required for all projects involving federally regulated species. If endangered and threatened species are to be taken, the IDNR Division of Natural Heritage, Endangered Species Coordinator must be notified and must approve in v.riting all project related activities of the permit application. 
Possessionffransport:rtion of injurious aquatic life species requires appropriate permits in addition to the previously stated. The ID:NR Aquaculture Specialist can be contacted to request and seek approval of all project activities of the permit applicant prior to activities being initiated. If such species are encountered as part of previously authorized projects, they may be kept for deposition into state, scientific, educational, or zoologica1 institutions, if appropriate precautions are taken to further restrict potential release into the environment AND immediate reporting of escape to dnr.aquaculture@illinois.gov . (All aquatic life may be immediately returned unharmed from where they were taken. 515 n,cs 5/10~100.) 
Authorization: Statewide, exclusive of nature preserves, and IDNR owned and managed properties. 
In~viduals authorized to work under direction of applicant inclu~ Braden Hoffinan, Bethany Wolfe, Jennifer Arp~Bazzie, Brandon Alderman, Blake Davis, Bo Wolfe 

I agree to the following provisions and terms ofthls Scientific Permit. 

Permittee's j 
Signatur~A.,,.J/=b~----- Approved 

(Pernrit not valid unless signed) 

TERMS FOR :SCIENTIFIC PERMIT 
l This permit is valid only for the approved methods, locations and activities stated on the pcnnit 
2. All permitted activities shall be performed by or under the direct supervision of the permittee. Permittee must be present with persons involved in actual taking of fauna. 
3. Under_ no circumstances shall a scientific permit be used 'jn lieu of sport or commercial licellSC.'i. 
4. · This permit is valid only for species not listed as Illinois Threatened or Endangered 

(https:/ /www .dnr.illinois.gov/conservation/NaturalHeritage/Pages/Endangereda.ndThreatenedSpccies.aspx). If a Threatened or Endangered species is 
incidentally captured, the specimen must be released and the occuri-cnce must be reported to tara.kieninger@illinois.gov within 5 business days. 

5. This permit does not allow the privilege of trespass. Landowner permission is required. Activities on Department sites arc not permitted without the prior approval of the Site Superintendent. Activities on Illinois Nature Preserves and Land and Water Reserves must ha.ve prior approval from the Illinois Nature 
Preserve Commission. 

6. Pcrmittee must carry this permit at all times when taldng specimens and be presented, upon request, to Department personnel. 
7. Fauna taken and/or salvaged and rehabilitated must be released to the wild or permanently donated to a public or state scientific educational or zoological 

institution 

8. This permit does not supersede Federal permits, wl1ich may be necessary for the permitted work. 
9. All gear left unattended must be tagged bearing name uad scientific pe.rmit number of pennittee. 
10. Use ofrotenone or any other toxic materials for taking of fauruJ must have written approval ftom the Department prior to using such materials, and may need a vnriance from the lllinois Environmental Protection Agency. 

11. An annual report must be submitted to the Department by January 31 of each year. 
12. This permit may be revoked or suspended if the Department finds that a permittee has falsified information on the application, failed to comply with the provisions of this permit, or violated state or federal laws. 

Tue Department of Natural Resources is an equal opportunity employer. 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
A PPENDIX B HAB ITAT MAPPING PHOTOGRAPHS 

1. BM-1, upstream 

2. BM-1, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B H ABITAT MAPPING PHOTOGRAPHS 

3. BM-1, downstream 

4. BM-2, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

5. BM-2, habitat 

6. BM-2, downstream 

8 16-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

7. BM-3, upstream 

8. BM-3, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

9. BM-3, downstream 

10. BM-4, upstream 

B 16-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

11. BM-4, habitat 

12. BM-4, downstream 

8 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

13. BM-5, upstream 

14. BM-5, habitat 

B 16-454-1413 

20 19 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

15. BM-5, downstream 

16. BM-6, upstream 

81 6-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

17. BM-6, habitat 

18. BM-6, downstream 

Bl6-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B H ABIT AT MAPPING PHOTOGRAPHS 

19. BM-7, upstream 

20. BM-7, habitat 

B16-454-1413 

201 9 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

21. BM-7, downstream 

22. BM-8, upstream 

B16-454-1413 

2019 



R00578

WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

23. BM-8, habitat 

24. BM-8, downstream 

B16-454-141 3 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

25. BM-9, upstream 

26. BM-9, habitat 

B 16-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
A PPENDIX B H ABITAT MAPPING PHOTOGRAPHS 

27. BM-9, downstream 

28. BM-10, upstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

29. BM-10, habitat 

30. BM-10, downstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

31. BM-11, upstream 

32. BM-11, habitat 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

33. BM-11, downstream 

34. BM-12, upstream 

B16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

35. BM-12, habitat 

36. BM-12, downstream 

BI6-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WTLLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

37. BM-13, upst ream 

38. BM-13, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
W!LUAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

39. BM-13, downstream 

40. BM-14, upstream 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

41. BM-14, habitat 

42. BM-14, downstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

43. BM-15, upstream 

44. BM-15, habitat 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

45. BM-15, downstream 

46. BM-16, upstream 

8 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WlLUAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

47. BM-16, habitat 

48. BM-16, downstream 

B16-454-1413 

20 19 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
A PPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

49. BM-17, upstream 

50. BM-17, habitat 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC D IFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

51. BM-17, downstream 

52. BM-18, upst ream 

BI 6-454-14 I 3 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT M APPING PHOTOGRAPHS 

53. BM-18, habitat 

54. BM-18, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

55. BM-19, upstream 

56. BM-19, habitat 

B1 6-454- 141 3 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

57. BM-19, downst ream 

58. BM-20, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

59. BM-20, habitat 

60. BM-20, downstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING P HOTOGRAPHS 

61. BM-21, upstream 

62. BM-21, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

63. BM-21, downstream 

64. BM-22, upstream 

8 16-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

65. BM-22, habitat 

66. BM-22, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

67. BM-23, upstream 

68. BM-23, habitat 

816-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

69. BM-23, downstream 

70. BM-24, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

71. BM-24, habitat 

72. BM-24, downstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

73. BM-25, upstream 

74. BM-25, habitat 

B 16-454-1413 

20 19 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

75. BM-25, downstream 

76. BM-26, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

77. BM-26, habitat 

78. BM-26, downstream 

B 16-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B H ABITAT MAPPING PHOTOGRAPHS 

79. BM-27, upstream 

80. BM-27, habitat 

B16-454-1413 

20 19 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

81. BM-27, downstream 

82. BM-28, upstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

83. BM-28, habitat 

84. BM-28, downstream 

B16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
A PPENDIX B HABITAT MAPPING PHOTOGRAP HS 

85. BM-29, upstream 

86. BM-29, habitat 

B 16-454-1413 

20 19 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

87. BM-29, downstream 

88. BM-30, upstream 

816-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

89. BM-30, habitat 

90. BM-30, downstream 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

91. BM-31, upstream 

92. BM-31, habitat 

816-454-141 3 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
W ILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

93. BM-31, downstream 

94. BM-32, upstream 

816-454-141 3 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

95. BM-32, habitat 

96. BM-32, downstream 

B16-454-1413 

2019 
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APPENDIXC 

SUMMARY OF MACROINVERTEBRATE COMMUNITY SAMPLED 
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AllianceLff 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Benthic Macroinvertebrate Sam 

Field Sampling Order Family Count 
Stream Name Big Muddy River Amphipoda Gammaridae 1 

Site/Station ID BM-1 

Project# Bl6-454-1413 Coleoptera Psephenidae 1 

Method Used 1 m2 kick 

Date Collected 11/20/2019 Diptera Ceratopogonidae 18 

Sample Collector(s) Daniel Brady; Jeff Rabbitt Chironomidae 209 

Sample Deliverer(s) Daniel Brady 

Ephemeroptera Ephemeridae 30 

Laboratory Analysis 
Total # of Grids 100 Isopoda Asellidae 7 

# of Grids Picked 100 

Total # of Ind. 274 Trichoptera Hydropsychidae 1 

Method Used 300 count subsample Leptoceridae 1 

Sample picker( s) Daniel Brady Philopotamidac 1 

Date Picked 12/04/20 19 

Sample Identifier( s) Daniel Brady Unionida Unionidae 5 

Date Identified 12/04/20 19 

Chain of Custody 

Collector(s) 
Daniel Brady 

Jeff Rabbitt 

Deliverer(s) 
Daniel Brady 

Picker(s) 
Daniel Brady 

Identifier(s) 
Daniel Brady 

Analyzer( s) 
Daniel Brady 

Total# of Individuals 274 
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APPENDIXD 

SUMMARY OF MACROINVERTEBRA TE METRIC RESULTS 
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Table 1: BENTHIC RESULTS DATA 

Taxon Feeding Group Tolerance Value 
Tolerance Samplin2 Station 

Level BM-1 
Amphipoda 

Gammaridae-Gammarus omnivore 4 Facultative I 

Bivalvia 
Unionidae-ND filter/collector 8 Tolerant 5 

Coleoptera 
Psephenidae-ND scraper 4 Facultative I 

Diptera 
Ceratopogonidae-ND nredator 5.7 Facultative 18 

Chironomidae-ND gatherer/collector 6 Tolerant 209 
Ephemeroptera 

Ephemeridae-Ephemera gatherer/collector 3.1 Facultative 30 
lsopoda 

Asellidae-Asellus gatherer/collector 9.4 Tolerant 7 
Trichoptera 

Hydropsychidae-ND filterer/collector 4 Facultative I 
Leptoceridae-ND ~atherer/collector 4 Facultative I 

Philopotamidae-ND filterer/collector 3 Sensitive 1 

Totals 274 
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Table 2 
Summary of Benthic Metric Results 

Metric 
Station 

BM 
Total Individuals 274 
Total Taxa 10 

Sensitive Individuals 1 
% Sensitive Individuals 0.4% 
# Sensitive Taxa 1 

Facultative Individuals 52 
% Facultative Individuals 19.0% 
# Facultative Taxa 5 

Tolerant Individuals 221 
% Tolerant Individuals 80.7% 
# Tolerant Taxa 3 

No. of Coleootera Taxa I 
No. ofEohemerootera Taxa 1 
No. of Intolerant Taxa 1 

% Scrapers 0.36 
%EPT 12.04 
Shannon-Wiener Diversitv Index 0.90 
Macroinvertebrate Biotic Index (MB!) 5.73 
Macroinvertebrate Index of Biotic Integrity (MIBI) 23.80 
m!BI Rating Fair 
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Preface 

While broad geographic information is available on the distribution and abundance of mussels 

in Illinois, systematically collected mussel-community data sets required to integrate mussels 

into aquatic community assessments do not exist. In 2009, a project funded by a US Fish and 

Wildlife Service State Wildlife Grant was undertaken to survey and assess the freshwater 

mussel populations at wadeable sites from 33 stream basins in conjunction with the Illinois 

Department of Natural Resources (IDNR)/lllinois Environmental Protection Agency (IEPA) basin 

surveys. Inclusion of mussels into these basin surveys contributes to the comprehensive basin 

monitoring programs that include water and sediment chemistry, instream habitat, 

macroinvertebrate, and fish, which reflect a broad spectrum of a biotic and biotic stream 

resources. These mussel surveys will provide reliable and repeatable techniques for assessing 

the freshwater mussel community in sampled streams. These surveys also provide data for 

future monitoring of freshwater mussel populations on a local, regional, and watershed basis. 

Agency Contacts 

Kevin S. Cummings, INHS, ksc@inhs.illinois.edu (217) 333-1623 
Bob Szafoni, IDNR, Robert.szafoni@illinois.gov, (217) 348-0175 
Ann Marie Holtrop, IDNR, ann.holtrop@illinois.gov, (217) 785-4325 
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Illinois Natural History Survey Technical Report 2012 (11). Champaign, Illinois, 15 pp.+ 
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Introduction 

Freshwater mussel populations have been declining for decades and are among the most 

seriously impacted aquatic animals worldwide (Bogan 1993, Williams et al. 1993). It is 

estimated that nearly 70% of the approximately 300 North American mussel taxa are extinct, 

federally-listed as endangered or threatened, or in need of conservation status (Williams et al. 

1993, Strayer et al. 2004). In Illinois, 25 of the 62 extant species (44%) are listed as threatened 

or endangered (Illinois Endangered Species Protection Board 2011). While broad geographic 

information is available on the distribution and abundance of mussels in Illinois, systematically 

collected mussel-community data sets required to integrate mussels into aquatic community 

assessments do not exist. Sampling of mussels has been very sporadic and limited in the Big 

Muddy River basin and no known reports pertaining to mussel communities of the basin have 

been published. This report summarizes the mussel survey conducted in the Big Muddy River 

basin in 2009-2010 in conjunction with IDNR and IEPA basin surveys. 

The Big Muddy River basin drains 3798 km2 (2360 mi2) in the southern part of Illinois and 

contains principal tributaries of Casey Fork, Middle Fork Big Muddy, Beaucoup Creek, Little 

Muddy River, and Crab Orchard Creek (Page et al. 1992). Originating near Cravat in Jefferson 

County, the Big Muddy River basin drains through the counties of Jefferson, Washington, Perry, 

Franklin, Williamson, and Jackson. The river mainstem forms the Jackson /Union county line 

and joins the Mississippi River south of Grand Tower (Figure 1). The Big Muddy River basin 

flows through four natural divisions, including the Lower Mississippi River Bottom lands, 02ark, 

Shawnee Hills, and Southern Till Plain (Schwegman 1973). The Southern Till Plain comprises the 

majority of the basin which is characterized by hilly upland topography and a broad flood plain 

(Forbes and Richardson 1908). 

Land-use and lnstream Habitat 

In the Big Muddy River basin, land use varies slightly by county with approximately 50 to 75% of 

the area in agriculture. Forested lands account for 8 to nearly 25% of the landscape with the 

larger forested areas being located in Jackson and Williamson counties (IDA 2000). Three of the 

largest cities in southern Illinois with populations between 15,000 and 28,000 (Marion, Mt. 

Vernon, and Carbondale) are also located in this basin (IEPA 1996, US Census Bureau 2010). In 

1965, the Big Muddy River was dammed near Benton and thus Rend Lake, the second largest 

inland impoundment in the state, was created (Page et al. 1992, USACE 2005). This reservoir 

provides over 15 million gallons of water per day to approximately 300,000 people in over 60 

communities throughout the basin. It is also used extensively for recreational activities 

including boating, fishing, waterfowl hunting and camping (USACE 2005). These recreational 

activities are also popular in the Shawnee National Forest, Giant City State Park, Lake Kinkaid 

and Murphysboro, Crab Orchard National Wildlife Refuge, and La Rue Pine Hills Ecological Area, 
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which are all located within the Big Muddy River basin. In the southwestern part of this basin, 

especially near the Murphysboro area, strip mining for coal was prevalent during the early 20th 

century and pollution from the remaining spoil banks continues to be a problem in the basin 

(Page et al. 1992). 

During glacial activity in the region, the Mississippi River exceeded its sediment transporting 

capacity thus closing off the mouths of its tributary streams, including the Big Muddy River. The 

Big Muddy River temporarily formed a lake; once the natural process of removing sediment 

returned to the Mississippi River a deeper channel emerged. As the Big Muddy River drained, 

soils typical of a lake bed were left behind (Le Tellier 1971). Today, the soils of the Big Muddy 

basin consist of impervious clays, silt and fine sand. The substrates in all of the streams of this 

basin were dominated by some combination of sand, silt, and clay. Excessive siltation along 

with large woody debris was common at many sites within the basin (Figure 2 and 3). Most of 

the sites in the basin had wadeable water depths; however sampling sites were limited on the 

mainstem of the Big Muddy and on Beaucoup Creek due to non-wadeable water depths (e.g., 

depth>lm). 

Methods 

During the 2009/2010 surveys, freshwater mussel data were collected at 30 sites: 3 mainstem 

and 27 tributary sites in the Big Muddy River basin (Figure 1, Table 1). Locations of sampling 

sites are listed in Table 1 along with information regarding IDNR/IEPA sampling at the site. In 

most cases, mussel survey locations were the same as IDNR/IEPA sites. 

Live mussels and shells were collected at each sample site to assess past and current freshwater 

mussel occurrences. Live mussels were surveyed by hand grabbing and visual detection (e.g. 

trails, siphons, exposed shell) when water conditions permitted. Efforts were made to cover all 

available habitat types present at a site including riffles, pools, slack water, and areas of 

differing substrates. A four-hour timed search method was implemented at each site. Live 

mussels were held in the stream until processing. 

Following the timed search, all live mussels and shells were identified to species and recorded 

(Table 2). For each live individual, shell length (mm), gender, and an estimate of the number of 

growth rings were recorded. Shell material was classified as recent dead (periostracum present, 

nacre pearly, and soft tissue may be present) or relict (periostracum eroded, nacre faded, shell 

chalky) based on condition of the best shell found. A species was considered extant at a site if it 

was represented by live or recently dead shell material (Szafoni 2001). The nomenclature 

employed in this report (Appendix 1) follows Turgeon et al. (1998) except for recent taxonomic 

changes to the gender ending of lilliput (Toxolasma parvum), which follows Williams et al. 

(2008). Voucher specimens were retained and deposited in the Illinois Natural History Survey 

2 



R00630

Mollusk Collection. All non-vouchered live mussels were returned to the stream reach where 

they were collected. 

Parameters recorded included extant and total species richness, presence of rare or listed 

species, and individuals collected, expressed as catch-per-unit-effort (CPUE; Table 2). A 

population was considered to indicate recent recruitment if individuals less than 30 mm in 

length or with 3 or fewer growth rings were recorded. Finally, mussel resources were classified 

as Unique, Highly Valued, Moderate, Limited, or Restricted (Table 2) based on the above 

parameters (Table 3) and following criteria outlined in Table 4 (Szafoni 2001). 

Results 

Species Richness 

A total of 19 species of freshwater mussels were observed in the Big Muddy River basin, all of 

which were collected live (Table 2). Across all sites, the number of live species collected, the 

number of extant species collected (live+ dead), and the total number of species collected (live 

+dead+ relict) ranged from Oto 13. The giant floater (Pyganodon grandis) had the most 

occurrences across sites sampled with live mussels present (11 of 30 sites; 37%; Figure 4). The 

lilliput (Toxo/asma parvum), paper pondshell (Utterbackia imbecil/is), pondhorn (Uniomerus 

tetra/asmus) and white heelsplitter (Lasmigona complonata) were other commonly occurring 

species (Figure 4), occupying 17% of these sites. Site 6, the Big Muddy River near Benton, had 

the greatest species richness with 12 live species. 

Abundance and Recruitment 

A total of 358 individuals were collected across 30 sites. The number of live specimens collected 

at a given site ranged from Oto 133, with an average of 16 mussels per site where live mussels 

were collected (22 of 30 sites; Table 2). A total of 120 collector-hours were spent sampling with 

an average of three mussels collected per hour. Nine sites yielded more than 10 live individuals 

and 2 of the 9 sites (sites 6 and 15) yielded more than 45 live individuals. The most common 

species collected in the Big Muddy basin were giant floater (n=131), mapleleaf (Quadrula 

quadrula; n=37), white heelsplitter (n=34), lilliput (n=24), and pink papershell (Potamilus 

ohiensis; n=20), which together comprised approximately 70% of the individuals collected. 

Recruitment for each species was determined by the presence of individuals less than 30mm or 

with 3 or fewer growth rings. Smaller (i.e., younger) mussels are harder to locate by hand grab 

methods and large sample sizes can be needed to accurately assess population reproduction. 

However, a small sample size can provide evidence of recruitment if it includes individuals that 

are small or possess few growth rings. Alternatively, a sample consisting of very large (for the 

species) individuals with numerous growth rings suggests a senescent population. 

3 



R00631

Recruitment at individual sites ranged from none observed to high across the basin. 

Recruitment levels, referred to in Table 3 as Reproduction Factor, varied from one to five, and 

three of the sites in the Big Muddy River basin exhibited high to very high recruitment. 

Recruitment was over 50% at site 7, Andy Creek, and 30 to 50% at sites 1 and 9, Snow-Creek 

and Middle Fork Big Muddy (Figure 5). Sites 2 and 29, Big Muddy River and Cedar Creek, 

exhibited recruitment from 1 to 30% of species collected. Recruitment may be occurring at site 

30, Big Muddy mainstem, where dead shells of nearly all species collected were less than 3 

years of age. All other sites in the Big Muddy River basin (24 of 30) exhibited no observed 

recruitment during this survey. 

Mussel Community Classification 

Based on the data collected in the 2009/2010 basin surveys, nearly 75% of the sites in the Big 

Muddy River basin have Restricted or Limited mussel communities using the current MCI 

classification system (Table 4, Figure 5). No sites are ranked as Unique or Highly Valued in the 

basin. Eight sites (sites 1, 2, 6, 7, 9, 15, 23, and 29) in the Big Muddy River basin were ranked as 

Moderate mussel resources. 

Noteworthy Finds 

According to historical records, 25 species are known from the Big Muddy River basin (Tiemann 

et al. 2007). All 19 species found during this survey had been recorded in the basin historically. 

However, three of these species had not been recorded live since 1969; these species included 

Wabash pigtoe (Fusconaia flavo), pond mussel (Ligumio subrostroto), and deertoe (Truncil/o 

truncata). Historic species not detected during this survey include creeper (Strophitus 

undulatus), spike (Elliptio di/atata), pimpleback (Quadrula pustu/osa), plain pocketbook 

(Lampsi/is cardium), pink heelsplitter (Potamilus alatus), and fawnsfoot (Truncil/a donaciformis). 

A possible range expansion may be occurring with the Louisiana fatmucket (Lampsilis hydiana) 

which occurs in the upper Arkansas, White and St. Francis rivers and in Louisiana and East Texas 

(NatureServe 2011). Specimens collected during this survey were classified as Lampsilis 

siliquoidea (hydiana) due to morphological features that resemble the Louisiana fatmucket 

(pers. comm. Kevin Cummings). Additional genetic testing would need to be conducted to 

correctly determine which species, Lampsilis siliquoidea or Lampsilis hydiana, exists in the Big 

Muddy basin. 

Discussion 

Our survey documented 19 species from the Big Muddy River basin, all were recorded live. No 

new species were found that had previously been undetected and six species previously 

detected were not found during our survey. Of these six species, only the plain pocketbook has 
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been documented as live in the basin. This species was found at three tributaries in the late 

1990's to early 2000's; however these streams were not sampled during our survey. These sites 

would need to be surveyed to determine if this species is still present in the basin. Of the 

remaining five species not collected, deertoe and creeper have been documented only by relict 

shell, and the pink heelsplitter, pimpleback, and spike have not been documented since the late 

1800's, early 1900's. All of these species were collected from the Big Muddy mainstem. These 

particular species, except for spike, are widespread and common throughout most of Illinois 

(Cummings and Mayer 1992) and all of these species are known from other major Mississippi 

River tributaries including the Rock, Illinois, and Kaskaskia Rivers (INHS Mollusk Collection 

Database). Sampling the mainstem of the Big Muddy was hindered by non-wadeable water 

depths; therefore additional sampling by alternative means would need to be conducted to 

determine if these species have indeed been extirpated from the basin. 

Recruitment 

Data collected during this survey indicate that very recent recruitment may not be occurring at 

most (25 of 30) sites in the Big Muddy basin. Only 3 of the 30 sites exhibited high to very high 

recruitment and 2 other sites had moderate recruitment noted. This finding suggests that most 

mussel communities of the Big Muddy may not be viable and self-maintaining. Although very 

few mussels collected during this basin survey fell into the category of 3 age rings or younger, 

many of them ranged from 4 to 10 years of age. This would indicate that the populations 

observed in most streams are within the age range thought to be reproductively active (Haag 

and Staton 2003). Therefore, we cannot conclusively state that the mussel communities of this 

system are void of recruitment. Recruitment may also be occurring on the Big Muddy 

mainstem near the Mississippi as nearly all of the dead shells found at site 30 were less than 3 

years of age. Sampling methods to target juvenile mussels would be necessary to better assess 

the reproductive status of these populations. 

Mussel community of the Big Muddy River basin 

There is limited mussel community information relating to this basin from past surveys and 

reports. Nearly 90% of the sites sampled had no historical data available (Table 2), and there is 

no known intensive survey for mussels in this basin. Our surveys documented the existence of 

19 species in the Big Muddy River basin from which 25 species were known historically. 

Additionally, our surveys found that all 19 species were represented by live individuals. Five of 

the six species not collected during this survey are represented by either relict shell or pre-1930 

collections. 

Other major Mississippi tributaries such as the Kaskaskia, Rock, and Illinois Rivers have a larger 

mussel fauna base according to historical records and recent surveys. Historically, these basins 
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contained 43, 47, and 49 species, respectively, while the Big Muddy has only 25 recorded 

species (Tiemann et al. 2007). Several theories could be offered on the disparity of species in 

this basin including the inability to conduct wadeable surveys, challenging diving conditions, 

lack of river access by vehicle, or the lack of suitable substrate composition for varying species. 

Substrates such as gravel, cobble, and boulder are practically nonexistent in the Big Muddy 

basin. As mentioned in the introduction, the substrate of the Big Muddy is predominately 

impervious clay, silt, and sand. The Big Muddy basin provides suitable substrates for many 

mussel species such as the giant floater, white heelsplitter, and other Anodontines. However, 

many species that occur in the other major Mississippi tributaries such as mucket (Actinonaias 

ligamentina), black sandshell (Ligumia rectal, and threehorn wartyback (Obliquaria reflexa) 

prefer a mixture of substrate types including gravel, sand, and cobble (Cummings and Mayer 

1992). Sedimentation and siltation of the streams in this basin may be another factor 

influencing the lack of these species. These factors are listed as impairments for aquatic life for 

many mainstem sites on the Big Muddy and several tributaries within the basin (IEPA 2010). 

With the lack of coarser substrates from the basin both today and historically, it may be safe to 

assume that many of these species have never existed in the basin. However, this statement 

cannot be made conclusively, due to a lack in historical information. 

Living up to its name, sampling in the Big Muddy basin is challenging at best due to water 

depths (Big) and high turbidity (Muddy). The Big Muddy mainstem and many of its larger 

tributaries, such as Beaucoup and Drury Creeks, are not easily surveyed for freshwater mussels, 

thus it is difficult to accurately determine species richness of the basin. It is possible that the Big 

Muddy River provides a haven for the recruitment of many mussel species, based on the dead 

shells less than 3 years of age found at site 30, the nature of its substrates, and the river's 

connection with the Mississippi River. We are unable to conclusively state that the Big Muddy 

is serving as a source population for mussel species because of the lack of historical data and 

difficulty in sampling the basin. Additional sampling, either diving or boating to shallow areas 

on the lower portion of the mainstem and larger tributaries, would be needed to adequately 

determine the mussel fauna of this basin. 
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Table1. 2009/2010 Big Muddy River Intensive Basin Survey. Types of samples include MU-mussel sampling, BE-boat electrofishing , ES-electric fish seine, SH-fish 

seine hauls, FF-fish flesh contaminate, H-habitat, M-macroinvertebrate, S-sediment, W-water chemistry. *Drury Creek Survey not completed due to water depth >3m. 

Site nEPA Tvpes of Watershed 

Number Code Scream Sam ple~ County locati:on Area (km'! 

1 NL-01 Sn ow Creek MU, ES,H,M,S,W Jefferson 6 mi NV,J Mt Vernon; Rd 1850N 49.60 

2 N-05 Bi g Muddy River MU, ES,H,M,S Jefferson 1.5 m i NE Woodlawn Co Rd; 1450N 154.04 

3 NK-02 Rayse Creek MU Jefferson 3. 7 m i W Wo,odlawn; Rd 1400N 11.9.89 

4 NJ-26 Casey Fork MU Jefferson SE Mt Vernon; DNS Rt 142 196.87 

5 Nl-01 Gun Creek MU, [S,11,M,S,W Jeffer son 3.3 mi [ Ina 35.62 

6 N-06 Big Muddy River MU, BE,H,M,S,W Frankl in Rt 14 Br; 3 m i W Bent on 128:7.86 

7 NZN-15 Andy Creek MU, ES,H,M,S,W Frankl in Satch Road; 1.6 mi NE of Christopher 33.54 

8 NHG-01 Akin Creek MU, ES,H,M,S,W frankl in N Bo-tail Road; 8.8 m i E of Benton 2:1.98 

9 NH-23 Middle Fork MU, BE,H, M,S Frankl in 2.2 mi SE Bent; Us Rt 34 32.9.47 

10 NG-05 Pum.J Clt:!E=k MU, SH,H, M,S,W Willia l ll~Un lil.Jt:!1Ly Sd 1uul Rt!; 4 . 7mi SEuf Wt:!~l f1011kfu1l 31.84 

11 NGA-02 Lake Creek MU, ES,H,M,S,W Williamson Co Rd 1200E; 0.3 m i S Johnston City 40.90 

12 NF-01 Hurricane Creek MU, ES,H,M,S,W Williamson 4mi WNWHerrin 60.67 

13 NE-04 Littl e Muddy River MU Perry Rt 14 Br; 2 mi E Old Duquoin 42.6.62 

14 NEB-02 Reese Creek MU, ES,H,M,S,W Perry 2 mi E Duquoin on Park St 60.79 

1.5 NE-05 little Muddy River MU, BE,H,M,S,\fV Jackson 1.3 ml E of Elkville 6&4.39 

16 ND-04 Crab Orchard Creek MU, ES,H,M,S,W W illiamson Rt 13 Br; E edge of Marion S:2.52 

17 NOJ-01 Wolf Creek MU, ES,H,M,S,W Williamson E Rt 148; old ra ilroad 44.74 

18 NDD-03 Grassy Creek MU, ES,H,M,S,W Williamson At Wolf Creek Rd 14.84 

19 NODA-01 Little Grassy MU, ES,H, M,S,W Williamson 6 mi SSW Carterville 47.11 

LU NVC-~~ .. urury creek l:.S,H,M,5, W Jackson U.L m1 us Makanda busmess dist 41.L~ 

21 NOCB-01 Indian Creek MU, ES,H,M,S,W Jackson 2.5 mi NE Makanda 14.01 

22 NOCA-01 Sycamore Cre·ek MU. ES.H.M,S,W Jackson 2 mi E of Bos:kydell 5.27 

23 N0-01 Cr ab Orchard Creek MU, BE,H, M,S,W Jackson 4 mi NE Carbonda le 6~3.93 

24 NCK-02 swanwick Creek MU, ES,H, M,S,W Perry Misty Road; 5 .8 m i NW of Pinckneyville 117.41 

25 NCl-01 Little Beaucoup Creek MU, ES,H, M,S, W Perry 6 m i NNE Pinckneyville 46.96 

26 NCOB-01 Little Galum Cree k MU, SH,H, M,S,W Perry Galum Cr Rd; 0 . .5 m i l'J Pyramid St 30.47 

27 NZL-01 Mud Creek MU, ES,H, M,S, W Jackson West Lake Road; 2.1 mi SE of Muphysboro 2.5.54 

28 NAC-02 Cave Creek MU, ES,H,M,S,Vi/ Jackson Jerusalem Hill Road; 0.2 mi W of Ponoma 15.24 

29 NA-03 Cedar Creek MU, ES,H,M,S Jackson 1 mi S Brewer School on Dutch Ridge 8'0.38 

30 N-99 Big Muddy River MU, BE,H,M,S Jackson 5 mi E Grandtower ait Rattlesnake Ferry 6064.97 
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Table 2. Mussel data for sites sampled dur ing 2009/2010 surveys (Table 1). Numbers in columns are live individuals collected; "D" and "R" indicates dead or relict shells collected. Shaded boxes are 

historic collections at the specific site locat ion obtained from t he I NHS Mollusk Collection records. Species in bold are federally or state-listed species or species in Greatest Need of Conservation by 

IL DNR. Proportion of total is number of individuals of a species divided by total number of individuals at all sites. Extant species is live+ dead shell and total species is live+ dead+ relict shell. NOA 
represents no historical data avai lable. MCI scores and Resource Classification are based on values in Tables 3 and 4 (R= Restricted, L= Limited, M= Moderate, HV= Highly Valued, and U= Unique). 
*Includes Strophitus undu/atus, Elliptio dilatata, Quadrula pustuloso, Lampsilis cardium, Potamilus a/atus, and Truncil/a donaciformis, historical species not collected during this survey . 

Site !~umber Prooortio n 
- 2 - 3 - 5 - 6 - 7 - -9 11 13 14 15 16 17 19 23 24 25 26 27 28 29 30 oi Total -

Anodontinae 
Amdol'Jta suborbi<::ulc.ta 1 2 D 1% 
Arcidens confragosus 4 0 0 1% 

Lasmigano complanata 19 1 9 1 4 9% 
Pyganodon arond:s 12 1 R 30 23 2 2 21 19 R D 12 D D 1 8 D 37'¾ 

Stnphitus undulatus 0% 
Utrerb~ck1a imbecil/is 1 1 D 3 1 2 0 2% 

Ambleminae 
Amblema plicata 1 4 1 3 3% 

Elliptio dilatata 0% 
Fusconaia f l ova 1 0% 

Megalonaias nervosa 16 1 5% 
Quodr<1/a pustu/osa 0% 
QuadriJla quadrul!:1 26 2 6 3 10¾ 
Tritogonia verrucosa 1 0% 

Uniomerus terralasm11s 1 R 2 1 2 0 R 1 2% 

Lampsilinae 
Lampsi/is cardiulT' 0% 
Lampsilis siliquoide a (hydiana) 3 D 1% 

Lampsilis teres 4 4 1 s 4% 

Leptoc!e a fragilis 8 1 1 0 1 D 3% 

Ligumia subrostrota 4 4 2 R 4 4% 

Potamilus alatus 0% 

Potamilus ohiimsis 19 1 0 6% 

To.miasma parvum 16 3 3 1 1 7% 
Toxolosmo texasiensis 1 5 D 4 D D 3% 

Trunci.la danaciformis 0% 

Truncilla truncata 4 6 3% 
Total 

Individuals 23 29 6 0 133 6 28 2 6 24 47 0 0 17 13 0 2 0 1 1 20 0 35& 

live Species 5 7 3 0 12 2 3 1 4 4 8 0 0 3 6 0 1 0 1 1 5 0 19 

Extant Species 5 7 4 0 13 2 4 1 4 5 10 0 1 3 8 2 1 t 1 1 5 5 19 
Total Species 5 9 4 1 13 2 4 1 4 5 10 2 1 3 8 2 1 1 2 1 5 5 19 

Historical Specie s NOA ND/\ NDA NOA NOA ND/\ NDA NOA NDA NOA NDA NOA NOi\ 2 NOA NOi\ rmA 1 ND<\ NOA 1 6 25• 

Catch p e r unit effort (CPUEI 5.76 7.02 1.50 O.DO 33.33 1.50 6.97 0.50 1.5:) 6.00 11.78 0.00 0.0:) l.25 3.25 0.00 0.50 0.00 0.25 0.25 5.00 0.00 

Mussel Community Index {MCI} 10 10 7 0 11 10 10 4 7 7 10 0 0 6 8 0 4 0 4 4 9 0 

Resource Cla$sification M M L R M M M R L L M R R L M R R R R R M R 

10 
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Figure 2. Big Muddy near Benton, Illinois (Site 6). Note excessive sedimentation and turbidity of river. 

Alison Price and A. J. Berger measuring mussels sunk up to t highs and waist in silt. 

Figure 3. Casey Fork near Mt. Vernon, Il linois (Site 4). Note large woody debris in stream, silt /clay banks, 

and turbidity of river. 

13 
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Pyganodan grandis 

Toxolasma parvum 

Uniomerus tetralasmus 

Utterbackia imbecil/is 

Lasmigona complanata 

Ligumia subrostrata 

Leptodea fragi/is 

Lampsilis teres 

Quodrulo quodrulo 

Amblema plicata 

Toxolasma texasiensis 

Truncilla truncata 

Potamilus ohiensis 

Mega/onaias nervosa 

Anodonta suborbicufata 

Lompsi/is si/iquoideo (hydiono) : 

Tritogonia verrucosa ·­
, 

Fusconaia /lava ,-

Arcidens confragosus 
1

-

0% 5% 10% 

■ sites collected live/total sites 

15% 20% 25% 30% 35% 40% 

Figure 4. Number of sites where a species was collected live compared to the number of total sites sampled (30 total sites). 

14 
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Site 6 (N-06) 4 _c:::I ----
Site 15 (NE-OS) 3 L l 
Site 9 {NH-23) ___i 

Site 7 (NZN-15) 2 5 

Site 2 (N-05) 2 I 3. 

QI 
Site 1 (NL-01) __i 

"C 
0 Site 29 (NA-03) V r-

ex: 
c.. 

Site 23 (ND-01) .... 2 CJ: 
... 
CII 

Site 14 (NEB-02) .c 
E 

2 -- i-! 
::I 
C: Site 13 (NE-04) 
CII ... □= 2 __ J=:] 

vi Site 3 (NK-02) □--= 2 
-~-CI 

- . 
Site 19 (NDDA-01) 2 

Site 28 (NAC-02) 

Site 27 (NZL-01) 1 0 1 

Site 25 (NCl-01) 1...___Q 1 
■ Species Richness ■ Intolerant Species Abundance (CPUE) ■ Reproduction 

Site 11 (NGA-02) _1_ 0 1 

0 2 4 6 8 10 12 

Total MCI Score 

-

Figure 5. Comparison of Mussel Community Index (MCI) and MCI component scores for Big Muddy River basin sites based on factor 

values from Table 3. 
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Appendix 1. Scientific and common names of species. ST= state 
threatened. 

Scientific Name Common Name 

Subfamily Anodontinae 

Anodonta suborbiculata flat floater 

Arcidens confrogosus rock pocketbook 

Lasmigona complanata white heelsplitter 

Pyganodon grandis giant floater 

Strophitus undulatus creeper 

Utterbackio imbecil/is paper pondshell 

Subfamily Ambleminae 

Amblema plicata 

El/iptio di/atata 

Fusconaia flava 

three ridge 

spike 

Wabash pigtoe 

Mega/anaias nervosa washboard 

Quadrula pustu/osa pimpleback 

Quadrula quadrula mapleleaf 

Tritogonia verrucasa pistolgrip 

Uniamerus tetro/asmus pondhorn 

Subfamily Lampsilinae 

Lampsilis cardium plain pocketbook 

Lampsilis si/iquoidea hydiana 

Lampsi/is teres 

Leptodea fragilis 

Ugumia subrostrata 

Potamilus a/atus 

Potamilus ohiensis 

Toxo/asma parvum 

Toxo/asma texasiensis 

Truncil/a donaciformis 

Truncil/a truncota 

Louisiana fatmucket 

yellow sandshell 

fragile papershell 

pond mussel 

pink heelsplitter 

pink papershell 

lilliput 

Texas lilliput 

fawnsfoot 

deertoe 

Status 

ST 
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TO: 
CC: 
FROM: 
DATE: 
JOB NO.: 
RE: 

James Plumley 
Clayton Cross 

MEMORANDUM 

John Michael Com, P .E. (TN) 
January 1 7, 2020 
192590 
Updated CORMIX Model Results 

2 4 4 5 

optimizing 
resources I water, air, earth 

AquAeTer previously submitted a mixing zone report detailing the conceptual diffuser 

design for the proposed diffuser on the Big Muddy River. At that time, we utilized the data 

available to us from the USGS Plumfield gage for the channel geometry. An additional 

consideration for the diffuser design was the amount of debris carried by the River. During one 

of our reconnaissance trips on the stream, we could not access the current location from the USGS 

gage site due to a log jam. For that reason, we wanted to keep the ports as low as possible to 

reduce the possibilities of log strikes, both from the standpoint of reducing the risk of damage to 

the ports and to reduce the risk of log jams forming at the diffuser. 

Prior to the Public Comment Period, Mr. Scott Thwaite of the Illinois Environmental 

Protection Agency (IEPA) requested that we revise the modeling to reduce bottom attachment. 

MODEL RES UL TS 

The model results are shown in Table 1. The changes made to the model will be discussed 

in fmiher detail in the section following this one. For most cases, Case 1 maximum flow being 

the exception, the distances required to achieve the necessary dispersion of 34.0: 1 were shorter 

than those repo11ed in the Mixing Zone Report. The Case 1 maximum flow scenario required 

approximately ten feet further downstream to meet 34: 1. For all cases, the cross-sectional area of 

the plume(s) was(were) less than 25% of the cross-sectional area of the River. 

In looking that the independent calculations, the plume from each po11 is expected to be 

stable. This means that the plumes will emanate from the port and expand outward in a bell-shaped 

geometry. This is impo11ant to keep in mind since CORMIX uses rectangular shapes for all model 

subsections after the initial jet zone. 
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Table 1. Model Results 

SCENARIO RIVER FLOW ACTIVE PORT(S) TOTAL 

(cfs) DISCHARGE 

(gpm) 

Case I, Min. 30 Port 1 102 

Case I, Max. >=116 Port 1 396 

Case 2, Min. 117 Ports 1 & 2 396 

Case 2, Max. >=233 Po1is 1 & 2 793 

Case 3, Min. 234 Ports 1, 2, & 3 793 

Case 3, Max. >=440 Ports 1, 2, & 3 1,499 

Case 4, Min. 441 Ports 1, 2, 3, & 4 1,499 

Case 4, Max. >=906 Ports 1, 2, 3, & 4 3,085 

Case 5, Min. 907 Ports 1, 2, 3, 4, & 5 3,085 

Case 5, Max. >=1,734 Pmis 1, 2, 3, 4, & 5 5,905 

SCENARIO ACTIVE PORT(S) ACUTE ZONE ORIGINAL REVISED 

DISTANCE PREDICTED PREDICTED 

TOTAL TOTAL 

(ft) MIXING MIXING 
ZONE ZONE 

DISTANCE DISTANCE 

(ft) (ft) 

Case 1, Min. Pmi 1 7.1 50 35 

Case 1, Max. P01i 1 5.8 37 47 

Case 2, Min. Pmis 1 & 2 4.4 36.6 36.6 

Case 2, Max. Pmis 1 & 2 6.9 88 88 

Case 3, Min. Ports 1, 2, & 3 11.2 46 46 

Case 3, Max. Ports 1, 2, & 3 9.3 116 116 

Case 4, Min. Ports 1, 2, 3, & 4 13.9 176 176 

Case 4, Max. Po1is 1, 2, 3, & 4 11.4 147 147 

Case 5, Min. Po1is 1, 2, 3, 4, & 5 18.2 231.8 

Case 5, Max. Po1is 1, 2, 3, 4, & 5 14.5 251 



R00645

The results for each case will be discussed in more detail below, along with providing the 
graphics of the plan and profile views of the plume(s) for each Case. 

Case 1 - 1st Port Onlv 

Case 1 incorporates the minimum allowable flow based on the lowest projected flow for 
the Big Muddy River at the proposed diffuser location. Only the first port will be discharging 
during this condition. The discharge during this condition is 102 gallons per minute, which is a 
small fraction of the flow in the Big Muddy River. The additional volumetric flow during this 
case should not affect water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 1. The 
plan and profile for the maximum discharge condition under Case 1 are provided in Figure 2. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 

iterations. 

Figure 1 Plan and Profile of the Model for Case 1 - Minimum Flow Condition 
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CASE 1 - MINIMUM DISCHARGE 
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Figure 2. Plan and Profile of the Model for Case 1 - Maximum Flow Condition 
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CASE 1 - MAXIMUM DISCHARGE 
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These two scenarios represent the minimum and maximum flow conditions for Port 1 when 
only the first p011 is discharging. This occurs at lower River flows. The water quality criteria will 
be met at all flow conditions. For each of these cases, the plumes are less than 4% of the cross­
sectional area. 

Case 2 - P 1 and 2nd Ports Discharging 

Case 2 begins at the maximum discharge for Case 1. Once the flow condition is met, the 
discharge is converted from the maximum discharge th.rough Port l to equal discharges through 
Ports 1 and 2. In other words, the flows through Po11s l and 2 at the Case 2 minimum flow 
condition are equivalent to the maximum discharge from Po11 l at Case 1. As with Case 1, the 
discharge during this condition is a small fraction of the flow in the Big Muddy River. The 
additional volumetric flow during this case should not affect water levels at the diffuser location 
or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 3. The 
plan and profile for the maximum discharge condition under Case 2 are provided in Figure 4. The 
profile picture appears as one line since the ports are equal. The water quality criteria for chloride 
is met in a very short distance downstream for both of these iterations. For the minimum flow 
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condition, the plumes remain separate. For the maximum flow condition, the plumes merge near 

the point of meeting the water quality criteria. 

Figure 3. Plan and Profile of the Model for Case 2 - Minimum Flow Condition 
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Figure 4. Plan and Profile of the Model for Case 2 - Maximum Flow Condition 
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The water quality criteria will be met at all flow conditions for Case 2. For each of these 

scenarios, the plumes are less than 3% of the cross-sectional area. The calculation of the cross­

sectional area accounts for both plumes at the point of meeting the water quality standard. 

Case 3 - 1st, 2nd and 3rd Ports Discharging 

Case 3 begins at the maximum discharge for Case 2. Once the flow condition is met, the 

discharge is converted from the maximum discharge through Po11s 1 and 2 to discharges through 

Ports 1, 2 and 3. In other words, the flows through Ports 1, 2 and 3 at the Case 3 minimum flow 

condition are equivalent to the maximum discharge from Po11s 1 and 2 at Case 2. As with Case 2, 

the discharge during this condition is a small fraction of the flow in the Big Muddy River. The 

additional volumettic flow during this case should not affect water levels at the diffuser location 

or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 5. The 

plan and profile for the maximum discharge condition under Case 3 are provided in Figure 6. The 

water quality criteria for chloride is met in a very sho11 distance downstream for both of these 

iterations. 

Figure 5. Plan and Profile of the Model for Case 3 - Minimum Flow Condition 
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CASE 3 - MINIMUM DISCHARGE 
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Figure 6. Plan and Profile of the Model for Case 3 - Maximum Flow Condition 
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CASE 3 - MAXIMUM DISCHARGE 
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The water quality criteria will be met at all flow conditions for Case 3. For each of these 
scenarios, the plumes are less than 6% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Pott 2, the water quality criteria are met at different 
distances downstream. Potts 1 and 2 have been predicted to have the shortest distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port. 

Case 4 - is1
, 2nd

, 3rd and 4th Ports Discharging 

Case 4 begins at the maximum discharge for Case 3. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports 1, 2 and 3 to discharges through 
Ports 1, 2, 3 and 4. In other words, the flows through Ports 1, 2, 3 and 4 at the Case 4 minimum 
flow condition are equivalent to the maximum discharge from Ports 1, 2, and 3 at Case 3. As with 
the previous cases, the discharge during this condition is a small fraction of the flow in the Big 
Muddy River. The additional volumetlic flow during this case should not affect water levels at 
the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 7. The 
plan and profile for the maximum discharge condition under Case 4 are provided in Figure 8. The 
water quality criteria for chloride is met in a very sh01t distance downstream for both of these 
iterations. 
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Figure 7. Plan and Profile of the Model for Case 4 - Minimum Flow Condition 
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Figure 8. Plan and Profile of the Model for Case 4 - Maximum Flow Condition 
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The water quality criteria will be met at all flow conditions for Case 4. For each of these 
scenarios, the plumes are less than 8% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Pott 2, the water quality criteria are met at different 

distances downstream. Ports 1 and 2 have been predicted to have the sho1test distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 

cross-sectional areas for each po1t at the distance met by the respective port. 

Case 5 - 151, 2nd, 3rd, 4th and 5th Ports Discharging 

Case 5 begins at the maximum discharge for Case 4. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports 1, 2, 3 and 4 to discharges 
through Ports 1, 2, 3, 4 and 5. In other words, the flows through Ports 1, 2, 3, 4 and 5 at the Case 
5 minimum flow condition are equivalent to the maximum discharge from P01ts l , 2, 3 and 4 at 

Case 4. As with the previous cases, the discharge during this condition is a small fraction of the 
flow in the Big Muddy River. The additional volumetric flow during this case should not affect 

water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 9. The 

plan and profile for the maximum discharge condition under Case 5 are provided in Figure 10. 

The water quality criteria for chloride is met in a very short distance downstream for both of these 

iterations. 

Figure 9. Plan and Profile of the Model for Case 5 - Minimum Flow Condition 
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Figure 11. Transect at Proposed Diffuser Location, Excerpt from Horner & Shifrin Design 
documents 
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Table 2. Transect Dimensions 

CASE FLOW WATER AREA 
CONDITION COLUMN 

HEIGHT 
(ft) (ft2) 

Case 1 Minimum 6.6 376 

Maximum 9.2 605 

Case 2 Minimum 9.2 605 

Maximum 11.4 807 

Case 3 Minimum 11.4 807 

Maximum 12.5 903 

Case4 Minimum 12.5 903 

Maximum 14.9 1159 

Case 5 Minimum 14.9 1159 

Maximum 14.9 1159 
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Executive Summary 

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters and identify them on 
a list, which is called the 303(d) list. The State of Illinois 303(d) lists are published every two years and 
are available at: http://www.epa.state.il.us/water/tmdl/3o3d-list.html. This report focuses on 
assessments based on the 2012 303(d) list (IEPA, 2012), which was the version that was final at the start 
of this project. Section 303(d) of the Clean Water Act and USEPA's Water Quality Planning and 
Management Regulations (40 CFR Part 130) require states to develop Total Maximum Daily Loads 
(TMDLs) for waterbodies that are not meeting designated uses under technology-based controls. The 
TMDL process establishes the allowable loading of pollutants or other quantifiable parameters for a 
waterbody based on the relationship between pollution sources and instream conditions. This allowable 
loading represents the maximum quantity of the pollutant that the waterbody can receive without 
exceeding water quality standards. The TMDL also takes into account a margin of safety, which reflects 
scientific uncertainty, as well as the effects of seasonal variation. By following the TMDL process, States 
can establish water quality-based controls to reduce pollution from both point and nonpoint sources, and 
restore and maintain the quality of their water resources (USEPA, 1991). 

Load Reduction Strategies (LRSs) are being completed for causes that do not have numeric standards. 
LRSs for causes of impairment with target criteria will consist of loading capacity and the percent 
reduction needed to meet the target criteria. 

The following waterbodies in the Upper Big Muddy River watershed are listed on the 2012 Illinois Section 
303(d) List of Impaired Waters (IEPA, 2012) as not meeting their designated uses. IEPA conducted 
additional sampling in 2015 on 6 of the water bodies to support the modeling presented in this report. 
This document presents TMDLs for the following segments and reservoirs to allow these waterbodies to 
fully support their designated uses: 

• Upper Big Muddy River (IL_N-11) 
• Andy Cr. (IL_ NZN-13) 
• Lake Cr. (IL_ NGA-02) 
• Beaver Cr. (IL_NGAZ-JC-D1) 
• Middle Fork Big Muddy (IL_NH-06) 
• Arrowhead (Williamson) Lake (IL_RNZX) 
• Herrin Old Reservoir (IL_ RNZD) 
• Johnston City Lake (IL_ RNZE) 
• West Frankfort Old Lake (IL_ RNP) 
• West Frankfort New Lake (IL_RNQ) 

LRSs for the following water bodies are also presented: 

• Upper Big Muddy River (IL_N-06, IL_ N-11, IL_N-17) 
• Pond Cr. (IL_NG-02) 
• Middle Fork Big Muddy (IL_NH-07) 

This report covers each step of the TMDL process and is organized as follows: 

• Problem Identification 
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• Stage 2 Sampling 
• Development of Numeric Targets 

• Development of Water Quality Models 
• TMDL Development 
• LRS Development 
• Public Participation and Involvement 

• Adaptive Implementation Process 
• Clean Water Act Section 319 

Illinois EPA conducts TMDLs following a three-stage process. Stage 1 includes watershed 
characterization, data analysis and model selection. Stage 2 involves data collection, and is conducted if 
necessary. Stage 3 includes model calibration and application, and TMDL and implementation plan 
development. Upper Big Muddy River Watershed Stage 1 work began in September, 2013. A public 
meeting to present the Stage 1 findings and the draft Stage 1 report was held in December 2013. The final 
Stage 1 report was completed in January, 2014, and recommended additional monitoring for dissolved 
oxygen modeling, and the delisting of the following stream segments for the noted impairments: 

• Andy Cr./ IL_NZN-13 - Manganese 
• Hurricane Creek/ IL_NF-01 - Lindane 
• M. Fk. Big Muddy/ IL_NH-06 - Manganese 
• M. Fk. Big Muddy/ IL_NH-07 - Manganese 

• Prairie Cr. / IL_NZM-01 - Sulfates 

Stage 2 low flow sampling was conducted in 2015 to support dissolved oxygen modeling on several stream 
segments in the Upper Big Muddy River watershed. As a result of this sampling and data analysis, the 
following stream segments are recommended for delisting based on either the waters meeting the water 
quality standards during the sampling period, or the low dissolved ozygen conditions were flow related: 

• Big Muddy R. / IL_N-17 - Dissolved Oxygen (Sampling met WQS) 
• M. Fk. Big Muddy/ IL_NH-06 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand 

/Jowflow) 

• M. Fk. Big Muddy/ IL_NH-07- Dissolved Oxygen (Low DO is due to high sediment oxygen demand/ 
low flow) 

• Pond Cr./ IL_NG-02 - Dissolved Oxygen (Sampling met WQS) 

Further data analysis as a part of the Stage 3 TMDL/LRS preparation on the following segments has 
indicated that the listed impairment may not currently exist: 

• Hurricane Creek/ IL_NF-01 - Sedimentation/Siltation 

• Herrin Old/ IL_RNZD - Total Suspended Solids (TSS) 
• Johnston City/ IL_RNZE -Total Suspended Solids (TSS) 
• West Frankfort Old/ IL_RNP -Total Suspended Solids (TSS) 

• West Frankfort New/ IL_RNQ -Total Suspended Solids (TSS) 
• Lake Cr./ IL_NGA-02 - Phosphorus (Total) 
• Big Muddy R. / IL_N-u - Sulfates 
The results of these data alayses will be reevaluated during the next 303(d) listing cycle to determine if 
these stream segments should continue to be listed as impaired. 
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1 
Problem Identification 

The impaired waterbodies within the Upper Big Muddy River watershed listed by the IEPA are listed 
below (Table 1-1), with the parameters (causes) they are listed for, and the impairment status of each 
designated use. The waterbodies that are proposed for delisting in the Table below are based on one of the 
following reasons: 

1. Analysis of the data provided under Stage 1 that the existing data did not support the listed 
impairments. 

2. Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the 
impairments may not currently exist. 

3. Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the 
impairments are due to low flow conditions, not pollutant loading. 

4. Based on a comparison ofTSS data to the LRS target concentration developed by IEPA, it was 
determined that TSS reduction is not needed. 

5. Based on a comparison ofTP data to the LRS target concentration developed by IEPA, it was 
determined that TP reduction is not needed. 

Table 1-1. Impaired Waterbody Summary 

Waterbody/ Size Impaired Designated Use Proposed 

Segment ID (mile/ac) 
Impairment Cause 

Action 
---------- ----------- - - --- - - -----

Big Muddy R. / 15.13 mi Aquatic life 
Sedimentation/Siltation Prepare LRS 

IL N-06 

11.48 mi Aquatic life Sulfates Delist (1) 

-~ 

Big Muddy R. / 
Primary contact recreation Fecal Coliform Prepare TMDL 

IL_N-11 
Aquatic life Sedimentation/Siltation, TSS Prepare LRS 

Big Muddy R. / 21.48 mi Aquatic life Dissolved Oxygen Delist (2) 

IL_N-17 Aquatic life Sedimentation/Siltation, TSS Prepare LRS 

Hurricane Creek 10.6 mi Aquatic life Lindane Delist (1) 

/ IL NF-01 Aquatic life Sedimentation/Siltation Delist (4) 

Prairie Cr./ 9.06 mi Aquatic life Sulfates Delist (1) 
IL NZM-01 

11.7 mi Aquatic life Iron Prepare TMDL 
Andy Cr. / 

Aquatic life Manganese Delist (1) 
IL_NZN-13 

Aquatic life Dissolved Oxygen Delist (3) 

Herrin Old/ 51.3 ac Aesthetic Quality Phosphorus (Total) Prepare TMDL 

IL_RNZD Aesthetic Quality Total Suspended Solids (TSS) Delist (4) 

Pond Cr./ 23.53 mi Aquatic life Chloride Del ist (1) 

IL_NG-02 Aquatic life Dissolved Oxygen Delist (2) 
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Waterbody/ Size 

Segment ID (mile/ac) 

Impaired Designated Use 

--- ---- - ---- - --
Aquatic life 

Lake Cr./ 12.33 mi Aquatic life 

IL_NGA-02 Aquatic life 

Beaver Cr./ 1.7 mi Aquatic life 
IL NGAZ-JC-Dl 

Johnston City/ 64 ac Aesthetic Quality 

IL_RNZE Aesthetic Quality 

Arrowhead 30 ac Aesthetic Quality 
(Williamson)/ 
IL RNZX 

M. Fk. Big 12.52 mi Primary contact recreation 

Muddy/ IL_NH- Aquatic life 

06 Aquatic life 

M. Fk. Big 19.74 mi Aquatic life 

Muddy/ IL_NH- Aquatic life 

07 Aquatic life 

West Frankfort 146 ac Aesthetic Quality 

Old/ IL_RNP Aesthetic Quality 

West Frankfort 214 ac Aesthetic Quality 

New/ IL_RNQ Aesthetic Quality 

October 2018 

Proposed 
Impairment Cause 

Action 
- -- - - -- - --

Sedimentation/Siltation Prepare LRS 

Dissolved Oxygen Prepare TMDL 

Phosphorus (Total) Delist (5) 

Manganese Prepare TMDL 

Phosphorus (Total) Prepare TMDL 

Total Suspended Solids (TSS) Delist (4) 

Prepare TMD L 
Phosphorus (Total) 

Fecal Coliform Prepare TMDL 

Dissolved Oxygen Delist {3) 

Manganese Delist (1) 

Dissolved Oxygen Delist (3) 

Manganese Delist (1) 

Sedimentation/Siltation Prepare LRS 

Phosphorus (Total) Prepare TMDL 

Total Suspended Solids (TSS) Delist (4) 

Phosphorus (Total) Prepa re TMDL 

Tota l Suspended Solids (TSS) Delist (4) 

Delis ting of the stream segments identified in the table able will occur as a part of a future 303( d) listing 
process based on the reasons noted above. TMDLs are currently only being developed for pollutants that 
have numerical water quality standards. Load Reduction Strategies (LRSs) are being developed for 
pollutants that do not have numerical water quality standards. All of the waterbodies that are being 
addressed in this Stage 3 report and the implementation plan are summarized in Table 1-2 below. 

Table 1-2. TMDL & LRS Wate1·body Summary 

Waterbody/ Size Proposed 

Segment ID (mile/ac) 
Impaired Designated Use Impairment Cause 

Action 
-- - - ~---------------------- ------- - -------

Big Muddy R. / 
15.13 mi Aquatic life Sedimentation/Siltation Prepare LRS 

IL N-06 

Big Muddy R. / Primary contact recreation Fecal Coliform Prepare TMDL 

IL_N-11 
11.48 mi 

Prepare LRS Aquat ic life Sedimentation/Siltation, TSS 

Big Muddy R. / 
21.48 mi Aquatic life Sedimentation/Siltation, TSS Prepare LRS 

IL N-17 

Andy Cr./ Aquatic life Iron Prepare TM DL 

IL_NZN-13 
11.7 mi 

Aquatic life Dissolved Oxygen Prepare TMDL 

Herrin Old/ 
Aesthetic Quality 

Phosphorus (Total) Prepare TMDL 

IL_RNZD 
51.3 ac 

Pond Cr./ Aquatic life Chloride Prepare TMDL 

IL_NG-02 
23.53 mi 

Sedimentation/Siltation Aquatic life Prepare LRS 
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Waterbody/ Size 

Segment ID (mile/ac) 
-- - - - - -- --- -

Lake Cr./ 
12.33 mi 

IL_NGA-02 

Beaver Cr./ 
1.7 mi 

IL NGAZ-IC.-D1 

Johnston City/ 
64 ac 

IL_RNZE 

Arrowhead 
(Williamson)/ 30 ac 
IL RNZX 
M. Fk. Big 
Muddy/ IL_NH- 12.52 mi 
06 

M. Fk. Big 
Muddy/ IL_NH- 19.74 mi 
07 

West Frankfort 
146 ac 

Old/ IL RNP 

West Frankfort 
214 ac 

New/ IL_RNQ 

October 2018 

Proposed 
Impaired Designated Use Impairment Cause 

Action C 
- - - -----~- ---------- - ---- - - - - - ---

Aquatic life 
Dissolved Oxygen Prepare TMDL 

Aquatic life Manganese Prepare TMDL 

Aesthetic Quality Phosphorus (Total) 
Prepare TMDL 

Prepare TMDL 
Aesthetic Quality Phosphorus (Total) 

Primary contact recreation Fecal Coliform Prepare TMDL 

Aquatic life Sedimentation/Siltation Prepare LRS 

Aesthetic Quality Phosphorus (Total) 
Prepare TMDL 

Aesthetic Quality Phosphorus (Total) 
Prepare TMDL 

C 

(_ 
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2 
Stage 2 Sampling 

The Stage 1 report recommended additional sampling be conducted during low flow conditions to support 
dissolved oxygen modeling in support ofTMDL development. In 2015, IEPA conducted Stage 2 sampling 
to support dissolved oxygen TMDL modeling. Samples were collected in September and October of 2015, 
and data were reported for CBOD5, BOD5, Nitrite-Nitrate Nitrogen, Ammonia, total kjeldahl nitrogen 
(TKN), total phosphorus, dissolved phosphorus, chlorophyll a, total suspended solids and volatile 
suspended solids, and sediment oxygen demand (SOD). Flow, velocity and channel morphometry were 
also recorded during sampling. 

Figure 2-1 shows the locations sampled in 2015. The data collected at these locations were used in the 
dissolved oxygen modeling described in this report. TMDLs and LRSs for other parameters were based 
on existing data, previously collected by IEPA and described in the Stage 1 report (Attachment 1). 
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3 
Development of Numeric Targets 

Designated use, use support and water quality criteria for waterbodies in the Upper Big Muddy River 
watershed have been previously described in the Stage 1 Report (Attachment 1). This section describes 
the development of numeric TMDL and LRS targets. 

3.1 Development of TMDL and LRS Targets 

The TMDL target is a numeric endpoint specified to represent the level of acceptable water quality that is 
to be achieved by implementing the TMDL. Where possible, the water quality criterion for the pollutant 
of concern is used as the numeric endpoint. 

3.1.1 Phosphorus (Total) 

The General Use standards for phosphorus are in Section 302.205 of Title 35. For the phosphorus TMDLs 
in the lakes within the Upper Big Muddy River watershed, the target is set at the water quality criterion 
for total phosphorus of 0.05 mg/L. 

C 

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent 
protection of the designated use. For streams and rivers in the Upper Big Muddy River watershed, IEPA 
has developed a total phosphorus LRS target of 0.217 mg/L (IEPA, 2016). This target is based on an 
average of validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which 
contains several streams that are in full support of aquatic life. This LRS target was ultimately not used to C 
develop a total phosphorus LRS because the average phosphorus concentrations measured in the stream 
segments listed for TP impairment were below this LRS target concentration. 

3.1.2 Dissolved Oxygen 

The General Use standards for dissolved oxygen are in Section 302.206 of Title 35. For the Upper Big 
Muddy River watershed dissolved oxygen TMDLs in streams, the target is set at the water quality criterion 
for daily minimum dissolved oxygen of 5.0 mg/L recognizing that this is the more conservative of the 
seasonal minimal dissolved oxygen criteria (recall that between August and February, the minimum is 3.5 
mg/L). The QUAL2E models used to calculate the TMDLs predicts a daily average dissolved oxygen 
concentration and does not directly predict daily minimum values. QUAL2E results can be translated into 
a form comparable to a daily minimum, by subtracting the observed difference between daily average and 
daily minimum dissolved oxygen from the model output. 

3.1.3 Iron 

The General Use standards for iron are in Section 302.208 of Title 35. A single-value standard of 1.0 mg/L 
applies to dissolved iron, and this is the target used for TMDL development for the Andy Creek (IL_NZN-
13) segment. 

3.1.4 Manganese 

The General Use standards for manganese are in Section 302.208 of Title 35. The water quality standards 
for dissolved manganese are given by the following equations: 

Acute Standard: 
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WQS = eA+Bln(H) x 0.9812 

where A= 4.9187 and B = 0.7467; 

and ln(H) is the natural logarithm of the hardness in mg/L. 

Chronic Standard: 

WQS = eA+Bln(H) X 0.9812 

where A= 4.0635 and B = 0.7467; 

and ln(H) is the natural logarithm of the hardness in mg/L. 

October 2018 

The chronic standard was used to develop the manganese TMDL for Beaver Cr. (IL_NGAZ-JC-D) in the 
Upper Big Muddy River watershed. The calculated target for this stream segment is shown in section 
4.2.6. 

3.1.5 Fecal Coliform 

The General Use standards for fecal coliform bacteria are in Section 302.209 of Title 35. During the 
months May through October (swimming-season), based on a minimum of five samples taken over not 
more than a 30 day period, fecal coliform bacteria shall not exceed a geometric mean of 200 per 100 mL, 
nor shall more than 10% of the samples during any 30 day period exceed 400 per 100 mL. For fecal 
coliform TMDLs in the Upper Big Muddy River watershed, the target is conservatively set at the water 
quality criterion of 200 colony forming units (cfu)/100 mL. 

3.1.6 Total Suspended Solids (TSS) 

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent 
protection of the designated use. For all streams and rivers in the Upper Big Muddy River watershed, 
!EPA has developed a LRStarget of 32.2 mg/L TSS (!EPA, 2016). This target is based on an average of 
validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which contains several 
streams that are in full support of aquatic life. 

Based on an average of validated, real-world data for these streams over a period from 1999 to 2013, the 
load reduction targets for all streams in this watershed are as follows: 

• Total Suspended Solids: 32.2 milligrams/liter 

For all lakes in the watershed, the load reduction targets are as follows: 

• Total Suspended Solids: 23 milligrams/liter 
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4 
Development of Water Quality Models 

Water quality models are used to define the relationship between pollutant loading and the resulting 
water quality. This section describes the modeling to support TMDL and LRS development, and is 
divided into the following sections: 

• QUAL2E modeling for dissolved oxygen TMDL 

• Load Duration Curve approach for fecal coliform, sulfate, iron, manganese, and chloride TMDLs 

• BATHTUB modeling for total phosphorus TMDLs for reservoirs. 

The remainder of this section describes the TSS modeling to support the TSS LRS. 

4.1 QUAL2E Model for the Dissolved Oxygen TMDLs 

The QUAL2E water quality model was used to define the relationship between external oxygen­
demanding loads and the resulting concentrations of dissolved oxygen in the Lake Cr. (IL_NGA-02) 
stream segment in the Upper Big Muddy River watershed. 

In addition, QUAL2E to was used to model the the dissolved oxygen in Pond Creek (IL_) and Andy Creek 
(IL_NZN-) to determine if the observed low dissolved oxygen was based on pollutant loads, or low flow 
conditions. Based on the results of those models, no TMDLs were developed for those stream segments. 

QUAL2E is a one-dimensional stream water quality model applicable to dendritic, well-mixed streams. It 
assumes that the major pollutant transport mechanisms, advection and dispersion, are significant only 
along the main direction of flow. The model allows for multiple waste discharges, water withdrawals, 
tributary flows, and incremental inflows and outflows. 

4.1.1 Model Selection 

A discussion of the model selection process for the Upper Big Muddy River watershed is provided in the 
Stage 1 report (Attachment 1). 

The QUAL2E model (Brown and Barnwell, 1987) was selected to address dissolved oxygen impairments in 
the Upper Big Muddy River watershed. QUAL2E is the most commonly used water quality model for 
addressing low flow conditions. 

4.1.2 Modeling Approach 

The approach selected for the dissolved oxygen TMDL consists of using data collected during 2015 low 
flow season surveys to define the current water quality of the river, and using the QUAL2E model to 
define the extent to which loads must be reduced to meet water quality standards. This is the 
recommended approach presented in the Stage 1 report. 

4.1.3 QUAL2E Model Inputs 

This section gives an overview of the model inputs required for QUAL2E application, and how they were 
derived. The following categories of inputs are required for QUAL2E: 

• Model options (title data) 

• Model segmentation 
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• Hydraulic characteristics 

• Reach kinetic coefficients 

• Initial conditions 

• Incremental inflow conditions 

• Headwater characteristics 

• Point source flows and loads 

4.1.3.a Model Options 

October 2018 

This portion of the model input parameters defines the specific water quality constituents to be simulated. 
QUAL2E was set up to simulate temperature, biochemical oxygen demand, the nitrogen series, 
phosphorus, algae and dissolved oxygen. 

4.1.4 Andy Cr. {IL_NZN-13) QUAL2E Model Application 

This sections described the application of the QUAL2E model to the above noted stream segment. 

4.1.4.a Model Segmentation 

The QUAL2E model divides the river being simulated into discrete segments (called "reaches") that are 
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided 
into "computational elements", which define the interval at which results are provided. Andy Creek 
QUAL2E model consists of two reaches, which are comprised of a varying number of computational 
elements. Computational elements were specified to have a fixed length of 0.20 miles. Reaches are 
defined with respect to water quality monitoring stations and tributaries. Model segmentation is 
presented below in Table 4-1 and Figure 4-1. 

Table 4-1. Andy Creek QUAL2E Segmentation 

Number of 
computational 

Reach River miles elements Other features 

1 8.25 -5.0 13 NZN-12, Val ier STP, NZN-1S 

2 5.0 -0.0 20 NZN-10 
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Model Reaches o 
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Upper Big Muddy Watershed 

Figure 4-1. Andy Creek QUAL2E Segmentation 

4.1.4.b Hydraulic characteristics 

October 2018 

A functional representation was used to describe the hydraulic characteristics of the system. For each 
reach, velocity and depth were specified, based on measurements taken during the September 23, 2015 

field survey. 

4.1.4.c Reach Kinetic Coefficients 

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois. 
The appropriateness of these initial values were assessed during the model calibration process, where 
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to 
allow model results to best describe observed water quality data. 
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4.1.4.d Initial Conditions 

October 2018 

Initial model conditions were based on field observations, flow measurements, and water quality data 
collected during 2015. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen, 
nitrate and chlorophyll a were used to specify initial conditions. 

4.1.4.e Incremental Inflow Conditions 

Incremental inflows were calculated using a drainage area ratio and field measured flows. Increases in 
flows were added to each reach incrementally to represent non-monitored tributaries (flows were 
increasing from upstream to downstream). Concentrations for these incremental inflows were considered 
to have concentrations at typical background levels, and temperatures consistent with the mainstem. 
Other flows came from the headwater and point sources. 

4.1.4.f Headwater Characteristics 

Headwater characteristics were based on the flow /water quality measurements collected at the more 
upstream IEPA station (NZN-12). 

4.1.4.g Point Source Flows and loads 

There are two permitted NPDES discharges from sewage treatment plants in the Andy Creek watershed. 
The NPDES permits are for the LB Camping Sesser STP (IL0050466) and the Valier STP (ILG580083). 
(Attachment 1, Section 2.9). 

The model considers one permitted point source that discharges to Andy Creek via a small tributary. The 
upsrtream point source (LB Camping Sesser STP) is assumed to contribute no load or small loads (based 
on discharge monitoring report (DMR) data and some assumptions where data was not available), and 
any impacts on the DO impairments to Andy Creek at the downstream stations would be incorporated 
into the model by using the sampling data collected at station NZN-12 as the upstream boundary 
conditions. See Table 4-2 for details of when data were used, and when assumptions were made. 

Table 4 -2. Andy Creek (IL_ NZN-13) Concenti·ations of QUAL2E model inputs 

Temp. DO CBODS Ammonia Source 
Model input point Flow (cfs) {Deg F) (mg/L) (mg/L) (mg/L) 

Headwater 0.10 63.7 4.47 1 0.05 Data collected at NZN-12 

Valier STP discharge to Reach 1 0.06 70 8.70 10.90 5.80 DMR data (flow, CBODS, DO, Ammonia) 

Incremental inflow to Reach 1 0.145 65.0 4.5 1 0.00 Calculated from flow balance. Water 

quality specified based on typical 

background levels. 

4.1.4.h QUAL2E Model Calibration 

QUAL2E model calibration consisted of: 

• Applying the model with all inputs specified as above 

• Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data 

• Adjusting model coefficients to provide the best comparison between model predictions and 
observed dissolved oxygen data. 

The QUAL2E dissolved oxygen calibration for Andy Creek is discussed below. The model was initially 
applied with the model inputs as specified above. Observed data for the low flow survey conducted on 
September 23, 2015 was used for calibration purposes. 
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QUAL2E was calibrated to match the observed average dissolved oxygen concentrations measured at two 
locations (NZN-15 and NZN-10) on the mainstem of the creek. The data collected at NZN-12 was used to 
define the upstream boundary conditions. The initial BOD calibration was deemed successful, albeit not 
totally conclusive, as the majority of observed data (as well as model predictions) for both parameters 
were below laboratory detection limits. Similarly, the initial coefficients used to describe chlorophyll a 
correctly replicated observed low observed field concentrations and confirmed that algal productivity was 
not an important component of the dissolved oxygen budget. 

Model results initially over-predicted observed dissolved oxygen data. Model calibration was attained by 
adjusting reach-specific sediment oxygen demand, with calibration values ranging from 0.054 to 0.065 
mg/sq. ft./day. Those values were initially based on the SOD measurement taken at NZN-15 of 0.065 
mg/sq. ft. / day. The resulting dissolved oxygen predictions compared well to the measured concentrations 
as shown in Figure 4-2. The QUAL2E model output files from the calibration runs are included in 
Attachment 3. 

Andy Creek (IL_NZN-13) - Dissolved Oxygen 
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Figure 4-2. QUAL2E DO Calibration for Andy Creek for 9/23/2015 Sampling Survey 

4.1.5 Lake Cr. (IL_NGA-02) QUAL2E Model Application 
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This sections described the application of the QUAL2E model to the above noted stream segment. 

4.1.5.a Model Segmentation 

The QUAL2E model divides the river being simulated into discrete segments (called "reaches") that are 
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided 
into "computational elements", which define the interval at which results are provided. The Lake Creek 
QUAL2E model consists of two reaches, which are comprised of a varying number of computational 
elements. Computational elements were specified to have a fixed length of 0.25 miles. Reaches are 
defined with respect to water quality monitoring stations and tributaries . Model segmentation is 
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presented below in Table 4-3 and Figure 4-3. The division between reaches 1 and 2 was determined based 
on the location of additional tributaries that contribute additional flow to the stream which would be 
expected to change the hydraulic characteristics of the reach. 

Table 4-3. Lake Creek QUAL2E Segmentation 

Number of 
computational 

Reach River miles elements Other features 

1 3.25 - 5.25 8 NGA-02, Johnston City STP, NGA-JC-Cl 

2 0 -3.25 14 NGA-01 
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Figure 4 -3. Lake Creek (IL_NGA-02) QUAL2E Model Segmentation 

4.1 .5.b Hydraulic characteristics 

October 2018 

A functional representation was used to describe the hydraulic characteristics of the system. For each 
reach, velocity and depth were specified, based on measurements taken during the August, September 
and October 2015 field surveys. 

4.1.5.c Reach Kinetic Coefficients 

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois . 
The appropriateness of these initial values were assessed during th e model calibration process, where 
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to 
allow model results to best describe observed water quality data. 
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4.1.5 .d Initial Conditions 

October 2018 

Initial model conditions were based on field observations taken during 2015 and USGS flow 
measurements. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen, nitrate 
and chlorophyll a were used to specify initial conditions. 

4.1.5.e Incremental Inflow Conditions 

Incremental inflows were calculated using a drainage area ratio and measured USGS flows. Increases in 
flows were added to each reach incrementally to represent non-monitored tributaries (flows were 
increasing from upstream to downstream). Concentrations for these incremental inflows were considered 
to have concentrations at typical background levels, and temperatures consistent with the mainstem. 
Other flows came from the headwater and point sources. 

4.1.5./ Headwater Characteristics 

Headwater characteristics were based on the flow/water quality measurements collected at the more 
upstream IEPA station (NGA-02). 

4.1.5.g Point Source Flows and Loads 

There is one permitted NPDES discharges in the Lake Creek watershed. It is for the Johnston City STP 
(IL0029301), a municipal sewage treatment plant. See Table 4-4 for details of when data were used, and 
when assumptions were made. 

Table 4 -4. Lake Creek (IL_NGA-02) Concentrations ofQUAL2e model inputs 

Temp. DO CBODs Ammonia Source 
Model input point Flow (cfs) (Deg F) (mg/L) (mg/LI (mg/L) 

Headwater 0.10 63.7 4.47 1 0.05 Data collected at NGA-02, or calculated 

from flow ba lance. 

Johnston City STP discharge to 0.75 70 7.6 14.2 8.90 DMR data (flow, CBODS, DO), data from 

Reach 1 NGA-JC-Cl (Ammonia). 

Incremental inflow to Reach 2 4.69 65.0 9.0 1 0.00 Calculated from flow balance. Water 

quality specified based on typical 

background levels. 

It is noted that DMR data from the September 2015 for Johnston City STP indicate that the monthly 
average CBOD5 concentration (14.2 mg/1) exceeded the permit limit of 10 mg/L, along with effluent 
violations of daily maximum and monthly average ammonia nitrogen concentrations, although it is 
uncertain whether the effluent limit violations were occurring specifically during the time of the survey. 
The of CBOD5 in the Johnston City STP were based on the September 2015 DMR for that facility. The 
CBOD5 and DO concentrations used to characterize the point load in the QUAL2E model were the 
monthly averages. The daily maximum CBOD5 was 17 mg/L, but there is no information on whether that 
occurred on the date of the sampling. The ammonia nitrogen concentration used in the model to 
characterize the point load was based on the observed concentration at station NGA-JC-Ci, which is 
higher than the reported daily maximum value for ammonia nitrogen in the DMR. The effluent sampling 
frequency for ammonia nitrogen required in the NPDES permit for the Johnston City STP is only two days 
per month, so it is possible that higher concentrations could occur between samples. The flow used was 
the daily average flow for the month reported in the DMR of 0,488 MGD, which is lower than the design 
average flow for the facility of 0.55 MGD. 

4 .1.5.h QUAL2E Model Calibration 

QUAL2E model calibration consisted of: 
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• Applying the model with all inputs specified as above 

• Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data 

• Adjusting model coefficients to provide the best comparison between model predictions and 
observed dissolved oxygen data. 

The QUAL2E dissolved oxygen calibration for Lake Creek (IL_NGA-02) is discussed below. The model 
was initially applied with the model inputs as specified above. Observed data for the low flow survey 
conducted in 2015 was used for calibration purposes. 

QUAL2E was calibrated to match the observed average dissolved oxygen concentrations measured at two 
locations (NGA-01, and NGA-JC-Ci) on the mainstem of the creek. Data collected at station NGA-02 was 
used to characterize the upstream boundary conditions. The initial DO and ammonia calibration was 
deemed successful. Similarly, the initial coefficients used to describe chlorophyll a correctly replicated 
observed low observed field concentrations and confirmed that algal productivity was not an important 
component of the dissolved oxygen budget in the area downstream of the Johnston City STP discharge. 

The reach-specific sediment oxygen demand values entered in the model for Reach 1 of 0.079 g/sq. ft. / day 
was based on an SOD test run at NGA-02. The sediment oxygen demand values entered in the model for 
Reach 2 of 0.06 g/sq. ft./day was adjusted to match the observed downstream data. The resulting 
dissolved oxygen predictions compared well to the measured concentrations during the survey, as shown 
in Figure 4-4. The QUAL2E model output files from the calibration runs are included in Attachment 3. 

Based on the components of dissolved oxygen mass balance in the QUAL2E model output files, the largest 
components of the oxygen deficit in the stream immediately downstream of the Johnston City STP were 
due to the sediment oxygen demand, and the oxygen consumed for nitrification of ammonia and nitrite. 
Although SOD is one of the dominant sources of the oxygen deficit, the true cause is a lack of base flow 
( which greatly exacerbates the effect of SOD). 
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4.2 Load Duration Curve Approach 
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A load duration curve approach was used in the fecal coliform, sulfate, iron, chloride, and manganese 
analyses for streams in the Upper Big Muddy watershed. A load-duration curve is a graphical 
representation of observed pollutant load compared to maximum allowable load over the entire range of 
flow conditions. The load duration curve provides information to: 

• Help identify the issues surrounding the problem and differentiate between point and nonpoint 
source problems, as discussed immediately below; 

• Address frequency of deviations (how many samples lie above the curve vs. those that plot below); 
and 

• Aid in establishing the level of implementation needed, by showing the magnitude by which 
existing loads exceed standards for different flow conditions. 

4.2.1 Model Selection 

A detailed discussion of the model selection process for TMDL development in the Upper Big Muddy 
River watershed is provided in the Stage 1 Report. The load-duration curve approach was selected because 
it is a simpler approach that can be supported with the available data and still support the selected level of 
TMDL implementation for this TMDL. The load-duration curve approach identifies broad categories of 
pollutant sources and the extent of control required from these source categories to attain water quality 
standards. 

4.2.2 Approach 

C 

The load duration curve approach uses stream flows for the period of record to gain insight into the flow ( 
conditions under which exceedances of the water quality standard occur. A load-duration curve is 
developed by: 1) ranking the daily flow data from lowest to highest, calculating the percent of days these 
flows were exceeded, and graphing the results; 2) translating the flow duration curve (produced in step 1) 
into a load duration curve by multiplying the flows by the water quality standard; and 3) plotting observed 
pollutant loads (measured concentrations times stream flow) on the same graph. Observed loads that fall 
above the load duration curve exceed the maximum allowable load, while those that fall on or below the 
line do not exceed the maximum allowable load. An analysis of the observed loads relative to the load 
duration curve provides information on whether the pollutant source is point or nonpoint in nature. A 
more complete description of the load duration curve approach is provided in the Stage 1 Report. 

4.2.3 Big Muddy R. / IL_N-11- Fecal Coliform Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.3.a Flow Data 

Segment IL_ N-11 of the Big Muddy River is located downstream of Rend Lake, so the flows in the river at 
that point are impacted by the reservoir storage and dam operations. When developing the load-duration 
curve, the reservoir storage can reduce the peak flows, and maintain a higher baseflow, making distinction 
between dry and wet weather related sources difficult to distinguish. To remedy that problem, daily flow 
measurements were used from the USGS gage on Casey Fork near Mount Vernon, IL (USGS gage number 
05595820) for the period from 1999 through 2015. 

Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not 
impacted by the reservior. This gage is located approximately 28.6 miles north of station N-11, where the 
water quality data was collected. This gage has a drainage area of 76.9 square miles, so all flow data from 
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the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under consideration. 
The drainage area within the Upper Big Muddy River watershed for segment IL-N-11 is 312.3 square 
miles, which does not include areas upstream of Rend Lake. The Casey Fork gage was selected based on 
the proximity to the stream segment under consideration, and that it is located within the same 
watershed, the fact that it is upstream of Rend Lake, so it is not impacted by the reservoir. 

4.2.3.b Water Quality Data 

Fecal coliform data collected at station N-11 by IEPA between 1999 and 2010 were used in the analysis. 
The data were collected as part of IEPA's ambient water quality monitoring program. Only data for the 
months of May-October were used because the water quality standard applies only during this period. 

4.2.3.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal 
coliform were generated by multiplying the flows in the duration curve by the water quality standard of 
200 cfu/ 100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a 
solid line in Figure 4-5. Observed pollutant loads offecal coliform were calculated using available 
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal 
coliform data used only measurements collected between May and October, since that is the period 
specified under Section 302.209 of Title 35. 
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Figure 4 -5. Fecal Coliform Load Duration Curve for Upper Big Muddy River (IL_ N-11) with Observed 
Loads (triangles) 

In Figure 4-5, the data show exceedances of the fecal coliform target occur over all ranges of flows, but 
with more exceedances (as a fraction of the samples) occuring in the higher range of flows. This indicates 
that wet weather sources contribute to the observed violations of the water quality standard. 
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4.2.4 Andy Cr./ ll_NZN-13 - Iron Load Duration Curve 

October 2018 

This section describes the flow and water quality data used to support development of the load duration 
curve for dissolved iron on the above noted stream segment. 

4.2.4.a Flow Data 

There is no stream gage on Andy Creek that can be used to estimate the daily flows and loadings. Daily 
flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS gage 
number 05597500) for the period from 1999 through 2015. This gage is located approximately 20.2 miles 
southeast of the Andy Creek watershed. This gage has a drainage area of 31.7 square miles, so all flow 
data from the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under 
consideration. The stream segment under consideration has a drainage area of 20-4 square miles at its 
outlet. The Crab Orchard Creek gage was selected for consideration based on the drainage areas being 
similar in size, the proximity to the stream segment under consideration, with similar watershed land uses 
and topography. 

4.2.4.b Water Quality Data 

Dissolved iron data collected by IEP A in 2008 were used in the analysis. The data were collected as part of 
IEPA's ambient water quality monitoring program. There were three samples analyzed, and all three 
exceeded the water quality standards. 

4.2.4.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. A load duration curve for iron was 
generated by multiplying the flows in the duration curve by the water quality standard of 1.0 mg/L for 
dissolved iron. The load duration curve for iron is shown with a solid line in Figure 4-6. Observed 
pollutant loads of dissolved iron were calculated using available concentration data paired with 
corresponding flows, and were plotted on the same graph. 
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Figure 4 -6: Dissolved Iron Load Duration Curve for Andy Creek (IL_ NZN-13) with Observed Loads 
(triangles) 

In Figure 4-6, the data show that the sampled data points only exceeded the dissolved iron target at the 
highest sampled flow. This indicates that wet weather sources or runoff contribute to the observed 
violation of the water quality standard. 

4.2.5 Pond Cr./ lL_NG-02 - Chloride Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.5.a Flow Data 

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS 
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
stream segment under consideration. 

4.2.5.b Water Quality Data 

Fecal coliform data collected by IEPA between 1999 and 2006 were used in the analysis. The data were 
collected as part of IEP A's ambient water quality monitoring program. Only data for the months of May­
October were used because the water quality standard applies only during this period. 

4.2.5.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for chloride 
was generated by multiplying the flows in the duration curve by the water quality standard 500 mg/L for 
chloride. The load duration curve for chloride is shown with a solid line in Figure 4-7. Observed pollutant 
loads of chloride were calculated using available concentration data paired with corresponding flows, and 
were plotted on the same graph. 
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Figure 4-7: Chloride Load Duration Curve for Pond Creek (IL_NG-02) with Observed Loads 
(triangles) 

100% 

In Figure 4-7, the data show that the single exceedance of the chloride target occurs at the lowest sampled 
flow. This indicates that wet weather sources do not contribute to the observed violation of the water 
quality standard. With the single data point showing an exceedance of the water quality standard for 
Chloride occurring at the very lowest flows, this indicates that the impairment may be flow related. Before 
implementing a TMDL for this stream segment, additional monitoring is recommended to confirm that 
the impairment is related to a pollutant load source, and is not only related to very low flow conditions in 
the stream. Additional monitoring recommendations are contained in the Watershed Implementation 
Plan to achieve the TMDLs and Load Reduction Strategy in the Upper Big Muddy River watershed. 

4.2.6 Beaver Cr./ IL_NGAZ-JC-D1 - Manganese Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for manganese on the above noted stream segment. 

4.2.6.a Flow Data 

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS 
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
stream segment under consideration. 

The stream gage data shows that there are periods where there is no flow in the stream, This does not 
necessarily mean that the stream dries up, but the flows are below the threshold for stream measurement. 
This causes the load-duration curve to be equal to zero during these time periods. 

4.2.6.b Water Quality Data 

Manganese data collected by IEP A in 2008 were used in the analysis. There is only a single data point 
available for this analysis. 
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4.2.6.c Analysis 

October 2018 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for 
manganese was generated by multiplying the flows in the duration curve by the chronic water quality 
standard of 4.85 mg/L, which was calculated based on a hardness measurement of 383 mg/L that was 
field measured at the same time at the manganese measurement in this stream segment. The load 
duration curve for manganese is shown with a solid line in Figure ,J-8. Observed pollutant loads were 
calculated using available concentration data paired with corresponding flows, and were plotted on the 
same graph. 

_, 
'iii) 
E 
m 
co 
m 
II 

~ b1 
.:!2.~ 
..0 "C 

=-- ro 
-c I 
~ 1; _, _, 
~ 'iii) 
~ E 
(tJ Ll'l 
ll,() co 
~ s:t 
2'o 
£~ 
(tJ Q) 

Cl ·E 
u 
.5:/ 
C: e 

..c: 
u 
* 

10,000.00 

1,000.00 

100.00 

10.00 

1.00 

0.10 

0% 10% 20'/4 30% 40% 50% 70% 90% 100% 

Flow Exceedance 

Figure 4-8: Manganese Load Duration Curve for Beaver Creek (IL_ NGAZ-JC-D1 with Observed Loads 
(triangles) 

In Figure 4-8, the data show that the single exceedance of the manganese target occurs at the lower end of 
the normally encountered flows (30% to 70%). 

4.2.7 M. Fk. Big Muddy/ IL_NH-06 - Fecal Coliform Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.7.a Flow Data 

There is no stream gage on this segment of the Middle Fork of the Big Muddy River that can be used to 
estimate the daily flows and loadings. Daily flow measurements are available for the USGS gage on Casey 
Fork near Mount Vernon, IL (USGS gage number 05595820) for the period from 1999 through 2015. 
Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not 
impacted by the reservoir storage and dam operations. This gage is located approximately 23.3 miles 
north of station NH-06, where the water quality data was collected. This gage has a drainage area of 76.9 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
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stream segment under consideration. The stream segment under consideration has a drainage area of 
160.6 square miles at its outlet. 

4.2.7.b Water Quality Data 

Fecal coliform data collected at station NH-06 by IEPA between 1999 and 2010 were used in the analysis. 
The data were collected as part of IEPA's ambient water quality monitoring program. Only data for the 
months of May-October were used because the water quality standard applies only during this period. 

4.2.7.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal 
coliform were generated by multiplying the flows in the duration curve by the water quality standard of 
200 cfu/100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a 
solid line in Figure 4-9. Observed pollutant loads of fecal coliform were calculated using available 
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal 
coliform data used only measurements collected between May and October, since that is the period 
specified under Section 302.209 of Title 35. 
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Figure 4-9. Fecal Coliform Load Duration Curve for Middle Fork Big Muddy River (IL_N-11) with 
Observed Loads (triangles) 

In Figure 4-9, exceedances of the fecal coliform target occur over all ranges of flows, but with more 
exceedances in the higher range of flows. This indicates that wet weather sources are a contributing factor 
to the observed violations of the water quality standard, but that significant dry weather reductions are 
necessary as well. 

4.3 BATHTUB Model 

The BATHTUB model (Walker, 1986) was selected as the tool to define load reduction necessary to attain 
phosphorus targets in the following lakes/reservoirs located in the Upper Big Muddy River watershed: 

Page I 28 

C 

C 



R00696

Upper Big Muddy River Watershed 

DRAFT: Stage 3 Report 

• Herrin Old / IL_RNZD 

• Johnston City/ IL_RNZE 

• Arrowhead (Williamson) / IL_RNZX 

• West Frankfort Old/ IL_RNP 

• West Frankfort New/ IL_RNQ 

4.3.1 Model Selection 

October 2018 

A detailed discussion of the model selection process is provided in the Stage 1 report (Attachment 1). 

BATHTUB is a simple modeling tool that can predict the relationship between phosphorus load and 
resulting in-lake phosphorus concentrations. The BATHTUB model was selected because it does not have 
extensive data requirements (and can therefore be applied with existing data), yet still provides the 
capability for calibration to observed lake data. BATHTUB has been used previously for several reservoir 
TMDLs in Illinois, and has been cited as an effective tool for lake and reservoir water quality assessment 
and management, particularly where data are limited (Ernst et al., 1994). 

BATHTUB is a software program for predicting the lake/reservoir response to nutrient loading. Because 
reservoir ecosystems typically have different characteristics than many natural lakes, BATHTUB was 
developed to specifically account for some of these differences, including the effects of non-algal turbidity 
on transparency and algae responses to phosphorus. 

BATHTUB contains a number of empirical regression equations that have been calibrated using a wide 
range of lake and reservoir data sets. It can treat the lake or reservoir as a continuously stirred, mixed 
reactor, or it can predict longitudinal gradients in trophic state variables in a reservoir or narrow lake. 
These trophic state variables include in-lake total and ortho-phosphorus, organic nitrogen, hypolimnetic 
dissolved oxygen, metalimnetic dissolved oxygen, chlorophyll concentrations, and Secchi depth 
(transparency). Both tabular and graphical displays are available from the program. 

4.3.2 Modeling Approach 

The approach taken for the total phosphorus TMDLs consisted of using existing empirical data to define 
current loads to each of the lakes, and using the BATHTUB model to define the extent to which these 
loads must be reduced to meet water quality standards. This approach was taken because phosphorus 
concentrations exceed the water quality standards, often by significant amounts. Phosphorus loads will 
need to be reduced to a fraction of existing load in order to attain water quality standards. 

4.3.3 BATHTUB Model Inputs 

This section gives an overview of the model inputs required for BATHTUB application, and how they were 
derived for application to the reservoirs on this project. The following categories of inputs are required for 
BATHTUB: 

• Model Options 
• Global Variables 
• Reservoir Segmentation 
• Tributary Loads 

The model options and global variables applied universally across the 5 lakes that were modeled in 
BATHTUB for this this project. Those are discussed below, with the descriptions of the reservoir 
segmentation and tributary loads in each model contained in separate sections of this report. 
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4.3.3.a Model Options 

October 2018 

BATHTUB provides a multitude of model options to estimate nutrient concentrations in a reservoir. 
Model options were entered as shown in Table 4-5, and the rationale for these options discussed below. 
No conservative substance was being simulated, so this option was not needed. The Canfield and 
Bachman phosphorus option was selected for phosphorus, as this is a commonly used formulation for 
Midwestern phosphorus TMDLs (e.g. MPCA, 2007; https://www.pca.state.mn.us/sites/default/files/wq­
iw8-o3e.pdf) Nitrogen was not simulated because phosphorus is the nutrient of concern. 

Chlorophyll a and transparency were not simulated because the water quality target is specified as total 
phosphorus. The Fischer numeric dispersion model was selected, which is the default approach in 
BATHTUB for defining mixing between lake segments. Phosphorus calibrations were based on lake 
concentrations. No nitrogen calibration was required. The use of availability factors was not required and 
estimated concentrations were used to generate mass balance Tables. 

Table 4-5. BATHTUB Model Options 

Model Model Option 
Conservative substance Not computed 

Total phosphorus Canfield and Bachman 
Total nitrogen Not computed 
Chlorophyll-a Not computed 
Transparency Not computed 
Longitudinal dispersion Fischer-numeric 
Phosphorus calibration Concentrations 
Nitrogen calibration None 
Error analysis Model and Data 
Availability factors Ignored 
Mass-balance Tables Use estimated concentrations 

4.3.3.b Global Variables 

The global variables required by BATHTUB consist of: 

• The averaging period for the analysis 
• Precipitation, evaporation, and change in lake levels 
• Atmospheric phosphorus loads 

BATHTUB is a steady state model, whose predictions represent concentrations averaged over a period of 
time. One decision in the application of BATHTUB is the selection of length of time over which inputs and 
outputs should be modeled. An annual averaging period was used for all lakes in the Upper Big Muddy 
watershed, consistent with the fact that tributary loading estimates represented annual average 
conditions. 

There was no assumed increase in storage during the modeling period, to represent steady state 
conditions. The values selected for precipitation and change in lake levels have little influence on model 
predictions. Atmospheric phosphorus loads were specified using default values provided by BATHTUB. 

4.3.3.c Reservoir Segmentation 

BATHTUB provides the capability to divide the reservoir under study into a number of individual 
segments, allowing prediction of the change in phosphorus concentrations over the length of each 
segment. The segmentation scheme selected for the lakes modeled was designed to provide at least two 
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segments per lake, to include segment representing the deeper conditions near the dam, and at least one 
upstream segment, depending on the lake and the conficuration of the primary lake sampling stations. 

Table 4-6. BATHTUB Model Segmentation 

Total Size Model 
Lake / Reservoir (ac) Segments 

Herrin Old/ IL_RNZD 51.3 2 

Johnston City/ IL_RNZE 64 2 

Arrowhead (Williamson)/ IL_RNZX 30 3 

West Frankfort Old/ IL_RNP 146 2 

West Frankfort New/ IL_RNQ 214 3 

The areas of the segments and the watersheds for the segments were determined by Geographic 
Information System (GIS), and maps are provided for each of the lakes provided below. 

BATHTUB requires that a range of inputs be specified for each segment. These include segment surface 
area, length, total water depth, and depth of thermocline and mixed layer. Segment-specific values for 
segment depths (total, thermocline and mixed layer) were calculated from the lake monitoring data, while 
segment lengths and surface areas were calculated via GIS. 

4.3.3.d Tributary Loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as follows: 

Flow into segment = Flow at USGS gage * Segment-specific drainage area ratio 

Drainage area ratio = Drainage area of watershed contributing to model segment 

Drainage area of watershed contributing to USGS gage 

Segment-specific drainage area ratios were calculated via GIS information. 

Total phosphorus concentrations for each tributary and direct drainage inflow were estimated by dividing 
the watershed phosphorus load (calculated based on land use and literature phosphorus loading rates) by 
the tributary flow. 

Average total phosphorus concentrations= Annual watershed phosphorus loads/ Annual tributary flow 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.4 BATHTUB Calibration 

BATHTUB model calibration consists of: 

1. Applying the model with all inputs specified as above 

2. Comparing model results to observed phosphorus data 

3. Adjusting model coefficients to provide the best comparison between model predictions and 
observed phosphorus data. 

Additional site-sprecific information on the calibration of the BATHTUB model application for each 
reservoir in the Upper Big Muddy River watershed is given in the sections below. 
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4.3.5 Herrin Old/ IL_RNZD BATHTUB Model Application 

October 2018 

Herrin Old Reservoir is a 51 acre lake located in Williamson County, Illinois. It is approximately 21 feet 
deep at its deepest point near the dam at the downstream side of the lake. Herrin Old Lake requires a 
TMDL for total phosphorus. 

The listing and recommendation of a TMDL for total phosphorus in the Stage 1 report was based on a 
single water quality sample taken in 2011 that exceeded the water quality standard of 0.05 mg/L. 
Additional data from 2012 and 2013 was provided by IEPA for the modeling and TMDL preparation. The 
new data shows that the water quality sampled at the upstream stations (RNZD02 & RNZD-3) all met the 
water quality standards. These were all sampled at a depth of 1 ft. The only samples taken during this 
period that exceeded the water quality standard we taken at station RNZD-1 at depths near the bottom of 
the reservoir. This indicates that the internal phosphorus loading from sedimants is the primary source 
contributing to the impairment of the water body. 

Page I 32 



R00700

C 

C 

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report 

4.3.5.a Reservoir Segmentation 
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Figure 4-10. Old Herrin Reservoh- (IL_RNZD) Segmentation Used in BATHTUB Model 

4.3.5.b Tributary Loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 3.2 cfs, and 
the annual average total phosphorus concentrations (calculated based on land use and literature 
phosphorus loading rates) 0.029 mg/L. This correlated well with the observed total phosphorus 
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concentrations at the upstream sampling stations (RNZD-2 and RNZD-3). The total estimated annual 
watershed load is 84.3 kg/yr of total phosphorus. 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.5.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2012 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 12 mg/ m2 / day in the downstream model segment (Segment 1). This internal load 
estimate was adjusted during the model calibration to match th observed data. The resulting modeled and 
observed total phosphorus concentrations are shown in Figure 4-11. BATHTUB output files are provided 
in Attachment 4. 
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Figure 4-11. Herrin Old (IL_ RNZD) BATHTUB Segment Modeled vs. Observed Total Phosphorus 
Concentration 

4.3.6 Johnston City/ IL_RNZE BATHTUB Model Application 

Johnston City Lake/ IL_RNZE is an impoundment of Lake Creek; it is just east of Freeman No. 4 Mine. 
The lake requires a TMDL for total phosphoru. The most recent water quality data for J ohnston City Lake 
is from 2002. There are three sampling stations located within the lake, as shown in Figure 4-12 below. 
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4.3.6.a Reservoir Segmentation 
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Figure 4 - 12. Johnston City Lake (IL_RNZE) Segmentation Used in BATHTUB Model 

4.3.6.b Tributary loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4 .3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 4.9 cfs, and 
the annual average total phosphorus concentrations (calculated based on land use and literature 
phosphorus loading rates) 0.040 mg/L. The total estimated annual watershed load is 175.5 kg/ yr of total c phosphorus. 
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A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.6.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2002 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments . The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 2 mg/ m2 /day in the upstream model segment (Segment 2). The resulting modeled 
and observed total phosphorus concentrations are shown in Figure 4-13. BATHTUB output files are 
provided in Attachment 4. 
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Figure 4-13. Johnston City Lake (IL_RNZE) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

4.3.7 Arrowhead {Williamson)/ IL_RNZX BATHTUB Model Application 

Arrowhead Lake (Williamson)/ IL_ RNZX is located just northeast of Johnston City, near Shakerag, IL. 
Arrowhead requires a TMDL for total phosphorus. 
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4.3.7.a Reservoir Segmentation 
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Figure 4-14. Arrowhead (Williamson) (IL_RNZX) Segmentation Used in BATHTUB Model 

4.3. 7.b Tributary Loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3 .3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 1.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
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phosphorus loading rates) was 0.046 mg/L. The total estimated annual watershed load is 39.7 kg/yr of 
total phosphorus. 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.7.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 12 mg/m2 /day. The resulting modeled and observed total phosphorus concentrations 
are shown in Figure 4-15. BATHTUB output files are provided in Attachment 4. 
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Figure 4-15. Arrowhead (Williamson) (IL_ RNZX) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

4.3.8 West Frankfort Old/ IL_RNP BATHTUB Model Application 

West Frankfort Old City Lake is a 147 acre impoundment located approcimately 6 miles east of the West 
Frankfort in Franklin County that requires a TMDL for total phosphorus. The water quality data used to 
develop the BATHTUB model was collected in 2008 and 2013. 
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4.3.8.a Reservoir Segmentation 

October 2018 

The BATHTUB model for the West Franklin Old Reservior, was developed with two model segments as 
shown in Figure 4-16, one representing the upstream monitoring stations (RNP-2 & RNP-3), and one 
representing the downstream station at the deepest portion of the lake (RNP-1). 
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Figure 4-16. West Frankfort Old (IL_ RNP) and West Frankfort New (IL_ RNQ) Lake Segmentation 
Used in BATHTUB 
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4.3.8.b Tributary loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 5.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
phosphorus loading rates) was 0.164 mg/ L. The total estimated annual watershed load is 725.5 kg/yr 
(1599.5 lb/year) of total phosphorus. 

4.3.8.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the years 2008 and 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 40 mg/ m2/day in the downstream segment (Segment 1). The resulting modeled and 
observed total phosphorus concentrations are shown in Figure 4-17. BATHTUB output files are provided 
in Attachment 4. 
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Figure 4-17. West Frankfort Old (IL_ RNP) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 
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4.3.9 West Frankfort New/ IL_RNQ BATHTUB Model Application 

4.3.9.a Reservoir Segmentation 

West Frankfort New reservoir is located northeast of West Franklin Old Reservior, as shown in Figure 
4-16. The BATHTUB model was developed with three model segments, one for each of the primary 
monitoring station in the lake. 

4.3.9.b Tributary loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 10.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
phosphorus loading rates) was 0.101 mg/L. The total estimated annual watershed load is 906.2 kg/yr of 
total phosphorus. 

In addition to the watershed loads, there is a point source load from the Thompsonville STP (IL0072478). 
The design average flow (DAF) for the facility is 0.08 million gallons per day (MGD) and the design 
maximum flow (DMF) for the facility is 0.20 MGD. Treatment consists of two cell aerated lagoon and rock 
filter. 

The average daily flows from this STP reported in the DMRs from 2008 through 2016 0.087 MGD. There 
is no water quality data for total phosphorus from this point source to use for model calibration. The total (_--
phosphorus concentration in the STP effluent was assumed to be 3.66 mg/L. With the monthly average 
flows reported on the DMRs for that facility, the annual average loading is 437-4 kg/yr. 

Based on the combined flow and loads from the sources identified above, the total annual average 
concentration into the reservoir is 0.148 mg/L, with a total annual loading of 1343.6 kg/yr. 

4.3.9.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of internal 
phosphorus loads of 25 mg/m2 /day in Segment 3 (upstream), 35 mg/m2 /day in Segment 2, and 90 
mg/m2 /day in Segment 1 (downstream). The resulting modeled and observed total phosphorus 
concentrations are shown in Figure 4-18. BATHTUB output files are provided in Attachment 4. 

Page I 42 



R00710

C 

C 

(_ 

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report 

C: 
.Q 

~ 
E 
(1) 
u 
C: 
0 
u 

600 

500 

"' 400 
2 
0 
.c 
a.::::;-
:g ~ 300 
.c ::1. 
c.. -
ro ..... 
0 
I- 200 
C: 
ro 
(1) 

~ 
100 ro 

:J 
C: 
C: 
<! 

0 

510.0 
492.2 

RNQ-Segment 1 

October 2018 

483.0 lj 488.6 

448 .6 fl 442.8 

394.0 ~ 384.4 

RNQ-Segment 2 RNQ-Segment 3 RNQ-Area-Wtd Mean 

□ Predicted ♦ Observed 

Figure 4-18. West Frankfort New (IL_ RNQ) BATHTUB Segment Modeled vs. Observed.Total 
Phosphorus Concentration 

4.4 Total Suspended Solids Model for Load Reduction Strategy Development 

This section describes the model selection and modeling approach for the total suspended solids load 
reduction strategy for the following waterbodies in the Upper Big Muddy River watershed, identified by 
IEPA as being impaired due to elevated total suspended solids concentrations: 

• Herrin Old / IL_RNZD 

• Johnston City / IL_RNZE 

• West Frankfort Old / IL_RNP 

• West Frankfort New/ IL_RNQ 

• Big Muddy R. / IL_N-06 

• Big Muddy R. / IL_N-11 

• Big Muddy R. / IL_N-17 

• Hurricane Creek / IL_NF-01 

• Pond Cr. / IL_NG-02 

• M. Fk. Big Muddy/ IL_NH -07 

4.4.1 Modeling Approach 

The total suspended solids load reduction strategy is based on a simple empirical model using the average 
of all available TSS data on each waterbody, and comparing it with the LRS endpoint concentration 
identified in Section 3.1. 
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The load reduction target concentration for TSS for all streams in this watershed is 27.75 mg/L. For all 
lakes in the watershed, the load reduction targets concentration is 23 mg/L. 

After reviewing the water quality data available, it was found that the following waterbodies have average 
TSS concentrations already below the target for the watershed, and therefore will not have LRSs prepared. 

• Herrin Old / IL_RNZD 

• Johnston City/ IL_RNZE 

• West Frankfort Old/ IL_RNP 

• West Frankfort New/ IL_RNQ 

• Hurricane Creek / IL_NF-o 1 
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5 
TMDL Development for the Upper Big Muddy River 

Watershed 

This section presents the development of the TMDLs for the following waterbodies in the Upper Big 
Muddy River watershed: 

• Upper Big Muddy River (IL_N-11) for fecal coliform 
• Andy Cr. (IL_ NZN-13) for iron. 
• Lake Cr. (IL_NGA-02) for dissolved oxygen. 
• Beaver Cr. (IL_ NGAZ-JC-D1) for manganese. 
• Middle Fork Big Muddy (IL_NH-06) for fecal coliform. 
• Arrowhead (Williamson) (IL_ RNZX) for total phosphorus. 
• Herrin Old (IL_RNZD) for total phosphorus. 
• Johnston City (IL_RNZE) for total phosphorus. 
• West Frankfort Old (IL_RNP) for total phosphorus. 
• West Frankfort New (IL_ RNQ) for total phosphorus. 

In addition, a dissolved oxygen TMDL was planned for Andy Creek (IL_NZN-13), but after reviewing the 
field data and developing the QUAL2E model, it was determined that the low flows and h igh sediment 
oxygen demand were the primary causes of the low dissolved oxygen in this stream, not external pollutant 
loadings. 

5.1 Andy Creek (IL_NZN-13) Dissolved Oxygen TMDL 

A dissolved oxygen assessment was conducted for Andy Creek segment IL_NZN-13. The result of this 
assessment indicates that low stream flows preclude attainment of dissolved oxygen standards, even in 
the complete absence of external pollutant loads. For this reason, a TMDL is not being developed for 
dissolved oxygen. Details of the assessments are discussed below. 

Two lines of assessment were used to make the determination that it is low stream flows, rather than 
external pollutant loads, that precludes attainment of dissolved oxygen standards: 

1. Sediment oxygen demand is the dominant component of the dissolved oxygen mass balance 
provided by QUAL2E. 

2. Setting all external loading sources to zero in the QUAL2E model does not result in attainment in 
dissolved oxygen standards. 

3. Leaving all external loads at currently specified values, but increasing base stream flow, does 
result in attainment with dissolved oxygen standards. 

5.1.1 Calculation of loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 
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The first step in determining the loading capacity was to reduce external sources of oxygen-demanding 
substances to determine whether these reductions would result in the river attaining the dissolved oxygen 
target. 

QUAL2E simulations showed that, even with incremental inflow and permitted BOD loads set to zero, 
compliance with the dissolved oxygen standards was not attained. Examination of model results showed 
that sediment oxygen demand was the dominant source of the oxygen deficit, and that DO standards 
could only be attained during critical periods via reduction of SOD1 • 

5.2 Lake Creek (IL_NGA-02) Dissolved Oxygen TMDL 

A dissolved oxygen assessment was conducted for Lake Creek segment IL_ NGA-02 utilizing the data 
collected in September 2015 and a QUAL2E model. The QUAL2E model was calibrated to the data 
available, which occurred during a month when there were effluent limit violations from the Johnston 
City STP for both CBOD5 and ammonia nitrogen. 

To determine if the effluent violations were causing the observed DO impairments, the QUAL2E model 
was run with modifying the input loads from the Johnston City STP to the current permit limits of 10 

mg/L CBOD5 (monthly average effluent limit) and 1.5 mg/ L ammonia nitrogen (monthly average effluent 
limit), and 6.o mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the 
facility of 0.55 MGD. 

The result of this assessment shows that if the Johnston City STP effluent meets the above noted limits. 
The dissolved oxygen concentration in the stream reaches a minimum level of 5.37 mg/L, which is above 
the 5.0 mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards . 

5.2.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The first step in determining the loading capacity was to reduce external sources of oxygen-demanding 
substances to determine whether these reductions would result in the river attaining the dissolved oxygen 
target. 

QUAL2E simulations showed that with the point load CBOD5 and ammonia nitrogen loads set to zero, 
compliance with the dissolved oxygen standards was attained with a minimum dissolved oxygen 
concentration of 5.38 mg/L. 

Further QUAL2E simulations with adjusted BOD, dissolved oxygen, and ammonia nitrogen loads from 
the Johnston City STP were performed to determine the loading capacity. As noted above, QUAL2E model 
simulations with the input loads from the Johnston City STP set ther current permit limits of 10 mg/ L 
CBOD5 (monthly average effluent limit) and 1.5 mg/ L ammonia nitrogen (monthly average effluent limit), 
and 6.o mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the facility 
of 0.55 MGD resulted in a minimum dissolved oxygen concentration of 5.37 mg/L, which is above the 5.0 
mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards. 

Additional QUAL2E simulations were performed with the input loads from the Johnston City STP 
adjusted until the minimum dissolved oxygen concentration was 5.0 mg/L to determine the maximum 
loading capacity of the stream. The loading capacity of the stream for ammonia nitrogen was determined 

1 Although SOD is the dominant source of the oxygen deficit, the true cause of low dissolved oxygen is a lack of 
base flow (which greatly exacerbates the effect of SOD). Because TMDLs cannot be written to control flow, no 
TMDL was developed for this stream segment. 
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to be 1.80 mg/L, with a CBOD5 load of 11 mg/ L, and 5-45 mg/L of dissolved oxygen at the design average 
flow for the facility. The total loading capacity for Lake Creek segment IL_NGA-02 for ammonia nitrogen 
is 8.25 lb/day. 

5.2.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for non point 
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

The WLA for the Johnston City STP into Lake Creek segment IL_NGA-02 was calculated based on the 
permitted design average flow for the facility, and the current NPDES effluent limit concentration for 
ammonia nitrogen of 1.5 mg/L (monthly average limitation). The WLA for Lake Creek is presented in 
Table 5-1. 

Table 5 -1. Lake Creek Segment IL_ NGA-02 Wate1·shed Permitted Dischargers and WLAs 

Ammonia 
Nitrogen 
Effluent 

Concentration Design average WLA 

NPDES ID Facility Name (mg/L) flow (MGD) (lb/day) 

ILG0029301 Johnston City STP 1.50 0.55 6.88 

The remaining loading capacity is given to the load allocation for non point sources and the margin of 
safety. The load allocation for nonpoint sources is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 8.25 
lbs/day of ammonia nitrogen, a WLA for the Johnston City STP of 6.88 lbs/day, and an explicit margin of 
safety of 10% (discussed below), the load allocation for Lake Creek segment IL_NGA-02 is 0.54 lbs/day. 

5.2.3 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The QUAL2E model and 
the sampling were performed during a low flow period, which is critical for determining loads associated 
with low dissolved oxygen. 

5.2.4 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the QUAL2E water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
stream, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total ammonia nitrogen load allocated to the margin of safety is 0.825 
lbs/day for Lake Creek. 

5.2.5 Reserve Capacity 

Lake Creek is located in Williamson County, the population of which has increased by 8.3% between 2000 
and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin County 
population at 66,357. 
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The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson C 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time !EPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.2.6 TMDL Summary 

The dissolced oxygen (ammonia) TMDL for Lake Creek segment IL_NGA-02, is presented in Table 5-2. 

Table 5-2. Lake Creek IL_NGA-02 TMDL Summary 

Allocation Total Ammonia Nitrogen 

Load (lbs/day) 

Load Capacity (LC) 8.25 

Wasteload Allocation (WLA) 6.88 

Load Allocation (LA) 0.54 

Margin of safety (10% of LC) 0.83 

5.3 Upper Big Muddy River (IL_N-11) Fecal Coliform TMDL 

A load capacity calculation approach was applied to support development of a fecal coliform TMDL for 
Upper Big Muddy River segment IL_ N-11. 

5.3.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The loading capacity for Upper Big Muddy River segment IL_ N-11 was defined over a range of specified 
flows based on expected Upper Big Muddy River flows at the mouth of the creek. The allowable loading 
capacity was computed by multiplying flow by the TMDL target (200 cfu/100 mL). The fecal coliform 
loading capacity for IL_N-11 is presented in Table 5-3. 
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Table 5-3. Fecal Coliform Load Capacity (IL_ N-11) 

October 2018 

Flow Exceedance Percentile from the 
Upper Big Muddy River Flow (cfs) 

Allowable Load 

LDC (cfu/day) 

99% 9.7 4.8E+10 

95% 11 5.6E+10 

90% 13 6.2E+10 

80% 16 7.7E+l0 

70% 22 l.lE+ll 

60% 35 l.7E+ll 

50% 57 2.8E+ll 

40% 93 4 .6E+ll 

30% 150 7.6E+ll 

20% 260 l.3E+12 

10% 610 3.0E+l2 

5% 1700 8.3E+l2 

1% 7200 3.5E+13 

The maximum fecal coliform concentrations recorded between May and October were examined for each 
flow duration interval, as shown in Table 5-4, in order to estimate the percent reduction in existing loads 
required to meet the 200 cfu/100 mL target. As shown in Table 5-4, a greater reduction is needed at 
higher river flows to meet the target. During these higher flow periods, fecal coliform measurements were 
observed to exceed 200 cfu/100 mL more frequently. 

Table 5-4. Required Reductions in Existing Loads under Different Flow Conditions (IL_N-11) 

# samples 

>200/ Maximum fecal coliform 

Flow Percentile Upper Big Muddy River # samples concentration (cfu/100 Percent Reduction to 

Interval Flow (cfs) (May-Oct) ml) Meet Target 

0- 30 28,875 - 154 3/8 4,500 95.6% 

30 - 70 154 - 21.9 7 I 22 3,600 94.4% 

70- 100 21.9 - 6.9 1 / 15 210 4.8% 

5.3.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for non point 
sources, and a margin of safely (MOS). This definiLion is Lypically illuslrated by the following equation: 

TMDL = WLA + LA+ MOS 

The WLA for the 10 permitted sewage treatment plant discharges in the Upper Big Muddy River segment 
IL_ N-11 watershed was calculated based on the permitted design average flow for these dischargers and a 
fecal coliform concentration that is consistent with meeting the TMDL target (200 cfu/ 10omL). Eight of 
the ten NPDES-permitted dischargers have disinfection exemptions, therefore, the WLA is based on the 
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dischargers meeting 200 cfu/100 mL at the downstream end of their exempted reach. WLAs are 
presented in Table 5-5. 

Table 5-5. Segment IL_ N -11 Watershed Permitted Dischargers and WLAs 

Disinfection Design average WLA 
NPDES ID Facility Name 

exemption? flow {MGD) (cfu/day) 

ILG580083 VALIER STP Yes, yea r-round 0.08 6.06E+08 

ILG580215 WEST CITY STP Yes, year-round 0.1 7.57E+08 

ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08 

ILG580272 ORIENT STP Yes, year-round 0.0752 5 .69E+08 

LB CAMPING- No {400 cfu / 100 
IL0050466 0.0051 3.86E+07 

SESSER STP ml Daily Max) 

Hill CITY 

IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07 

BENTON 

REND LAKE CONS. 
IL0065111 

DIST. STP 
Yes, year-round 0.5 3.79E+09 

IL0020851 CHRISTOPHER STP Yes, year-round 0.768 5.81E+09 

BENTON No (400 cfu / 100 
IL0022365 1.01 7.65E+09 

NORTHWEST STP ml Daily Max) 

WEST FRANKFORT 
IL0031704 Yes, year-round 1.4 1.06E+10 

STP 

The total WLA for the ten (10) point source dischargers in the IL_N-11 watershed is 3.02E+10 cfu/day. 
This does not include any dischargers in the areas upstream of Rend Lake. The significant retention time 
and settling capacity in the reservior are assumed to reduce fecal coliform loads from the upstream areas 
to be below the water quality standards. 

The remainder of the loading capacity is given to the load allocation for nonpoint sources as an implicit 
MOS was used in this TMDL (Table 5-6). The load allocations are not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall fecal coliform load. 
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Table 5-6. Fecal Coliform TMDL for Segment IL_N-11 Upper Big Muddy Rive1·1 

Wasteload Allocation 

October 2018 

Upper Big Muddy River Allowable Load (WLA) Load Allocation (LA) 

Flow (cfs) (cfu/day) (cfu/day) (cfu/day) 

12.6 6.16E+10 3.02E+10 3.14E+10 

15.8 7.75E+l0 3.02E+l0 4.73E+l0 

21.9 l.07E+ll 3.02E+l0 7.71E+l0 

34.9 l.71E+ll 3.02E+10 l.41E+ll 

56.9 2.78E+ll 3.02E+10 2.48E+ll 

93.4 4.57E+ll 3.02E+l0 4.27E+ll 

154 7.55E+ll 3.02E+l0 7.25E+ll 

260 1.27E+l2 3.02E+l0 l.24E+l2 

609 2.98E+l2 3.02E+10 2.95E+l2 

7226 3.54E+13 3.02E+10 3.53E+l3 

1This TMDL has an implicit Margin of Safety, so MOS is not included in this table. 

5.3.3 Critical Condition 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-5 provides a graphical depiction of the data 
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of 
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow 
conditions; therefore critical conditions were addressed during TMDL development. 

5.3.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity 
calculation approach used for the TMDL evaluated seasonal loads because only May through October 
water quality data were used in the analysis, consistent with the specification that the standard only 
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the 
applicable season because the load capacity calculations specify target loads for the entire range of flow 
conditions that are possible to occur in any given point in the season where the standard applies. 

5.3.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS 
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or 
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both. 
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative 
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more 
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric 
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of 
Safety is provided via the use of a conservative model to define load capacity. The model assumes no 
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations 
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed. 
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5.4 Middle Fork Big Muddy (IL_NH-06) Fecal Coliform TMDL 

October 2018 

A load capacity calculation approach was applied to support development of a fecal coliform TMDL for 
Middle Fork Big Muddy River segment IL_NH-06. 

5.4.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The loading capacity for the Middle Fork Big Muddy River segment IL_NH-06 was defined over a range 
of specified flows based on expected flows at the outlet of the segment. The allowable loading capacity 
was computed by multiplying flow by the TMDL target (200 cfu/100 mL). The fecal coliform loading 
capacity for IL_NH-06 is presented in Table 5-7. 

Table 5-7. Fecal Coliform Load Capacity (IL_ NH-06) 

Flow Exceedance Percentile from the Middle Fork Big Muddy River Flow Allowable Load 

LDC (cfs) (cfu/day) 

99% 5.0 2.5E+10 

95% 5.8 2.9E+l0 

90% 6.5 3.2E+l0 

80% 8.1 4.0E+l0 

70% 11 5.5E+l0 

60% 18 8.8E+10 

50% 29 1.4E+ll 

40% 48 2.4E+ll 

30% 79 3.9E+ll 

20% 130 6.5E+ll 

10% 310 l.5E+l2 

5% 870 4.2E+12 

1% 3700 l.8E+l3 

The maximum fecal coliform concentrations recorded between May and October were examined for each 
flow duration interval, as shown in Table 5-8, in order to estimate the percent reduction in existing loads 
required to meet the 200 cfu/100 mL target. As shown in Table 5-8, the greatest reduction is needed at 
normally encountered river flows to meet the target. During these higher flow periods, fecal coliform 
measurements were observed to exceed 200 cfu/100 mL more frequently (as a fraction of the samples 
taken). 
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Table 5-8. Required Reductions in Existing Loads under Different Flow Conditions (IL_NH-06) 

# samples 

> 200/ Maximum fecal coliform 

Flow Percentile Upper Big Muddy River # samples concentration Percent Reduction to 

Interval Flow (cfs) (May-Oct) (cfu/100 ml) M eet Target 

0- 30 14,849 - 79 7 /7 20,000 99.0% 

30 - 70 79 - 11.3 10 / 18 63,600 99.7% 

70 - 100 11.3 - 3.55 7 I 21 1,760 88.6% 

5.4.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint 
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

The WLA for the 3 permitted sewage treatment plant discharges in the Middle Fork Big Muddy River 
segment IL_ NH-06 watershed was calculated based on the permitted design average flow for these 
dischargers and a fecal coliform concentration that is consistent with meeting the TMDL target (200 
cfu/10omL). All three of these NPDES-permitted dischargers have disinfection exemptions, therefore, 
the WLA is based on the dischargers meeting 200 cfu/ 100 mL at the downstream end of their exempted 
reach. WLAs are presented in Table 5-9. 

Table 5-9. Segment IL_ NH-06 Permitted Dischargers and WLAs 

Disinfection Design average WLA 

NPDES ID Facility Name exemption? flow (MGD) (cfu/day) 

ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08 

HILL CITY 

IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07 

BENTON 

REND LAKE CONS. 
Yes, year-round IL0065111 0.5 3.79E+09 

DIST. STP 

The total WLA for the three (3) point source dischargers in the IL_NH-06 watershed is 4 .13E+o9 cfu/day. 

The remainder of the loading capacity is given to the load allocation for non point sources as an implicit 
MOS was used in this TMDL (Table 5-10). The load allocat ions are not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall fecal coliform load. 
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Table 5 -10. Fecal Coliform TMDL for Segment IL_ NH-06 Upper Big Muddy River' 

Wasteload Allocation 

October 2018 

Upper Big Muddy River Allowable Load {WLA) Load Allocation (LA) 

Flow (ds) (du/day) (du/day) (du/day) 

6.5 3.17E+10 4.13E+09 2.75E+l0 

8.1 3.99E+l0 4.13E+09 3.57E+10 

11.3 5.52E+10 4.13E+09 5.lOE+lO 

18.0 8.79E+l0 4.13E+09 8.38E+10 

29.2 l.43E+ll 4.13E+09 l.39E+ll 

48.0 2.35E+ll 4.13E+09 2.31E+ll 

79.4 3.88E+ll 4.13E+09 3.84E+ll 

134 6.54E+ll 4.13E+09 6.S0E+ll 

313 l.53E+l2 4.13E+09 l.53E+12 

3716 l.82E+13 4.13E+09 1.82E+l3 

1This TMDL has an implicit Margin of Safety, so MOS is not included in this table. 

5.4.3 Critical Condition 

C 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-9 provides a graphical depiction of the data 
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of 
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow 
conditions; therefore critical conditions were addressed during TMDL development. C 
5.4.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity 
calculation approach used for the TMDL evaluated seasonal loads because only May through October 
water quality data were used in the analysis, consistent with the specification that the standard only 
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the 
applicable season because the load capacity calculations specify target loads for the entire range of flow 
conditions that are possible to occur in any given point in the season where the standard applies. 

5.4.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS 
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or 
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both. 
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative 
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more 
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric 
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of 
Safety is provided via the use of a conservative model to define load capacity. The model assumes no 
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations 
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed. 
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5.5 Andy Creek (IL_NZN-13) Iron TMDL 

A load capacity calculation approach was applied to support development of dissolved iron TMDL for 
Andy Creek segment IL_ NZN-13. 

5.5.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and slill 
maintain compliance with water quality standards. The loading capacity was defined over a range of 
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the 
estimated flow in Andy Creek by the TMDL target concentration of 1 mg/1 (Table 5-11). 

Table 5 -11. Iron Load Capacity (IL_NZN-13) 

Flow Exceedance Percentile from Allowable Load 

the LDC 
Stream Flow (cfs) 

(lbs/day) 

90% 0.1 0.27 

80% 0.2 1.0 

70% 0 2.5 

60% 1 5.5 

50% 2 1.3 

40% 5 2.6 

30% 9 4.8 

20% 15 8.3 

10% 40 2.1 

5% 99 5.4 

The maximum dissolved iron concentrations were examined for each flow duration interval, as shown in 
Table 5-12, in order to estimate the percent reduction in existing loads required to meet the 1 mg/1 target . 
Reductions of up to 9.9% in current loads are needed at higher river flows to meet the target. No 
reductions are needed at lower flows. 

Table 5-12. Required Reductions in Existing Loads under Different Flow Conditions (Il._ NZN-13) 

Flow Maximum Dissolved Percent 

Percentile Stream Flow # samples > 1 mg/L Iron concentration Reduction to 

Interval (cfs) I# samples (mg/L) Meet Target 

0 - 30 3,572 - 9 1/1 1.11 9.9% 

30- 70 9 - 0.46 0/1 0.081 -

70 - 100 0.46 - 0 0 /1 0.Q38 -

5.5.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA + MOS 

There are no permitted dischargers of iron in the Andy Creek segment IL_NZN-13 watershed, and 
therefore the wasteload allocation did not need to be calculated. 
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The remainder of the loading capacity is given to the load allocation for nonpoint sources and the MOS 
(Table 5-13). The load allocations are not divided into individual source categories for purposes of this 
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall iron load. 

Table 5-13. Iron TMDL for Andy Creek (Segment IL_ NZN-13) 

Wastaload Allocation 

Allowable Load MOS (10%) (WLA) Load Allocation (LA) 

Stream Flow (cfs) (lbs/day) (lbs/day) (lbs/day) (lbs/day) 

0.05 0.27 0.03 0 0.24 

0.19 1.04 0.10 0 0.94 

0.46 2.46 0.25 0 2.2 

1.0 5.54 0.55 0 5.0 

2.4 13.2 1.3 0 11.9 

4.8 26.0 2.6 0 23.4 

9.0 48.5 4.9 0 43.7 

15 83.l 8.3 0 74.8 

40 215 22 0 194 

472 2541 254 0 2287 

5.5.3 Critical Condition 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-6 provides a graphical depiction of the data 
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions. 
TMDL development utilizing the load-duration approach applies to the full range of flow conditions, 
including high flows; therefore critical conditions were addressed during TMDL development. 

5.5.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The iron standard will be 
met regardless of flow conditions in any season because the load capacity calculations specify target loads 
for the entire range of flow conditions that are possible to occur in the stream. 

5.5.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The iron 
TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to address 
potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can be 
reviewed in the future as new data are developed. 

5.6 Beaver Creek {IL_NGAZ-JC-D1) Manganese TMDL 

A load capacity calculation approach was applied to support development of an atrazine TMDL for Beaver 
Creek segment IL_NGAZ-J C-D1. 

Page I 56 

C 

C 

C 



R00724

C 

C 

(_ 

Upper Big Muddy River Watershed 

DRAFT: Stage 3 Report October 2018 

5.6.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. The loading capacity was defined over a range of 
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the 
estimated Beaver Creek flow by the TMDL target concentration of 4.85 mg/1 (Table 5-14). 

Table 5-14. Manganese Load Capacity (IL_ NGAZ-JC-D1) 

Flow Exceedance Percentile from the Allowable Load 

LDC 
Beaver Creek Flow (cfs) 

(lbs/day) 

80% 0.006 0.15 

70% O.Ql 0.36 

60% 0.03 0.81 

50% O.D7 1.93 

40% 0.15 3.80 

30% 0.27 7.10 

20% 0.47 12.16 

10% 1.2 31.42 

5% 3.0 78.36 

1% 14 371.98 

The maximum manganese concentrations were examined for each flow duration interval, as shown in 
Table 5-15, in order to estimate the percent reduction in existing loads required to meet the 4.85 mg/L 
target. Reductions of 24-4% of current loads are needed based on the single water quality sample data 
point sampled in the normally occurring flows interval. No reductions are are able to be calculated at 
lower or higher flows based on the data available. 

Table 5-15. Required Reductions in Existing Loads under Different Flow Conditions (IL_ NGAZ-JC­
D1) 

Flow Maximum Percent 

Percentile Beaver Creek #samples> 4.85 mg/I Manganese Reduction to 

Interval Flow (cfs) samples concentration (mg/L) Meet Target 

0 - 30 108 - 0.27 0/0 - -

30 - 70 0.27 - 0.01 1/1 6.41 24.4% 

70 - 100 0.01 - 0 0/0 - -

5.6.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for non point 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no permitted dischargers of manganese in the Beaver Creer segment IL_NGAZ-JC-D1 
watershed, and therefore the wasteload allocation did not need to be calculated. 

The remainder of the loading capacity is given to the load allocation for non point sources and the MOS 
(Table 5-16). The load allocations are not divided into individual source categories for purposes of this 
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall manganese load. 

Page I 57 



R00725

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report 

Table 5-16. Manganese TMDL for Beaver C1·eek (Segment IL_NGAZ-JC-D1) 

Wasteload Allocation 

Allowable Load MOS (10%) (WLA) 

Flow (cfs) (lbs/day) (lbs/day) (lbs/day} 

O.Ql 0.36 0 .04 0 

0.03 0.81 0.08 0 

0.07 1.9 0.2 0 

0.15 3.8 0.4 0 

0.27 7.1 0.7 0 

0.5 12.2 1.2 0 

1.2 31.3 3.1 0 

5.6.3 Critical Condition 

October 2018 

Load Allocation (LA} 

(lbs/day} 

0.32 

0.73 

1.7 

3.4 

6.4 

11.0 

28.2 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-8 provides a graphical depiction of the data 
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions . 
TMDL development utilizing the load-duration approach applies to the full range of flow conditions, 
including high flows; therefore critical conditions were addressed during TMDL development. 

5.6.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The atrazine standard will 
be met regardless of flow conditions in any season because the load capacity calculations specify target 
loads for the entire range of flow conditions that are possible to occur in the river. 

5.6.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The 
manganese TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to 
address potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can 
be reviewed in the future as new data are developed. 

5.7 Herrin Old (IL_RNZD) Total Phosphorus TMDL 

5. 7 .1 Calculation of the Loading Capacity 

The loading capacity for Herrin Old Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations and/or internal phosphorus loadings for each 
simulation until model results demonstrated attainment of the water quality objective. 

The maximum tributary concentration that results in compliance with water quality standards was used 
as the basis for determining the loading capacity. The tributary concentration was then converted into a 
loading rale through mulliplicalion wilh Lhe Lribulary flow. 

The initial BATHTUB simulations and the sampling data from 2013 indicated that Herrin Old Reservoir 
phosphorus concentrations would meet the the water quality standards using the lake-averaged 
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phosphorus concentrations. The sampling data indicated that the only exceedances of the water quality 
standard were at the deepest parts of the lake, which indicates that the internal phosphorus source needs 
to be reduced by either capping the sediments (e.g. alum treatment or similar), or by dredging any organic 
sediments from the lake. The resulting load, with calibrated tributary concentrations and no additional 
sediment phosphorus load yields an average phosphorus load of 0.23 kg/day (0.51 lbs/day) and a 
concentration of 0.029 mg/L. This is below the phosphorus target of 0.05 mg/L, so reductions in the 
tributary loads are not necessary. 

5.7.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA +LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Herrin Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources and 
the margin of safety. The loading capacity is not divided into individual source categories for purposes of 
this TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall phosphorus load. Given a loading capacity of 0.23 kg/day (0.51 lbs/day), and an 
explicit margin of safety of 10% (discussed below), the load allocation for Herrin Old Reservoir of 0.21 

kg/day (0-46 lbs/day). 

5.7.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.7.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 
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5.7.5 Margin of Safety 

October 2018 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.02 kg/day 
(0.04 lbs/day) for Herrin Old Reservoir. 

5.7.6 Reserve Capacity 

This watershed is located in Williamson County, the population of which has increased by 8.3% between 
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.7.7 TMDL Summary 

The total phosphorus TMDL for Herrin Old Reservoir, segment IL_RNZD, is presented in Table 5-17. 

Table 5-17. Herrin Old Reservior IL_RNZD TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day) 

Load Capacity (LC) 0.23 (0.51) 

Wasteload Allocation (WLA) Not applicable. There are 

no permitted dischargers 

in this watershed 

Load Allocation (LA) 0.21 (0.46) 

Margin of safety (10% of LC) 0.02 (0.05) 

5.8 Johnston City (IL_RNZE) Total Phosphorus TMDL 

5.8.1 Calculation of the Loading Capacity 

The loading capacity for Johnston City Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
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capacity. The tributary concentration was then converted into a loading rate through multiplicatiou with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that Johnston City Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions, or in response to 
management actions to remove organic sediments from the lake, reverting back to more typical 
conditions. This reduction in future sediment phosphorus release was represented in the model by 
eliminating the additional internal sediment phosphorus source for future scenarios. The resulting load, 
with calibrated tributary concentrations and no additional sediment phosphorus load yields an average 
phosphorus load of 0-43 kg/day (0.95 lbs/day) and a concentration of 0.048 mg/L. This meets the 
phosphorus target of 0.05 mg/L, so reductions in the tributary loads are not necessary. Therefore, the 
loading capacity is equal to the current incoming loads of 0-43 kg/day (0.95 lbs/day). 

5.8.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Johnston City Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources 
and the margin of safety. The loading capacity is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.2 kg/day 
(0-44 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for Johnston 
City Reservoir of 0.18 kg/day (0-40 lbs/day). 

5.8.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms ofloading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.8.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 
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5.8.5 Margin of Safety 

October 2018 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.02 kg/day 
(0.04 lbs/day) for Johnston City Lake. 

5.8.6 Reserve Capacity 

This watershed is located in Williamson County, the population of which has increased by 8.3% between 
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEP A is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.8.7 TMDL Summary 

The total phosphorus TMDL for Johnston City Lake, segment IL_ RNZE, is presented in Table 5-18. 

Table 5-18. Johnston City Lake IL_ RNZE TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day) 

Load Capacity (LC) 0.48 (1.06) 

Wasteload Allocation (WLA) Not applicable. There are 

no permitted dischargers 

in this watershed 

Load Allocation (LA) 0.43 (0.95) 

Margin of safety (10% of LC) 0.05 (0.11) 
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5.9 Arrowhead (Williamson) {IL_RNZX) Total Phosphorus TMDL 

5.9 .1 Calculation of the Loading Capacity 

October 2018 

The loading capacity for the Arrowhead (Williamson) Reservoir was determined by running the 
BATHTUB model repeatedly, reducing the tributary nutrient concentrations for each simulation until 
model results demonstrated attainment of the water quality objective. The maximum tributary 
concentration that results in compliance with water quality standards was used as the basis for 
determining the loading capacity. The tributary concentration was then converted into a loading rate 
through multiplication with the tributary flow. 

Initial BATHTUB load reduction simulations indicated that Arrowhead (Williamson) Reservoir 
phosphorus concentrations would exceed the water quality standard regardless of the level of tributary 
load reduction, due to the elevated internal phosphorus loads from lake sediments. This internal 
phosphorus flux is expected to decrease in the future in response to external phosphorus load reductions 
and/or potential management actions (e.g. dredging organic sediments, alum treatment), reverting back 
to more typical conditions. This reduction in future sediment phosphorus release was represented in the 
model by eliminating the additional internal sediment phosphorus source for future scenarios. The 
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load 
yields an average phosphorus load of 0.11 kg/day (0.24 lbs/day) and a lake-wide average concentration of 
0.049 mg/L. The predicted lake concentrations in the upstream model segments (Segment 2 and Segment 
3) are 0.05 and 0.06 mg/1 respectively. Therefore reductions in the tributary loads are necessary to meets 
the phosphorus target of 0.05 mg/ Lacross the entire waterbody. The loading capacity was an average of 
0 .085 kg/ day (0.19 lbs/day). This allowable load corresponds to an approximately 30 % reduction from 
existing tributary loads. 

5.9.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for non point 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA + MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Arrowhead (Williamson) Reservoir. The entire loading capacity is given to the load allocation for 
nonpoint sources and the margin of safety. The loading capacity is not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0 .085 

kg/day (0.19 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for 
Arrowhead (Williamson) Reservoir of 0.076 kg/ day (0.17 lbs/day). 

5.9.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of non point source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 
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5.9.4 Seasonality 

October 2018 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

3. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

4. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.9.5 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.008 kg/ day 
(0.02 lbs/day) for Arrowhead (Williamson) Reservoir. 

5.9.6 Reserve Capacity 

The Arrowhead (Williamson) Reservoir watershed is located in Williamson County, the population of 
which has increased by 8.3% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. 
Census Bureau estimated the Franklin County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.9.7 TMDL Summary 

The total phosphorus TMDL for Arrowhead (Williamson) Reservoir, segment IL_RNZX, is presented in 
Table 5-19. 

Table 5-19. Arrowhead (Williamson) IL_ RNZX TMDL Summary 

Allocation Total Phosphorus Load kg/day {lbs/day) 

Load Capacity (LC) 0.085 (0.19) 

Wasteload Allocation (WLA) Not applicable. There are no permitted 

dischargers in this watershed 

Load Allocation (L.A) 0.076 (0.17) 

Margin of safety (10% of LC) 0.008 (0.02) 
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5.10 West Frankfort Old (IL_RNP) Total Phosphorus TMDL 

Calculation of the Loading Capacity 

October 2018 

The loading capacity for West Frankfort Old Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
capacity. The tributary concentration was then converted into a loading rate through multiplication with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that West Frankfort Old Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions, reverting back to 
more typical conditions. This reduction in future sediment phosphorus release was represented in the 
model by eliminating the additional internal sediment phosphorus source for future scenarios. The 
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load 
yields an average phosphorus load of 1.99 kg/day (4.37 lbs/day) and a concentration of 0.11 mg/L. This 
exceeds the phosphorus target of 0.05 mg/L, so reductions in the tributary loads are necessary. The 
loading capacity was an average of 0.50 kg/day (1.09 lbs/day). This allowable load corresponds to an 
approximately 75% reduction from existing tributary loads. 

5.10.1 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for West 
Frankfort Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources 
and the margin of safety. The loading capacity is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.50 kg/day 
(1.09 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for West 
Frankfort Old Reservoir of 0-45 kg/day (0.98 lbs/day). 

5.10.2 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 
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5.10.3 Seasonality 

October 2018 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.10.4 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.05 kg/day 
(0.11 lbs/day) for West Frankfort Old Reservoir. 

5.10.5 Reserve Capacity 

The West Frankfort Old Reservoir watershed is located in Franklin County, the population of which has 
increased by 1.4% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau 
estimated the Franklin County population at 39,570. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Franklin County 
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or 
slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.10.6 TMDL Summary 

The total phosphorus TMDL for West Frankfort Old Reservoir, segment IL_RNP, is presented in Table 
5-20. 

Table 5-20. West Frankfort Old IL_RNP TMDL Summary 

Allocation Total Phosphorus Load kg/day (lbs/day) 

Load Capacity (LC) 0.50 (1.09) 

Wasteload Allocation (WLA) Not applicable. There are no permitted 

dischargers in this watershed 

Load Allocation (LA) 0.45 (0.98) 

Margin of safety (10% of LC) 0.05 (0.11) 
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5.11 West Frankfort New (IL_RNQ) Total Phosphorus TMDL 

5.11.1 Calculation of the Loading Capacity 

October 2018 

The loading capacity for West Frankfort New Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
capacity. The tributary concentration was then converted into a loading rate through multiplication with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that West Frankfort New Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions or lake 
management actions, reverting back to more typical conditions. This reduction in future sediment 
phosphorus release was represented in the model by eliminating the additional internal sediment 
phosphorus source for future scenarios. The resulting load, with calibrated tributary and Thompsonville 
STP concentrations and no additional sediment phosphorus load yields an average phosphorus load of 
3.63 kg/day (7.99 lbs/day) and a concentration of 0.104 mg/L. This exceeds the phosphorus target of 0.05 
mg/L, so reductions in the tributary loads are necessary. The loading capacity calculated was an average 
of 0.91 kg/day (2.0 lbs/day). This allowable load corresponds to an approximately 75% reduction from 
existing loads, estimated as 3.68 kg/day (8.11 lbs/day). 

5.11.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA +LA+ MOS 

There is a single point sources in the watershed from the Thompsonville STP (IL0072478). The current 
treatment at this facility consists of two cell aerated lagoon and a rock filter. These treatment processes 
are not capable of removing significant amount of total phosphorus from the effluent. The design average 
flow (DAF) for the facility is 0.08 million gallons per day (MGD) and the design maximum flow (DMF) for 
the facility is 0.20 MGD. 

The average daily flows from this STP reported in the DMRs from 2008 through 2016 0 .087 MGD. There 
is no water quality data for total phosphorus from this point source to use for model calibration. In 
estimating the existing phosphorus load from this facility, a total phosphorus concentration in the STP 
effluent was assumed to be 3.66 mg/L. The resulting average load from the Thompsonville STP is 1.20 
kg/day (2.64 lb/day). This load along is higher than the loading capacity of the reservoir, so reductions 
will be necessary to meet the water quality standards. The WLA for this facility was developed based on 
the DAF, and a target effluent concentration of 1.0 mg/L. This results in an average WLA of 0.30 kg/day 
(0.67 lb/day), which represents a 74.6% reduction from the estimated current load. 

The remaining loading capacity is given to the load allocation for non point sources and the margin of 
safety. The load allocation for non point sources is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
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contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 0.91 
kg/day (2.0 lbs/day), a WLA for the Thompsonville STP of 0.30 kg/day (0.72 lb/day), and an explicit 
margin of safety of 10% (discussed below), the load allocation for West Frankfort New Reservoir is 0.52 
kg/day (1.15 lbs/day). This represents a reduction of approximately 79% of the watershed nonpoint 
sources from the existing loads. 

5.11.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.11.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.11.5 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.09 kg/day 
(0.2 lbs/day) for West Frankfort New Reservoir. 

5.11.6 Reserve Capacity 

This watershed is located in Franklin County, the population of which has increased by 1.4% between 
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 39,570. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Franklin County 
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or 
slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 
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5.11.7 TMDL Summary 

October 2018 

The total phosphorus TMDL for West Frankfort New Reservoir, segment IL_ RNQ, is presented in Table 
5-21. 

Table 5-21. West Frankfort New Reservoir IL_RNQ TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day) 

Load Ca pa city (LC) 0.91 (2.01) 

Wasteload Allocation (WLA) 0.30 (0.67) 

Load Allocation (LA) 0.52 (1.15) 

Margin of safety (10% of LC) 0.09 (0.20) 
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6 
LRS Development 

This section presents the development of the total suspended solids Load Reduction Strategy for 5 
streams in the Upper Big Muddy River watershed. IEPA requires a LRS to identify the load capacity, and 
the percentage reduction needed. 

6.1 TSS Load Reduction Strategy - Streams 

The load capacity was calculated by multiplying the total suspended solids concentration of 32.2 mg/L by 
the average annual 2015 Upper Big Muddy River flows estimated using a drainage area ratio approach 
and USGS measured flows for Upper Big Muddy River at Browns, IL (Gage 03378000). The percent 
reduction was calculated by comparing the average TSS concentrations for the monitoring stations located 
on the segment calculated from the full record of measured total suspended solids concentrations 
(Attachment 1 and Attachment 2) to the LRS target concentration. 

Table 6-1 presents the TSS LRSs for all of the waterbodies in the Upper Big Muddy River watershed. 

Table 6-1. Total Suspended Solids LRS 

Stream Monitoring Target 
Average Current Load 

Percent 

{Segment ID) Station(s) (mg/L) 
Concentration load capacity 

Reduction 
{mg/L) (lbs/day) (lbs/day) 

Big Muddy R. 
N-06 32.2 43.7 16,148 11,910 26.2% 

(IL N-06) 

Big Muddy R. 
N-11 32.2 53.0 31,932 19,395 39.3% 

(IL N-11) 

Big Muddy R. 
N-17 32.2 110.3 27,108 7,911 70.8% 

(IL N-17) 

Pond Cr. 
NG-02 32.2 86.3 39,449 14,721 62.7% 

(IL NG-02) 

M. Fk. Big Muddy NH-07, NH-08, 
32.2 72.3 53,894 23,992 55.5% 

(IL NH-07) NH-21 
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7 
Reasonable Assurances 

Documenting adequate reasonable assurance increases the probability that regulatory and voluntary 
mechanisms will achieve pollution reduction levels specified in the TMDL and that the applicable WQS 
are attained. 

The Illinois EPA NP DES regulatory program and the issuance of an NP DES permit provide the reasonable 
assurance that the WLAs in the TMDL will be achieved. That is because federal regulations implementing 
the CWA require that effluent limits in permits be consistent with "the assumptions and requirements of 
any available [WLA]" in an approved TMDL [40 CFR 122-44(d)(1)(vii)(B)]. For point sources, Illinois EPA 
administers the NPDES permitting program for wastewater treatment plants, MS4s and CAFOs. 
Wasteload allocations in the TMDL report will be included in the appropriate NPDES permits when 
permits are renewed. 

For TMDLs for waters impaired by both point and nonpoint sources, determinations of reasonable 
assurance that the TMDLs load allocations will be achieved include whether practices capable of reducing 
the specified pollutant load exist, are technically feasible, and have a high likelihood of implementation. 
The nonpoint source load reductions can and will be achieved when there are good management practices 
and programs (technical and funding mechanisms) to assist in achieving good management practices. 
The Watershed Implementation Plan for the TMDLs contained in this report identifies practices that are 
capable of reducing the pollutant loads to the TMDL endpoints, and potential funding mechanisms for 
implementation. 

For non point sources, the primary strategy for reduction for attaining water quality standards in the 
Upper Big Muddy River watershed is to implement BMPs to reduce and treat agricultural and urban 
stormwater runoff, along with the use of in-stream restoration practices. This strategy relies on voluntary 
actions that includes accountability. Educational efforts and cost sharing programs are intended to 
achieve participation levels sufficient to attain water quality standards and meet the designated uses. An 
important key to the success of a TMDL program, in terms of engaging the public, is building linkages to 
other programs, such as nonpoint source management practices. 

In rural areas many homes, businesses, and schools do not have access to central sewage disposal 
systems. County and local health departments operate sewage and water programs to assure that sewage 
and water systems are designed according to code so that neither the public health nor the environment is 
jeopardized. The counties and local health departments issue licenses and provide training to contractors, 
inspect and license pumper trucks, review sewage system applications, issue construction permits, assist 
in the design of sewage disposal systems, inspect new sewage disposal systems, investigate complaints, 
and carry out enforcement activities based upon county ordinances. These activities help to eliminate the 
discharge of raw sewage and reduce the bacterial contamination within the Upper Big Muddy River 
watershed. 
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s C 
Public Participation and Involvement 

[This section will be filled in following the public meeting] 
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Water body Total Big Muddy River Big Muddy River Big Muddy River Sig Muddy River Big Muddy River 
Date 197SJUL28 1964JUL02 197SJUL28 1988AUG17 199SAUG01 
Station code N-04 N-11 N-11 N-11 N-11 
Species 50 18 15 21 15 19 
Non-native proportion 0.06 0.17 0.06 0.36 0.36 0.11 
Total fish 1612 199 384 107 83 117 
Electrode minutes 60 60 60 60 

Paddlefish Polyodon spathu!a 1 1 
Shortnose gar lepisosteus platostomus 23 4 1 1 
longnose gar lepisosteus osseus 6 1 
Spotted gar Leplsoste~s oculatus 8 2 1 
Bowfin Amia ca1va 6 4 1 
Gizzard shad Dorosoma cepedianum 299 102 7 28 4 35 
Goldeye Hiodon a!osoides 14 7 1 1 
Grass p!ckerel Esox americanus 2 1 
S!!ver carp Hypophtha!michthys molitrix 3 
Carp Cyprinus carpio 157 33 10 39 30 13 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 148 148 
Silvery minnow Hybognathus nuchalis 3 1 
Redfin shiner Lythrurus umbratllus 1 1 
Ribbon shiner lythrurus fumeus 5 
Red shiner Cyprinella lutrensis 172 1 1 20 
Bluntnose minnow Pimepha!es notatus 4 
Bullhead minnow Plmephales vlgilax 21 1 
Emerald shiner Notropis atherinoides 10 
Sand shiner Notropis Judibundus 1 
Bigmouth buffalo lctiobus cyprinellus 18 8 5 
Smallmouth buffalo lctiobus bubalus 111 1 4 3 6 
Black buffalo lctiobus niger 5 
River carpsucker Carpiodes carpio 14 1 1 
Creek chubsucker Erimyzon oblongus 1 
River redhorse •r• Moxostoma carlnatum 1 1 
Shorthead redhorse Moxostoma macrolepidotum 3 1 1 
Channel catfish lctalurus punctatus 34 1 7 2 7 3 
Blue catfish lctalurus furcatus 1 
Yellow bullhead Ameiurus natalis 4 4 
Black bullhead Ameiurus melas 3 
Flathead catfish Pylodictis olivaris 8 2 
Madtom spp. Noturus spp. 61 61 
Pirate perch Aphredoderus sayanus 5 4 
Blackstripe topminnow Fundulus notatus 5 
Blackspotted topminnow Fundulus olivaceus 1 
Mosquitofish Gambusia affinis 1 
Brook silverside Labidesthes siccu!us 17 1 
White bass Marone chrysops 5 1 1 
Yellow bass Marone mississippiensis 10 
Black crappie Pomoxis nigromaculatus 32 5 14 3 
White crappie Pomoxis annularis 34 5 7 1 3 4 
Largemouth bass Micropterus sa!moides 16 6 1 2 4 
Spotted bass Micropterus punctu!atus 19 7 
Warmouth Lepomis gulosus 26 9 7 2 2 
Green sunfish Lepomis cyanellus 5 3 1 
Bluegill Lepomis macrochirus 49 6 11 3 8 1 
Redear sunfish lepomis microlophus 1 1 
Longear sunfish lepomis megatotis 110 7 55 2 6 9 
Orangespotted sunfish Lepomis humllis 47 40 1 
Walleye Stizostedion vitreum 1 1 
River darter Percina shumardi 1 
Freshwater drum Aplodinotus grunniens 79 3 4 14 6 

Tota! 199 384 107 83 117 

BMR Fish US OS of Mach Mixing Zone lof 2 



R00753

Big Muddy River Sig Muddy River Big Muddy River Big Muddy River 
2000SEP06 2003JUL29 2008AUG20 2018JUL25 
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BMR Fish US OS of Mach Mixing Zone 2of 2 



R00754

Water body Total Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1975JUL28 1995JUL26 2000JUL17 2003JUL07 
Station code N-04 N-05 N-OS N-05 
Species 92 18 21 16 20 
Non-native proportion 0.04 0.17 0.01 0.04 
Total fish 42758 199 150 77 121 
Electrode minutes 60 28 35.9 25.1 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 47 1 
5hortnose gar Lepisosteus platostomus 352 
longnose gar Lepisosteus osseus 99 
Spotted gar Lepisosteus oculatus 84 2 
Bowfin Amia calva 150 
Skipjack herring Alosa chrysochloris 3 
Shad spp. Oorosoma spp. 120 
Gizzard shad Oorosoma cepedianum 4208 102 
Threadfin shad Oorosoma petenense 44 
Goldeye Hiodon alosoides 61 7 
Mooneye Hiodon tergisus 1 
Grass pickerel Eso){ americanus 332 9 
Grass carp Ctenopharyngodon idella 25 
Bighead carp Aristichthys nobilis 5 
Silver carp Hypophthalmlchthys molitri){ 345 
Goldfish Carassius auratus 4 
Carp Cyprinus carp1o 2392 33 2 3 
Non-carp minnowspp. Cyprinidae spp. (except Cyprinus carpio} 2744 
Go!den shiner Notem!gonus crysoleucas 220 1 1 3 
Creek chub Semotilus atromaculatus 753 5 
Central stoneroller Campostoma anomalum 402 
Suckermouth minnow Phenacobius mirabilis 29 
Blacknose dace Rhinichthys atratulus 153 
snverchub Macrhybopsis storeriana 1 
Silvery minnow Hybognathus nuchalis 416 
Redfin shiner Lythrurus umbratilus 715 4 5 
Ribbon shiner Lythrurus fumeus 41 
Spotfin shiner Cyprine!Ja spiloptera 1 
Blacktail shiner Cyprinella venusta 2 
Red shiner Cyprinella lutrensis 1260 1 3 
Pugnose minnow Opsopoeodus emiliae 5 
Fathead minnow Pimephales promelas 142 
Bluntnose minnow Pimephales notatus 1933 " 1 4 
Bullhead minnow Pimephales vigllax 155 
Emerald shiner Notropis atherinoides 219 
River shiner Notropis bfennius 1 
Sand shiner Notropis Judibundus 454 
Mimic shiner Notropls volucellus 35 
Channel shiner Notropis wickliffi 51 
Bigmouth buffalo lctiobus cyprinellus 541 8 
Smallmouth buffalo !ctiobus bubalus 721 1 
Black buffalo lctiobus niger 87 
Unidentified Carpsucker Carpiodes sp. 2 
Quillback Carpiodes cyprlnus 9 
River carpsucker Carpiodes carpio 107 1 
Highfin carpsucker Carpiodes velifer 1 
White sucker Catostomus commersoni 480 1 1 
Spotted sucker Minytrema me!anops 104 
Creek chubsucker Erimyzon oblongus 555 5 4 2 
River redhorse •r• Moxostoma carinatum 1 
Shorthead redhorse Moxostoma macrolepidotum 7 
Golden redhorse Mo){ostoma erythrurum 35 
Channel catfish lctalurus punctatus 717 1 
Slue catfish lctalurus furcatus 15 
Yellow bullhead Ameiurus natalis 420 2 
Black bullhead Amelurus melas 24 
Brown bullhead Ameiurus nebulosus 1 
Flathead catfish Pylodictis olivaris 194 
Madtom spp. Noturus spp. 317 
Tadpole madtom Noturus gyrinus 84 1 1 1 
Freckled madtom Noturus nocturnus 7 
Pirate perch Aphredoderus sayanus 828 12 9 
Slackstripe topminnow Fundulus notatus 979 1 1 2 
Slackspotted topminnow Fundulus olivaceus 532 17 10 5 
Mosquitofish Gambusia affinis 895 
Brook silverside Labldesthes sicculus 252 
Inland silversides Menidia beryllina 14 
Mississippi si!versides Menidia berylllna 1 
Striped bass Morone saxati!is 1 

IWhite bass Marone chrysops 154 

up to 201S lof94 



R00755

Water body Total Big Muddy River Big Muddy R!ver Big Muddy River Big Muddy River 

Date 197SJUL28 199SJUL26 2000JUL17 2003JUL07 

Striped bass x White bass hybrid {Wiper) Marone saxatifis x M. chrysops 3 
Yellow bass Marone mississippiensis 36 
Flier Centrarchus macropterus 93 
Stack crappie Pomoxis nigromaculatus 350 5 
8\acknose crappie Pomoxis migromacu!atus 5 
White crappie Pomoxis annularis 510 5 2 1 
Largemouth bass Micropterus salmoldes 1142 6 3 6 5 
Spotted bass Micropterus punctulatus 165 
Warmouth Lepomis gulosus 590 9 2 1 . 3 
Green sunfish Lepomis cyanellus 2281 JS 18 17 

Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 2 
Bluegill x Green sunfish hybrid lepomis macrochirus x l. cyanellus 38 1 1 
Longear sunfish x Green sunfish hybrid lepomis megalotis ll L. cyanellus 12 
Bluegill Lepomis macrochirus 5053 6 14 2 37 

Bluegill ll Redear sunfish hybrid lepomis macrochirus x l. microlophus 1 
Longear sunfish x B!uegl\l hybrid lepomis megalotls x l. macrochirus 4 

Red ear sunfish Lepomis micro!ophus 102 1 
Longear sunfish Lepomis megalotls 3378 7 15 5 12 
Orangespotted sunfish Lepomis humilis 796 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 106 
Walleye Stizostedion vitreum 5 
Sauger Stizostedion canadense 2 
Blackside darter Percina maculata 19 1 1 
Dusky darter Percina sciera 2 
River darter Percina shumardl 2 
logperch Percina caprodes 43 
Johnny darter Etheostoma nigrum 318 1 9 
Bluntnose darter Etheostoma chlorosomum 26 

Mud darter Etheostoma asprigene 35 1 
Orangethroat darter Etheostoma spectabile 90 
Spottail darter Etheostoma squamiceps 7 
Slough darter Etheostoma gracile 341 1 1 
Freshwater drum Aplodinotus grunnlens 870 3 1 1 

up to 2015 2 of94 



R00756

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 2008JUN17 20BAUGOS 197SJUL24 1978JUL12 1980JUL08 
Station code N•OS N·OS N-05 N-05 N-05 
Species 25 18 15 17 18 
Non•native proportion 0.01 0.48 0.38 0.24 
Tota!fish 158 75 211 187 171 
Electrode minutes 22 26.83 50 50 
Seine hauls 

Hours set 

Paddlefish Po!yodon spathula 1 
Shortnose gar Lepisosteus platostomus 1 4 1 
Longnose gar Lepisosteus osseus 
Spotted gar Lepisosteus oculatus 1 
Bowfin Amia calva 2 
Sk!pjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 
Gizzard shad Dorosoma cepedianum 1 22 38 57 
Threadfin shad Dorosoma petenense 
Goldeye Hiodon atosoides 3 1 
Mooneye Hiodon tergisus 1 
Grass pickerel Esox americanus 3 5 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobilis 
S!!vercarp Hypophthalmichthys molitrix 
Goldfish Carassius auratus 
Carp Cyprinus carpio 1 102 71 41 
Non•carp minnow spp. Cyprlnidae spp. (except Cyprinus carpio) 
Golden shiner Notem!gonus crysoleucas 10 
Creek chub Semotilus atromaculatus 
Central stoneroller Campostoma anomalum 
Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 
Silvery minnow Hybognathus nuchalis 
Redfin shiner Lythrurus umbratilus 18 
Ribbon shiner Lythrurus fumeus 
Spotfin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinella venusta 
Red shiner Cyprinella !utrensis 1 4 11 12 
Pugnose minnow Opsopoeodus emiliae 
Fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus 10 1 
Bullhead minnow Pimephales vigi!ax 
Emerald shiner Notropis atherinoides 
River shiner Notropis blennius 
Sand shiner Notropis ludibundus 
Mim!c shiner Notropis volucellus 
Channel shiner Notropis wlckliffi 
Bigmouth buffalo lctiobus cyprlnellus " 21 8 
Smallmouth buffalo lctiobus bubalus 1 5 1 7 
Black buffalo !ctiobus niger 
Unidentified Carpsucker Carp!odes sp. 
Quil!back Carpiodes cyprlnus 
River carpsucker Carpiodes carpio 3 2 
Highfin carpsucker Carpiodes velifer 
White sucker Catostomus commersoni 2 1 
Spotted sucker Minytrema me!anops 9 2 
Creek chubsucker Erimyzon oblongus 15 
River redhorse •p Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 
Golden redhorse Moxostoma ervthrurum 
Channel catfish lctalurus punctatus 1 
Blue catfish lctalurus furcatus 
Yellow bullhead Ameiurus natalis 1 1 
Black bullhead Ameiurus mefas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 2 
Madtomspp. Noturus spp. 
Tadpole madtom Noturus gyrinus 2 1 
Freckled madtom Noturus noctumus 
Pirate perch Aphredoderus sayanus 1 3 
Blackstripe topminnow Fundulus notatus 11 15 
D!ackspotted topminnow FumJulu~ oliVdteU~ 11 5 
Mosquitofish Gambusia affinis 
Brook silverside Labidesthes sicculus 1 3 
Inland silversides Menidia beryllina 
Mississippi silversides Menidia beryllina 
Striped bass Morone saxatllis 
White bass Morone chrysops 1 

Up to 2015 3 of94 



R00757

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy Rlver 
Date 2008JUN17 2013AUGOS 1975JUL24 1978JUL12 1980JUL08 
Striped bass x White bass hybrid (Wiper) Mor one saxatilis x M. chrysops 
Yellow bass Morone mississippiensis 

' Flier Centrarchus macropterus 1 
Black crappie Pomoxls nigromacu1atus 4 1 
Blacknose crappie Pomoxis migromacu!atus 
White crappie Pomoxis annularis 1 ' 4 3 
Largemouth bass Micropterus salmoides 1 8 4 9 9 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gu!osus ' 3 1 
Green sunfish Lepomis cyaneltus " 5 
Green sunfish x Warmouth hybrid Lepomis cyaneltus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megalotis x L cyanellus 
Bluegill Lepomis macrochirus 8 9 20 10 12 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Longear sunfish x Bluegill hybrid lepomis megalotis x L. macrochirus 
Re dear sunfish Lepomis microlophus 1 
Longear sunfish Lepomis megalotis 20 12 7 4 5 
Orangespotted sunfoh Lepomis humilis 5 5 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 
Walleye Stizostedion vltreum 
Sauger Stlzostedion canadense 
Black5ide darter Percina macu!ata 1 
Dusky darter Percina sciera 
River darter Percina shumard! 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum ' Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottai! darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 1 1 
Freshwater drum Aplodinotus grunniens 1 4 5 1 

C 

up to 2015 4 of94 



R00758

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1988AUG15 1990JUL10 1992JUL17 1994AUG01 199SAUG01 
Station code N-05 N-05 N-05 N-05 N-06 
Species 18 16 16 20 22 
Non-native proportion 0.22 0.25 O.lS 0.18 0.18 
Total fish 200 55 40 275 176 
Electrode minutes 60 60 60 60 
Seine hauls 

Hours set 

Paddlefish Polyodon spathu!a 
Shortnose gar lepisosteus platostomus 4 l 2 
Longnose gar Lepisosteus osseus 
Spotted gar Lepisosteus oculatus l 
Bowfin Amia ca Iva l 3 
Skipjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 
Gizzard shad Dorosoma cepedianum 14 8 2 85 19 
Threadfin shad Dorosoma petenense 
Goldeye Hiodon alosoides 1 5 4 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 1 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobi!is 
Silver carp Hypophtha!michthys molitrix 
Goldfish Carassius auratus 
Carp Cyprinus carpio 44 14 6 so 31 
Non-carp minnow spp, Cyprinidae spp. (except Cyprinus carpio) 
Golden shiner Notemlgonus crysoleucas 
Creek chub Semotilus atromaculatus 
Central stoneroller Campostoma anoma!um 
Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 
Silvery minnow Hybognathus nuchalis 
Redfin shiner lythrurus umbratilus 
Ribbon shiner lythrurus fumeus 
Spotfin shiner Cyprinella spi!optera 
Blacktail shiner Cyprinella venusta 
Red shiner Cyprlne!la lutrensis 12 12 1 17 
Pugnose minnow Opsopoeodus emlliae 
Fathead minnow Pimephates promelas 
Bluntnose minnow Plmephales notatus 1 
Bullhead minnow Plmephales vigil ax 3 1 
Emerald shiner Notropis atherinoides 1 
River shiner Notropis blennius 
Sand shiner Notropis Judibundus 
Mimic shiner Notropis voluce!lus 
Channel shiner Notropis wickliffi 
Bigmouth buffalo Jctiobus cyprinellus 19 5 13 7 
Smallmouth buffalo !ctiobus bubalus 14 5 3 45 21 
Black buffalo lctiobus niger 1 3 4 
Unidentified Carpsucker Carpiodes sp. 
Quillback Carpiodes cyprinus 
River carpsucker Carpiodes carpio 1 
Highfin carpsucker Carpiodes velifer 
White sucker Catostomus commersoni 
Spotted sucker Mlnytrema melanops 
Creek chubsucker Erimyzon oblongus 
River redhorse *T" Moxostoma carinatum 
Shorthead redhorse Moxostoma macro!epidotum 
Golden redhorse Moxostoma erythrurum 
Channel catfish !ctalurus punctatus 1 1 3 4 1 
Blue catfish lctalurus furcatus 1 
Yellow bullhead Ameiurus natalis 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 1 1 2 2 
Madtom spp. Noturus spp. 
Tadpole madtom Noturusgyrinus 
Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 
B1ackstripe topmlnnow Fundulus notatus 1 
B!ackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusia affinis 
Brook silverside Labidesthes sicculus 3 
Inland silversides Menidia beryllina 
Mississippi silversides Menidia beryllina 
Striped bass Merone saxatllis 
White bass Merone chrvsops 1 2 l 

up to 2015 5 of94 



R00759

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 19B8AUG15 1990JUL10 1992JUL17 1994AUG01 199SAUG01 f 
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 1 \. 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 4 
Btacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularls 12 3 2 6 11 
Largemouth bass Mlcropterus satmoides 1 1 2 
Spotted bass Mlcropterus punctufatus 6 2 4 10 10 
Warmouth Lepomis gulosus s 7 2 
Green ~unflsh lepomls cyanellus l l 
Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus x L cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megalotis x L cyanellus 

Bluegill Lepomis macrochirus 27 2 6 21 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L microlophus 

Longear sunfish x Bluegi!! hybrid Lepomis megafotis x L macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis megalotis 27 2 1 23 6 
Orangespotted sunfish Lepomis humilis 1 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 
Walleye Stizostedlon vitreum 
Sauger Stizostedion canadense 

Blackside darter Percina maculata 
Dusky darter Perclna sciera 

River darter Percina shumardi 

Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 
Freshwater drum Aplodinotus grunniens 8 1 3 s 11 

C 

C 
up to 2015 6 of94 



R00760

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1998AUG20 2000SEP22 2003JUL10 2008AUG20 1964JUL10 
Station code N-06 N-06 N-06 N-06 N-07 
Species 30 25 25 28 9 
Non-native proportion 0.24 0.07 0.08 0.04 
Total fish 136 167 203 277 424 
Electrode minutes 60 60 60 60 
Se!ne hauls 

Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus l 3 4 2 l 
longnose gar Lepisosteus osseus 2 l 
Spotted gar Lepisosteus oculatus 2 2 3 
Bowfin Amia calva l l 2 
Skipjack herring Alosa chrysochloris 
Shad spp. Oorosoma spp. 
Gizzard shad Oorosoma cepedianum 17 12 33 89 25 
Threadfin shad Oorosoma petenense 6 
Goldeye Hiodon alosoides l l 
Mooneye Hiodon tergtsus 
Grass pickerel Esox amerlcanus l 
Grass carp Ctenopharyngodon idella 
Bighead carp Arlstichthys nobilis 
Sltvercarp Hypophthalmichthys mo!itrix 
Goldfish Caras,ius auratus 
Carp Cyprinus carpio 18 11 10 10 
Non-carp mfnnow spp. Cyprinidae spp. (except Cyprinus carpio) 243 
Golden shiner Notemigonus crysoleucas 
Creek chub Semotilus atromaculatus 
Central stoneroller Campostoma anomalum 
Suckermouth minnow Phenacoblus mirabill5 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 
Silvery minnow Hybognathus nuchalis 2 5 
Redfin shiner Lythrurus umbratilus 
Ribbon shiner lythrurus fumeus 3 13 
Spotfin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinella venusta 2 
Red shiner Cyprinella lutrensis 2 23 21 45 
Pugnose minnow Opsopoeodus emillae l 
Fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus l 
Bullhead minnow Pimephales vJgilax l l 
Emerald shiner Notropis atherinoides l 7 
River shiner Notropis blennius 
Sand shiner Notropis ludibundus 
Mimic shiner Notropis vo!ucel!us 2 
Channel shiner Notropis wickliffi 13 
Bigmouth buffalo lctiobus cyprinellus 4 4 3 2 
Smallmouth buffalo tctiobus buba!us 8 " 12 18 
Black buffalo lctiobus niger l 2 5 
Unidentified Carpsucker Carpiodes sp. 
Quillback Carpiodes cyprinus 
River carpsucker Carpiodes carpio 3 l 4 
H1ghfin carpsucker Carpiodes velifer 
White sucker Catostomus commersoni 
Spotted sucker Minytrema melanops 
Creek chubsucker Erimyzon oblongus 
River redhorse *P Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 
Golden redhorse Moxostoma erythrurum l 
Channel catfish lctalurus punctatus l l 4 
Blue catfish lctalurus furcatus 
Yellow bullhead Ameiurus nata!is 2 
Black bullhead Ameiurus melas 
Brown bullhead Amelurus nebulosus 
Flathead catfish Pylodictis olivaris l 
Madtomspp. Noturus spp. 5 
Tadpole madtom Noturus gyrinus 
Freckled madtom Noturus noctumus 
Pirate perch Aphredoderus sayanus l l 
B!ackstripe topminnow Fundutus notatus 4 2 
Blackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusia affinis 
Brook silverside Labidesthes sicculus 9 38 21 
Inland silversides Menidia beryllina 14 
Mississippi si!versides Menldia beryllina 
Striped bass Marone saxatilis 
White bass Morone chrysops l 7 l 

up to 2015 7of94 



R00761

Water body Sig Muddy River Sig Muddy River Sig Muddy River Sig Muddy River Big Muddy River 

Date 1998AUG20 2000SEP22 2003JUL10 2008AUG20 1964JUL10 r Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mlssisslppiensis 2 1 2 
Filer Centrarchus macropterus 1 
Black crappie Pomoxis n!gromaculatus 1 3 4 1 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 4 1 6 3 2 
Largemouth bass Micropterus salmoides 4 1 5 6 
Spotted bass Micropterus punctulatus 10 7 13 4 
Warmouth Lepomis gulosus 1 3 2 
Green sunfish Lepomis cyanellus 1 5 
Green sunfish x Warmouth hybrid Lepo mis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyane!lus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyane11us 

Bluegill Lepomis macrochirus 12 10 34 11 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 

Longearsunfish Lepomis megalotis 2 3 4 9 

Orangespotted sunfish Lepomis humilis 2 127 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 1 
River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 3 1 2 16 16 

C 

up to 2015 8of94 



R00762

Water body Sig Muddy River Bfg Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1964JUL03 1975JUL24 1964JUL02 1975JUL28 1988AUG17 
Station code N-08 N•lO N-11 N-11 N-11 
Species 9 20 15 21 15 
Non-native proportion 0.06 0.11 0.06 0.36 0.36 
Total fish 158 316 384 107 83 
Electrode minutes 60 60 60 
Seine hauls 
Hours set 
Paddleflsh Polyodon spathula 
Shortnose gar Lepisosteus platostomus 2 4 1 
Longnose gar Lep!sosteus osseus 1 
Spotted gar Lepisosteus oculatus 1 
Bowfin Amia ca!va 1 4 4 1 
Skipjack herring Alosa chrysochloris 
Shad spp. Oorosoma spp. 
Giuard shad Oorosoma cepedianum 136 7 28 4 
Threadfin shad Dorosoma petenense 
Goldeye Hiodon alosoides 4 1 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 1 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobilis 

Sliver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 1 
Carp Cyprinus carpio 4 35 10 39 30 
Non-carp minnow spp, Cyprinidae spp. (except Cyprinus carpio) 83 148 
Golden shiner Notemigonus crysoleucas 
Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 1 
Ribbon shiner Lythrurus fume us 

Spotfin shiner Cyprinel!a spiloptera 

Blacktail shiner 

' Cyprinella venusta 

Red shiner Cyprinella lutrensis 1 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

B!untnose minnow Pimephales notatus 1 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropls atherlnoides 

River shiner Notropls blennius 

Sand shiner Notropis ludibundus 

Mim!c sh!ner Notropis volucellus 

Channel shiner Notropis wickliffi ' 
B!gmouth buffalo lctiobus cyprinel!us 20 5 
Smal!mouth buffalo lctiobus bubalus 4 3 
Black buffalo lctiobus niger 
Unidentified Carpsucker Carpiodes sp. 

Qui!!back Carpiodes cyprinus 

River carpsucker Carpiodes carpio 1 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 3 
Spotted sucker Mlnytrema melanops 

Creek chubsucker Erimyzon ob!ongus 

River redhorse •p Moxostoma carinatum 1 
Shorthead redhorse Moxostoma macrolepidotum 1 
Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 7 2 7 
Blue catfish tctalurus furcatus 

Yellow bullhead Ame!urus natalis 1 4 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 
Flathead catfish Py!odictis olivaris 

Madtom spp. Noturus spp. 10 61 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 16 4 
Blackstripe topminnow Fundulus notatus 

Blackspotted topminnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 

Brook si!verside Labidesthes sicculus 1 

l 
Inland silversides Menidia beryllina 

I Mississippi silversides Menidia beryllina 
Striped bass Marone saxatilis 

White bass Marone chrysops 2 1 

up to 2015 9 of 94 



R00763

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 19641Ul03 197SJUL24 1964JUL02 197SJUL28 1988AUG17 

( Striped bass x White bass hybrid {Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone misslssippiensis l 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 26 14 3 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis l 22 7 l 3 

Largemouth bass Micropterus salmoides 17 l z 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 3 z 7 z z 
Green sunfish Lepomis cyanellus 20 3 

Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x l. cyanellus 

longear sunfish x Green sunfish hybrid lepomis megalotis x l. cyanellus 

Bluegill lepomis macrochirus 5 22 11 3 8 

Bluegill x Redear sunfish hybrid lepomis macrochirus x L microlophus 

longear sunfish x Bluegill hybrid lepomis megalotis x L macrochirus 

Redear sunfish lepomis microlophus 3 

longear sunfish Lepomis mega!otis 12 8 55 z 6 

Orangespotted sunfish lepomis humi!ls 40 l 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stiwstedion vitreum l 
Sauger Stizostedion canadense 

Blacbide darter Percina mawlata 

Dusky darter Percina sdera 

River darter Percina shumardi 
logperch Percina caprodes 

Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma graclle 

Freshwater drum Aplodlnotus grunniens 8 4 14 

C 
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R00764

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 199SAUG01 20005EP06 2003JUL29 2008AUG20 1988AUG16 
Station code N-11 N-11 N-11 N-11 N-12 
Species 19 17 32 27 20 
Non-native proportion 0.11 0.07 0.06 0.02 0.11 
Total fish 117 158 172 296 97 
Electrode minutes 60 90 60 60 60 
Seine hauls 

Hours set 

Padd!efish Polyodon spathula 

Shortnose gar lepisosteus platostomus 1 1 9 1 3 
longnose gar lepisosteus osseus 

Spotted gar Lepisosteus oculatus 3 
Bowfin Amia ca Iva 1 2 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 
Gizzard shad Dorosoma cepedianum 35 32 20 62 24 
Threadfin shad Dorosoma petenense 
Go!deye Hiodon alosoides 1 1 4 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 1 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristlchthys nobilis 

Silver carp Hypophthalmichthys molitrlx 3 
Goldfish Carassius auratus 

Carp Cyprinus carpio 13 11 11 4 11 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 
Golden shiner Notemigonus crysoleucas 
Creek chub Semoti!us atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabiHs 

B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 1 2 
Redfin shiner Lythrurus umbratilus 

Ribbon shiner lythrurus fumeus 5 
Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 20 53 39 54 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus 4 
Bullhead minnow Pimephates vig!!ax 1 5 13 
Emerald shiner Notropis atherinoldes 2 6 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 1 
Mimic shiner Notropis voluce!lus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 3 1 1 
Smallmouth buffalo lctiobus buba!us 6 19 12 33 1 
Black buffalo lctiobus niger 2 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 2 2 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 1 
River redhorse •T• Moxostoma carinatum 
Shorthead redhorse Moxostoma macro!epidotum 1 1 
Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 3 6 4 8 
Blue catfish lctalurus furcatus 1 
Yellow bullhead Ameiuru~ natalis 

Black bullhead Ameiurus melas 3 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 2 1 1 3 4 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus 1 
Blackstripe topminnow Fundulus notatus 2 3 
B!ackspotted topminnow Fundulus olivaceus 1 
Mosqultofish Gambusia affinis 1 
Brook silverside labidesthes siccu!us 13 1 2 1 
Inland silversides Menidia beryllina 
Mississippi silversides Menidia beryllina 
Striped bass Marone saxatilis 

White bass Marone chrysops 1 2 1 1 

up to 201S 11 of94 



R00765

Water body Sig Muddy River Big Muddy River Big Muddy River Sig Muddy River Big Muddy River 

Date 1995AUG01 20005EP06 2003JUL29 2008AUG20 1988AUG16 r Striped bass x White bass hybrid (Wiper) Merone saxatilis x M. chrysops 

Yellow bass Merone mississippiensis 1 9 

Flier Centrarchus macropterus 

Black crappie Pomoxls nigromaculatus 1 1 8 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annu!aris 4 2 12 1 

Largemouth bass Micropterus salmoides 4 3 1 

Spotted bass Micropterus punctulatus 7 2 8 2 

Warmouth Lepomls gulosus 1 5 

Green sunfish Lepomis cyanellus 1 1 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegtl! x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Lon gear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyane!!us 

Bluegill Lepomis macrochirus 1 3 2 14 10 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro!ophus 

Long ear sunfish x Bluegill hybrid Lepo mis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepamis megalotis 9 5 25 6 

Orangespotted sunfish Lepomis humi!is 6 11 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 1 

Sauger Stizostedion canadense 

B!ackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 1 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprlgene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 6 9 20 17 6 

C 
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R00766

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1992AUG17 1994AUG09 199SAUG02 1998SEP08 2000SEP06 
Station code N-12 N-12 N-12 N-12 N-12 
Species 11 15 21 17 19 
Non-native proportion 0.22 0.21 0.11 0.33 0.14 
Total fish 36 76 163 123 136 
Electrode minutes 60 60 60 60 60 
Seine hauls 
Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 4 2 2 4 
Longnose gar Lepisosteus osseus 3 1 3 
Spotted gar lepisosteus oculatus 
Bowfin Amia calva 7 2 6 1 
Skipjack herring Alosa chrysochloris 1 
Shad spp. Oorosoma spp. 
Gizzard shad Oorosoma cepedianum 20 66 36 29 
Threadfin shad Dorosoma petenense 12 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 8 16 18 28 19 
Non-carp minnow spp. Cyprinidae spp. {except Cyprlnus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nucha!is 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella splloptera 

Blacktail shiner Cyprinella venusta 

C 
Red shiner Cyprinella lutrensis 3 10 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 4 
Bullhead minnow Pimephales vlgilax 

Emerald shiner Notropis atherinoides 12 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 1 
Mimic shiner Notropis volucellus 

Channel shiner Notropis wick!iffi 

Bigmouth buffalo lctiobus r;yprinellus 1 2 5 6 
Smallmouth buffalo lctiobus bubalus 1 9 3 6 6 
Black buffalo tctiobus niger 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 
Rivercarpsucker Carpiodes carpio 2 1 3 4 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River red horse *T' Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 8 3 4 6 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 

Black bullhead Amelurus me!as 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Py!odictis olivaris 5 3 3 4 6 
Madtomspp. Noturus spp. 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 

Blackstripe topminnow Fundulus notatus 2 1 
Blackspotted topmlnnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 1 
Brook silverside labidesthes sicculus 6 

l 
Inland sitversides Menidia beryl!ina 
Mississippi silversides Menldia beryllina 
Striped bass Merone saxatilis 

White bass Marone chrysops 2 2 2 4 

up to 2015 13 of94 



R00767

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1992AUG17 1994AUG09 1995AUG02 1998SEP08 2000SEP06 

Striped bass x White bass hybrid {Wiper) Marone saxati!is x M. chrysops 

Yellow bass Marone mississippiens!s 

' Flier Centrarchus macropterus 

Black crappie Pomoxls nigromaculatus 1 1 
Blacknose crappie Pomoxis migromacu!atus 

White crappie Pomoxis annularis 2 1 
largemouth bass Micropterus salmoides 12 1 
Spotted bass Micropterus punctulatus 2 

Warmouth lepomis gulosus 1 
Green sunfish lepomis cyanet!us 1 
Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanellus 

longear sunfish x Green sunfish hybrid lepomis megalotls x L. cyanellus 

Bluegill Lepomis macrochirus 1 5 30 1 2 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro!ophus 

Longear sunfish x Bluegill hybrid Lepomis mega!otis x l. macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis mega1otis 2 3 

Orangespotted sunfish Lepomis humi!is 1 1 2 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Perclna caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens ' 2 6 8 13 

C 
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R00768

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Sig Muddy River 
Date 2003JUL29 2008AUG26 2011AUG18 20120CT29 2013AUG06 
Station code N-12 N•l2 N-12 N-12 N-12 
Species 24 27 26 29 29 
Non-native proportion 0.08 0.03 0.06 0.11 0.11 
Total fish 143 407 287 249 240 
Electrode minutes 60 60 60 60 60 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 7 1 4 7 24 
Longnose gar lt>pi~ostt'US O~St'll'i 2 8 1 24 
Spotted gar lepisosteus oculatus 1 3 2 1 
Sowfin Amia calva 2 1 1 1 
Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 41 170 156 4 19 
Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 1 1 2 4 
Mooneye Hiodon tergisus 
Grass pickerel Eso)( americanus 

Grass carp Ctenopharyngodon idella 10 1 
Bighead carp Arlstichthys nobil!s 

Silver carp Hypophthalmlchthys molitrix 1 5 3 9 
Goldfish Carassius auratus 

Carp Cyprlnus carpio 11 10 13 15 16 
Non-carp minnow spp. Cyprinldae spp. {e)(cept Cyprinus carpio) 

Golden shiner Notemigonus cryso!eucas 

Creek chub Semotilus atromacu!atus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Slacknose dace Rhinichthys atratu!us 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 8 
Redfin shiner lythrurus umbratllus 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 26 19 1 25 34 
Pugnose minnow Opsopoeodus emiliae 

fathead minnow Pimephates prome!as 

Bluntnose minnow Plmephales notatus 1 
Bullhead minnow Pimephales vigilax 2 2 1 14 8 
Emerald shiner Notropis atherinoides 4 19 9 7 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 2 1 
Mimic shiner Notropis volucel!us 28 1 
Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 2 6 21 9 
Smallmouth buffalo lctlobus bubalus 7 13 11 18 30 
Slack buffalo lctiobus niger 1 2 6 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 
River carpsucker Carpiodes carpio 2 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 
River redhorse •p Moxostama carinatum 

Sharthead redhorse Moxastama macrolepidatum 2 
Golden redharse Maxastama erythrurum 

Channel catfish lcta!urus punctatus 8 4 4 25 8 
Slue catfish lctalurus furcatus 

Yellow bullhead Ameiurus nata!is 1 
Black bullhead Ameiurus melas 

Brown bullhead Amelurus nebulosus 

Flathead catfish Pylodlctis olivaris 1 5 6 1 4 
Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nacturnus 
Pirate perch Aphredoderus sayanus 

Slackstrlpe topminnaw Fundulus notatus 14 
Blackspatted topminnow ~undulus olivaceus 4 
Mosquitafish Gambusia afflnis 1 
Brook silverside Labidesthes sicculus 20 2 
Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

!striped bass Marone saxatills 
!white bass Marone chrysaps 1 7 8 1 2 

up to 2015 15 of94 



R00769

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 2003JUL29 2008AUG26 2011AUG18 20120CT29 2013AUG06 r Striped bass x White bass hybrid {Wiper) Morone sa)[atllls x M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 

Black crappie Pomo)[is nigromaculatus 4 5 1 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annu!aris 1 2 10 5 1 
Largemouth bass Micropterus salmoldes 2 9 3 1 
Spotted bass Micropterus punctulatus 5 1 3 
Warmouth Lepomis gulosus 7 1 
Green sunfish Lepomls cyanel!us 1 1 
Green sunfish x Warmouth hybrid Lepomis cyanel!us x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish)[ Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill lepomis macrochirus 2 23 21 2 2 
Bluegill x Redear sunfish hybrid lepomis macrochirus )[ L microlophus 

longear sunfish)[ Bluegill hybrid lepomis megalotis )[ L. macrochirus 

Redear sunfish lepomis microlophus 1 
longear sunfish lepomis megalotis 10 6 36 11 
Orangespotted sunfish lepomis humilis 1 33 1 1 3 
Unidentified Sunfoh hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stlzostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 1 
Logperch Percina caprodes 1 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma ch1orosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aptodinotus grunniens 10 24 4 5 11 

C 
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R00770

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 2014SEP24 197SAUG06 1975AUGOS 197SJUL30 1988AUG16 
Station code N-12 N-13 N-15 N-16 N-16 
Species 20 14 18 19 16 
Non-native proportion a.oz 0.34 0.34 0.4 0.34 
Total fish 180 192 169 148 106 
Electrode minutes 60 60 60 60 60 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 5 5 1 1 
Longnose gar Lepisosteus osseus 1 1 
Spotted gar Lepisosteus oculatus 1 
Bowfin Amia calva 1 1 2 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Oorosoma cepedianum 72 28 26 20 9 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon a1osoides 3 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 3 
Goldfish Carassius auratus 

Carp Cyprinus tarpio 1 66 57 59 36 
Non-carp minnow spp, Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 
Creek chub Semotilus atromaculatus 

Central stonerot!er Campostoma anomalum 

Suckermouth minnow Phenacobius mlrabilis 

B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fume us 

Spotfin shiner Cyprlnella spiloptera 1 
Blacktall shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 49 3 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimepha!es prometas 
Bluntnose minnow P!mephales notatus 
Bullhead minnow Pimephales vigllax 5 4 
Emerald shiner Notropis ather!noides 18 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis vo!ucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 2 1 6 4 3 
Smallmouth buffalo lctiobus bubalus 1 4 1 4 
Black buffalo !ctiobus niger 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carplo 2 2 1 2 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse *T* Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 1 
Go!den redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 2 7 2 5 
B!ue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus melas 

Brown bu!lhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 2 6 
Madtom spp. Noturus spp. 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 

B!ackstripe topminnow Fundulus notatus 5 
Blackspotted topmlnnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 1 
Brooksllverside Labidesthes sicculus 1 3 
Inland silversides Menidia bery!lina 
Mississippi silversides Menidia beryllina 
Striped bass Marone saxatilis 

White bass Marone chrysops 1 

up to 2015 17of94 



R00771

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Oate 2014SEP24 1975AUG06 197SAUGOS 197SJUL30 1988AUG16 r Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yelfow bass Morone mississippiensis 1 1 
flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 6 10 ' Blacknose crappie Pomoxis migromawlatus 

White crappie Pomoxis annularis 1 11 18 1 
Largemouth bass Micropterus sa\moides " 1 ' Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 4 1 
Green ~ur1fish Lepomis cyanellus 1 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanellus 

longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 

Bluegill lepomis macrochirus 20 15 16 12 

Bluegill x Redear sunfish hybrid lepomis macrochlrus x L. microlophus 

Longear sunfish x Bluegill hybrid lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 1 
Longear sunfish Lepomis megalotis 4 5 12 2 2 
Orangespotted sunfish Lepomis humilis 1 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackslde darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma ch!orosomum 

Mud darter Etheostoma asprlgene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma graci!e 

Freshwater drum Ap!odinotus grunniens 5 32 9 6 16 

Up to 2015 18 of94 



R00772

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 2003JUL17 1975JUL29 1988AUG17 1995AUG03 2003JUL16 
Station code N-16 N-17 N•17 N•17 N·17 
Species 25 13 20 17 20 
Non-native proportion 0.01 0.26 0.24 0.16 0.03 
Total fish 197 147 132 167 76 
Elettrode minutes 58 60 60 60 60 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 2 2 3 
Longnose gar Lepisosteus osseus 1 
Spotted gar Lepisosteus oculatus 1 1 1 
Bowfin Amia ca!va 3 1 1 1 
Skipjack herring Alosa chrysochloris 
Shad spp, Oorosoma spp. 
Gizzard shad Dorosoma cepedianum 54 42 20 75 16 
Threadfin shad Dorosoma petenense 
Goldeye Hiodon alosoides 4 1 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobilis 
Si!vercarp Hypophtha!michthys molltrix 
Goldfish Carasslus auratus 
Carp Cyprinus carpio 2 38 32 27 2 
Non-carp minnow spp, Cyprinidae spp. (except Cyprlnus carpio) 
Golden shiner Notemigonus crysoteucas 
Creek chub Semotllus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 12 7 
Redfin shiner Lythrurus umbratilus 
Ribbon shiner Lythrurus fumeus 1 
Spotfin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinel!a venusta 
Red shiner Cyprinella h.1trensis 48 3 1 24 
Pugnose minnow Opsopoeodus emiliae 
Fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigilax 14 4 2 
Emerald shiner Notropis atherinoides 1 
River shiner Notropis blennius 
Sand shiner Notropis !udibundus 
Mimic shiner Notropis vo!ucel!us 
Channel shiner Notropis wickliffi 1 
Bigmouth buffalo lctlobus cyprinellus 1 9 2 
Smallmouth buffalo lctiobus buba!us 2 7 3 
Black buffalo lctiobus niger 1 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 
River carpsucker Carpiodes carpio 1 
Highfin carpsucker Carplodes velifer 
White sucker Catostomus commersoni 
Spotted sucker Minytrema me!anops 
Creek chubsucker Erimyzon oblongus 
River redhorse •r• Moxostoma carinatum 
Shorthead redhorse Moxostoma macrotepidotum 
Golden redhorse Moxostoma erythrurum 
Channel catfish lcta!urus punctatus 2 4 3 2 
Blue catfish lctalurus furcatus 
Yellow bullhead Ameiurus natalis 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Py!odictis ollvaris 5 3 3 
Madtom spp. Noturus spp. 
Tadpole madtom Noturus gyrlnus 
Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 2 
Blackstripe topminnow Fundulus notatus 1 1 
Blackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusia affinis 3 1 
Srook silvers!de Labidesthes sicculus 
Inland silversides Menidia beryllina 
Mississippi si!versides Menidia bery!lina 1 
Striped bass Marone saxatilis 
White bass Morone chrysops 1 2 

up to 2015 19 of94 



R00773

Water body Big Muddy River 8ig Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 20031UL17 19751UL29 1988AUG17 199SAUG03 2003JUL16 

Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 1 
Yellow bass Marone mississippiensls \, 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 1 15 1 2 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 19 2 2 1 
Largemouth bass Micropterus salmoides 5 2 2 9 1 
Spotted bass Micropterus punctulatus 1 1 
Warmouth Lepomis gulosus 2 1 1 
Green sunfish Lepomis cyanellus 2 

Green sunfish x Warmouth hybrid Lepomis cyanellus ;,c L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyane!lus 

Bluegill Lepomis macrochirus 10 5 25 19 ' Bluegill x Red ear sunfish hybrid Lepomis macrochirus x L micro!ophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Red ear sunfish Lepomls microlophus 

Longear sunfish Lepomis megalotis 2 12 
Orangespotted sunfish Lepomls humilis 5 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 
Walleye Stizostedion vitreum 

Sauger Stlzostedion canadense 

Blackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 
Logperch Percina caprodes 1 
Johnny darter Etheostoma nigrum 
B!untnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene ' Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma grac!!e 

Freshwater drum Aplodinotus grunniens 17 6 15 10 4 

up to 2015 20 of94 



R00774

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 197SJUL29 197SJUL25 197SAUG12 1988AUG17 2011SEP20 
Station code N-18 N-20 N-23 N-23 N-23 
Species 16 15 17 16 23 
Non-native proportion 0.15 0.29 0.34 0.24 0.04 
Total fish 137 90 136 87 224 
Electrode minutes 60 60 60 60 60 
Seine hauls 

Hours set 
Paddlefish Polyodon spathu!a 2 1 
Shortnose gar Lepisosteus p!atostomus 1 1 6 10 
Longnose gar Lepisosteus osseus 1 1 6 
Spotted gar Lepisosteus oculatus 7 
Bowfin Amia calva 2 1 2 
Skipjack herring A!osa chrysochlorls 

Shad spp. Oorosoma spp. 
Gizzard shad Oorosoma cepedianum 14 32 26 5 17 
Threadfin shad Dorosoma petenense 
Goldeye Hiodon a1osoides 1 4 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 1 
Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 7 
Goldfish Carassius auratus 
Carp Cyprinus carpio 20 26 45 21 2 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 
Creek chub Semotilus atromacu!atus 
Central stoneroller Campostoma anomalum 
Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 
Sl!very minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinel!a lutrensis 5 1 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimepha!es promelas 
B!untnose minnow Plmephales notatus 
Bullhead minnow Pimephales vlgilax 1 
Emerald shiner Notropis atherinoides 2 
River shiner Notropis blennius 

Sand shiner Notropis ludlbundus 

Mimic shiner Notropis vofucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinel!us 12 4 11 9 14 
Smallmouth buffalo lctiobus bubalus 4 1 1 16 
Black buffalo lctlobus niger 
Unidentified Carpsucker Carpiodes sp. 
Quillback Carpiodes cyprinus 
River carpsucker Carpiodes carpio 1 3 5 1 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonl 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon ob!ongus 
River redhorse *T* Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 
Golden redhorse Moxostoma erythrurum 

Channel catfish !ctalurus punctatus 2 5 7 4 
Blue catfish lctalurus furcatus 2 
Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebuJosus 
Flathead catfish Pylodictis olivaris 1 ' 3 4 16 
Madtom spp. Noturus spp, 

Tadpole madtom Noturus gyrinus 
Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 2 
Blackstripe topminnow Fundulus notatus 
Blackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusia affinis 
Brook silverside labidesthes sicculus 5 
Inland silversides Menidia beryl!ina 
Mississippi silversides Menidia beryllina 
Striped bass Merone saxati!is 

White bass Merone chrvsops 4 

upto201S 21 of 94 



R00775

Water body Sig Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy Ri'ler 

Date 197SJUL29 197SJUL2S 197SAUG12 1988AUG17 2011SEP20 

C Striped bass x White bass hybrid (Wiper) Morone saxatllis x M. chrysops 

Yellow bass Morone mississippiensis 

F!!er Centrarchus macropterus 

Slack crappie Pomoxis nigromaculatus 14 1 3 6 
8Iacknose crappie Pomoxis migromacu!atus 
White crappie Pomoxis annularis 15 4 11 10 
largemouth bass Micropterus sa\moldes s 1 6 9 
Spotted bass Micropterus punctulatus 2 

Warmouth Lepomis gulosus 7 1 2 

Green sunfish Lepom!s cyanellus 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Sluegi!! x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Long ear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 16 2 13 2 37 
Bluegill x Redear sunfoh hybrid Lepomis macrochirus x L microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L macrochirus 

Redearsunfish Lepomis micro!ophus 

Longear sunfish lepomis megalotis 21 3 9 
Orangespotted sunfish Lepomis humilis 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Slackside darter Perclna maculata 

Dusky darter Perclna sciera 

River darter Percina shumardl 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Sluntnose darter Etheostoma ch!orosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Stough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 2 1 3 18 37 

C 
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R00776

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 20120CT26 2013AUG16 1964JUL03 197SAUG12 197SAUGOS 
Station code N-23 N-23 N-24 N•2S N-26 
Species 20 31 10 14 16 
Non-native proportion 0.39 0.36 0.43 0.11 
Total fish m 578 219 209 185 
Electrode minutes 60 60 60 60 
Seine hauls 

Hours set 

Padd/efish Polyodon spathu!a 

Shortnose gar Lepisosteus p!atostomus 83 32 3 4 
Longnose gar Lepisosteus osseus 1 14 
Spotted gar Leplsosteus oculatus 5 
Bowfin Amia calva 1 1 1 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedlanum 7 110 16 56 106 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 1 1 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 

Grass carp Ctenopharyngodon idella 1 10 
Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmlchthys molitrix 120 168 
Goldfish Carassius auratus 

Carp Cyprinus carpio 10 28 89 21 
Non-carp minnow spp. Cyprinidae spp, {except Cyprinus carpio) 30 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 6 21 
Pugnose minnow Opsopoeodus emi!iae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vlgilax 3 15 
Emerald shiner Notropis atherinoides 13 51 
River shiner Notropis b!ennius 

Sand shiner Notropis ludibundus 16 
Mimic shiner Notropis vo!ucellus 3 
Channel shiner Notropis wickliffi 

Bigmouth buffalo !ctiobus cyprinellus 6 7 8 7 
Smallmouth buffalo lctiobus bubalus 22 26 1 1 
Black buffalo lctiobus niger 14 4 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 7 10 3 1 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 19 
Spotted sucker Minytrema melanops 

Creek chubsucker Erlmyzon obfongus 

River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 17 11 7 2 
Blue catfish lctalurus furcatus 3 
Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 4 ' 1 
Madtom spp. Noturus spp. 71 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus so 
Blackstripe topmlnnow Fundulus notatus 2 
Blackspotted topminnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 

Brook silverside Labidesthes sicculus 1 11 
Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Moronesaxatilis 

White bass Marone chrysops 8 

up to 201S 23 of 94 



R00777

Water body Big Muddy River Big Muddy River Big Muddy River Blg Muddy River Big Muddy River 

Date 20120CT26 2013AUG16 1964JUL03 197SAUG12 197SAUGOS 

C Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensls 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromacu!atus 4 2 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularls 1 19 16 

largemouth bass Micropterus salmoides 2 2 6 1 

Spotted bass Micropterus punctu!atus 

Warmouth lepomis gulosus 1 2 

Green sunfish lepomls cyanellus 1 5 

Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 
Bluegill x Green sunfish hybrid Lepomis macroch!rus x l. cyane!lus 

longear sunfish x Green sunfish hybrid Lepomis megalotis x L cyanellus 

Bluegill lepomis macrochirus 4 3 6 12 

Bluegill x Redear sunfish hybrid lepomis macrochirus x l. microlophus 

Longear sunfish x Bluegill hybrid lepomis megalotls x L macrochirus 

Red ear sunfish lepomis microlophus 1 
longear sunfish lepomis megalotis 4 1 2 2 

Orangespotted sunfish Lepomis humilis 2 19 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 1 
River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spotta!! darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 9 10 5 6 

( 
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R00778

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 197SAUG13 1964JUL01 197SAUG13 197BAUG17 1979AUG13 
Station code N•27 N-28 N-99 N-99 N•99 
Species 15 13 16 17 16 
Non•native proportion 0.33 0.01 0.15 0.15 0.16 
Total fish 240 367 130 221 119 
Electrode minutes 60 30 90 60 
Seine hauls 

Hours set 

Paddlefish Po!yodon spathula 36 
Shortnose gar Lepisosteus platostomus 1 2 2 
Longnose gar lepisosteus osseus 1 
Spotted gar lepisosteus oculatus 1 1 
Bowfin Amia calva 7 2 
Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 6 106 8 
Gizzard shad Oorosoma cepedianum 40 26 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 1 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 78 2 20 17 18 
Non•carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 68 
Golden shiner Notemigonus crysoleucas 
Creek chub Semotilus atromaculatus 
Central stoneroller Campostoma anomalum 
Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratu!us 
Silver chub Macrhybopsis storeriana 
Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis vo!ucel!us 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 2 5 5 
Smaltmouth buffalo lctiobus bubalus 1 1 2 7 
Black buffalo lctiobus niger 
Unidentified Carpsucker Carpiodes sp. 
Quillback Carpiodes cyprinus 
Rlvercarpsucker Carpiodes carpio 2 6 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 2 
River redhorse •r• Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 
Golden redhorse Moxostoma erythrurum 
Channel catfish lctalurus punctatus 30 15 1 2 13 
Blue catfish lctalurus furcatus 1 
Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus me1as 

Brown bu!Jhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 2 2 ' Madtom spp. Noturus spp. 75 
Tadpole madtom Noturus gyrinus 
Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 16 
Blackstripe topminnow Fundulus notatus 
lllackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusla affinis 
Brook silverside Labidesthes sicculus 
Inland silversides Menidia beryllina 
Mississippi silversides Menidia beryllina 
Striped bass Morone saxatilis 

I white bass Merone chrysops 1 ' 8 
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R00779

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1975AUG13 1964JUL01 1975AUG13 1978AUG17 1979AUG13 

C Striped bass x White bass hybrid {Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 1 
Black crappie Pomoxis nigromaculatus 7 12 1 3 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 15 1 2 7 4 

largemouth bass Micropterus salmoides 21 8 22 7 

Spotted bass Micropterus punctulatus 

Warmouth Lepo mis gulosus 1 7 2 1 
Green sunfish Lepornis cy,inellus 3 1 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L gu!osus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyanellus 

Longear sunfish x Green sunfish hybrid Lepomls megalotisx L. cyanellus 

Blueglll Lepomis macrochirus 33 78 25 41 28 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro!ophus 

Longear sunfish x Bluegill hybrid lepomls megalotis x L. macrochirus 

Re dear sunfish Lepomis mitrolophus 

Longear sunfish Lepomis megalotis 32 1 1 
Orangespotted sunfish Lepomis humilis 48 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina macu!ata 

Dusky darter Percina sciera 

River darter Perdna shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma ch!orosomum 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 2 1 2 6 

C 
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R00780

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1980JUL29 1986AUG14 1988AUG18 1990SEP26 1992AUG18 
Station code N-99 N-99 N-99 N-99 N-99 
Species 15 14 21 12 14 
Non-native proportion 0.4 0.12 0.03 0.2 0.01 
Total fish 98 93 235 45 67 
Electrode minutes 60 60 60 60 60 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 1 
Shortnose gar Lepisosteus platostomus 1 8 2 1 
longnose gar LPpi~ostem osseu~ 4 1 
Spotted gar Lepisosteus oculatus 3 
Bowfin Amia calva 5 2 1 
Skipjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 6 24 35 35 
Threadfin shad Oorosorna petenense 12 2 
Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idel!a 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 27 11 4 8 1 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stonero1!er Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Slacknose dace Rhlnichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lvthrurus umbratilus 

Ribbon shiner lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

( 
Red shiner Cyprinella lutrensis 1 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Sluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigilax 2 
Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis voluce!lus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 8 8 2 1 
Smallmouth buffalo lctiobus bubalus 7 3 5 
Black buffalo lctlobus nlger 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carplodes cyprinus 

Rivercarpsucker Carpiodes carpio 5 3 1 
Highfin carpsucker Carpiodes velifer 1 
White sucker Catostomus commersoni 

Spotted sucker Minvtrema melanops 

Creek chub sucker Erimyzon oblongus 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish Jctalurus punctatus 1 4 13 14 1 
Blue catfish lctalums furcatus 1 
Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 8 4 1 2 8 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 

B!ackstrlpe topminnow Fundutus notatus 

B!ackspotted topminnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 

Brook silverside tabidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryl!ina 

Striped bass Merone saxatilis 1 
White bass Merone chrysops 7 2 3 3 
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R00781

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1980JUL29 1986AUG14 1988AUG18 1990SEP26 1992AUG18 

Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 
Yellow bass Marone mississlppiensis 
Flier Centrarchus macropterus 

C 
Black crappie Pomoxis nigromaculatus 4 1 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 2 1 5 1 
largemouth bass Micropterus salmoides 2 7 5 4 
Spotted bass Micropterus punctulatus 

Warmouth Lepo mis gulosus 1 1 
Green sunfish Lepo mis cyanellus 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L gutosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyanellus 

Longear sunfish x Green sunfish hybrid Lepo mis megalotis x L. cyanellus 

Bluegill Lepomls macrochirus 13 44 1 7 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Long ear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 
Redear sunfish Lepomis microlophus 
Longear sunfish Lepomis megalotis 8 
Drangespotted sunfish Lepomis humi!is 43 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 
Sauger Stlzostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
logperch Percina caprodes 
Johnny darter Etheostoma nigrum 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodirmtus grurmiens 12 3 53 3 1 

C 

C 
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R00782

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 1994AUG15 1995AUG12 1998SEP08 2000SEP07 2003JUL30 
Station code N-99 N-99 N-99 N-99 N-99 
Species 15 11 22 22 23 
Non-native proportion 0.06 0.16 0.12 0.19 0.16 
Tota! fish 114 49 141 126 131 
Electrode minutes 60 50 50 50 50 
Seine hauls 

Hours set . 

Paddlefish Polyodon spathula 3 2 
Shortnose gar Lepisosteus platostomus 3 3 9 
Longno~e g;ir Lepisosteus osseus \ 
Spotted gar lepisosteus oculatus 1 1 
Bowfin Amia calva 3 2 2 1 
Skipjack herring Alosa chrysoch!oris 1 
Shad spp. Dorosoma spp. 
Giuard shad Oorosoma cepedianum 13 5 30 12 37 
Threadfin shad Dorosoma petenense 3 
Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 3 
Silver carp Hypophthalmichthys molitrix 1 9 
Goldfish Carassius auratus 
Carp Cyprinus carpio 5 8 14 21 12 
Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 
Golden shiner Notemigonus crysoleucas 
Creek chub Semoti!us atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 5 
Redfin shiner Lythrurus umbratilus 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprine!!a spiloptera 
Blacktail shiner Cyprinella venusta 
Red shiner Cyprinel!a lutrensis 4 3 
Pugnose minnow Opsopoeodus emillae 

Fathead minnow Pimepha!es promelas 
Bluntnose minnow Plmephales notatus 

Bullhead minnow Pimephales vigil ax 

Emerald shiner Notropis atherinoides 5 3 2 
River shiner Notropis blennius 
Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 
Channel shiner Notrop!s wlckliffi 
Bigmouth buffalo lctiobus cyprinellus 5 5 7 7 10 
Smallmouth buffalo lctiobus bubalus 19 13 5 17 10 
Black buffalo lctiobus niger 9 5 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes c:yprlnus 

River carpsucker Carpiodes carpio 1 1 2 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonl 
Spotted sucker Minytrema melanops 
Creek chubsucker Erimyzon oblongus 
River redhorse •p Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 1 
Golden redhorse Moxostoma ervthrurum 
Channel catfish tctalurus punctatus 7 17 12 
Blue catfish lctalurus furcatus 
Yellow bulJhead Ameiurus natalis 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 7 2 10 2 2 
Madtom spp. Noturus spp. 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus noctumus 
Pirate perch Aphredoderus sayanus 

Blackstripe topminnow Fundulus notatus 1 
Blackspotted topminnow Fundulus olivaceus 
Mosquitofish Gambusia affinis 1 1 
Brook silverside labidesthes sicculus 1 2 1 
Inland silversides Menidia beryllina 
Mississippi silversides Menidia beryl!ina 
Striped bass Morone saxatilis 
White bass Morone chrysops 2 1 1 5 
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R00783

Water body Big Muddy R!ver Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1994AUG15 1995AUG12 1998SEP08 2000SEP07 2003JUL30 

C Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensis 1 4 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 6 2 3 1 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 4 1 2 

Largemouth bass Micropterus salmoides 16 2 2 3 
Spotted bass Micropterus punctulatus 

Warmouth lepomis gu!osus 1 
Green sunfish Lepomis cyanellus 1 
Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 
Bluegill x Green sunfish hybrid lepomis macrochlrus x L cyanel!us 

longear sunfish x Green sunfish hybrid lepomis megalotis x L cyanellus 

Bluegill Lepomis macrochirus 24 5 15 4 4 
Bluegill x Redear sunfish hybrid lepamis macrochirus x l. mkrolophus 

Long ear sunfish x Bluegill hybrid lepomis megalatis x L macrochirus 

Redear sunfish lepamis microlophus 

Langear sunfish lepamis megalotis 1 
Orangespotted sunfish lepomis humilis 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vltreum 
Sauger Stizostedlon canadense 

B!ackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 
Freshwater drum Aplodinatus grunniens 2 5 18 9 

C 
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R00784

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Cedar Creek 
Date 2008AUG26 2010NOV09 2013AUG08 2014SEP25 1964JUL09 
Station code N-99 N-99 N-99 N-99 NA-01 
Species 26 20 32 18 9 
Non-native proportion 0,08 0.12 0.06 0.05 
Total fish 177 158 416 157 84 
Electrode minutes 60 60 60 60 
Seine hauls 
Hours set 

Paddlefish Polyodon spathu)a 
Shortnose gar lepisosteus platostomus 2 1 18 1 
Longnose gar lepisosteus osseus 1 12 2 
Spotted gar Lepisosteus ocufatus 3 6 
Bowfin Amia calva 4 3 
Skipjack herring Alosa chrysochloris 1 
Shad spp, Oorosoma spp. 

Gizzard shad Dorosoma cepedianum 45 18 229 82 
Threadfin shad Dorosoma petenense 1 1 
Goldeye Hiodon aloso!des 1 1 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 
Grass carp Ctenopharyngodon idella 1 1 
Bighead carp Aristichthys nobilis 

Silver carp Hypophtha!michthys motltrlx 2 5 8 
Goldfish Carassius auratus 

Carp Cyprinus carpio 10 18 17 1 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 39 
Golden shiner Notemlgonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabi!ls 

B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 2 
Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinel!a lutrensis 2 9 14 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimepha!es notatus 

Bullhead minnow Pimepha!es vigilax 2 
Emerald shiner Notropis atherinoides 7 12 24 
River shiner Notropls b!ennius 1 
Sand shiner Notropis ludibundus 1 
Mlmicshiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 10 4 1 
Smallmouth buffalo lctiobus bubalus 7 6 19 3 
Black buffalo lctiobus niger 1 1 
Unidentified Carpsucker Carpiodes sp. 

Qui!Jback Carpiodes cyprinus 

River carp sucker Carpiodes carpio 1 4 5 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Mlnytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish !ctalurus punctatus 29 2 12 6 
Blue catfish lctalurus furcatus 3 ' Yellow bullhead Ameiurus natalis 

Black bullhead Ameiurus melas 1 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictls olivaris 4 4 1 
Madtom spp. Noturus spp. 11 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 17 
Blackstripe topminnow Fundulus notatus 1 1 
Blackspotted topminnow Fundu!us olivaceus 1 
Mosquitofish Gambusia affinis 1 
Brook silverside Labidesthes sicculus 10 
Inland silversides Menidia bery11ina 

L Mississippi silversides Menidia beryllina 

Striped bass Marone saxatilis 

White bass Marone chrysops 7 31 5 2 
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R00785

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Cedar Creek 

Date 2008AUG26 2010NOV09 2013AUG08 2014SEP2S 1964JUL09 

Striped bass x White bass hybrid {Wiper) Morone saxatilis x M. chrysops 1 
Yellow bass Morone mississippiensls 2 

' Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 1 2 2 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 3 2 1 
Largemouth bass Micropterus salmoides 3 34 2 
Spotted bass Micropterus punctulatus 2 

Warmouth Lepomis gulosus 1 7 3 
Green sunllsh Lepomis cyanellus 2 

Green sunfish x Warmouth hybrid Lepo mis cyanellus x L gulosus 1 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 6 14 14 1 
Bluegill x Red ear sunfish hybrid Lepomis macrochirus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 

Longearsunfish Lepomis megalotis 4 5 2 
Orangespotted sunfish Lepomis humilis 3 1 3 2 

Unidentified Sunfish hybrid Unidentified Centrarchldae hybrid 

Walleye Stizostedion vitreum 1 
Sauger Stizostedion canadense 1 1 
B!ackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 
Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Ap!odinotus grunniens 21 6 11 12 

C 
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R00786

Water body Cedar Creek Cedar Creek Cedar Creek Cedar Creek Cave Creek 
Date 199SJUL28 2003JUL23 2003JUL22 2008JUL29 199SJUL24 
Station code NA-01 NA-02 NA-03 NA-03 NAC-01 
Species 12 B 17 27 11 
Non-native proportion 0.07 0.04 
Total fish 32 52 75 176 85 
Electrode minutes 25.36 35 26.05 38 27 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 4 l 
Longnose gar Lepisosteus osseus 
Spotted gar Lepisosteus oculatus l 
Bowfln Amia calva 
Sk!pjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 10 13 2 3 
Threadfln shad Dorosoma petenense 
Goldeye Hiodon alosoides 

Mooneye Hlodon tergisus 
Grass pickerel Esox americanus 

Grass carp Ctenopharyngodon ide!la 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 2 2 
Non-carp m!nnow spp. Cyprinidae spp. (except Cyprinus carplo) 

Golden shiner Notemigonus crysoleucas 3 3 
Creek chub Semotllus atromaculatus 2 17 
Central stoneroller Campostoma anomatum 7 
Suckermouth minnow Phenacobius rnirabilis 

Blacknose dace Rhinlchthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 8 
Redfin shiner Lythrurus umbratilus 16 
Ribbon shiner Lythrurus fumeus l 
Spotfin shiner Cyprinel!a spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 6 
Pugnose minnow Opsopoeodus emiliae l 
Fathead minnow Pimephales promelas 

Bluntnose minnow Pimepha!es notatus 2 l 3 
Bullhead minnow Pimepha!es vigilax l 
Emerald shiner Notropis atherlnoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucel!us 

Channel shiner Notropis wickliffi 21 
Bigmouth buffalo lctiobus cyprlnellus l l 4 
Smallmouth buffalo !ctiobus bubalus 4 
Black buffalo !ctlobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 2 22 
Spotted sucker Minytrema melanops 2 5 4 
Creek chubsucker Erimyzon oblongus l 14 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidoturn 

Golden redhorse Moxostoma erythrurum l 
Channel catfish lctalurus punctatus l 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis l 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus l l 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 3 2 l 
Blackstrlpe topminnow Fundulus notatus 2 5 16 
Blackspotted topminnow Fundu!us olivaceus l 2 7 2 
Mosqultofish Gambusia affinis 2 
Brook silverside Labidesthes sicculus l 

L 
Inland silversides Menldla beryllina 

Misslssippi silversldes Men!dia beryllina 

Striped bass Marone saxatilis 

White bass Marone chrysops 
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R00787

Water body Cedar Creek Cedar Creek Cedar Creek Cedar Creek Cave Creek 

Date 199SJUL28 2003JUL23 2003JUL22 2008JUL29 199SJUL24 / 
Striped bass x White bass hybrid (Wiper) Merone saxatilis x M. chrysops 

Yellow bass Merone mississippiensls '-
F!ler Centrarchus macropterus 

Black crappie Pomoxls nigromaculatus 3 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 

Largemouth bass Micropterus salmoides 2 2 2 7 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 2 
Green sunfish lepomis cyanel!us 3 1 11 8 
Green sunfish x Warmouth hybrid lepomis cyane!lus x l. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x l. cyanellus 1 
Bluegill Lepomis macrochirus 1 5 8 35 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 2 
Redear sunfish Lepomis mkrolophus 6 

longear sunfish lepomis megalotis 2 13 13 21 1 
Orangespotted sunfish lepomis humilis 13 
Unidentified Sunfish hybrid Unidentlfied Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

logperch Percina caprodes 

Johnny darter Etheostoma nigrum 1 2 3 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 3 
Freshwater drum Aplodinotus grunniens 4 4 

C 
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R00788

Waterbodv Cave Creek Kinkaid Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 
Date 2008JUN09 1964JUL09 1995JUL20 1998AUG20 2000AUG16 
Station code NAC-02 NB-01 NC-03 NC-03 NC-03 
Species 15 13 16 10 20 
Non-native proportion 0.04 0.44 0.22 0.17 
Total fish 130 892 57 37 111 
Electrode minutes 42 30 60 70 
Seine hauls 1 
Hours set 

Padd!efish Po!yodon spathula 
Shortnose gar Lepisosteus p!atostomus 
Longnose gar Lepisosteus osseus 1 1 
Spotted gar Lepisosteus oculatus 

Bowfin Amia ca!va 1 
Sklpjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 
Ginard shad Oorosoma cepedianum 3 10 26 
Threadfin shad Dorosoma petenense 
Go1deye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobllis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprlnus carpio 7 25 8 19 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 705 
Golden shiner Notemigonus cryso1eucas 1 1 
Creek chub Semotilus atromaculatus 1 
Central stoneroller Campostoma anomalum 10 
Suckermouth minnow Phenacob!us mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbrati!us 13 
Ribbon shiner Lythrurus fumeus 

Spotfinshiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 4 5 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales prome!as 

Bluntnose minnow Pimepha!es notatus 25 
Bullhead minnow Pimepha!es vigilax 1 
Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis !udibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 
Smallmouth buffalo lctiobus bubalus 3 
Black buffalo lctiobus niger 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 
River carpsucker Carpiodes carpio 1 1 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni ' Spotted sucker Minytrema melanops 9 
Creek chubsucker Erimvzon ob!ongus " River redhorse •p Moxostoma carlnatum 
Shorthead redhorse Moxostoma macrolepldotum 

Golden redhorse Moxostoma erythrurum 29 
Channel catfish lctalurus punctatus 1 8 7 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalls ' 25 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris ' 1 
Madtom spp. Noturus spp. 3 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus savanus 1 1 1 
Blackstripe topminnow Fundulus notatus 8 1 1 
Blackspotted topminnow Fundulus olivaceus 4 1 
Mosquitofish Gambusia affinis 4 
Brook silverside Labidesthes sicculus 2 ' Inland silversides Menidia beryl!lna 

Mississippi silversides Menidia beryl!ina 

Striped bass Marone saxatilis 

White bass Marone chrysops 
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R00789

Water body Cave Creek Kinkaid Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2008JUN09 1964JUL09 199SJUL20 199BAUG20 2000AUG16 r Striped bass x White bass hybrid {Wiper) Marone saxatills x M. chrysops 

Yellow bass Marone mississippiensis 

Flier Centrarchus macropterus 

Slack crappie Pomoxis nigromacu!atus 

S!acknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 3 7 
Largemouth bass Micropterus salmoides 1 2 1 2 8 

Spotted bass Micropterus punctu!atus 36 
Warmouth Lepomis gulosus 1 1 
Green sunfish Lepomis cyane!lus 17 26 1 
Green sunfish x Warmouth hybrid Lepomis cyanellus x l. gulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus x l. cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megalotis x l. cyanellus 

Bluegill Lepomis macrochirus 6 6 s 1 8 

Bluegill x Redear sunfish hybrid lepomis macrochirus x L microlophus 

longear sunfish x Bluegill hybrid lepomis mega!otis x L macrochirus 

Redear sunfish Lepomis microlophus 

Long ear sunfish Lepomis megalotis 17 37 s 2 10 
Orangespotted sunfish lepomis humilis 1 3 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
B!ackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 2 
Sluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 
Freshwater drum Aplodinotus grunniens 2 4 

C 

up to 2015 36 of94 



R00790

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2003JUL15 1964JUL09 1964JUL14 199SJUL20 2000JUL24 
Station code NC-03 NC-07 NC-08 NC-09 NC-09 
Species 19 4 12 30 20 
Non-native proportion 0.16 0.11 0.07 

Total fish 79 74 197 232 204 
Electrode minutes 60 35 33.2 

Seine hauls 
Hours set 

Padd!efish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

Longnose gar Leplsosteus osseus 

Spotted gar Lepisosteus oculatus 
Bowfin Amia calva 1 
Skipjack herring Alosa chrysochlorls 
Shad spp. Oorosoma spp. 

Giuard shad Oorosoma cepedianum 17 1 16 20 
Threadfin shad Dorosoma petenense 7 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 6 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthvs nobi!is 

Silver carp Hypophthalmichthvs molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 13 19 14 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 29 110 
Golden shiner Notemigonus crvsoleucas 4 
Creek chub Semotilus atromacu1atus 1 
Central stonero!!er Campostoma anomatum 

Suckermouth minnow Phenacobius mirabilis 

B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storerfana 

Silvery minnow Hybognathus nuchalls 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

C 
Red shiner Cyprinella lutrensis 1 2 
Pugnose minnow Opsopoeodus emiliae 1 
Fathead minnow Plmephales promelas 

Bluntnose minnow Pimephales notatus 2 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis ather!noides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprlnellus 3 
Smallmouth buffalo lctiobus bubalus 1 
Black buffalo lctiobus niger 1 
Unidentified Carpsucker Carpiodes sp. 1 
Quiflback Carpiodes cyprinus 1 
River carpsucker Carpiodes rarpio 

Highfin carpsucker Carp lodes velifer 

White sucker Catostomus commersoni 11 1 29 
Spotted sucker Minytrema melanops 5 5 1 
Creek chubsucker Erimvzon oblongus 3 5 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macro!epidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 2 

Blue catfish !ctalurus furcatus 

Yellow bullhead Amelurus natalis 4 10 3 3 
Black bullhead Ameiurus melas 1 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 1 
Madtom spp. Noturus spp. 12 

Tadpole madtom Noturus gyrinus 5 3 
Freckled madtom Noturus nocturnus 1 
Pirate perch Aphredoderus sayanus 1 4 13 
B!ackstrlpe topmlnnow Fundulus notatus 5 31 
Blackspotted topminnow Fundulus ollvaceus 1 1 
Mosqultofish Gambusia affinis 5 3 
Brook silverside Labidesthes sicculus 

l 
Inland sl\versides Menidia beryllina 

!Mississippi silversides Menidia beryllina 

Striped bass Marone saxatilis 

White bass Morone chrvsops 

up to 2015 37of94 



R00791

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2003JUL15 1964JUL09 1964JUL14 1995JUL20 2000JUL24 

Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensls 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromacutatus 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxls annularis 1 2 30 

largemouth bass Micropterus salmoides ' 1 1 9 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 2 1 6 1 
Green sunfish lepomis cyanellus 2 12 8 9 " Green sunfish x Warmouth hybrid lepomis cyane!lus x L gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyanellus 

Longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 3 9 75 21 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro1ophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L macrochirus 

Redear sunfish Lepomis microlophus 1 
Longearsunfish Lepomis mega!otis 17 23 7 2 1 
Orangespotted sunfish Lepomis humilis 1 18 6 2 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 2 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Perclna macu!ata 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 1 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 12 
Orangethroat darter Etheostoma spectabile 

Spottai! darter Etheostoma squamiceps 

Slough darter Etheostoma graci!e 1 1 
Freshwater drum Aplodinotus grunniens 7 1 

C 

C 
up to 2015 38 of94 



R00792

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2013JUL1S 199SSEP06 2013AUG12 199SJUL18 2003JUL1S 

Station code NC-09 NC-10 NC-10 NC-11 NC-11 

Species 14 20 22 8 10 
Non-native proportion 0.01 0.06 0.07 0.11 

Total fish 77 108 330 29 39 

Electrode minutes 28.25 46.09 28.53 30 60 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 1 1 
Longnose gar Leplsosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 

Skipjack herring Alosa chrysoch!oris 

Shad spp. Dorosoma spp. 

Gizzard shad Oorosoma cepedianum 4 12 5 9 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 

Grass carp Ctenopharyngodon idella 

Bighead carp Arlstichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprlnus carpio 1 7 ' 4 
Non-carp minnowspp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus cryso!eucas ' Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabi!!s 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storerlana 

Silvery minnow Hybognathus nuchalis 3 
Redfin shiner Lythrurus umbratilus 1 11 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprine11a venusta 

Red shiner Cyprine!la lutrensis 4 1 37 14 3 
Pugnose minnow Opsopoeodus emiliae 

fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 3 10 5 
Bullhead minnow Pimephales v!gllax 10 17 
Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 142 
Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 
Smallmouth buffalo lctiobus buba!us 2 
Black buffalo lctiobus n!ger 

Unidentified Carpsucker Carp!odes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse •T• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 3 2 
Blue catfish !ctalurus furcatus 

Yellow bullhead Amelurus natalis 5 1 2 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis otivaris 3 1 5 
Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 12 
Freckled madtom Noturus nocturnus 5 
Pirate perch Aphredoderus sayanus 3 1 
Blackstripe topminnow fundulus notatus 5 1 1 
Blackspotted topminnow fundulus olivaceus 1 10 7 
Mosquitofish Gambusia affinis 1 4 2 
Brook sllverside Labidesthes sicculus 

Inland silversides Menid!a beryllina 

Mississippi si!versides Menidia beryllina 

Striped bass Marone saxat11is 

White bass Marone chrysops 

up to 2015. 39 of94 



R00793

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2013JUL15 1995SEP05 Z013AUG12 1995JUL18 Z003JUL15 

Striped bass X White bass hybrid (Wiper) Marone saxatilis x M. chrysaps 

Yellow bass Marone misslssippiensis 

Flier Centrarchus macropterus 

Bfack crappie Pomoxis nigramaculatus 
B!acknase crappie Pamoxis migromaculatus 
White crappie Pamoxis annularls 1 1 
Largemouth bass Micropterus salmoides 4 2 ' Spotted bass Micropterus punctulatus 2 
Warmouth Lepamis gulosus 1 

Green sunfish Lepamis cyanellus 14 4 1 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

longear sunfish x Green sunfish hybrid Lepo mis megalotis x L cyanet!us 

Bluegill lepamis macrachirus " 22 10 

Bluegill x Redear sunfish hybrid lepomis macrochirus x L. micralaphus 

Lan gear sunfish x Bluegill hybrid lepomis megalotis x L macrachirus 

Redear sunfish Lepomis micralaphus 

Long ear sunfish Lepomis megalotis 22 46 4 

Orangespotted sunfish Lepomis humilis 5 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Perclna maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

logperch Percina caprodes 

Johnny darter Etheastoma nigrum 10 5 
Bluntnase darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 1 
Orangethraat darter Etheostoma spectabile 

Spottail darter Etheastoma squamiceps 

Slough darter Etheastoma graci!e 2 
Freshwater drum Aptadinotus grunniens 2 1 7 

C 

( 

up to 201S 40af94 



R00794

Water body Rattlesnake Creek Rattlesnake Creek Walkers Creek Walkers Creek Galum Creek 

Date 199SJUL18 2003JUL14 199SJUL31 2013JUN24 199SJUL18 

Station code NCS-01 NC8-0l NCC-01 NCC-01 NCD-03 

Species 15 20 10 12 14 
Non-native proportion 0.08 0.02 

Tota!fish 62 129 so 148 59 

Electrode minutes 30 18.63 

Seine hauls 2 6 2 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

Longno~e g.ir Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 1 1 
Bowfin Amia calva 

Skipjack herring Alosa chrysochtoris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum " Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 1 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 4 1 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Sl!vercarp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 5 2 

Non-carp minnow spp, Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus cryso!eucas 

Creek chub Semotilus atromaculatus 7 16 
Central stonerol!er Campostoma anomalum 10 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus . 

Sitverchub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 33 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 11 9 4 18 
Pugnose minnow Dpsopoeodus emiliae 

Fathead minnow Plmephales prome!as 

Bluntnose minnow Pimepha!es notatus 1 1 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carplodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonl 1 18 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 3 
Blue catfish !cta!urus furcatus 

Yellow bullhead Ameiurus natalis 3 7 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebu!osus 

Flathead catfish Pylodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 5 5 1 
B!ackstripe topminnow Fundulus notatus 1 1 
B!ackspotted topminnow Fundulus olivaceus 1 2 1 2 

Mosquitofish G~mbusia affinis 2 7 
Brook silverslde Labidesthes siccutus 3 
Inland si!versides Menidia beryllina 

Mississippi silversldes Menidia bery11ina 

Striped bass Marone saxatilis 

White bass Marone chrysops 

up to 2015 41 of94 



R00795

Water body Rattlesnake Creek Rattlesnake Creek Walkers Creek Walkers Creek Galum Creek 

Date 1995JUL18 2003JUL14 1995JUL31 20l3JUN24 1995JUL18 
( Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrvsops 

Yellow bass Morone mississippiensls 

Filer Centrarchus macropterus 4 

Black crappie Pomoxis nigromaculatus 8 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 6 2 
Largemouth bass Micropterus salmoides 1 7 12 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 

Green sunfish Lepomis cyanellus 13 8 1 1 8 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyane!Jus 1 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 6 3 19 66 7 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro!ophus 1 
Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis megalotis 5 1 1 1 3 
Orangespotted sunfish Lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizosted!on vitreum 

Sauger St1zosted1on canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 1 3 2 3 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 3 2 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 2 3 6 1 
Freshwater drum Ap1odinotus grunniens 

C 

C 
up to 2015 42 of94 



R00796

Water body Galum Creek Galum Creek Galum Creek Galum Creek P!pestone Creek 

Date 199SJUL27 2003JUL14 1964JUL14 2003JUL15 1995JUL12 

Station code NCD•OS NCD-05 NCD--06 NCD·07 NCDA·Ol 

Species 9 9 5 16 18 

Non•natlve proportion 0.08 0.23 0.02 

Total fish 129 m 276 81 352 
Electrode minutes 30 60 
Seine hauls 14 
Hours set 

Paddlefish Po!yodon spathula 

Shortnose gar Lepisosteus p1atostomus 

Longno~e g.ir Lepbo~teus os~eus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia catva 

Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 19 6 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmlchthys molitrlx 

Goldfish Carassius auratus 

Carp Cypr!nus carp!o 10 19 6 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 206 
Golden shiner Notemigonus cryso1eucas 21 
Creek chub Semotilus atromaculatus 

Central stonerol!er Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 1 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 12 4 13 
Pugnose minnow Opsopoeodus emillae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 2 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropls atherinoides 

River shiner Notropls blermius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 2 
Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Qui!fback Carpiodes cyprinus 

River carpsucker Carplodes carpio 3 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River red horse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 15 4 168 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 1 
Black bullhead Ameiurus melas 

Brown bu!Jhead Ameiurus nebu!osus 

flathead catfish Pylodictis olivaris 2 
Madtom spp. Noturus spp. 4 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 1 
Pirate perch Aphredoderus sayanus 38 2 
Blackstripe topminnow Fundutus notatus 13 14 4 
Blackspotted topmlnnow Fundulus olivaceus 2 5 
Mo.~quitofish Gambusia affinis 13 1 10 

Brooksilverside labidesthes sicculus 43 

Inland silversides Menidia beryll!na 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxatilis 

White bass Marone chrysops 

up to 2015 43 of94 



R00797

Water body Galum Creek Galum Creek Galum Creek Galum Creek Pipestone Creek 

Date 1995JUL27 2003JUL14 1964JUL14 2003JUL15 1995JUL12 
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 

B!ack crappie Pomoxis nigromaculatus 

Blacknose crappie Pornoxis migromaculatus 

White crappie Pornoxis annularis 

Largemouth bass Micropterus safmoides 3 20 1 1 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 1 1 
Green sunfish Lepomis cyanellus 10 1 2 4 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanel!us 4 
Longear sunfish x Green sunfish hybrid Lepomls megalotis x L. cyanellus 4 
Bluegill Lepomis macrochirus 39 68 7 9 34 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 1 
Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis megalotis 18 1 12 6 3 
Orangespotted sunfish Lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 1 
Walleye Stizostedion vitreurn 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 1 1 3 
8luntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma grac!!e 28 
Freshwater drum Aplodinotus grunniens 4 

C 

up to 2015 44 of94 



R00798

Water body Pipestone Creek Rocky Fork Little Galum Creek Little Galum Creek Little Galum Creek 

Date 2003JUL14 2013JUN13 20BJUL31 199SJUL12 2008JUN11 

Station code NCOA-01 NCOAA-01 NCOB- NCOB-01 NCOB-01 

Species 6 13 12 12 11 
Non-native proportion 

Total fish 22 230 2'6 131 259 
Electrode minutes 26.22 30 

Seine hauls 3 9.9 7.5 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 1 
Longnose gar leplsosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia calva 
Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon atosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carplo) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus " 12 
Central stonero!!er Campostoma anoma!um 8 35 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratllus 214 4 60 
Ribbon shiner lythrurus fumeus 1 
Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 8 1 5 1 19 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimepha!es promelas 

Bluntnose minnow Plmephales notatus 5 6 
Bullhead minnow Pimephales vlgi!ax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 118 3 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickllffi 
Bigmouth buffalo lctiobus cyprinellus 

Sma11mouth buffalo lctiobus bubalus 

Black buffalo !ctiobus niger 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes vellfer 

White sucker Catostomus commersoni 1 145 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 
River redhorse •1• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostomaerythrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 1 1 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 17 1 6 
Blackstripe topminnow Fundulus notatus 2 2 4 
B!ackspotted topminnow Fundulus olivaceus 2 15 9 1 
Mosquitofish Gambusia affinis 1 
Brook silverside labidesthes sicculus 

Inland sitversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Merone saxati!is 

White bass Marone chrysops 

up to 201S 45 of94 



R00799

Water body Pipestone Creek Rocky Fork little Galum Creek Little Galum Creek Little Galum Creek 

Date 2003JUL14 2013JUN13 2013JUL31 1995JUL12 2008JUN11 

Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 
Blacknose crappie Pomoxis migromacu1atus 
White crappie Pomoxis annularis 

Largemouth bass Micropterus salmoides 4 2 8 14 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 1 
Green sunfish Lepomis cyanellus 4 42 1 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanel!us 

Long ear sunfish x Green sunfish hybrid Lepomis megalotis x l. cyane\lus 

Bluegill Lepomis macrochirus 8 2 19 5 
Bluegill x Redear sunfish hybrid lepomis macrochirus x l. microlophus 

Longear sunfish x Bluegill hybrid lepomis megalotis x L macrochirus 

Redear sunfish Lepomis microlophus 
Longear sunfish Lepomis megalotis 6 1 1 
Orangespotted sunfish Lepomis humilis 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stlzostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 4 1 1 
Bluntnose darter Etheostoma chtorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 7 
Slough darter Etheostoma gracile 1 
Freshwater drum Aplodinotus grunniens 

C 

up to 2015 46 of94 



R00800

W<1terbody little Galum Creek Bonnie Creek Bonnie Creek Panther Creek Panther Creek 
Date 2013JUL31 199SJUL27 20BJUN13 1995JUL25 2000JUL24 

Station code NC0B-01 NCDC-01 NCOC--01 NCE-02 NCE-02 

Species 12 15 11 25 18 
Non-native proportion O.Ql 0.04 
Total fish 88 145 120 248 115 

Electrode minutes 35.17 53.5 

Seine hauls 8.1 9.7 2 

Hours set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

longnose gar lepisosteus o~~eu~ 
Spotted gar lepisosteus oculatus 
Bowfin Amia calva l 
Skipjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 
Gizzard shad Dorosoma cepedfanum 5 2 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 6 l 
Grass carp Ctenopharyngodon idel!a 

Bighead carp Aristlchthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 2 5 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 4 

Creek chub Semotilus atromaculatus 16 8 
Central stoneroller Campostoma anomalum 4 
suckermouth minnow Phenacobius mirabilis l l 
Blacknose dace Rhinichthys atratu)us 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis l 
Redfin shiner Lvthrurus umbratilus 7 3 4 

Ribbon shiner Lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 2 17 30 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 10 3 l 11 
Bullhead minnow Pimephales vigi!ax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 8 2 
Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus l 

Smallmouth buffalo lctiobus bubalus 

Black buffalo ktiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops l 

Creek chubsucker Erimyzon ob!ongus l 
River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepldotum 

Golden redhorse Moxostoma ervthrurum 
Channel catfish lctalurus punctatus 6 7 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 l 
B!ack bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrlnus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 3 2 3 

B!ackstripe topminnow Fundulus notatus 5 l 4 6 10 
B!ackspotted topminnow Fundulus olivaceus 14 2 10 6 1 
Mosquitofish Gambusia affinis 7 

Brook silverside Labidesthes siccutus 1 3 4 

L 
Inland silversides Menidia beryllina 

Mis5issippi silversides Menidia bervllina 
!Striped bass Marone saxatilis 

IWhite bass Morone chrysops 

up to 2015 47 of94 



R00801

Water body Little Galum Creek Bonnie Creek Bonnie Creek Panther Creek Panther Creek 

Date 2013JUL31 1995JUL27 2013JUN13 1995JUL25 2000JUL24 

Striped bass x White bass hybrid (Wiper) Merone saxatilis x M. chrysops 

Yellow bass Merone mississippiensis 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 3 
Blacknose crappie Pomoxis migromacu!atus 

White crappie Pomoxis annularis ' largemouth bass Micropterus salmoides 6 ' 32 ' 17 

Spotted bass Micropterus punctulatus 

Warmouth lepomis gulosus 3 

Green sunfish Lepomis cyanellus 6 " 3 

Green sunfish x Warmouth hybrid lepomls cyanel!us x L. gu!osus 

Bluegll! x Green sunfish hybrid lepomis macrochirus x L cyanellus 

Longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 23 44 95 41 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L. micro!ophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 1 
Longear sunfoh Lepomis megalotis 64 4 21 5 

Orangespotted sunfish Lepomis humilis 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 3 

Johnny darter Etheostoma nigrum 8 3 24 4 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 4 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 1 
Freshwater drum Aplodinotus grunniens 4 

C 

up to 2015 48 of94 



R00802

Water body Vhite Walnut Cree ttle Beaucoup Cre1 ttle Beaucoup Cre Swanwlck Creek Swanwick Creek 

Date 2013JUL22 1995AUG01 2008JUL08 1995JUL20 2008JUN11 

Station code NCH-01 NCl•Ol NCl-01 NCK-01 NCK-02 

Species 13 13 12 17 15 

Non-native proportion 0.14 

Tota!fish 219 104 55 130 73 

Electrode minutes 20.1 25.17 24.5 35 23.4 

Seine hauls 60 

Hours set 

Padd!efi5h Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

longnose gar leplsosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia calva 

Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 2 27 

Threadfin shad Oorosoma petenense 

Go!deye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pkkerel Esox americanus 6 1 1 1 

Grass carp Ctenopharyngodon ide!la 

Bighead carp Aristichthys nobilis 

Sliver carp Hypophthalmichthys mo!itrix 

Goldfish Carassius auratus 

Carp Cyprinus carplo 18 

Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpiol 

Golden shiner Notemigonus crysoleucas 3 14 1 

Creek chub Semotilus atromacu1atus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabi!!s 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratllus 2 7 1 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 1 1 

Bullhead minnow Plmephales vigilax 

Emerald shiner Notrop!s atherinoldes 

River shiner Notropls blennlus 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropiswickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smal!mouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 6 

Spotted sucker Minytrema melanops 1 

Creek chubsucker Erimyzon ob!ongus 12 3 4 
River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 

Blue catfish lctalurus furcatus 

Yet!ow bullhead Ameiurus natalis 4 6 1 

Black bullhead Ameiurus melas 3 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 3 18 5 1 2 
Blackstripe topminnow Fundulus notatus 18 4 3 7 

Blackspotted topminnow Fundulus olivaceus 10 8 4 
Mosquitofish Gambusia affinls 17 1 4 

Brook silverside labidesthes sicculus 

Inland silvers.ides Menidia beryl!ina 

Mississippi silversides Menidia beryllina 

Striped bass Morone saxatilis 

White bass Morone chrysops 

up to 2015 49 of94 



R00803

Water body ~1hlte Walnut Cree ittle Beaucoup Cre ttle Beaucoup Cre Swanwick Creek Swanwick Creek 

Date 2013JUL22 199SAUG01 2008JUL08 199SJUL20 2008JUN11 (~ Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensls 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 5 1 
Largemouth bass Micropterus salmoides 16 4 1 1 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 2 
Green sunfish Lepomls cyanellus 40 19 3 2 18 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gu1osus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 73 20 9 36 30 
Bluegill x Redear sunfish hybrid Lepomis macrochlrus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 2 2 
,,~ 

Longear sunfish Lepomis megalotis 27 6 2 15 ' Orangespotted sunfish Lepomis humilis 1 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 5 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabl!e 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 1 
Freshwater drum Aplodinotus grunniens 

C 

up to 2015 50of94 



R00804

Water body Locust Creek Locust Creek Locust Creek Glenn Creek Crab Orchard Cree 

Date 1995JUL20 2000JUL11 2013JUL15 2013JUN24 199SJUL18 

( Station code NCN-02 NCN-02 NCN-02 NCS-01 ND-01 

Species 22 19 12 18 18 
Non-native proportion 0.01 0.02 0.06 0.12 
Total fish 166 142 251 383 82 

Electrode minutes 30 35.7 35.03 30 
Seine hauls 7.26 
Hours set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 5 1 
Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 2 
Skipjack herring Alosa chrysoch!oris 
Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 12 7 16 32 

Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass p!ckerel Esox americanus 1 1 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 1 4 22 10 
Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 10 
Creek chub Semoti!us atromacu1atus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Slacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 5 
Redfin shiner Lythrurus umbratilus 2 1 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprlnella spi!optera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 1 5 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales prome!as 

Bluntnose minnow Pimephales notatus 16 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoldes 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucel/us 1 
Channel shiner Notropis wickliffi 
Bigmouth buffalo lctiobus cyprinellus 93 

Smallmouth buffalo lctiobus bubalus 17 5 
Black buffalo lctiobus niger 

Unidentified Carpsucker Carp!odes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 1 6 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon ob!ongus 2 2 
River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 9 11 4 
Black bullhead Ameiurus melas 1 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Py!odictis olivaris 1 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 6 6 3 
Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus 9 5 3 1 
Blackstripe topminnow Fundutus notatus 8 2 14 1' 1 
Blackspotted topminnow Fundulus olivaceus 3 6 6 3 
Mosquitofish Gambusia affinis 77 1 
Brook silverside Labidesthes siccu!us 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Morone saxatllis 

White bass Morone chrvsops 

up to 2015 Slof94 



R00805

Water body locust Creek locust Creek Locust Creek Glenn Creek Crab Orchard Cree 
Date 199SJUL20 2000JUL11 2013JUL15 2013JUN24 1995JUL18 
Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 
Yellow bass Marone mississippiensis 1 1 
Flier Centrarchus macropterus 25 

C 
Black crappie Pomoxis nigromaculatus 2 1 
Blacknose crappie Pomoxis migromaculatus 5 
White crappie Pomoxis annularis 5 1 10 

Largemouth bass Micropterus salmoides 2 12 7 43 7 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 3 
Green sunfish Lepomis cyanellus 16 7 16 1 
Green sunfish x Warmouth hybrid Lepomls cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanel!us 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 
Bluegill Lepomis macrochirus 36 43 153 38 ' Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 
Redearsunfish Lepomis mlcrolophus 
longear sunfish Lepomis megalotis 27 27 17 1 
Orangespotted sunfish Lepomis humills 3 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 6 

Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sclera 
Rlver darter Percina shumardi 
Logperch Perclna caprodes 1 
Johnny darter Etheostoma nigrum 1 2 5 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 
Spottai! darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 1 1 
Freshwater drum Aplodinotus grunniens 

C 

up to 2015 52 of94 



R00806

Water body Crab Orchard Cree Crab Orchard Cree rr-rab Orchard Cree Crab Orchard Cree Crab Orchard Cree 

Date 2003JUL16 2008SEP02 2003JUL23 2008JUL07 199SJUL14 

Station code ND•0l N0-01 N0-04 ND-04 ND-08 

Species 27 29 17 13 11 
Non-native proportion 0.08 0.05 0.o7 0.07 

Tot.ii fish 270 285 183 99 72 

Electrode minutes 60 53 60 26.1 21 

Seine hauls 3 

Hours set 
Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 9 

Longno~e gdf Lepisosteus osseus 
Spotted gar Lepisosteus oculatus 
Bowfin Amia ca!va 4 1 1 
Skipjack herring Alosa chrysachloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 50 88 30 6 ' Threadfin shad Dorosoma peteneme 
Goldeye Hiodon a!osoides 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 8 ' ' Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis ' Silver carp Hypophthalmlchthys molitrix 

Goldfish Carasslus auratus 

Carp Cyprinus carpio " 12 12 7 

Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stonerol!er Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storerlana 

Silvery minnow Hybognathus nuchalis 85 

Redfln shiner lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 4 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprine!lavenusta 

Red shiner Cyprinella lutrensis 2 ' ( Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Plmephales promelas 

B!untnose minnow Pimephales notatus ' 2 

Bullhead minnow Pimephales vigilax 3 5 

Emerald shiner Notropis atherinoides 6 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notrop!s wlckliffi 14 

Bigmouth buffalo lctiobus cypr!nellus 3 1 
Smallmouth buffalo lctiobus bubalus 7 13 
Black buffalo lctiobus niger 1 3 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 
River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 3 

Spotted sucker Minytrema melanops ' Creek chubsucker Erimyzon oblongus 

River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum ' Channel catfish lctalurus punctatus 1 1 5 

B!ue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natatis 7 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 1 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 
Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus 1 1 4 

Blackstripe topminnow Fundulus notatus 1 4 1 1 
Blackspotted topminnow Fundulus olivaceus 1 
Mosquitofish Gambusia ~ffini> 20 ' Brook silverside Labidesthes sicculus 4 1 
Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Morone saKatilis 

White bass Morone chrysops 3 

up to 2015 S3 of94 



R00807

Water body !Crab Orchard Cree Crab Orchard Creel Crab Orchard Cree Crab Orchard Cree Crab Orchard Cree 

Date 2003JUL16 2008SEP02 2003JUL23 2008JUL07 1995JUL14 

Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensis ' Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 12 3 ' Blacknose crappie Pomoxls migromaculatus 

White crappie Pomoxis annularis 1 4 
Largemouth bass Micropterus sa!moides 6 6 10 3 
Spotted bass Micropterus punctulatus 

Warmouth Lepomis gulosus 1 13 3 
Green sunfish Lepomis cyanellus 4 1 4 7 44 
Green sunfish x Warmouth hybrid lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyanellus 

Longear sunfi5h x Green sunfish hybrid Lepomis megalotis x L cyanellus 

Bluegill Lepomis macrochirus 6 34 31 " 4 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L microlophus 

Longear sunfish x Bluegill hybrid Lepomis mega1otis x L macrochirus 

Redear sunfish Lepomis microlophus 1 
Longear sunfish Lepomis megalotis 9 44 34 34 ' Orangespotted sunfish Lepomis humilis 3 12 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 2 
Sauger Stizostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 

River darter Percina shumardi 

logperch Percina caprodes 4 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 2 
Freshwater drum Aplodinotus grunniens 24 7 17 6 

C 

up to 2015 54 of 94 



R00808

Water body Crab Orchard Creel Crab Orchard Cree Crab Orchard Cree little Crab Orchard Piles Fork 

Date 2000JUL26 1995AUG04 2000JUL26 1995JUL07 1995JUL10 

Station code ND-08 ND-14 ND-14 NDA-01 NDB-03 

Species 7 16 15 23 12 

Non-native proportion 0.04 0.02 0.17 0.14 

Total fish 61 95 55 117 50 
Electrode minutes 25.62 30 35.S 23.5 23.16 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 
Skipjack herring Alosa chrysoch!orls 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 39 17 4 l 

Threadfin shad Dorosoma petenense 

Goldeye Hlodon atosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox amer1canus l 4 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthvs nobilis 
Silver carp Hypophthalmichthvs molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 4 l 19 7 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoteucas l 

Creek chub Semotilus atromaculatus 14 
Central stonerol!er Campostoma anomalum 3 
Suckermouth minnow Phenacobius mirabllis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 5 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinetla venusta 

Red shiner Cyprinelta lutrensis 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas l 

Bluntnose minnow Pimephales notatus 4 
Bullhead minnow Pimephales vigllax 

Emerald shiner Notropis atherinoides 

River shiner Notropls blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 5 
Smallmouth buffalo lctiobus bubalus 4 2 
Black buffalo lctiobus niger 4 
Unidentified Carpsucker Carpiodes Sp. 

Quil!back Carpiodes cyprlnus 

Rivercarpsucker Carpiodes carpio 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 3 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon ob!ongus 5 1 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma ervthrurum 

Channel catfish lctalurus punctatus 2 1 
Blue catfish lcta!urus furcatus 

Yellow bullhead Ameiurus natalis 6 5 2 
Black bullhead Ameiurus melas 5 1 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinu5 1 4 2 

Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus l 1 9 
Blackstripe topminnow Fundu!us notatus l 3 2 
Blackspotted topminnow Fundulus olivaceus 3 4 
Mosqultofish Gambusia affinis 1 2 

Brook si!verside Labidesthes sicculus 

Inland silversides Menidia beryl!ina 

Mississippi silversides Menidia beryl!ina 

Striped bass Marone saxatilis 

White bass Marone chryscps 

up to 2015 55 of 94 



R00809

Water body Crab Orchard Cree Crab Orchard Creel Crab Orchard Cree Little Crab Orchard Piles Fork 
Date 2000JUL26 1995AUG04 2000JUL26 1995JUL07 1995JUL10 
Striped bass x White bass hybrid {Wiper) Morone saxatllis x M. chrvsops 
Yellow bass Morone mississippiensis 1 
Flier Centrarchus macropterus 1 1 1 2 
Black crappie Pomoxls nigromacu!atus 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 
largemouth bass Micropterus salmoides 1 2 1 6 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 2 
Green sunfish Lepomis cyanellus 13 38 16 7 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 
Bluegill Lepomis macrochirus ' 10 11 8 ' Bluegill x Red ear sunfish hybrid Lepomis macrochirus x L microlophus 
Longear sunfish x Bluegill hybrid Lepomis mega!otis x L. macrochirus 
Redear sunfish Lepomis microlophus 
Longear sunfish Lepomis mega!otis ' 4 1 ' 19 
Orangespotted sunfish Lepomis humi!ls 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 2 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina macu!ata 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes l 
Johnny darter Etheostoma nigrum 
Bluntnose darter Etheostoma chlorosomum 1 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 10 
Freshwater drum Aplodinotus grunniens 1 l 

C 
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R00810

Water body Plies Fork Glade Creek Drury Creek Drury Creek Drury Creek 

Date 2013JUN10 2013MAY29 1964JUL10 2000JUL25 1995AUG03 

Station code NDB-05 NDBA•Ol NDC·Ol NDC-01 NDC·02 

Species 12 9 6 21 24 
Non-native proportion 

Tota! fish 116 865 1055 149 377 

Electrode minutes 20.92 24.4 30 

Seine hauls 8.1 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 2 

Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 1 
Bowfin Amia calva 1 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 2 3 5 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 1 1 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 904 
Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 6 

Suckermouth minnow Phenacobius mirabllis 

Blacknose dace Rhinichthys atratulus 

Sliver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalls 26 201 
Redfin shiner lythrurus umbratilus 2 4 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 31 24 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 5 5 5 

Bullhead minnow Pimephales vigilax 1 

Emerald shiner Notropis atherinoides 

River shiner Notropis b!ennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis voluce!!us 

Channel shiner Notropis wickliffi 

Blgmouth buffalo lctiobus cyprinellus 

Sma!lmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carp lo 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 1 1 

Creek chubsucker Erimyzon oblongus 

River redhorse •p Moxostoma carinatum 

Shorthead redhone Moxostoma macrol epidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 43 4 6 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebu)osus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 11 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 1 6 17 3 2 

Blackstripe topminnow Fundulus notatus 158 2 1 
Blackspotted topminnow Fundulus olivaceus 25 1 
Mosquitofish Gambusia affinis 7 507 13 

Brook silverside Labidesthes sicculus 4 
Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Moronesaxatilis 

IWhite bass Merone chrysops 

up to 2015 57of94 



R00811

Water body Piles Fork Glade Creek Drury Creek Drury Creek Drury Creek 

Date 2013JUN10 2013MAY29 1964JUL10 2000JUL25 1995AUG03 r Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Marone mississippiensis \_ 
Flier Centrarchus macropterus 1 
Black crappie • Pomoxis nigromaculatus 

B!acknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 

Largemouth bass Micropterus salmoides 2 7 6 
Spotted bass Micropterus punctulatus 4 
Warmouth Lepomis gulosus 1 4 
Green sunfish Lepomis cyanellus 10 22 so 22 25 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x l. cyanellus 

Longear sunfish x Green sunfish hybrid Lepo mis megalotls x l. cyanellus 

Bluegill Lepomis macrochirus 16 141 10 25 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepo mis megalotis x L. macrochirus 

Redear sunfish Lepomis mkrolophus 1 
Longear sunfish Lepomis mega!otis 45 6 28 20 21 
Orangespotted sunfish Lepomis humilis 22 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vltreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 1 1 2 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 2 
Johnny darter Etheostoma nlgrum 1 2 10 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 2 5 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 

C 
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R00812

Water body Drury Creek Drury Creek Drury Creek Sycamore Creek Sycamore Creek 

Date 2003JUL22 20131UN10 2008JUN16 2008JUNOS 2013JUN10 

Station code NOC-02 NDC-02 NDC-99 NOCA-01 NDCA-02 

Species 17 19 18 10 8 
Non-native proportion 0.04 

Total fish 70 365 171 46 51 
Electrode minutes 29.33 28.33 35 19.2 15.22 

Seine hauls 

Hours set 

Paddlefi5h Polyodon spathula 

Shortnose gar Lepisosteus platostomus 1 2 

longnose gar Lepisosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia ca!va 1 
Skipjack herring Alosa chrysoch!oris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 1 6 
Threadfin shad Dorosoma petenense 

Go!deye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 1 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 7 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus cryso!eucas 

Creek chub Semotilus atromaculatus 6 9 

Central stonerotler Campostoma anomalum 7 6 10 18 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 4 
Redfin shiner Lythrurus umbratilus 1 38 

Ribbon shiner Lythrurus fumeus 1 3 
Spotfin shiner Cyprlnella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 14 18 8 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 55 1 9 
Bullhead minnow Pimephales vigilax 6 

Emerald shiner Notropis atherlnoides 

River shiner Notropis blennius 

Sand shiner Notropis !udibundus 168 

Mimic shiner Notropis volucel!us 

Channel shiner Notropis wickliffi 2 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus buba!us 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprlnus 

Rivercarpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 12 1 
Spotted sucker Minytrema melanops 11 

Creek chubsucker Er!myzon oblongus 1 5 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 2 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivari> 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 2 

Blackstrlpe topminnow Fundulus notatus 11 
Blackspotted topminnow Fundulus olivaceus 1 4 
Mosquitofish Gambusia affinis 1 3 2 

Brook silverside Labidesthes sicculus 1 
Inland silversides Menidia beryllina 

I Mississippi si!versfdes Menidia beryllina 

Striped bass Morone saxatilis 

White bass Marone chrysops 

up to 2015 59 of94 



R00813

Water body Drury Creek Drury Creek Drury Creek Sycamore Creek Sycamore Creek 

Date 2003JUL22 2013JUN10 2008JUN16 2008JUNOS 2013JUN10 

C Striped bass x White bass hybrid (Wiper} Merone saxatilis x M. chrysops 

Yellow bass Merone mississipplensis 

Flier Centrarchus rnacropterus 

Black crappie Pomoxis nigromaculatus 1 
Blacknose crappie Pomoxis rnigromaculatus 

White crappie Pomoxis annularis 

Largemouth bass Micropterus salmoides 4 2 13 1 2 

Spotted bass Micropterus punctu!atus 6 

Warrnouth Lepomis gulosus 

Green sunfish Lepomis cyanel!us 14 20 10 2 2 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L gulosus 

B!uegll! x Green sunfish hybrid Lepomis macrochirus x L cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L cyanellus 

Bluegill Lepomis rnacrochirus 4 10 7 3 12 

Bluegill x Redear sunfish hybrid Lepornis rnacrochirus x L microlophus 

Longear sunfish x Bluegill hybrid lepomis rnega1otis x L macrochirus 

Redear sunfish Lepomis rnicrolophus 

longearsunfish Lepomis megalotis 4 53 48 6 

Orangespotted sunfish Lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 

Walleye Stizostedion vltreum 

Sauger Stizostedion canadense 

Blackside darter Perclna maculata 1 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 1 3 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 1 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 
Freshwater drum Aplodinotus grunniens 2 

C 
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R00814

Water body Indian Creek Indian Creek Indian Creek Indian Creek Grassy Creek 

Date 1995JUL26 2000JUL25 2008JUN10 2008JUL29 1995JUL06 

Station code NOCB-01 NOCS-01 NDCB-01 NDCS-02 N00-03 

Species 14 15 9 15 15 
Non-native proportion 

Total fish 176 " 37 1503 732 

Electrode minutes 30 44.S 27.1 27.8 31 

Se!ne hauls 

Hours set 

Paddlefish Polyodon spathu!a 

Shortnose gar Lepisosteus platostomus 

Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 

Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon atosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys mol!trix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromacu!atus 5 69 36 

Central stoneroller Campostoma anomalum 14 133 54 

Suckermouth minnow Phenacobius mirabilis 

Slacknose dace Rhinichthys atratulus 163 

Silver chub Macrhybopsls storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 7 3 26 11 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

aluntnose minnow Pimephales notatus 15 5 3 622 228 

Bullhead minnow Pimepha!es vigil ax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smal!mouth buffalo !ctiobus bubalus 

Black buffalo !ctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomu; commersoni 1 1 1 
Spotted sucker Minytrema melanops 1 

Creek chubsucker Erimyzon oblongus 19 2 116 57 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish !ctalurus punctatus 

Slue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 1 7 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 5 1 
Black5tripe topminnow Fundulus notatus 1 15 5 1 
Blackspotted topminnow Fundulus olivaceus 18 5 8 
Mosquitofish Gambusia affinis 

Brook si!verside Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silversides Menldia beryllina 

Striped bass Morone saxatilis 

White bass Morone chrysops 

up to 2015 61 of 94 



R00815

Water body Indian Creek Indian Creek Indian Creek Indian Creek Grassy Creek 

Date 1995JUL26 2000JUL25 2008JUN10 2008JUL29 1995JUL06 

C Striped bass x White bass hybrid {Wiper) Marone saxatms x M. chrysops 

Yellow bass Marone mississippiensis 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annu!aris 

Largemouth bass Micropterus salmoides 2 1 1 3 

Spotted bass Micropterus punctulatus 1 
Warmouth Lepomis gulosus 1 
Green sunfish Lepomis cyanellus 25 8 4 76 49 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Long ear sunfish x Green sunfish hybrid Lepomis mega\otis x L cyanellus 

Bluegill Lepomis macrochirus 2 3 1 135 1 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. micro!ophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis megalotis 53 10 8 293 97 

Orangespotted sunfish Lepomis humilis 

Un!dentifled Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Perclna caprodes 

Johnny darter Etheostoma nigrum 3 3 4 3 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabi!e 9 3 13 16 

Spottail darter Etheostoma squamlceps 

Slough darter Etheostoma graclle 3 
Freshwater drum Aplodinotus grunniens 

C 
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R00816

Water body Grassy Creek Grassy Creek little Grassy Creek Little Grassy Creek Wolf Creek 

Date 2008JUN16 199SJUN02 199SJULOS 2008JUN12 199SJUL28 

Station code NDD-03 NDD-04 NDDA-01 NDDA-01 NDJ-01 

Species 15 " 16 10 22 

Non-native proportion 

Total fish 346 155 336 55 165 
Electrode minutes 35.4 28.33 30 37.1 30 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 

Longnose gar lepisosteus osseus 

Spotted gar lepisosteus ocu1atus 

Bowfin Amia calva 

Skipjack herring Alosa chrvsochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 1 4 5 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox amerlcanus 5 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. (except Cyprlnus carpio) 

Golden shiner Notemigonus crysoleucas 1 1 
Creek chub Semoti!us atromacu!atus 17 4 

Central stonerol!er Campostoma anomalum 33 26 

Suckermouth minnow Phenacobius m!rabil!s 

Blacknose dace Rhinichlhys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 25 1 
Ribbon shiner lythrurus fllmeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 1 

Pugnose minnow Opsopoeodus emmae 

Fathead minnow Pimephales promelas 140 
Bluntnose minnow Pimepha!es notatus 104 31 3 14 25 

Bullhead minnow Pimephates vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis Judibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wick!iffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 1 2 
Spotted sucker Mlnytrema melanops 1 4 
Creek chubsucker Erimywn oblongus 10 2 
River redhorse •r+- Moxostoma carinatum 

Shorthead redhorse Moxostoma macrotepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 6 7 1 
Blue catfish lcta!urus furcatus 

Yellow bullhead Ameiurus natalis 3 4 11 3 
Black bullhead Ameiurus melas 2 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 3 
Blackstripe topminnow Fundulus notatus 4 1 1 3 
Blackspotted topminnow Fundulus olivaceus 6 3 1 4 1 
Mosquitofish Gambusia affinis 6 

Brook silverside Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Merone saxati!is 

White bass Marone chrysops 
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R00817

Water body Grassy Creek Grassy Creek Little Grassy Creek Little Grassy Creek Wolf Creek 

Date 2008JUN16 1995JUN02 1995JULOS 2008JUN12 1995JUL28 ,r-· 
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Merone mississippiensis '< 
Flier Centrarchus macropterus 

Black crappie Pomoxls nigromaculatus 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 

Largemouth bass Micropterus satmoides 6 2 11 1 2 
Spotted bass Micropterus punctu!atus 

Warmouth Lepomis gulosus 2 1 
Green sunfish Lepomis cyanellus 10 23 5 6 11 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill Lepomis macrochirus 25 ' 56 7 20 

Bluegill x Redear sunfish hybrid Lepomls macrochirus x L. microlophus 

longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish lepomis microlophus 30 1 

longear sunfish lepomis megalotis 77 66 56 10 21 
Orangespotted sunfish lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 2 7 
Walleye Stlzostedion vitreum 

Sauger Stizostedion canademe 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 11 3 

Johnny darter Etheostoma nigrum 4 10 

B1untnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 21 7 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 
Freshwater drum Aplodinotus grunniens 

up to 201S 64 of94 



R00818

Water body Wolf Creek Litt!e Muddy Ri'ler Little Muddy River Little Muddy River Little Muddy River 

Date 2008JUN16 1995JUL19 2000JUL27 2013AUG12 1964JUL10 

Station code NOJ.01 NE.04 NE-04 NE.04 NE-05 

Species 20 19 24 25 13 

Non-native proportion 0.22 0.11 0,05 

Total fish 245 158 174 150 226 
Electrode minutes 27.6 50 40 28.67 

Seine hauls 

Hours set 

Paddlefish Polyodon spathu!a 

Shortnose gar Lepisosteus p!atostomus 1 
Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 1 
Bowfin Amia calva 1 2 1 
Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 71 45 
Threadfin shad Oorosoma petenense 

Goldeye Hiodon a!osoides 

Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 25 3 2 3 4 
Grass carp Ctenopharyngodon ide!la 

Bighead carp Aristichthys nobi!is 

Silver carp Hypophthalmichthys molilrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 35 19 8 

Non-carp minnow spp. Cyprinidae spp, {except Cyprinus carpio) 47 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus B 
Central stoneroller Campostoma anomalum 17 
Suckermouth minnow Phenacobius mirabilis 
B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Sil'lery minnow Hybognathus nuchalls 

Redfin shiner Lythrurus umbrati!us 8 1 1 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 1 3 
Pugnose minnow Opsopoeodus emlliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 34 1 4 1 
Bullhead minnow Pimephales vigilax 1 
Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 1 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 2 2 2 
Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 1 
Quillback Carpiodes cyprinus 

Ri'ler carpsucker Carpiodes carpio 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 
Spotted sucker Minytrema melanops 3 2 7 

Creek chubsucker Erimyzon oblongus 7 
River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 6 
Blue catfish lctalurus furcatus 
Yellow bullhead Ameiurus natalis 1 1 
Black bullhead Ameiurus melas 

Brown bullhead Amelurus nebulosus 

Flathead catfish Pylodictis o!ivaris 1 
Madtom spp. Noturus spp. 28 
Tadpole madtom Noturus gyrinus 3 
Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 6 9 2 11 

B\ackstripe topminnow Fundulus notatus 11 1 18 

Btackspotted topminnow Fundulus olivaceus 2 7 7 

Mosquitofish Gambusia affinis 2 1 

Brook silverside Labidesthes sicculus 5 2 
Inland silversides Menidia beryllina 

Mississippi si!versides Menidia beryllina 

Striped bass Morone saxatilis 

White bass Morone chrysops 

Up to 201S 65 of94 



R00819

Water body Wolf Creek tittle Muddy River Little Muddy River Little Muddy River Little Muddy River 
Date 2008JUN16 1995JUL19 2000JUL27 2013AUG12 1964JUL10 
Striped bass x White bass hybrid {Wiper) Morone saxatilis x M. chrysops 
Yellow bass Merone mississippiensis ,, 
Flier Centrarchus macropterus 
Black crappie Pomoxis nigromaculatus 3 1 6 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 3 2 7 
largemouth bass Micropterus salmoides ' 2 17 7 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 8 11 12 11 
Green sunfish Lepomis cyanellus 15 6 6 10 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L gulosus 1 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 1 
Bluegill Lepomis macrochirus " ' 13 17 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L. microtophus 
Longear sunfish x Bluegill hybrid lepomis megalotis x L. macrochirus 
Red ear sunfish Lepomis mlcro!ophus 1 
Longear sunfish Lepomis megalotis " 6 2 36 74 
0rangespotted sunfish Lepomis humilis 1 10 7 10 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 
Walleye Stizostedion vitreum 
Sauger Stiiostedion canadense 
Blackside darter Percina maculata 2 1 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes 5 ' Johnny darter Etheostoma nigrum 6 5 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprlgene ' 0rangethroat darter Etheostoma spectabile ' 1 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 1 5 
Freshwater drum Aplodinotus grunniens 8 5 ' 

C 
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R00820

Water body Little Muddy River Little Muddy River Little Muddy River Little Muddy River little Muddy River 

Date 1995JUL19 2000AUG16 2003JUL17 2008JUN19 1995AUG07 

Station code NE-05 NE-05 NE-05 NE-OS NE-06 

Species 19 20 19 21 8 

Non-native proportion 0.31 0.13 0.19 0.02 

Total fish 49 104 102 226 156 
Electrode minutes 40 60 60 so 27 
Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 1 1 4 
Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 2 2 2 4 

Bowfin Amia calva 2 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 7 25 9 16 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 
Grass carp Ctenopharyngodon idella 

Bighead carp Arlstichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 15 14 19 4 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 100 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinel!a venusta 

Red shiner Cyprinella lutrensis 2 12 13 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Plmepha!es notatus 1 5 14 
Bullhead minnow Pimepha1es vigilax 3 3 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 2 2 2 
Smallmouth buffalo lctiobus bubalus 4 1 1 

Black buffalo lctiobus niger 1 1 
Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 
River carpsucker Carpiodes carp!o 

Hfghfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonl 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 16 

River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 3 1 7 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 1 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 1 1 2 11 
Blackstripe topminnow Fundulus notatus 2 1 
Blackspotted topminnow Fundutus olivaceus 

Mosquitofish Gambusia affinis 1 1 

Brook silverside Labidesthes slcculus 2 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxati!is 

White bass Morone chrvsops 

up to 2015 67 of94 



R00821

Water body Little Muddy River Little Muddy River Little Muddy River Little Muddy River Little Muddy River 
Date 199SJUL19 2000AUG16 2003JUL17 2008JUN19 1995AUG07 I-Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrvsops 

Yellow bass Morone rnississlppiensis 

Flier Centrarchus rnacropterus 

Black crappie Pomoxis nigromaculatus 1 3 2 3 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 3 3 4 4 
Largemouth bass Micropterus satrnoides 1 2 7 1 
Spotted bass Mlcropterus punctulatus 

Warmouth Lepomis gulosus 1 3 13 56 ' 
Green sunfish Lepornis cyanellus 2 2 7 
Green sunfish x Warmouth hybrid Lepornls cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomls rnacrochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis rnegalotis x L. cyanellus 

Bluegill Lepomis rnacrochirus 2 6 3 26 
Bluegill x Redear sunfish hybrid Lepomis macrochlrus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macroch!rus 

Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis megalotis 2 3 8 
Orangespotted sunfish Lepomis humilis 1 10 16 61 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 2 3 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 1 
Freshwater drum Aplodinotus grunniens 3 8 6 6 

C 
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R00822

Water body Little Muddy River Little Muddy Rlver Little Muddy River Six Mile Creek Reese Creek 

Date 1964JUL01 2003JUL08 2013JUL17 1995JUL13 1995JULB 

Station code NE-08 NE-09 NE-09 NEA-02 NEB-02 

Species 7 18 17 19 17 

Non-native proportion 0.04 0.01 

Total fish 116 94 196 251 276 
Electrode minutes 42.13 44.7 

Seine hauls 2 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 

longnose gar lepisosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia calva 1 
Sklpjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum s 7 1 
Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 12 15 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrlx 

Goldfish Carassius auratus 

Carp Cyprlnus carpio 4 2 

Non-carp minnow spp. Cypr1nidae spp. (except Cyprinus carpio) 29 
Golden shiner Notemigonus crysoleucas 9 

Creek chub Semotilus atromaculatus 20 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 3 2 19 

Ribbon shiner Lythrurus fumeus 

Spotfinshiner Cyprinella splloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 14 

Pugnose minnow Opsopoeodus emlliae 1 
Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 6 8 
Bullhead minnow Pimephales vigil ax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis vo!ucellus 

Channel shiner Notropis wlckliffi 

Bigmouth buffalo lctiobus cyprinellus 3 
Smaltmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 7 
Spotted sucker Minvtrema melanops 11 6 
Creek chubsucker Erimy20n oblongus 2 1 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 2 
Channel catfish lctalurus punctatus 1 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 6 5 2 1 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 9 
Tadpole madtom Noturus gyrinus 2 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 23 1 6 15 15 

Blackstripe topminnow Fundulus notatus 8 42 3 
Blackspotted topminnow Fundu!us olivaceus 16 

Mosquitofish Gambusia affinis 1 1 9 

Brook silverside Labldesthes sicculus 1 1 
Inland silversides Menidia bervllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxatills 

Whltebass Morone chrysops 

up to 201S 69 of94 



R00823

Water body Little Muddy River Little Muddy River Little Muddy River Si)( Mile Creek Reese Creek 
Date 1964JUL01 2003JUL08 2013JUL17 1995JUL13 199SJUL13 
Striped bass)( White bass hybrid (Wiper) Merone saxatiHs )( M. chrysops 
Yellow bass Merone mississippiensis 
Filer Centrarchus macropterus 4 
Slack crappie Pomoxis nigromacu!atus 1 2 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 3 
largemouth bass Micropterus satmoides 7 3 2 
Spotted bass Micropterus punctulatus 
Warmouth lepomis gulosus 2 2 
Green sunfish lepomis cyanellus 5 7 19 8 13 
Green sunfish x Warmouth hybrid lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid lepomls macrochirus x L. cyanel!us 
longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 
Bluegill lepomis macrochirus 32 65 32 41 
Bluegill x Redear sunfish hybrid lepomls macrochirus x L. microlophus 
longear sunfish x Bluegill hybrid lepomis megalotis x L. macrochirus 
Redear sunfish lepomis mlcrolophus 4 
longearsunfish lepomis megalotis 28 1 16 25 1 
Orangespotted sunfish Lepomis humilis 4 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 
Sauger Stizostedlon canadense 
B!ackside darter Percina maculata 1 
Dusky darter Percina sciera 
River darter Percina shumardi 
logperch Percina caprodes 
Johnny darter Etheostoma nigrum 1 8 31 
B!untnose darter Etheostoma chlorosomum 11 10 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabife 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma graclle 45 137 
Freshwater drum Aplodlnotus grunniens 

C 
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R00824

Water body Reese Creek little Indian Creek Puncheon Creek Puncheon Creek Puncheon Creek 

Date 2008JUL08 199SJUL21 199SJUL25 2003JUL08 2013JUL17 

Station code NEB-02 NEE-01 NEl-01 NE!-01 NEl-01 

Species 21 16 13 17 12 
Non-native proportion 

Total fish 98 127 161 131 152 

Electrode minutes 31.7 17.5 25.93 17.33 

Seine hauls 2 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 1 
longno,e gar Lepisosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia calva 
Skipjack herring Alosa chrysoch!oris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 1 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Gra,s pickerel Esox americanus 7 1 2 2 

Grass carp Ctenopharyngodon Idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 3 12 

Creek chub Semotilus atromaculatus 1 4 78 1 18 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacoblus mirabi!is 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 3 

Redfin shiner Lvthrurus umbratilus 21 1 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella !utrensis 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 3 4 7 2 7 
Bullhead minnow Pimepha!es vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis !udibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes Sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema me!anops 2 

Creek chubsucker Erimyzon oblongus 1 3 3 16 3 
River red horse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma ervthrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 2 1 14 19 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 1 
Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 9 1 2 6 6 

Blackstripe topminnow Fundulus notatus 3 6 2 9 10 
B!ackspotted topminnow Fundulus olivaceus 4 4 
Mosquitofish Gambusia affinis 30 2 2 

Brook silverside Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi sllversides Menidia beryl!ina 

Striped bass Merone saxatllis 

White bass Merone chrysops 
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R00825

Water body Reese Creek Little Indian Creek Puncheon Creek Puncheon Creek Puncheon Creek 
Date 2008JUL08 1995JUL21 1995JUL25 2003JUL08 2013JUL17 f-
Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 
Yellow bass Marone mississipplensis 
Flier Centrarchus macropterus 11 
Black crappie Pomoxis nigromaculatus 12 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 1 
Largemouth bass Micropterus salmoides 1 2 6 29 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 6 1 2 
Green sunfish Lepomis cyanellus 4 20 12 20 8 
Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 
Bluegill x Green sunfish hybrid lepomls macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L cyane11us 
Bluegill Lepomis macrochirus 9 16 17 45 34 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L. microlophus 
Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 1 
Longear sunfish Lepomis megalotis 8 6 1 
Orangespotted sunfish Lepomis humilis 8 
Unidentified Sunfish hybrid Unidentified Centrarchldae hybrid 5 2 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina macu!ata 
Dusky darter Percina sclera 
River darter Percina shumardl 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 18 1 12 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 

Stough darter Etheostoma gracile 5 3 
Freshwater drum Ap!odinotus grunniens 

C 
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R00826

Water body Hurricane Creek Hurricane Creek Pond Creek Pond Creek Pond Creek 

Date 1995JUL17 2008JUN10 1995JUL21 2000AUG17 199SJUL11 

Station code NF-01 NF-01 NG-03 NG-03 NG-04 

Species 12 16 15 17 19 

Non-native proportion 0 0.24 0.27 0.04 

Total fish 99 239 113 97 167 

Electrode minutes 36 so 40 30 

Seine hauls 2 

Hours set 

Paddlefish Po!yodon spathula 

Shortnose gar Lepisosteus platostomus 

Longnose gar Leplsosteus osseus 

Spotted gar Lepisosteus oculatus 1 1 
Bowfin Amia calva 

Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 14 44 31 1 

Threadfin shad Oorosoma petenense 

Go!deye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 4 8 1 27 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 1 27 26 6 

Non-carp minnow spp. Cyprinidae spp, (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratutus 

Silver chub Macrhybopsis storeriana 1 

Silvery minnow Hybognathus nuchalis 2 

Redfin shiner lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 11 4 1 
Pugnose minnow Opsopoeodus emi!iae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimepha!es notatus 1 

Bullhead minnow Pimephales vigllax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notrop!s volucellus 

Channel shiner Notropis witkliffi 

Bigmouth buffalo lctiobus cyprinellus 1 3 
Smallmouth buffalo !ctiobus bubalus 2 3 

Black buffalo !ctiobus niger 2 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfln carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 4 
Spotted sucker Minytrema melanops 1 
Creek chubsucker Erimyzon oblongus 1 
River redhorse •T• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 2 2 1 

Blue catfish lctalurus furcatus 

Ye!low bullhead Ameiurus natalis 4 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictls olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 5 1 20 

Black5tripe topmlnnow Fundulus notatus 2 

B!ackspotted topminnow Fundulus olivaceus 6 so 
Mosquitofish Ciambu~ia ~ffini~ 17 1 

Brook silverside Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Merone saxatilis 

White bass Marone chrysops 

up to 2015 73 of94 



R00827

Water body Hurricane Creek Hurricane Creek Pond Creek Pond Creek Pond Creek 
Date 1995JUL17 2008JUN10 1995JUL21 2000AUG17 1995JUL11 
Striped bass x White bass hybrid (Wiper) Merone saxatilis x M. chrysops 
Ye!!ow bass Merone misslssippiensis 
Flier Centrarchus macropterus 7 1 
Black crappie Pomoxis nlgromaculatus 4 2 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 1 
Largemouth bass Micropterus salmoides 14 4 1 3 3 
Spotted bass Micropterus punctulatus 1 
Warmouth Lepomis gulosus 2 s s 2 8 
Green sunfish Lepomis cyanellus 2 44 1 12 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanellus 
Long ear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 
Bluegill Lepomis macrochirus 27 42 3 3 42 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 
Redear sunfish Lepomis microlophus 1 
Longear sunfish Lepomis megalotis 25 31 16 11 25 
Orangespotted sunfish lepomis humi!Js 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 s 1 
Walleye Stizostedion vltreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
logperch Percina caprodes 1 1 
Johnny darter Etheostoma nigrum 2 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 1 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile s 
Freshwater drum Ap!odinotus grunniens s 

C 
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R00828

Water body Pond Creek Pond Creek Lake Creek Lake Creek . Fk. Big Muddy Ri 

Date 2003JUL21 2008JUN12 199SJUL2S 2008JUN12 1964JUL02 

Station code NG-04 NG-OS NGA-02 NGA-02 NH-06 

Species 18 11 14 12 11 

Non-native proportion 0.01 0.05 

Tota! fish 178 189 105 244 136 

Electrode minutes 37.22 27.3 28.1 

Seine hauls 8.7 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus p!atostomus 

Long nose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 8 
Skip]ack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 2 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon a1osoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 39 6 12 4 

Grass carp Ctenopharyngodon Idella 

Bighead carp Aristichthys no bills 

Silver carp Hypophthahnichthys molitrix 

Goldfish Carassius auratus 2 
Carp Cyprinus carpio 5 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 37 

Golden shiner Notemigonus crysoleucas 2 8 4 

Creek chub Semotilus atromaculatus 2 
Central stoneroller Campostoma anomalum 

suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratflus 12 2 

Ribbon shiner Lythrurus fumeus 3 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 1 

Pugnose minnow Opsopoeodus emi!iae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigil ax 

Emerald shiner Notropis atherlnoides 

River shiner Notropls blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smaltmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes ve!ifer 

White sucker Catostomus commersoni 1 

Spotted sucker Minytrema me!anops 1 1 

Creek chubsucker Erimyzon oblongus 2 3 3 

River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 1 1 2 

Black bullhead Ameiurus melas 1 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 3 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 24 4 1 34 

Blackstrlpe topminnow fundulus notatus 3 18 2 1 

Blackspotted topminnow Fundulus olivaceus 6 8 

Mosquitofish Gambusia affini5 \0 

Brook si!verside Labidesthes siccu\us 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxatilis 

White bass Marone chrysops 
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R00829

Water body Pond Creek Pond Creek lake Creek lake Creek rl. Fk. Big Muddy Ri 
Oate 2003JUL21 2008JUN12 199SJUL25 2008JUN12 1964JUL02 -

Striped bass x White bass hybrid (Wiper) Mor one saxatilis x M. chrysops 
Yellow bass Morone mississippiensis '--Flier Centrarchus macropterus 19 2 
Black crappie Pomoxis nigromaculatus 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 3 
largemouth bass Micropterus salmoldes 4 2 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 7 1 9 
Green sunfish lepomis cyanellus 19 81 31 180 3 
Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus x l. cyanellus 2 
longear sunfish x Green sunfish hybrid lepomis megatotis x L. cyanel!us 
Bluegill lepomis macrochirus 22 44 21 25 29 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Long ear sunfish x Bluegill hybrid Lepomis megalotis x l. macrochirus 
Redear sunfish Lepomis microlophus 4 2 
long ear sunfish lepomis megalotis 6 3 27 6 4 
Orangespotted sunfish Lepomis humilis 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 12 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina Sciera 
River darter Percina shumardi 
logperch Percina caprodes 
Johnny darter Etheostoma nigrum 1 
B!untnose darter Etheostoma ch!orosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabite 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 2 1 
Freshwater drum Aplodinotus grunniens 

C 
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R00830

Water body • Fk. Big Muddy Ri le Fork Big Muddy . Fk. Big Muddy Ri . Fork Big Muddy R . Fk. Big Muddy Ri 

Date 1995JUL25 2000SEPOS 2003JUL09 2013JUN11 2003JUL10 

Station code NH-07 NH-07 NH-07 NH-09 NH-23 

Species 19 22 21 10 25 

Non-native proportion 0.1 0.07 0.14 0.11 

Total fish 205 240 122 58 229 

Electrode minutes 60 60 60 18 60 

Seine hauls 60 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus l 

Longno~e g,n Lcpisostcus osscus l 
Spotted gar Lepisosteus oculatus 2 l l 3 

Bowfin Amia ca!va 1 4 4 10 

Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 37 so 2 13 

Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 4 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 20 17 17 26 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas l 4 

Creek chub Semotilus atromaculatus 7 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

B!acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsls storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinel1a spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 2 l 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoldes 

Rlver shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wlckliffi 

Bigmouth buffalo lctiobus cyprinellus 8 17 3 2 

Smallmouth buffalo lctiobus bubalus 3 7 l 14 

Black buffalo lctiobus niger l l 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus l 

River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macro1epidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus l 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 2 l 2 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 

Freckled madtom Noturus nocturnus 

Plrate perch Aphredoderus sayanus 6 5 2 3 6 

Blackstripe topminnow Fundulus notatus 2 2 4 l 

Blackspotted topminnow Fundulus olivaceus l 2 

Mosquitofish Gambusia affinis l l 

Brook silverside Labidesthes sicculus 2 
Inland silversides Menldia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxat!lis 

White bass Morone chrysops 
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R00831

Water body . fk. Big Muddy Ri le Fork Big Muddy • Fk. Big Muddy Ri . Fork Big Muddy R . Fk. Big Muddy Ri 
Date 1995JUL25 2000SEP05 2003JUL09 2013JUN11 2003JUL10 r-· 
Striped bass x White bass hybrid (Wiper) Marone saxat!Hs x M. chrysops 

Yellow bass Marone mississippiensis 1 
Flier Centrarchus macropterus 1 
Black crappie Pomoxis nigromaculatus 2 1 5 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxls annularis 2 2 2 7 
largemouth bass Micropterus satmoides 2 2 12 13 
Spotted bass Micropterus punctulatus 2 
Warmouth Lepomis gulosus 21 22 21 37 
Green sunfish Lepomis cyanellus 8 9 9 25 8 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanel!us 

longear sunfish x Green sunfish hybrid lepomis megalotis x L. r;yanellus 

Bluegill lepomb macrochirus 67 60 26 8 32 
Bluegill x Re dear sunfish hybrid Lepomis macrochirus x L. microlophus 

long ear sunfish x Bluegill hybrid Lepomis mega!otis x L macrochirus 

Red ear sunfish lepomis microlophus 

Longear sunfish lepomis mega!otis 8 10 3 5 
Orangespotted sunfish lepomis humilis 10 11 9 1 33 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina macufata 
Dusky darter Percina sciera 

River darter Percina shumardi 

logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 1 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 
Freshwater drum Aplodinotus grunniens 3 11 3 

C 
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R00832

Water body . Fk. Big Muddy Ri d. Fk. Big Muddy Ri le Fork Big Muddy Ewing Creek Ewing Creek 

Date 2008AUG20 1995JUL17 2000AUG17 199SJUlll 2000JUL26 

Station code NH·23 NH·26 NH-26 NHB-01 NHB-01 

Species 25 19 30 20 21 

Non-native proportion 0.08 0.08 0.09 0.01 0.02 

Total fish 338 220 243 476 196 

Electrode minutes 60 60 60 28.08 43 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepimsteus platostomus l 
Longnose gar Lepisosteus osseus l 

Spotted gar Lepisosteus oculatus l l 

Bowfin Amia calva 5 l l 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 85 63 61 10 

Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus l l l 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix l 

Goldfish Carassius auratus 

Carp Cyprinus carpio 27 17 23 4 4 

Non-1:arp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas l l l 

Creek chub Semotilus atromaculatus 3 4 
Central stoneroller Campostoma anoma!um 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinlchthys atratulus 

S!lverchub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 2 l so l 

Ribbon shiner Lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 2 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

B!untnose minnow Pimephales notatus 29 2 

Bullhead minnow Pimepha!es vigilax 

Emerald shiner Notropis atherinoldes 3 3 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis vo1ucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 7 55 6 

Smallmouth buffalo lctiobus bubalus 44 l 3 

Black buffalo lctiobus niger l 3 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprlnus 1 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 9 

Spotted sucker Minytrema melanops l 1 

Creek chubsucker Erimyzon ob!ongus 20 30 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 6 

Slue catfish lctaturus furcatus 

Yellow bullhead Ameiurus natalis 8 ' 4 l 

Black bullhead Ameiurus melas l 1 

Brown bullhead Ameiurus nebutosus 

Flathead catfish Pylodictis olivaris 1 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 3 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 6 2 3 6 34 

Blackstripe topminnow Fundulus notatus 6 5 2 10 12 

Blackspotted topminnow Fundulus olivaceus 8 

Mosquitofish Gambusia affinis 5 l 3 2 

Brook silverside Labidesthes siccutus 10 ' Inland silversides Menidla beryllina 

Mississippi si!versides Menidia beryllina 

Striped bass Morone saxatilis 

White bass Morone chrysops 
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R00833

Water body Id. Fk. Big Muddy Ri . Fk. Big Muddy Ri le Fork Big Muddy Ewing Creek Ewing Creek 
Date 2008AUG20 1995JUL17 2000AUG17 1995JUL11 2000JUL25 
Striped bass x White bass hybrid {Wiper) Marone saxatilis x M. chrysops 
Yellow bass Marone mississipplemis 1 3 ' Flier Centrarchus macropterus 3 1 
Black crappie Pomoxis nigromaculatus 5 27 17 
B1acknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 9 2 2 1 
Largemouth bass Micropterus satmoides 8 8 10 11 
Spotted bass Micropterus punctu!atus 1 
Warmouth lepomis gulosus 36 44 1 
Green sunfish Lepomis cyanellus 3 36 8 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepo mis macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 
Bluegll! Lepomis macrochirus 39 31 27 19 " Bluegll! x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Longear sunfish x Bluegill hybrid Lepomis megalotls x L. macrochirus 
Redear sunfish lepomis micro!ophus 

Longear sunfish Lepomis megalotis 6 4 257 42 
Orangespotted sunfish Lepomis humilis 14 7 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stlzostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Perclna sciera 
River darter Percina shumardi 
Logperch Percina caprodes 1 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectablle 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 1 3 3 
Freshwater drum Ap!odinotus grunniens 10 7 

C 
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R00834

Water body Ewing Creek Little Bessie Creek Akin Creek Akin Creek Sugar Camp Creek 

Date 2013JUN11 2013JUN11 2008JUN04 2013MAY30 199SJUL25 

Station code NHB-02 NHD-01 NHG-01 NHG-01 NHH-01 

Species 17 12 6 5 17 
Non-native proportion 

Total fish 210 88 17 30 241 
Electrode minutes 22.63 15.28 16.7 24 29.1 
Seine hauls 
Hours set 
Padd!efish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 
Longnose gar Lepisosteus osseus 
Spotted gar Lepisosteus oculatus 
Bowfin Amia calva 
Skipjack herring Alosa chrysochloris 
Shad spp. Oorosoma spp. 
Gizzard shad Dorosoma cepedianum 1 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 5 
Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobilis 
Silver carp Hypophtha!michthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 

Non•carp minnow spp. Cyprinidae spp. (except Cyprlnus carpio) 

Golden shiner Notemigonus crysoleucas 14 
Creek chub Semot!lus atromaculatus 24 1 2 
Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Si!verchub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lvthrurus umbratilus 3 1 
Ribbon shiner lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emlliae 

Fathead minnow Pimephales promelas 1 
Bluntnose minnow Pimephales notatus 58 2 1 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludlbundus 

Mimic shiner Notropis vo!ucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprine!tus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo tctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 2 1 1 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 1 1 45 
River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 
Yellow bullhead Ame!urus natalis 2 2 3 

Black bullhead Ameiurus me!as 

Brown buflhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 
Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus 2 5 s 
Blackstripe topminnow Fundulus notatus 14 9 1 14 
Blackspotted topminnow Fundulus olivaceus 12 5 12 32 

Mosquitofish Gambusia affinis 1 2 2 
Brook silverside Labidesthes sicculus 

l 
Inland silversides Menidia bery!lina 

Mississippi silversides Menidia bery!lina 

Striped bass Morone s~~atilis 

White bass Morone chrysops 
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R00835

Water body Ewing Creek Little Bessie Creek Akin Creek Akin Creek Sugar Camp Creek 
Date 2013JUN11 2013JUN11 2008JUN04 201:IMAV30 199SJUL2S 
Striped bass x White bass hybrid (Wiper) Marone saxatllis x M. chrysops 
Yellow bass Marone mississippiensis "-Flier Centrarchus macropterus 
Black crappie Pomoxis nigromacu!atus 
Blacknose crappie Pomoxis mlgromaculatus 
White crappie Pomoxis annularis 
Largemouth bass Micropterus salmoides 3 7 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 5 
Green sunfish Lepomis cyanellus 26 " l 13 15 
Green sunfish x Warmouth hybrid Lepomis cvanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 4 
Longear sunfish x Green sunfish hybrid Lepomis megalotisx L. cyanel!us 
Bluegill lepomis macrochirus 40 30 8 l 15 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 
Redear sunfish lepomis micro!ophus 

Longear sunfish lepomis megalotls 13 3 79 
Orangespotted sunfish lepomis humilis l 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
B)ackslde darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabi!e 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 7 l 1 
Freshwater drum Aplodinotus grunniens 

C 
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R00836

Water body Sugar Camp Creek Gun Creek Gun Creek Casey Fork Casey Fork 

Date 2003JUL21 199SJUL21 2008AUG18 1990JUL24 1992JUL14 

Station code NHH-01 Nl-01 Nl-01 NJ.07 NJ-07 

Species 23 17 13 14 4 

Non-native proportion O.G2 0,03 0.14 0.25 

Total fish 254 84 103 44 20 

Electrode minutes 33.38 30 15.8 60 60 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 
Longnose gar Lepisosteus osseus 1 

Spotted gar Lepisosteus oculatus 

Bowfin Amia ca!va 
Skipjack herring A!osa chrvsoch!oris 
Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 1 13 4 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 

Mooneve Hiodon tergims 
Grass pickerel Esox americanus 12 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobills 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 1 

Carp Cyprinus carpio 2 3 5 5 

Non-carp minnow spp. Cyprlnidae spp. (except Cyprinus carp!o) 

Golden shiner Notemigonus crysoleucas 1 
Creek chub Semotilus atromaculatus 2 
Central stoneroller Campostoma anomatum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nucha!is 1 
Redfln shiner Lvthrurus umbratilus 8 1 

Ribbon shiner Lythrurus fumeus 6 
Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 6 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 34 
Bullhead minnow Pimepha!es vigllax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctlobus cyprinellus 1 1 

Smal!mouth buffalo lctiobus bubalus 

Black buffalo Jctiobus niger 

Unidentified Carpsucker Carpiodes Sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 2 3 9 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 24 2 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma ervthrurum 

Channel catfish lctalurus punctatus 1 5 5 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 7 6 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodlctis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 19 10 5 1 

Blackstripe topminnow Fundulus notatus 4 6 24 1 

Blackspotted topminnow Fundulus olivaceus 5 
Mosquitofish Gambusia affinis 3 5 10 

Brook silverside labidesthes sicculus 

l 
Inland silversides Menidia beryllina 

I Mississippi silversides Menidia beryllina 

!Striped bass Marone saxatilis 

White bass Marone chrysops 

up to 2015 83 of94 



R00837

Water body Sugar Camp Creek Gun Creek Gun Creek Casey Fork Casey Fork 
Date 2003JUL21 199SJUL21 2008AUG18 1990JUL24 1992JUL14 r Striped bass x White bass hybrid (Wiper) Marone saxatl!ls x M. chrysops 
Ye!Jow bass Marone misslssippiensis 

' Flier Centrarchus macropterus 
Black crappie Pomoxis nigromacu!atus 3 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 8 5 
Largemouth bass Micropterus salmaides 1 2 11 9 5 
Spotted bass Micropterus punctulatus 
Warmouth Lepo mis gulosus 1 7 1 
Green sunfish Lepom!s cyanellus " 8 4 
Green sunfish x Warmouth hybrid lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid lepamis macrochirus x L cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyaneltus 
Bluegill Lepomis macrochirus 31 26 5 3 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 
Redear sunfish Lepomis mlcro!ophus 
Longearsunfish Lepomis megalotis 29 2 15 
Orangespotted sunfish Lepomis humilis 11 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 
Walleye Stizostedian vitreum 
Sauger Stiiostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes 3 
Johnny darter Etheostoma nigrum 
Bluntnose darter Etheostoma chlorosomum 1 
Mud darter Etheostoma asprlgene 
Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile 6 1 2 
Freshwater drum Aplodinotus grunniens 1 

C 

up to2015 84 of 94 



R00838

Water body Casey Fork Casey Fork Casey Fork Casey fork Casey Fork 

Date 199SJUN22 199SJUL21 2000JUL27 2003JUL09 2008JUN18 

Station code NJ--07 NJ--07 NJ--07 NJ--07 NJ-07 

Species 14 15 24 14 22 
Non-native proportion 0.11 0.01 0.09 0.02 

Total fish 217 132 222 268 279 
Electrode minutes 15 60 60 60 
Se!ne hauls 3 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus ocu!atus 1 1 
Bowfin Amia calva 

Skipjack herring Alosa chrysochloris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 22 22 25 21 15 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 4 
Grass carp Ctenopharyngodon ide!1a 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys motitrix. 

Goldfish Carassius auratus 

Carp Cyprinus carpio 24 1 20 6 
Non-carp minnow spp. Cyprinidae spp. (ex.cept Cyprinus carpio} 

Golden shiner Notemigonus crysoleucas 2 10 
Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhlnichthys atratulus 

Sliver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nucha!is 

Redfin shiner Lythrurus umbratilus 1 1 2 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 48 4 5 
Pugnose minnow Opsopoeodus emiliae 1 
Fathead minnow Pimephales prome!as 

Bluntnose minnow Pimepha!es notatus 4 4 
Bullhead minnow Pimepha!es vigllax. 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 7 3 
Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

Rivercarpsucker Carpiodes carpio 

Hlghfin carpsucker Carpiodes vetlfer 

White sucker Catostomus commersoni 2 13 9 5 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 
River redhorse •r• Mox.ostoma carinatum 

Shorthead redhorse Mox.ostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lcta!urus punctatus 5 3 6 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 1 1 3 1 3 
Black bullhead Ameiurus melas l 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Py!odlctis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 5 3 
Blackstripe topminnow Fundulus notatus 3 4 16 
Blackspotted topminnow Fundulus olivaceus 1 
Mosquitofish Gambusia affinis 11 
Brook silverside Lab!desthes sicculus 2 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saxatilis 

White bass Marone chrysops 2 

up to 2015 85 of94 



R00839

Water body Casey Fork Casey Fork Casey Fork Casey Fork Casey Fork 
Date 1995JUN22 1995JUL21 2000JUL27 2003JUL09 2008JUN18 
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 
' Flier Centrarchus macropterus 5 

Black crappie Pomoxis nigromaculatus 10 1 1 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 16 5 1 3 
Largemouth bass Micropterus salmoides 29 ' " 10 3 
Spotted bass Micropterus punctu1atus 

Warmouth Lepomis gulosus 4 ' 9 4 16 
Green sunfish Lepomls cyanellus 4 6 21 9 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyaneltus 14 
Longear sunfish x Green sunfish hybrid Lepomis mega!otis x L. cyanellus 3 
Bluegill Lepomis macrochirus 90 10 64 39 95 
Bluegill x Red ear sunfish hybrid Lepomis macrochirus x L micro!ophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 2 
Longear sunfish Lepomis megalotis 5 8 84 28 
Orangespotted sunfish Lepomis humi!is 8 59 12 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 1 1 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 1 
B!untnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma graci/e 
Freshwater drum Aplodinotus grunniens 4 ' 6 11 29 

C 

up to 2015 86 of94 



R00840

Water body Casey Fork Casey Fork Casey Fork Casey Fork Atchison Creek 

Date 2013SEP13 199SJUL27 2003JUL07 1954JUL03 2013JUN12 

C Station code NJ-07 NJ-10 NJ-10 NJ-30 NJA-02 

Species 17 16 11 9 11 
Non-nati'le proportion 0.02 
Total fish 217 122 229 126 55 
Electrode minutes 21 26 38.25 19.57 
Seine hauls 
Hours set 
Paddlefish Polyodon spathula 
Shortnose gar lepisosteus platostomus 
longnose gar lepisosteus osseus 

Spotted gar lepisosteus ornlatus 1 1 
Bowfin Amia ca!va 1 
Skipjack herring Alosa chrysochloris 

Shad spp, Dorosoma spp, 

Ginard shad Dorosoma cepedianum 37 3 12 9 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 1 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 66 

Golden shiner Notemigonus crysoleucas 34 1 
Creek chub Semotilus atromaculatus 14 
Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

B1acknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lythrurus umbrati1us 2 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprine!la lutren,is 8 1 1 
Pugnose minnow Opsopoeodus emi!iae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 6 16 
Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropls volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cvprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 2 35 1 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 1 
River redhorse •1• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 2 1 1 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 14 
Tadpole madtom Noturus gyrinus 

Freck!ed madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 2 2 

Blackstripe topminnow Fundulus notatus 14 1 3 13 

Slackspotted topminnow Fundulus olivaceus 

Mosquitofish Gambusia affinis 3 1 5 

Brook silverside labidesthes sicculus 

l 
Inland sllversides Menidia beryllina 

I Mississippi silversides Menidia beryllina 

!Striped bass Marone saxatilis 

!White bass Marone chrysops 

up to 2015 87 of94 



R00841

Water body Casey Fork Casey Fork Casey Fork Casey Fork Atchison Creek 

Date 2013SEP13 1995JUL27 2003JUL07 1964JUL03 2013JUN12 ,-
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 1 
Yellow bass Merone mississippiensis 

Flier Centrnrchus macropterus 1 
Black crappie Pomoxis nigromacu!atus 2 
B1acknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annutaris 

Largemouth bass Micropterus salmoides 8 5 29 1 5 
Spotted bass Micropterus punctulatus 2 
Warmouth Lepomis gulosus 1 
Green sunfish Lepomls cyanellus 18 6 50 " Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 1 
longear sunfish x Green sunfish hybrid lepomls megalotls x L. cyanellus 

Bluegill Lepomis macrochirus 48 65 66 12 11 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L. microlophus 

longear sunfish x Bluegill hybrid lepomis mega!otis x L. macrochirus 

Redear sunfish Lepomis microlophus 3 
longearsunfish Lepomis megatotis 18 11 1 1 9 
Orangespotted sunfish Lepomis humi!is 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 11 1 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina macu!ata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 3 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene ' Orangethroat darter Etheostoma spectabile 

Spottai! darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 8 1 
Freshwater drum Aplodinotus grunniens 3 

C 

Up to 2015 88of94 



R00842

Water body Sevenmile Creek Sevenmile Creek Seven Mile Creek Rayse Creek Rayse Creek 

Date 199SJUL27 2000JUL17 2013JUN12 2008AUG18 199SJUL26 

C Station code NJC-01 NJC-01 NJC-01 NK-01 NK-02 

Species 16 9 17 " 21 

Non-native proportion 0.04 0.01 

Total fish 157 75 175 694 191 

Electrode minutes 21 38.S 37 34.3 30 

Seine hauls 
Hours set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 
Longnose gar Lep!sosteus osseus 
Spotted gar Lepisosteus oculatus 
6owfin Amia calva 
Skipjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 19 
Threadfin shad Dorosoma petenense 
Go!deye Hiodon alosoides 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 6 2 

Grass carp Ctenopharyngodon ideila 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys motitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 3 1 
Non.carp minnow spp. Cyprinidae spp. {except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 4 

Creek chub Semotilus atromaculatus 17 5 20 20 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mlrabllis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 9 1 8 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

C 
Red shiner Cyprinella lutrensis ' 114 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 19 1 10 206 ' Bullhead mtnnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 1 
Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

Rlver carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 1 1 6 4 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon obtongus 9 11 21 " River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 7 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 4 40 9 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Py!odictis olivaris 1 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 7 2 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 8 26 2 9 16 

Blackstripe topminnow Fundulus notatus 11 1 27 39 ' Blackspotted topminnow Fundulus olivaceus 5 
Mosquitofish Gambusia affinis 13 

Brook silverside Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Marone saKatilis 

White bass Merone chrysops 

up to 2015 89 of94 



R00843

Water body Sevenmile Creek Sevenmile Creek Seven Mlle Creek Rayse Creek Rayse Creek 

Date 199SJUL27 2000JUL17 2013JUN12 2008AUG18 1995JUL26 r Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 

Yellow bass Morone mississippiensls ,, 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromacu!atus 

Blacknose crappie Pomoxis migromacutatus 

White crappie Pomoxis annu!aris 1 1 
Largemouth bass Micropterus salmoldes 1 3 4 11 4 

Spotted bass Micropterus punctu!atus ' Warmouth Lepomis gulosus 1 1 
Green ~unfoh lepmnh cyanetlus 31 11 16 23 28 

Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L. cyanellus 7 
Longear sunfish x Green sunfish hybrid lepomis megatotis x L. cyanellus 3 

Bluegill Lepomis macrochirus 36 14 66 5 39 

Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochlrus 1 
Redear sunfish Lepomis microlophus 11 1 
Longear sunfish Lepomis megalotis 4 8 115 ' Orangespotted sunfish Lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vltreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 1 34 1 
Bluntnose darter Etheostoma chlorosomum 1 
Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabile 

Spottai! darter Etheostoma squamiceps 

Slough darter Etheostoma grad[e 5 10 1 
Freshwater drum Aplodinotus grunniens ' 4 

C 
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R00844

Water body Rayse Creek Rayse Creek Snow Creek Snow Creek Snow Creek 

Date 2000JUL18 2013AUGOS 199SJUL26 2000JUL18 2008JUN17 

Station code NK-02 NK-02 NL-01 NL-01 NL-01 

Species 15 20 25 19 15 

Nan-native proportion 0.02 

Total fish 281 235 341 190 175 

Electrode minutes 44 22.6 29.2 49 28.S 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shartnose gar lepisosteus platostomus 

Longnose gar lepisosteus osseus 

Spotted gar lepisosteus oculatus 

Bowfin Amia ca!va 

Skipjack herring Alosa chrysochlorls 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 3 4 

Threadfin shad Dorosoma petenense 

Galdeye Hiadon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 16 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Arlstichthys nobilis 

Silver carp Hypophtha!michthys molitrfx 

Goldfish Carassius auratus 

Carp Cyprinus carpio 6 

Non-carp minnow spp. Cyprinidae spp. (except Cyprlnus carpio) 

Golden shiner Notemigonus crysoleucas 2 2 

Creek chub Semotilus atromaculatus 86 2 7 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 27 

B!acknose dace Rhinichthys atratulus 

Sliver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lythrurus umbrati!us 11 2 26 3 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprine!la venusta 

Red shiner Cyprine!la lutrensis 2 15 

Pugnose minnow Opsopoeodus emillae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 37 3 39 15 13 

Bullhead minnow Pimephales vigil ax 

Emerald shiner Notropls atherino!des 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 

Smallmouth buffalo lctiobus buba1us 

Black buffalo !ctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker CHpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 30 2 11 7 11 
Spotted sucker Minytrema melanops 3 

Creek chubsucker Erimyzon oblongus 7 11 57 6 6 

River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natali5 1 6 3 3 2 

Black bullhead Ameiurus me1as 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 1 1 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 16 5 12 4 

Blackstripe topminnow Fundu!us notatus 5 19 12 13 13 

Blackspotted topminnow Fundulus olivaceus 21 1 1 13 

Mosquitofish Gambusia affinis 6 3 1 

Brook silverside Labidesthes sicculus 

Inland silversides Menidia beryl!ina 

Mississippi silversides Menldia beryl!ina 

Striped bass Marone saxatllis 

Wh!te bass Moronechrysops 

up to 2015 91 of 911 



R00845

Water body Rayse Creek Rayse Creek Snow Creek Snow Creek Snow Creek 
Date 2000JUL18 2013AUG05 1995JUL26 2000JUL18 2008JUN17 

C Striped bass x White bass hybrid (Wiper) Marone saxatilis x M. chrysops 
Yellow bass Marone mississippiensis 
Flier Centrarchus macropterus 
Black crappie Pomoxis nigromaculatus 
B!acknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annu!aris 2 
Largemouth bass Micropterus salmoides 17 16 3 11 9 
Spotted bass Micropterus punctu!atus 5 
Warmouth Lepo mis gulosus 2 4 

Green sunfish Lepom!s cyanellus 10 11 57 21 5 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyane!/us 3 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 
Bluegill Lepomis macrochirus 3 55 " 65 49 
Bluegill x Redear sunfish hybrid Lepomls macrochirus x L. micro!ophus 
longear sunfish x Bluegill hybrid lepom!s mega!otis x L. macrochirus 
Redear sunfish Lepomis mlcrolophus 12 7 
Longear sunfish Lepomis mega!otis 39 35 5 24 
Orangespotted sunfish Lepomis humilis 5 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 2 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 
River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 25 3 1 10 1 
Bluntnose darter Etheostoma ch1orosomum 1 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 
Spottai! darter Etheostoma squamiceps 
Slough darter Etheostoma gracife 4 2 
Freshwater drum Ap!odinotus grunniens 1 

C 

( 
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Water body Mud Creek Prairie Creek Andy Creek Andy Creek 

Date 200BJUN09 2013JUL23 199SJUL17 2008JUN11 

Station code N2L-Ol NZM-02 NZN-13 NZN-15 

Species 18 6 18 14 

Non-native proportion 0.04 0.05 

Total fish 121 53 252 84 

Electrode minutes 19 20.67 22.67 27.6 

Seine hauls 

Hours set 

Paddlefish Polyodon spathu!a 

Shortnose gar lepisosteus platostomus 

Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowfin Amia calva 1 

Skipjack herring Alosa chrysoch!oris 

Shad spp. Dorosoma spp. 

Gizzard shad Dorosoma cepedianum 8 

Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 1 

Grass carp Ctenopharyngodon idel!a 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molltrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 9 4 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus cryso!eucas 3 9 5 2 

Creek chub Semoti!us atromaculatus 7 3 
Central stoneroller Campostoma anomalum 1 
Suckermouth minnow Phenacoblm mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 13 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 6 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Plmephales notatus 27 
Bullhead minnow Pimepha!es vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wick!iffi 

Bigmouth buffalo lctiobus cyprinellus 3 

Sma11mouth buffalo lctiobus buba!us 2 

Black buffalo !ctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 2 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 2 2 

Spotted sucker Minytrema melanops 

Creek chubsucker Erlmyzon oblongus 2 5 
River redhorse *T* Moxostoma carinatum 

Shorthead redhorse Moxostoma macro!epidotum 

Golden redhorse Moxostoma ervthrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 1 
Black bullhead Ameiurus metas 3 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtom spp, Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 4 16 7 1 

B1ackstripe topminnow Fundulus notatus 7 16 

Blackspotted topminnow Fundulus olivaceus 13 
Mosquitofish Gambusia affinis 1 1 
Brook silverside Labldesthes sicculus 

Inland silversides Menidla beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Merone saxatilis 

White bass Marone chrysops 
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Water body Mud Creek Prairie Creek Andy Creek Andy Creek 
Date 2008JUN09 2013JUL23 199SJUL17 2008JUN11 
Striped bass x White bass hybrid (Wiper) Morone saxatms x M. chrysops 
Yellow bass Morone mississippiensis 
Flier Centrarchus macropterus 
Black crappie Pomoxis nigmmaculatus l 3 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 
Largemouth bass Micmpterus salmoides 2 
Spotted bass Micropterus punctu1atus 
Warmouth Lepomis gulosus s s 
Green sunfhh Lepomis cyanellus 4 21 22 2 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

Blueglll x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 
Longear sunfish x Green sunfish hybrid Lepomis megatotis x L. cyanellus 

Bluegill Lepomis macrochirus 23 3 172 35 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. mlcrolophus 
Longear sunfish x Bluegill hybrid Lepomis mega!otis x L. macrochirus 
Redear sunfish Lepomis microlophus 

Longear sunfish Lepomis mega!otis 3 2 
Orangespotted sunfish Lepomis humilis 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 7 l 
Walleye Sti~ostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum l 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene l 
Orangethroat darter Etheostoma spectab!!e 2 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile l 2 
Freshwater drum Ap!odinotus grunniens l 

C 
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Water body Total Big Muddy River Big Muddy River 

ID 14458 14457 

Date 2016NOV10 2016NOV09 

Station code N-12 N-23 

Species 29 24 20 

Non-native proportion 0.04 O.Q3 0.15 

Total fish 241 144 97 

Electrode minutes 60 60 

Seine hauls 

Shortnose gar Lepisosteus platostomus 10 2 8 

Longnose gar Lepisosteus osseus 6 2 4 

Spotted gar Lepisosteus oculatus 2 2 

Skipjack herring Alosa chrysochloris 1 1 

Gizzard shad Dorosoma cepedianum 57 54 3 

Goldeye Hiodon alosoides 1 1 

Grass carp Ctenopharyngodon idella 2 1 1 

Silver carp Hypophthalmichthys molitrix 8 8 

Carp Cyprinus carpio 10 4 6 

Redfin shiner Lythrurus umbratilus 1 1 

Spotfin shiner Cyprinella spiloptera 13 6 7 

Steelcolor shiner Cyprinella whipplei 2 2 

Red shiner Cyprinella lutrensis 10 10 

Bullhead minnow Pimephales vigilax 9 8 1 

Emerald shiner Notropis atherinoides 6 2 4 

Bigmouth buffalo lctiobus cyprinellus 28 16 12 

Smallmouth buffalo lctiobus bubalus 9 1 8 

Black buffalo lctiobus niger 2 2 

Channel catfish lctalurus punctatus 3 2 1 

Blackspotted topminnow Fundulus olivaceus 1 1 

Brook silverside Labidesthes sicculus 2 2 

White bass Marone chrysops 1 1 

Black crappie Pomoxis nigromaculatus 3 1 2 

White crappie Pomoxis annularis 4 4 

Spotted bass Micropterus punctulatus 1 1 

Bluegill Lepomis macrochirus 13 7 6 

Longear sunfish Lepomis megalotis 15 11 4 

Orangespotted sunfish Lepomis humilis 2 2 

Freshwater drum Aplodinotus grunniens 19 3 16 
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Water body Total Big Muddy River Big Muddy River Big Muddy River 

Date 2017NOV02 2017NOV03 20170CT24 /~ 

Station code N-12 N-99 N-23 t 
Species 35 26 23 2b 
Non-native proportion 0.05 0.07 0.04 0.23 

Total fish 322 111 145 66 
Electrode minutes 60 60 60 
Seine hauls 

Shortnose gar Lepisosteus platostomus 14 1 10 3 
Longnose gar Lepisosteus osseus 7 1 1 5 
Spotted gar Lepisosteus oculatus 1 1 
Bowfin Amia calva 4 3 1 
Gizzard shad Dorosoma cepedianum 83 37 39 7 
Threadfin shad Dorosoma petenense 2 2 
Grass carp Ctenopharyngodon idel!a 2 2 
Silver carp Hypophthalmichthys molitrix 15 3 12 
Carp Cyprinus carpio 9 8 1 

Redfin shiner Lythrurus umbrati!us 9 4 4 1 
B!untnose minnow Pimephales notatus 3 3 
Bullhead minnow Pimephales vigilax 15 5 10 
Emerald shiner Notropis atherinoides 18 1 8 9 

Sand shiner Notropis ludibundus 3 3 
Bigmouth buffalo Jctiobus cyprinellus 5 2 3 
Smal!mouth buffalo lctiobus bubalus 8 5 2 1 
Black buffalo lctiobus niger 11 5 3 3 
River carpsucker Carpiodes carpio 6 3 1 2 
Shorthead redhorse Moxostoma macrolepidotum 1 1 
Channel catfish lctalurus punctatus 3 1 2 
Flathead catfish Pylodictis olivaris 1 1 
Blackstripe topminnow Fundulus notatus 5 1 4 
Blackspotted topminnow Fundulus olivaceus 1 1 
Mosquitofish Gambusia affinis 5 5 
Brook silverside Labidesthes sicculus 2 1 1 / -
Inland silversides Menidia beryllina 1 I 
White bass Merone chrysops 6 3 \. 
Black crappie Pomoxis nigromaculatus 1 1 
Largemouth bass Micropterus salmoides 2 2 
Warmouth Lepomis gulosus 1 1 
Green sunfish Lepomis cyanellus 5 2 1 2 
Bluegill Lepomis macrochirus 32 8 20 4 
Longear sunfish Lepomis megalotis 15 3 11 1 
Orangespotted sunfish Lepomis humilis .. 7 1 6 
Freshwater drum Aplodinotus grunniens 19 6 12 1 
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Water body 

Date 

Station code 
Species 
Non-native proportion 
Total fish 
Electrode minutes 

Seine hauls 

Unidentified Gar 

Shortnose gar 
longnose gar 

Snotterl gar 
Bowfin 

Ginard shad 
Grass pickerel 
Grass carp 

Silver carp 
Carp 

Golden shiner 

Creek chub 

Central stonero11er 
Silver chub 

Silvery minnow 

Redfin shiner 

Spotfin shiner 

Red shiner 

Bluntnose minnow 

Bullhead minnow 

Emerald shiner 

Sand shiner 

Silverjaw minnow 

Bigmouth buffalo 

Smallmouth buffalo 

Black buffalo 

River carpsucker 

White sucker 

Spotted sucker 

Creek chubsucker 

C 
Golden redhorse 

Channel catfish 

Yellow bullhead 

Black bullhead 

Flathead catfish 

Tadpole madtom 

Pirate perch 

Blackstripe topminnow 

Blackspotted topminnow 

Mosquitofish 

White bass 

Flier 

Black crappie 

White crappie 

Largemouth bass 

Spotted bass 

Warmouth 

Green sunfish 

Bluegill 

Redear sunfish 

longear sunfish 

Orangespotted sunfish 

Unidentified Sunfish hybrid 

Sauger 

Blackside darter 

Dusky darter 

Logperch 

Johnny darter 

Bluntnose darter 

Rainbow darter 

Mud darter 

Orangethroat darter 

Stripetail darter 

Fantail darter 

Slough darter 

Freshwater drum 

l •s!xM!!eCreek 

lepisosteus sp. 
lepisosteus platostomus 
Lepisosteus osseus 
Lepisosteus oculatus 
Amia calva 

Oorosoma cepedianum 

Esox americanus 
Ctenopharyngodon idella 

Hypophthalmichthys molitrix 
Cyprinus carpio 

Notemigonus crysoleucas 
Semotilus atromaculatus 

Campostorna anomalum 
Macrhybopsis storeriana 

Hybognathus nucha!is 

Lythrurus umbrati!us 

Cypr!nella spiloptera 

Cyprinella lutrensis 

Pimephales notatus 

Pimephales vigil ax 

Notropis atherinoides 

Notropis ludibundus 

Notropis buccatus 

lctiobus cyprinellus 

lctiobus bubalus 

lctiobus niger 

Carplodes carpio 

Catostomus commersoni 

Mlnytrema melanops 

Erimyzon oblongus 

Moxostoma erythrurum 

lctalurus punctatus 

Ameiurus natalis 

Ameiurus melas 

Pylodictis olivaris 

Noturus gyrinus 

Aphredoderus sayanus 

Fundulus notatus 

Fundulus olivaceus 

Gambusia affinls 

Marone chrysops 

Centrarchus macropterus 

Pomoxis nigromaculatus 

Pomoxis annularis 

Micropterus salmoides 

Micropterus punctu!atus 

lepomis gulosus 

Lepomis cyanellus 

Lepomis macrochirus 

Lepomis microlophus 

Lepomis megalotis 

Lepomis humilis 

Unidentified Centrarchidae hybrid 

Stizostedion canadense 

Percina maculata 

Percina sciera 

Percina caprodes 

Etheostoma nlgrum 

Etheostoma chlorosomum 

Etheostoma caeruleum 

Etheostoma asprigene 

Etheostoma spectabile 

Etheostoma kennicotti 

Etheostoma flabel!are 

Etheostoma grad!e 

Aplodinotus grunniens 

-poor sample; high conductivity had to use 

MS,lots of debris made it hard to sample 

Total Big Muddy River Big Muddy River Big Muddy River Cedar Creek 

2018JUL12 2018JUL25 2018JUL25 2018MAY29 

N-05 N-06 N-11 NA-04 

64 16 23 17 9 

0 0.15 0.05 

5740 95 134 96 255 

33 60 60 34.72 

13 
46 15 6 

15 ' 5 

10 5 ' 8 5 

31 8 9 

27 ' ' 1 

1 1 

40 18 6 

16 1 
699 142 

734 59 

11 
8 

288 8 

1 
60 4 4 

720 ' 1 6 

4 2 

40 1 ' 176 
85 

9 5 1 
64 30 33 
11 7 3 

19 8 10 

129 

' 159 4 ' 1 

22 1 5 4 

71 ' ' 4 1 1 

8 1 

118 7 
263 4 
118 15 
39 1 

7 

' 3 
5 5 

292 5 1 

' ' 22 11 1 1 

225 ' 17 

416 7 1 ' 31 
448 22 ' 1 

1 
9 

' ' 1 
5 
59 

1 

' 1 

79 24 

5 
4 

' 36 5 6 
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Mill Creek Alto Pass Creek Kinkaid Creek Little Kinkaid Creek Beaucoup Creek Ralt!esnake Creek nther Creek (Sout Swanwick Creek rab Orchard Creel le Crab Orchard Cr 

2018JUN06 2018JUN06 2019JUN05 2018JUN05 2018JUL09 2018JUNOS 2018JUN20 2018JUN20 2018JUN11 2018JUN14 r· 
NAFA-02 NAl-01 NB•02 NBA-01 NC-09 NCB-01 NCE-02 NCK-02 ND-06 NOA-01 

10 6 18 23 14 17 14 14 16 17 

" 0.06 0.01 
130 289 990 804 111 218 114 103 188 105 

21.62 43.37 36 33.75 22.6 32.55 32.23 26 36.13 31.93 

13 
l 

2 

l 12 

6 8 9 

7 1 
2 1 7 

9 172 58 24 23 20 6 
65 44 180 364 14 

7 1 
2 38 4 9 13 1 

10 " 7 312 54 1 26 7 

145 23 8 
75 10 

16 3 l 
1 1 

3 15 48 

l r 
7 

l 4 5 3 5 3 5 1"-

1 1 

28 1 7 3 3 
13 17 2 16 l 15 25 3 

1 2 l l 
5 4 6 

1 1 
l 

l 224 4 8 3 4 3 

2 3 1 1 1 
3 4 10 8 21 11 16 2 

39 29 " 7 13 66 28 45 29 

2 6 7 

108 18 51 3 10 18 24 

1 
1 2 2 1 

1 
1 
3 l 1 
3 1 4 2 

1 
2 

l 
2 37 2 8 l 

5 
4 

l 

3 l 
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Indian Creek little Grassy Creek Little Muddy River tsix Mlle Creek little Indian Creek Pond Creek Sugar Camp Creek Casey Fork Dodds Creek Rayse Creek 

2018JUN12 2018JUN12 2018JUL09 2018JUN20 2018JUN21 2018JUN11 2018JUN19 2018JUL12 2018JUN19 2018JUN21 

NDCB-02 NDDA-01 NE-06 NEA-02 NEE-01 NG-05 NHH-02 NJ-10 NJB-01 NK-01 

13 9 17 ' 10 9 15 17 12 13 

547 38 196 8 193 150 143 145 92 204 

37 30.37 24 22 23.22 17.93 22.5 

1 1 

' 7 18 3 1 16 1 62 33 

6 1 

51 7 3 145 1 

1 16 

230 2 16 5 8 7 ' 29 

62 ' 7 6 26 

15 12 54 6 

C 1 2 
2 1 1 4 1 31 

2 

1 ' 17 30 3 3 8 

24 22 50 1 14 ' 16 

5 12 11 2 2 60 2 2 1 

1 11 7 3 

2 

3 1 3 5 9 1 10 1 

1 
81 2 9 1 4 10 8 3 5 

9 3 7 4 8 8 39 1 5 

3 8 

131 8 2 5 4 2 1 24 

1 2 

1 

7 1 25 3 6 

5 

2 
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Novack Creek Mud Creek Big Muddy River 

2018JUL09 2018JUN14 2018SEP06 

NKC-01 NZL-01 N-03 

11 16 12 
0.06 

208 38 146 
24 21.8 60 

2 12 
8 

3 
1 
1 

1 

8 
1 

102 2 
1 

11 

6 

1 
3 
2 

2 
37 

3 
1 
1 
1 

4 

1 

2 
2 1 C 

2 

5 3 
33 3 

1 
1 

7 

6 

6 1 
34 3 7 
5 

11 3 

3 

5 2 

21 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONS 

23 SEP ZOOtl 

Marcia Willhite, Chief 
Bureau of Water 
IEPA 
P.O. Box 19276 
1021 North Grand A venue East 
Springfield, Illinois 62794-9276 

Dear Ms. Willhite: 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 

~ lm©YmflW~~OTHEATTENTIONOF 
~ WW-16J 

00 0 6 2004 

Watershed Management Sectic:B EC E / VE D 
BUP.EAU OF WAT.ER 

. ocr -4 2004 
BUREAU o . 

BUREAU CH/E:.s ~~i R 

The United States Environmental Protection Agency (U.S. EPA) has conducted a complete 
review of the final Total Maxil!lum Daily Loads (TMDLs) for phosphorus, manganese, and 
sulfate, including supporting documentation, for the Big Muddy River watershed, located in 
Jackson County, Illinois. Based on this review, U.S. EPA has determined that Illinois's TMDLs 
for these waterbodies meets the requirements of Section 303( d) of the Clean Water Act (CW A) 
and U.S. EPA's implementing regulations at 40 C.F.R. Part 130. Therefore, by this letter, U.S. 
EPA hereby approves three TMDLs for the Big Muddy River watershed as listed below: 

Waterbody Pollutant 

Kinkaid Lake (RNC) phosphorus 

Big Muddy River (Nl2) manganese, sulfate 

The statutory and regulatory requirements, and U.S. EPA's review of Illinois's compliance with 
each requirement, are described in the enclosed decision document. 

We wish to acknowledge Illinois's effort in these submitted TMDLs, and look forward to future 
quality TMDL submissions by the State of Illinois. If you have any questions, please contact Mr. 
Kevin Pierard, Chief of the Wetlands and Watersheds Branch at 312-886-4448. 

Sincerely yours, 

;f~ioo 
Enclosure 

Recycled/Recyclablo • Printed with Vegetable Oil Based Inks on 100% Recycled Paper (50% Postconsumer) 
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Parameter changes for developing TMDLs 
In May 2001, Illinois EPA entered into a contract with Camp Dresser & McKee to 
develop Total Maximum Daily Loads (TMDL) for Big Muddy River (N12) and 
Kinkaid Lake. In the 1998 Section 303(d) List, Big Muddy River (Nl2) was listed as 
impaired for the following parameters: Manganese, cyanide, sulfates, nitrogen, pH, 
siltation, low dissolved oxygen (DO), total dissolved solids (TDS), and total suspended 
solids (TSS). Kinkaid Lake was initially listed as impaired for: Manganese, mercury, 
phosphorus, nitrogen, siltation, low DO, TSS, excessive algal growth, and chlorophyll­
a. 

Since then, new data assessed in 2002 showed that Big Muddy River (N12) is now 
impaired for manganese, sulfates, pH, low DO, and TSS. The listing of cyanide as a 
cause of impairment for Big Muddy River (Nl2) was done so in error and should not 
have been listed as such. New data assessed in 2002 for Kinkaid Lake showed it is now 
impaired only for pH, mercury, and siltation. 

Illinois EPA has since determined that at this time TMDLs will only be developed for 
those parameters with numeric water quality standards. These numeric water quality 
standards will serve as the target endpoints for TMDL development and provide a 
greater degree of clarity and certainty about the TMDL and implementation plans. As a 
result, the TMDL for Big Muddy River (Nl2) will only focus on the parameters of 
manganese, sulfates, pH, and low DO, for which numeric water quality standards exist. 
Likewise, the TMDL for Kinkaid Lake will only focus on the parameter of pH. While 
the impairment caused by mercury is acknowledged, a TMDL will not be developed 
for it at this time, as mercury contamination is considered to be an interstate and 
international issue caused primarily by air deposition. 

Causes of impairment not based on numeric water quality standards will be assigned a 
lower priority for TMDL development. Pending the development of numeric water 
quality standards for these parameters, as may be proposed by the Agency and adopted 
by the Illinois Pollution Control Board, Illinois EPA will continue to work toward 
improving water quality throughout the state by promoting and administering existing 
programs and working toward creating new methods for treating these potential causes 
of impairment. 
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Parameter changes for developing TMDLs 
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Executive Summary 
Big Muddy River Watershed 

TMDL Fact Sheet 

Watershed Name: Kinkaid Lake Big Muddy River 
Impaired Segments: RNC N12 
Location: Jackson County, Illinois Jackson County, Illinois 
Size: 2,350 acres at normal storage 8.0 miles 
Primary Watershed Land Uses: Forest, grassland, and agriculture Forest, grassland, and agriculture 
Criteria of Concern: 
Designated Uses Affected: 
Environmental Indicators: 

General use and public 
and food processing 
water su I 

Major Sources: 

Loading Capacity: 

Waste Load Allocation: 
Margin of Safety: 

pH and Mercury 
General use 
pH monitoring 

Nonpoint from agriculture 

13,983 pounds/year total 
phosphorus 

Zero; No point sources 
Implicit through conservative 
modeling; additional explicit of 
10 percent 

Manganese, sulfates, pH, and DO 
General use 
Manganese, sulfates, pH and DO 
monitoring 

Potentially contaminated groundwater, 
stagnant stream conditions, elevated 
instream temperatures, and nonpoint 
source loading from agriculture 
Mn = 2,244 lbs/day 
Sulfate = 1,163,422 lbs/day 
pH = No Allocation 
DO = No allocation 
No Allocation 
Implicit through data selected for 
development of TMDL; additional explicit 
of 10 percent 

This Total Maximum Daily Load (TMDL) assessment for impaired water bodies in the 
Big Muddy River Watershed addresses the sources of water body impairments, 
reductions in source loading necessary to comply with water quality standards, and the 
implementation of procedures to mitigate the impairment. 

A correlation between pH and total phosphorus was established for Kinkaid Lake, and 
modeling demonstrates a reduction of 43 percent total phosphorns necessary so that pH 
water quality standards can be achieved. Primary sources of phosphorus loading to 
Kinkaid Lake include rnnoff from agricultural lands. Procedures outlined in the 
implementation plan to decrease phosphorus loading to the lake include measures 
applied to the watershed to control nutrients in surface rnnoff and eroded sediment. 
Watershed controls include filter strips and wetlands to prevent phosphorus in surface 
rnnoff from reaching the lake, conservation tillage to decrease nutrient-rich soil 
erosion from agricultural fields, and development of nutrient management plans to 
ensure that excess phosphorus is not applied to agricultural fields. 

The TMDLs for manganese and sulfates in Big Muddy River segment Nl2 was based 
on analyses performed in a Monte Carlo simulation. The simulation for manganese 
showed a manganese reduction of 70 percent necessary to achieve water quality 
standards. Results of the Monte Carlo simulation for sulfates showed a 62 percent 
reduction for segment N 12 necessary to achieve the water quality standard. The 
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potential source of manganese and sulfates in the Big Muddy River Watershed is (-
contaminated groundwater. The groundwater is potentially contaminated by abandoned 
coal mines; however, further source identification is recommended. Confirmation that 
abandoned mines are a source of manganese and sulfates in the watershed would 
require reclamation of the mines. Passive treatment for mine reclamation is 
recommended. 

The TMDL analysis for DO in Big Muddy River segment N12 was made through 
investigation of the relationship between DO, total organic carbon (TOC), 5-day 
biochemical oxygen demand (BODS), and reaeration in the creek. The likely source of 
DO impairments in the segment is primarily a lack of aeration caused by stagnant 
stream conditions and elevated instream temperatures. BOD loadings in runoff from 
nonpoint source loads may also contribute to DO impairments. However, examination 
of BOD in the stream segment showed that the concentrations of BOD are low and 
likely represent ambient conditions in the stream; therefore, reductions in BOD 
concentrations are not recommended at this time. Due to data limitations and technical 
considerations of implementation difficulties, a load allocation cannot be developed for 
reaeration or temperature, so allocations were not developed for segment Nl2. 
Procedures to alleviate low DO caused by slow-moving waters can be addressed with 
in-stream mitigation methods such as reaeration. Additionally, riparian buffer strips aid 
in decreasing instream temperatures, which could help to alleviate the DO impairment. 
Excess nutrients can cause excessive algal growth that can also deplete DO in streams; 
however, analytical tools were not used to assess nutrients, algae, and DO as no algal 
data was available for Big Muddy River segment Nl2. Methods to control nutrients 
were still included in the implementation plan, such as buffer strips along the stream 
banks, which are similar to filter strips in their ability to remove nutrients from surface 
runoff. The potential contributions to BOD from nonpoint source loads are attributed 
to agricultural land uses requiring mitigation methods to control nutrients in sediment 
erosion and surface runoff from the land contributing to segment N12. These methods 
include filter strips, wetlands, conservation tillage, and nutrient management plans as 
discussed above. 

The analysis for pH was based on hydrogen ion concentrations and the three-year flow 
observed in Big Muddy River segment N12. Analysis showed that the existing average 
hydrogen ion concentration was below the allowable loading, so allocations were not 
developed for pH in segment N 12 at this time. Although an allocation was not 
developed, mitigation measures for manganese, sulfates, and DO will help control pH 
in Big Muddy River segment N12. 
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1.1 Total Maximum Daily Load (TMDL) Overview 
A Total Maximum Daily Load, or TMDL, is a calculation of the maximum amount of 
a pollutant that a water body can receive and still meet water quality standards. 
TMDLs are a requirement of Section 303( d) of the Clean Water Act (CW A). To meet 
this requirement, the Illinois Environmental Protection Agency (Illinois EPA) must 
identify water bodies not meeting water quality standards and then establish TMDLs 
for restoration of water quality. Illinois EPA lists water bodies not meeting water 
quality standards every two years. This list is called the 303(d) list, and water bodies on 
the list are then targeted for TMDL development. 

In general, a TMDL is a quantitative assessment of water quality problems, 
contributing sources, and pollution reductions needed to attain water quality standards. 
The TMDL specifies the amount of pollution or other stressor that needs to be reduced 
to meet water quality standards, allocates pollution control or management 
responsibilities among sources in a watershed, and provides a scientific and policy 
basis for taking actions needed to restore a water body (U.S. Environmental Protection 
Agency [USEPA] 1998a). 

Water quality standards are laws or regulations that states authorize to enhance water 
quality and protect public health and welfare. Water quality standards provide the 
foundation for accomplishing two of the principal goals of the CW A. These goals are: 

■ restore and maintain the chemical, physical, and biological integrity of the nation's 
waters, 

■ where attainable, to achieve water quality that promotes protection and propagation 
of fish, shellfish, and wildlife, and provides for recreation in and on the water. 

Water quality standards consist of three elements: 

■ the designated beneficial use or uses of a water body or segment of a water body, 

■ the water quality criteria necessary to protect the use or uses of that particular water 
body, 

■ an antidegradation policy. 

Examples of designated uses are swimming, recreation, and protection of aquatic life. 
Water quality criteria describe the quality of water that will support a designated use. 
Water quality criteria can be expressed as numeric limits or as a narrative statement. 

(i} 1-1 
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Antidegradation policies are adopted so that water quality improvements are 
conserved, maintained, and protected. 

1.2 TMDL Goals and Objectives for Big Muddy River 
Watershed 
The TMDL goals and objectives for the Big Muddy River Watershed include 
developing TMDLs for all impaired water bodies within the watershed, describing all 
of the necessary elements of the TMDL, developing an implementation plan for each 
TMDL, and gaining public acceptance of the process. Following are the impaired 
water body segments in the Big Muddy River Watershed, which are also shown in 
Figure 1-1: 

■ Big Muddy River (N12) 
■ Kinkaid Lake (RNC) 

The TMDL for each of the segments listed above will specify the following elements: 

■ Loading Capacity (LC) or the maximum amount of pollutant loading a water body 
can receive without violating water quality standards 

■ Waste Load Allocation (WLA) or the portion of the TMDL allocated to existing or 
future point sources 

■ Load Allocation (LA) or the portion of the TMDL allocated to existing or future 
nonpoint sources and natural background 

■ Margin of Safety (MOS) or an accounting of uncertainty about the relationship 
between pollutant loads and receiving water quality 

These elements are combined into the following equation: 

TMDL = LC = rWLA + rLA + MOS 

Each TMDL developed must also take into account the seasonal variability of pollutant 
loads so that water quality standards are met during all seasons of the year. Also, 
reasonable assurance that the TMDLs will be achieved is described in the 
implementation plan. The implementation plan for the Big Muddy River Watershed 
describes how water quality standards will be attained. This implementation plan 
includes recommendations for implementing best management practices (BMP), cost 
estimates, institutional needs to implement BMPs and controls throughout the 
watershed, and timeframe for completion of implementation activities. 
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1.3 Report Overview 
The remaining sections of this report contain: 

■ Section 2 Big Muddy River Watershed Description provides a description of the 
impaired water bodies and general watershed characteristics. 

■ Section 3 Public Participation and Involvement discusses public participation 
activities that occurred throughout the TMDL development. 

■ Section 4 Big Muddy River Watershed Water Quality Standards defines the 
water quality standards for the impaired water bodies. Pollution sources will also be 
discussed in this section. 

■ Section 5 Big Muddy River Watershed Data Review provides an overview of 
available data for the Big Muddy River Watershed. 

■ Section 6 Methodologies to Complete TMDLs for the Big Muddy River 
Watershed discusses the models and analyses needed for TMDL development. 

■ Section 7 Model Development for Kinkaid Lake provides an explanation of 
model development for Kinkaid Lake. 

■ Section 8 Total Maximum Daily Load for the Kinkaid Lake Watershed 
discusses the allowable loadings to water bodies to meet water quality standards and 
the reduction in existing loadings needed to meet allowable loads. 

■ Section 9 Implementation Plan for Kinkaid Lake provides methods to reduce 
loadings to impaired water bodies. 

■ Section 10 Methodology Development for Big Muddy River describes the 
analytical procedures used to examine Big Muddy River. 

■ Section 11 Total Maximum Daily Load for Big Muddy River discusses the 
allowable loadings to water bodies to meet water quality standards and the reduction 
in existing loadings needed to meet allowable loads. 

■ Section 12 Implementation Plan for Big Muddy River provides methods to 
reduce loadings to impaired water bodies. 

■ Section 13 References lists references used in this report. 

Iii> 
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Section 2 
Big Muddy River Watershed Description 

2.1 Big Muddy River Watershed Overview 
The Big Muddy River originates in Jefferson County and flows southward. It then 
flows west towards Kinkaid Lake in Jackson County. Kinkaid Lake is located in 
Jackson County where the flow moves east towards the Big Muddy River. Big Muddy 
River segment N12 is located entirely in Jackson County. The entire Big Muddy River 
watershed, including Kinkaid Lake and all tributaries to Big Muddy River, 
encompasses an area of approximately 200 square miles and is located in the U.S. 
Geological Survey (USGS) Big Muddy Basin (Hydrologic Unit Code [HUC] 
07140106). Figure 1-1 shows the impaired river and lake segments within the 
watershed. Impaired segments are shown in red. Table 2-1 lists the water body 
segments, water body size, and potential causes of impairment for each water body. 

Table 2-1 lmaaired Water Bodies in Bio Muddv River Watershed 
Water Body Water Body 
Segment ID Name Size Potential Causes of lmoairment 
N12 Bin Muddv River 8 miles Mannanese, sulfates, nH, dissolved OX",.,en mo, 
RNC Kinkaid Lake 3.475 acres □H, mercurv 

Land use data was obtained from the Critical Trends Assessment Land Cover Database 
of Illinois (Illinois Department ofNatural Resources [IDNR] 1996). Land use in the 
watershed is predominantly forested followed by rural grassland and agricultural land 
uses. Farmers in the area primarily raise cash crops, such as com and soybeans. 

Soils within the Big Muddy River Watershed are primarily silty soils over clayey 
sediment. The surface layer is typically seven inches of dark grayish brown silt loam. 
The subsurface layer is about five inches of light brownish silt loam. The subsoil is a 
grayish silty clay loam that extends to a depth of more than 60 inches. Permeability is 
slow, and the available water capacity is moderate to high (U.S. Department of 
Agriculture [USDA] I 979). 

The climate in Big Muddy River Watershed is cold in the winter and warm in the 
summer. In the winter, October through March, the average temperature is 43 degrees 
Fahrenheit (°F) and the average daily minimum temperature is 32°F, according to data 
collected at DuQuoin, Illinois. Summer temperatures are typically 70°F with an 
average daily maximum of 82°F. Annual precipitation is 46 inches, of which 25 
inches, approximately 54 percent, usually falls in April through September (NCDC 
2002). 
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Watershed 
The project team conducted a site reconnaissance of the Big Muddy River Watershed 
on June 19, 2001 . This section briefly describes the stream segment and the site 
reconnaissance. 

Table 2-1 lists the impaired stream segments in the Big Muddy River Watershed. 
Based on the 1998 303(d) list, Illinois EPA determined that one segment of Big Muddy 
River was impaired, Segment N12. This segment is shown in Figure 1-1. Segment N12 
flows from roughly east to west, and includes a large bend to the south. The segment is 
located entirely in Jackson County, Illinois. 

2.3 Lake Segment Site Reconnaissance of Big Muddy River 
Watershed 
The project team visited one site on Kinkaid Lake during the site reconnaissance of the 
Big Muddy River Watershed on June 19, 2001. This section briefly describes a lake 
segment and the site reconnaissance. 

Kinkaid Lake at Illinois Rt. 151 crossing. 

Illinois EPA has listed one lake segment as impaired 
based on 1998 303( d) list data in the Big Muddy River 
Watershed. Kinkaid Lake, Segment RNC, is located on 
Kinkaid Creek in eastern Jackson County as shown in 
Figure 1-1. Crissenberry Dam was constructed on 
Kinkaid Creek in 1972. The dam is owned by the 
IDNR. The dam structure is 980 feet in length and 96 
feet tall enabling it to store a maximum of 153,000 
acre-feet, although the normal storage volume is 78,500 
acre-feet. The lake is used for both recreation and a 
water supply (U.S. Army Corps of Engineers [USACE] 
1999). The drainage area of Kinkaid Lake is 

approximately 62 square miles and is fed by Kinkaid, Little Kinkaid, Spring and 
Johnson Creeks. 

Kinkaid Lake was observed from the Boat 
Access at Marina Road. The spillway was also 
observed, although the lake was not visible 
from the bottom of the spillway. Kinkaid Lake 
is a recreational area with both boating and 
swimming. A marina houses several boats at 
the lake. The spillway from Kinkaid Lake is a 
natural rock formation with a few 
enhancements, and was busy with swimmers 
and anglers at the time of observation. 
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3.1 Big Muddy River Watershed Public Participation and 
Involvement 
Public knowledge, acceptance, and follow through are necessary to implement a plan 
to meet recommended TMDLs. It was important to involve the public as early in the 
process as possible to achieve maximum cooperation and counter concerns as to the 
purpose of the process and the regulatory authority to implement the 
recommendations. Public meetings were held to discuss the Big Muddy River 
Watershed at 3:00 p.m. and 6:20 p.m. on December 12, 2001 at the Davis McCann 
Center in Murphysboro, Illinois. A total of 44 interested citizens including public 
officials and organizations other than Illinois EPA attended the public meeting. 
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Section 4 
Big Muddy River Watershed Water Quality 
Standards 

4.1 Illinois Water Quality Standards 
Water quality standards are developed and enforced by the state to protect the 
"designated uses" of the state's waterways. In the state of Illinois, setting the water 
quality standards is the responsibility of the Illinois Pollution Control Board (IPCB). 
Illinois is required to update water quality standards every three years in accordance 
with the CW A. The standards requiring modifications are identified and prioritized by 
Illinois EPA, in conjunction with USEPA. New standards are then developed or 
revised during the three-year period. 

Illinois EPA is also responsible for developing scientifically based water quality 
criteria and proposing them to the !PCB for adoption into state rules and regulations. 
The Illinois water quality standards are established in the Illinois Administrative Rules 
Title 35, Environmental Protection; Subtitle C, Water Pollution; Chapter I, Pollution 
Control Board; Part 302, Water Quality Standards. 

4.2 Designated Uses 
The waters of Illinois are classified by designated uses, which include: General Use, 
Public and Food Processing Water Supplies, Lake Michigan, and Secondary Contact 
and Indigenous Aquatic Life Use (Illinois EPA 2000). The only designated uses 
applicable to the Big Muddy River are General Use. 

The General Use classification provides for the protection of indigenous aquatic life, 
primary and secondary contact recreation ( e.g., swimming or boating), and agricultural 
and industrial uses. The General Use is applicable to the majority of Illinois streams 
and lakes (Illinois EPA 2000). 

4.3 Illinois Water Quality Standards 
To make 303(d) listing determinations, Illinois EPA compares collected data for the 
water body to the available water quality standards developed by Illinois EPA for 
assessing water body impairment. Table 4-1 presents the water quality standards of the 
potential causes of impairment for TMDLs that will be developed in the Big Muddy 
River Watershed. These water quality standards are further discussed in the remainder 
of the section. 

4-1 
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Table 4-1 Summarv of General Use Water Qualitv Standards for BiQ Muddy River Watershed 
Parameter General Use Water Qualitv Standard 

pH 6.5 to 9.0 
DO Greater than 5.0 milligrams per liter (mg/L) 

Greater than 6.0 mn/L /16 hours of anv 24-hour period) 

Phosphorus 0.05 mg/L 
Lakes/reservoirs >20 acres and streams enterina lakes or reservoirs 

Mercury AS = 2.6 micrograms per liter (µg/L) 
CS - 1.3 " 0 /L 

Manaanese 1.0 mo/L 
Sulfates 500 ma/L 

4.3.1 pH 
The parameter pH is listed as a cause of impairment for the Big Muddy River segment 
Nl2. The General Use water quality standard for pH is a range with a minimum of 6.5 
and maximum of9.0. This is with the exception of pH levels outside this range due to 
natural causes. 

The pH parameter is listed as a cause of.less than full support use attainment in streams 
ifthere is at least one General Use water quality violation based on the last three years 
of Ambient Water Quality Monitoring Network (A WQMN) data, or at least one 
violation determined from the most recent basin survey or facility survey data. The 
A WQMN is a series of fixed stations throughout Illinois streams that are sampled 
every six weeks for a minimum of 55 parameters. Segments without A WQMN stations c·. 
are sampled as part of the intensive basin survey, which occurs every five years. 

4.3.2 Dissolved Oxygen 
DO is listed as a cause of impairment for Big Muddy River and Kinkaid Lake. The 
General Use water quality standard for DO is based on a minimum value of 5.0 mg/L. 
Therefore, DO levels shall not be less than 5.0 mg/Lat any time. In addition, DO 
levels should not be less than 6.0 mg/L for more than 16 hours of any 24-hour period. 

DO is listed as a cause of less than full support use attainment in streams if there is at 
least one General Use water quality violation based on the last three years of A WQMN 
data or at least one violation determined from the most recent basin survey or facility 
survey data. DO is a source of impairment in lakes and reservoirs if there is at least one 
General Use water quality violation based on Ambient Lake Monitoring Program 
(ALMP), or Illinois Clean Lakes Program (ICLP) data, or ifthere was a known fish kill 
due to DO depletion. 

4.3.3 Mercury 
Mercury is listed as a cause of impairment for Kinkaid Lake. The General Use water 
quality standard for mercury is based on an acute standard (AS) and chronic standard 
(CS). The AS for mercury is 2.6 µg/L and the CS is 1.3 µg/L. 

FINAL REPORT 

l 



R00888

Section 4 
Big Muddy River Watershed Water Quality Standards 

Mercury is listed as a cause of less than full support use attainment in lakes and 
reservoirs if there is at least one General Use water quality violation based on ALMP 
or ICLP data. Mercury is also listed as a cause ofless than full support if the sediment 
concentration is 0.701 milligrams per kilogram (mg/kg) or higher based on dry weight, 
or if there have been fish advisory reports due to mercury. 

4.3.4 Manganese 
Manganese is listed as a cause of impairment for Big Muddy River segment Nl2. The 
General Use water quality standard for manganese is 1.0 mg/L and is based on total 
manganese. Manganese is listed as a cause ofless than full support use attainment in 
streams if there is at least one General Use water quality violation based on the last 
three years of A WQMN data, or at least one violation determined from the most recent 
basin survey or facility survey data. Manganese is also listed as a cause of less than full 
support if there have been fish advisory reports due to manganese or the manganese 
concentration in the sediment is 2,800 mg/kg or higher (Illinois EPA 2000). 

Manganese is listed as a cause of less than full support use attainment in lakes or 
reservoirs ifthere is at least one General Use water quality violation based on ICLP, or 
if the sediment concentration exceeds 2,800 mg/kg (M.B. Short 1997). 

4.3.5 Sulfates 
Sulfates are listed as a cause of impairment for the Big Muddy River. The General Use 
water quality standard for sulfates is 500 mg/L and the public and food processing 
water supplies standard is 250 mg/L. Sulfate is listed as a cause of a less than full 
support use attainment in streams if there is at least one General Use water quality 
violation based on the last three years of A WQMN data, or at least one violation from 
the most recent basin survey or facility survey data. 

4.3.6 Parameters without Water Quality Standards 
It should be noted that although formal TMDLs will not be developed for parameters 
without water quality standards in the Little Muddy River Watershed, many of the 
management measures discussed in Section 9 of this report will result in reductions of 
the parameters listed in the 1998 and 2002 303( d) lists that do not currently have 
adopted water quality standards. For example, many of the management measures that 
will be discussed in Section 9 address the other parameters of concern for the 
watershed. For total suspended sediments (TSS) and siltation management measures 
that control erosion, such as filter strips and wetlands, will reduce sediment from 
entering the waterways thereby reducing TSS caused by eroding stream banks. 
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4.4 Pollution Sources 
As part of the Illinois EPA use assessment presented in the annual Illinois Water 
Quality Report, the causes of the pollutants resulting in a less than full support use 

Table 4-2 Summary of Potential Sources of 
Pollutants 

attainment are associated with a potential 
source, based on data, observations, and other 
existing information. The following is a 
summary of the sources associated with the 
listed causes for the TMDL listed segments 

Cause of 
Potential Source lmoairment 
Municipal Point Source DO 
Agriculture DO 

in this watershed. They are summarized in 
Table 4-2. 

Nonirrigated crop production 
Pasture Land 
Animal Holdinq/Manaoement Areas 

Resource Extraction Sulfates 4.4.1 Municipal Point Sources 
Municipal point sources include wastewater 
treatment plants (WWTP) operated by 
municipalities to treat municipal wastewater 
generated by the community. A National 
Pollutant Discharge Elimination System 

Mining pH 
Mine Tailings Mercury 

Manaanese 
Contaminated Sediments Mercury 

Manganese 
DO 

Urban Runoff/Storm Sewers DO 

4-4 

(NPDES) permit issued by Illi_nois EPA regulates the discharge. The NPDES permit 
sets limits that must be met at the discharge to the receiving stream. 

Historically, these point sources have impacted water quality of the receiving streams, 
particularly during low flow conditions. Many municipal WWTPs have upgraded the ( 
facilities through grant and low-interest loan programs, thereby improving effluent . 
quality and reducing impacts to the receiving stream. 

Municipal point source effluents are typically regulated for ammonia nitrogen and 
biochemical oxygen demand (BOD). BOD is associated with oxygen demand. The 
higher the BOD, the more likely the effluent is to reduce the DO levels in the stream. 

Phosphorous can be attributed to municipal point sources and can originate from 
domestic sources. Control of phosphorous entering the stream may reduce the amount 
of algal growth/chlorophyll "a" in the stream. 

There are a total of 186 NPDES permits issued to dischargers in the Big Muddy River 
basin. A total of nine WWTPs discharge to the Big Muddy River mainstem, all 
downstream of Rend Lake. Four of these dischargers are considered major municipal 
dischargers ( design average flow greater than one million gallons per day) (Muir et al. 
1997). The point sources specific to the Big Muddy River Nl2 and Kinkaid Lake 
watersheds are discussed in Section 5. 

4.4.2 Agriculture 
The southern Illinois area is largely agriculture land use. Row crop agriculture is the 
largest single category land use in the basin. Agricultural land uses potentially 
contribute sediment, TSS, nutrients, and BOD loads to the water resource loading. The 
amount that is contributed is a function of the soil type, slope, crop management, 
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precipitation, total amount of cropland, and the distance to the water resource 
(D.B. Muir, R.L. Hite, M.M. King, and M.R. Matson 1995). 

Erosion of the land and streambanks carries sediment to the streams and lakes, 
resulting in higher levels of BOD, which impacts DO concentrations, TSS, and 
siltation. This can also be caused by livestock on pastures and feedlots. Wastes from 
livestock can enter streams, adding to the ammonia nitrogen loading and impact DO. 

4.4.3 Resource Extraction 
Resource extraction consists of both active mining and abandoned mine lands. Runoff 
and discharges from mines can contain sulfates, salinity/total dissolved solids (TDS)/ 
chlorides, metals, TSS, and can affect the pH of the stream or lake. There are currently 
47 permitted coal mines with 169 authorized discharges in the Big Muddy River basin. 
In addition, I, 177 inactive or abandoned mines have been identified. There are 4 pre­
law inactive coal mines located in the Big Muddy River segment N12 Watershed and 
no permitted mines within the Kinkaid Lake Watershed. Mining is most concentrated 
in Beaucoup Creek, Galum Creek, Little Muddy River, Pond Creek, Hurricane Creek, 
and Rend Lake watersheds (Muir et al. 1997). 

Drainage from the mines can be impacted by contact with exposed soil, spoil piles, or 
pumped water from pits. Acid mine drainage occurs when water and oxygen come in 
contact with iron pyrite material. This combination makes ferrous iron and sulfuric 
acid, creating acidic runoff and impacting the stream pH. Although acid mine drainage 
may come from active mines, most acid mine drainage entering streams is from 
abandoned mine lands. 

4.4.4 Contaminated Sediments 
Sediments are carried to streams, lakes, and reservoirs during runoff conditions and are 
generally deposited in streambeds or lake bottoms. Constituents contained in sediment 
may include nutrients, which can impact BOD loads, and metals. Both agricultural 
lands and urban areas contribute to the nutrient loading in the sediment. 

Suspended sediments settle out to stream bottoms during periods of low flow. During 
periods of high flow, sediments are resuspended and carried downstream to be 
deposited in another location. Once the sediment reaches a lake or reservoir, the 
sediments are deposited and typically accumulate in these areas. The source of the 
contaminated sediment can therefore be located much farther upstream than the 
location detected. 

Contaminated sediments can slowly leach contaminants to the water column, thereby 
being a continual source of impact to the water body. Phosphorous is commonly 
released from sediment into the water column especially when anoxic conditions 
persist. 
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4.4.5 Urban Runoff/Storm Sewers 
Urban areas in the Big Muddy River Watershed constitute a small percentage of land 
use in the watershed; however, polluted runoff from urban sections can be significant. 
Runoff from urban areas reaches streams or lakes either by sheet flow runoff or 
through storm sewer discharges. The runoff can originate from any number of areas 
including highways; roadways; parking lots; industrial, commercial, or residential 
areas; or undeveloped lands. Phosphorous, which can influence BOD loads, can 
originate from fertilizer use, natural phosphorous levels in sediment, and from sanitary 
waste where combined sewer overflows are present. 
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5.1 Existing Data Review 
The following data sources were reviewed for model selection and analysis: 

■ mapping data 
■ topography data 
■ flow data 
■ precipitation data 
■ temperature data 
■ evaporation data 
■ existing water quality data 
■ land use 
■ soil data 
■ cropping practices 
■ reservoir characteristics 
■ point sources 
■ dairy and animal confinement locations 
■ septic systems 

5.1.1 Mapping Data 
USGS quadrangle maps (scale 1 :24,000) were collected for the watershed in paper and 
electronic form. These were utilized for base mapping. 

5.1.2 Topography Data 
A Digital Elevation Model (DEM) was used to delineate watersheds in a geographic 
information system (GIS) for Kinkaid Lake and Big Muddy River impaired segment 
N12. A DEM is a digital representation of the landscape as a GIS-compatible grid in 
which each grid cell is assigned an elevation. DEMs of 90-meter resolution were 
downloaded from the BASINS database (US EPA 2002a) for watershed delineation. 
GIS watershed delineation defines the boundaries of a watershed by computing flow 
directions from elevations and locating elevation peaks on the DEM. The GIS­
delineated watershed was checked against USGS 7.5-minute topographic maps to 
ensure agreement between the watershed boundaries and natural topographic 
boundaries. Figure 5-1 at the end of this section shows the location of historic flow and 
water quality gages for the Kinkaid Lake segment RNC and Big Muddy River segment 
Nl2 Watersheds and the boundaries for each watershed. The watershed boundaries 
define the area investigated for causes of impairments in each segment. Purple areas in 
Figure 5-1 represent features of the topographic maps that have been updated through 
aerial photography but have not been field verified. 

The watershed for segment Nl2 only represents the area that drains directly to segment 
N12. Beaucoup Creek converges with the main stem of the Big Muddy River directly 
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upstream of segment NI 2. The Big Muddy River segment directly downstream of 
segment Nl2 is also listed as full support. Sources of impaired constituents in 
Beaucoup Creek segment NC07 (upstream of segment Nl2) will be addressed 
separately. Therefore, the sources of impairments in segment Nl2 will focus on areas 
draining directly to the segment. 

5.1.3 Flow Data 
Analyses of the Kinkaid Lake and Big Muddy River Watersheds require an 
understanding of flow into Kinkaid Lake and through the Big Muddy River segment 
Nl2. A gage is located in segment Nl2; however, no gage for the tributaries to 
Kinkaid Lake exists. Therefore, the drainage area ratio method, represented by the 
following equation, was used to estimate flows into the lake. 

where Qgaged 

Qungaged 

Areagaged 

Areaungaged 

( 

Areaungaged J 
Qgaged Area = Qungaged 

gaged 

= streamflow of the gaged basin 
= streamflow of the ungaged basin 
= area of the gaged basin 

area of the ungaged basin 

The assumption behind the equation is that the flow per unit area is equivalent in -
watersheds with similar characteristics. Therefore, the flow per unit area in the gaged ( 
watershed times the area of the ungaged watershed will result in a flow for the ungaged 
watershed. 

USGS gage 05595820 (Casey Fork at Mt. Vernon, Illinois) was chosen as an 
appropriate gage from which to compute flow into Kinkaid Lake. Gage 05595820 
captures flow from a drainage area of 77 square miles in an upstream section of the 
Casey Fork Watershed, which is about 50 miles northeast of the Kinkaid Lake 
Watershed. Daily streamflow data for the gage were downloaded from the USGS 
National Water Inventory System (NWIS) for the entire period of record from October 
I, 1985 to September 30, 2000 (USGS 2002a). Figure 5-2 at the end of this section 
shows the average monthly flows over the period ofrecord into Kinkaid Lake 
calculated from the drainage area ratio method using gage 05595820. 

USGS gage 05599500 (Big Muddy River at Murphysboro, Illinois) is located at the 
downstream end of segment Nl2 as shown in Figure 5-1. Gage 05599500 captures 
flow from a drainage area of approximately 2,169 square miles. Daily streamflow data 
for the gage were downloaded from the USGS NWIS for the entire period of record 
from January I, 1972 to September 30, 2000 (USGS 2002a). Figure 5-3 at the end of 
this section shows the seasonal patterns of streamflow through segment N 12 over the 
period of record. Flows are higher in the spring months of March through May. For 
Big Muddy River segment Nl2, average monthly flows range from 403 to 
4,180 cubic feet per second (cfs) with a mean annual flow of2,080 cfs. The 7QI0 flow 
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(lowest average 7 consecutive day low flow with an average recurrence frequency of 
once in 10 years) is typically utilized as the critical low flow for NPDES permitting 
and is estimated to 55 cfs for segment Nl2 (ISWS 2000). 

5.1.4 Precipitation, Temperature, and Evaporation Data 
Two sites with historical temperature and precipitation data were identified in Jackson 
County through the NCDC database. The data from gage 1265 were used for analysis 
because the recent dataset was more complete than the data set from gage 5983. 
Fifteen months of data were missing from gage 1265 over the period from 1985 to 
2001. Missing data were supplemented with data from the gage in neighboring 
Williamson County. Table 5-1 lists the station details for the Jackson County and 
Williamson County gages (NCDC 2002). 

Table 5-1 Historical Precioitation Data for the Bia Muddv River Watershed (NCDC 2002) 
NCDC Gage Number Station Location (Name) Period of Record 
5983 Jackson Countv !Murohvsboro 2SW) 1948 to present 
1265 Jackson Countv (Carbondale Sewaoe Plant) 1970 to oresent 
5342 Williamson County (Marion 4NNE) 1948 to oresent 

Table 5-2 Average Monthly Precipitation Table 5-2 shows the average monthly 
precipitation of the dataset developed for 
Jackson County for the years 1985 to 200 I. 
The average annual precipitation over the same 
period is approximately 46 inches. 

in Jackson County from 1985 to 2001 
Average Precipitation 

Month (inches) 
Januarv 3.2 
February 3.2 
March 3.6 
April 4.5 
Mav 4.9 
June 5.3 
Julv 3.0 
Auoust 3.5 
September 3.5 
October 3.1 
November 4.8 
December 3.5 
Total 46 

Pan evaporation data is available through the 
Illinois State Water Survey (ISWS) website at 
nine locations across Illinois (ISWS 2002). The 
Carlyle station was chosen for its proximity to 
the 303(d)-listed water bodies and stream 
segments in southern Illinois and the 
completeness of the dataset as compared to 
other stations. The Carlyle station is 
approximately 60 miles northeast of the 

Kinkaid Lake and Big Muddy River Watersheds. The average monthly pan 
evaporation for the years 1980 to 200 I at the Carlyle station was downloaded from the 
ISWS website and summed to produce an average annual pan evaporation of 
44.2 inches. Actual evaporation is typically less than pan evaporation, so the average 
annual pan evaporation was multiplied by 0. 75 to calculate an average annual 
evaporation of33.2 inches (ISWS 2002). 

5.1.5 Water Quality Data 
Twelve historic water quality stations exist within the Kinkaid Lake and Big Muddy 
River segment Nl2 watersheds and are presented in Table 5-3. This table provides the 
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location, station identification number, and the agency that collected the water quality 
data. Location and station identification number are also shown in Figure 5-1. 

Table 5-3 Historic Water Qualitv Stations in the Bia Muddv River Watershed 
Station Identification 

Location Number Data Collection Aoencv 
Bia Muddv River N12 Illinois EPA Division of Water Pollution Control 
Bia Muddv River 05599500 USGS 
Kinkaid Lake 05599540 USGS 

RNC-1 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-2 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorino 

Kinkaid Lake RNC-3 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-4 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Manitarino 

Kinkaid Lake RNC-5 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-6 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-7 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorinq 

Kinkaid Lake RNC-8 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-9 USEPA Reaion 5 Data 

The impaired water body segments in the Big Muddy River Watershed were presented 
in Section 2. For Kinkaid Lake, segment RNC, there are 10 historic water quality 
stations. For Big Muddy River segment Nl2 there are two historic water quality 
stations listed in Table 5-3 and shown in Figure 5-1. The Kinkaid Lake stations 
beginning with "RN" have a concurrent period of record. Stations RN-A0S-C-1 and 
05590540 are positioned in the same place in Kinkaid Lake and have overlapping 
periods ofrecord. The two stations in segment N!2 are also located in the same place, 
but have different sampling periods. Table 5-4 summarizes available historic water 
quality data since 1990 from the USEPA Storage and Retrieval (STOREY) database 
associated with impairments discussed in Section 2 for segments RNC and Nl2. 
Stations RNC-5 through RNC-9 are not included in Table 5-4 because their periods of 
record ended prior to 1990. Illinois volunteer lake monitoring data was not utilized 
in modeling efforts. 
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Table 5~4 Summary of Constituents Associated with Potential Impairments for Big Muddy River 
Seaments N12 and RNC {USEPA 2002b and Illinois EPA 2002\ 
Sample Location and Parameter Period of Record Examined for Samples Number of Samples 
Bia Muddv River Segment N12; Sample Location 05599500 

Manaanese 1/9/90-4/24/97 51 
Sulfates 1/9/90-4/24/97 65 
pH 1 /9/90-4/24/97 102 
DO 1/9/90-4/24/97 102 

Bia Muddv River Seamen! N12; Sample Location N12 
ManQanese 10/27 /97 -9/6/00 27 
Sulfates 11 /20/97 -9/6/00 25 
□H 10/27 /97 -9/6/00 27 
DO 10/27 /97-9/6/00 27 

Kinkaid Lake Segment RNC; Sample Location 05599540, RNC-1, RNC-2, RNC-3, RNC-4 
05599540 

□H 1 /08/90-8/28/97 70 
RNC-1 

pH 4/30/90-10/11/01 52 
RNC-2 

□H 4/30/90-10/11/01 25 
RNC-3 

DH 4/30/90-10/11/01 25 
RNC-4 

PH 4/30/90-10/11/01 25 

5.1.5.1 Kinkaid Lake Water Quality Data 
There are four active water quality stations in Kinkaid Lake as shown in Figure 5-1 
and listed in Table 5-4. The water quality station data for Kinkaid Lake were 
downloaded from the STORET online database for the years of 1977 to 1998 (USEPA 
2002b ). Data collected after 1998 were available from the Illinois EPA and were 
incorporated into the electronic database. The data summarized in this section include 
water quality data for impaired constituents in Kinkaid Lake as well as constituents 
used in modeling efforts. The raw data are contained in Appendix A. 

The constituents of concern in Kinkaid Lake are pH and mercury. The mercury TMDL 
will be addressed in a regional TMDL by USEPA and will not be addressed at the state 
level. The regional TMDL will focus on air deposition of mercury. USEPA's strategy 
for addressing persistent, bioaccumulative toxic chemicals (PBT) is a two-track 
approach. The "fast track" involves actions that can be implemented immediately, 
including pollution prevention and the "virtual elimination" project. The "science 
track" includes the study and assessment of the problems and solutions through 
modeling, monitoring, and emission inventories. The "virtual elimination" project, a 
cooperative Canadian - U.S. strategy to virtually eliminate persistent toxic substances 
in the Great Lakes Basin (the Bi-national Strategy), seeks to achieve quantifiable 
reduction goals between now and 2005 for specific toxic substances, including 
mercury (USEPA 2003). Mercury is addressed by USEPA with these strategies; 
therefore, Illinois EPA does not address it as part of this TMDL. 
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Constituents are sampled at various depths throughout Kinkaid Lake, and compliance 
with water quality standards is determined by the sample at a one-foot depth from the 
lake surface. This section discusses the one-foot depth samples of water quality 
constituents used in modeling efforts for Kinkaid Lake. The exception is chlorophyll 
"a," which was sampled at various depths at each water quality station and will be 
presented as an average over all sample depths. Modeling of the reservoir required use 
of phosphorus samples at all depths, which is discussed and presented in Section 
7.3.3.2. 

5.1.5.1.1 pH 
The average pH measurements at one-foot depth for each year of available data after 
1990 at each monitoring site in Kinkaid Lake are presented in Table 5-5. At station 
RNC-1, samples were taken at one-foot depth from the lake surface and at the lake 
bottom. Samples at stations RNC-2, RNC-3, and RNC-4 were only taken at a one-foot 
depth from the lake surface. The TMDL endpoints for pH are a minimum of 6.5 and a 
maximum of9.0. The annual averages at all three stations and the annual lake averages 
are all within the endpoint limits, but individual measurements in 1991, 1994, and 
2000 exceeded the upper limit. Specifically, the pH value at station RNC-3 on July 9, 
1991 was 9.1, and on July 12, 1994, the pH value was 9.1 at RNC-1. On June 5, 2000 
and August 2, 2000, the pH value measured was 9.2 at RNC-1 and RNC-3, 
respectively. At gage 05599540, three values were below the lower limit for pH. On 
September 25, I 991 and January 11, 1996, the pH was recorded as 6.3, and on 
December 14, 1995, the pH was recorded as 6.2. 

Table 5-5 AveraQe pH (s.u.) Values in Kinkaid Lake 
Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Average 
1990 7.7 8.2 8.1 7.5 7.9 
1991 7.7 8.1 8.2 7.6 7.9 
1992 7.4 7.4 
1993 8.0 8.0 
1994 8.2 8.3 8.4 8.1 8.2 
1995 7.2 7.2 
1996 7.1 7.1 
1997 7.7 7.9 7.9 7.4 7.7 
2000 8.3 8.3 8.5 8.2 8.3 

Fluctuations in pH can be correlated to photosynthesis from algae. Plants and algae use 
carbon dioxide (CO2) during photosynthesis, which causes pH levels to rise. The 
photosynthetic rate progressively decreases as the residual CO2 concentration declines 
and ceases completely with the extinction oflight. During the night, reaeration and 
respiration replenish CO2 causing the pH levels to decrease overnight (Welch 1980). 
Chlorophyll "a" indicates presence of excessive algal or aquatic plant growth. 
Reducing total phosphorus is likely to reduce algal growth thus resulting in attainment 
of the pH standard. Therefore, the relationship between pH, chlorophyll "a," and total 
phosphorus in Kinkaid Lake was investigated. The correlation between pH and 
chlorophyll "a" is expected to indicate a direct relationship between the two 
constituents. Likewise, the correlation between chlorophyll "a" and total phosphorus is 
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expected to indicate a direct relationship. These relationships would suggest that 
controlling phosphorus will decrease chlorophyll "a" concentrations, which will in turn 
control the pH. This hypothesis is supported by Wetzel who asserts that photosynthesis 
and respiration are major influences on pH (1983). 

5.1.5.1.2 Total Phosphorus 
The average total phosphorus concentrations at one-foot depth for each year of 
available data from 1990 to 2000 at each monitoring site in Kinkaid Lake are presented 
in Table 5-6. At station RNC-1, samples were taken at a one-foot depth from the lake 
surface and at the lake bottom. Samples at stations RNC-2 and RNC-3 were only taken 
at a one-foot depth from the lake surface. The water quality standard for total 
phosphorus is less than or equal to 0.05 mg/Lat one-foot depth. Additionally, multiple 
samples taken at one-foot depth since 1990 do violate the TMDL endpoint for 
phosphorus. It is apparent from Table 5-6 that concentrations at Station RNC-4 
repeatedly violate the phosphorus standard. The raw data for all sample depths are 
contained in Appendix A. 

Table 5-6 Average Total Phosphorus Concentrations (mg/L) in Kinkaid Lake at One-foot Depth 
(USEPA 2002b and Illinois EPA 2002) 
Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Averaae 
1990 0.06 0.01 0.02 0.09 0.05 
1991 0.02 0.02 0.03 0.10 0.04 
1992 0.02 0.02 
1993 0.02 0.03 0.02 
1994 0.03 0.02 0.04 0.14 0.06 
1995 0.02 0.02 
1996 0.03 0.03 
1997 0.02 0.03 0.04 0.13 0.06 
1998 0.03 0.03 
2000 0.01 0.01 0.02 0.05 0.03 

Phosphorus exists in water in either a particulate phase or a dissolved phase. 
Particulate matter includes living and dead plankton, precipitates of phosphorus, 
phosphorus adsorbed to particulates, and amorphous phosphorus. The dissolved phase 
includes inorganic phosphorus and organic phosphorus. Phosphorus in natural waters 
is usually found in the form of phosphates (PO4 and PO3). Phosphates can be in 
inorganic or organic form. Inorganic phosphate is phosphate that is not associated with 
organic material. Types of inorganic phosphate include orthophosphate and 
polyphosphates. Orthophosphate is sometimes referred to as "reactive phosphorus." 
Orthophosphate is the most stable kind of phosphate and is the form used by plants or 
algae. There are several forms of phosphorus that can be measured. Total phosphorus 
is a measure of all the forms of phosphorus, dissolved or particulate, that are found in a 
sample. Soluble reactive phosphorus is a measure of orthophosphate, the filterable 
(soluble, inorganic) fraction of phosphorus, the form directly taken up by plant cells. 
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5.1.5.1.3 Chlorophyll "a" 
The average chlorophyll "a" concentrations for each year of available data from 1990 
to 2001 at each active monitoring site in Kinkaid Lake are presented in Table 5-7. 
There was no chlorophyll "a" data available at station 05599540. The raw data for all 
sample depths are contained in Appendix A. 

Table 5-7 Average Chlorophyll '"a'" Concentrations (µg/L) in Kinkaid Lake (USEPA 2002b and 
Illinois EPA 20021 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Averaae 
1990 9.8 13.6 14.5 32.7 17.6 
1991 9.0 10.5 17.1 43.1 19.9 
1994 19.1 23.4 24.3 52.1 29.7 
1997 13.2 19.4 27.5 48.9 27.3 
1998 21.9 21.9 
2000 18.4 12.7 16.4 38.0 21.4 

5.1.5.1.4 Tributmy Data 
There is no water quality data available for the tributaries to Kinkaid Lake. The 
primary tributaries to Kinkaid Lake are Kinkaid Creek and Little Kinkaid Creek. 
Tributary water quality data along with flow information would be useful in assessing 
contributing loads from the watersheds to help differentiate between external loading 
and internal loading. External loads are those loadings from the watershed, such as 
nonpoint source runoff and point sources. Internal loads are caused by low DO 
conditions near lake sediments, which promote re-suspension of phosphorus from the c·· 
sediments into the water colunm. External versus internal loads will be discussed . 
further in Section 7.4. 

5.1.5.2 Big Muddy River Water Quality Data 
There is one active and one historic water quality station in Big Muddy River segment 
Nl2 as shown in Figure 5-1. The water quality station data for segment Nl2 were 
downloaded from the STORET online database for the years of 1990 to 1998 (USEPA 
2002b ). Data collected after 1998 were available from the Illinois EPA and were 
incorporated into the electronic database. The data summarized in this section include 
water quality data for impaired constituents in the Big Muddy River segment Nl2 as 
well as constituents used in modeling efforts. The raw data are contained in Appendix 
A. 

5.1.5.2.1 Manganese and Sulfates 
Table 5-8 summarizes historical manganese and sulfates data since 1990 from the 
USEPA STORET database and recent data not yet entered into the STORET database 
for impaired segments in the Big Muddy River Watershed. The raw historical water 
quality data are contained in Appendix A. For impairments on segment N12, the average 
of the data sets do not exceed the water quality standard for either manganese and 
sulfates. The historical water quality samples were also taken during months with 
historically varying flow conditions. 
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Table 5-8 Summary of Constituents Associated with Potential Impairments for the Big Muddy 
River Se ment N12 
Sample Location Period of Record and 
a umber of Data Points Mean Maximum Minimum 
Bi le Location 05599500 

1/9/90-4/24/97; 51 0.6 2.5 0.1 
1/9/90-4/24/97; 65 237 660 59 

Bi le Location N12 
1.0 10/27/97-9/6/00; 27 0.6 1.9 0.2 
500 11 /20/97-9/6/00; 24 285 653 68 

Figures 5-4 and 5-5 (at the end of this section) show concentrations of manganese and 
sulfates, respectively, with corresponding flows in segment Nl2. Figures 5-4 and 5-5 
exclude samples taken between October 1993 and September 1995 because flow data 
was unavailable for those months. The flow for each sample date was compared to the 
monthly average flow shown in Figure 5-3 for the month the sample was taken. Based 
on this analysis, about 75 percent of manganese samples and 88 percent of sulfates 
samples were taken at below average flow conditions. This suggests that most 
historical samples were taken under low flow conditions in segment Nl2 of the Big 
Muddy River Watershed. Analysis of impaired sample dates showed that more than 
half of the impaired samples were taken at below average flows. 

5.1.5.2.2 DO and TOC 
Table 5-9 summarizes the available historic DO and total organic carbon (TOC) data 
since 1990 from the USEPA STORET database and recent data not yet entered into the 
STORET database for Big Muddy River segment Nl2 (raw data contained in Appendix 
A). TOC data are presented here because they are used in the DO analysis. The 
average DO concentration for segment Nl2 is above the water quality standard of 6.0 
mg/L (16 hours of any 24-hour period), but the minimum values observed are less than 
the water quality standard of 6.0 mg/L. 

T bl E .. a e 5-9 x,stma DO and TOC Water Quality Data and TMDL Endpoints 
Sample Period of Record 
Location and Endpoint Examined and Number Mean Maximum Minimum 
Parameter Cma/Ll of Data Points Cma/Ll Cma/Ll Cma/Ll 
Big Muddy River Segment N12; Sample Location 05599500 
DO 6.0 (16 hours of 1/9/90-4/24/97; 102 8.7 20.8 3.7 

anv 24-hour oeriodl 
Bia Muddv River Seamen! N12; Samole Location N12 
DO 6.0 (16 hours of 10/27/97-9/6/00; 25 7.7 12.4 4.7 

any 24-hour period) 
TOG - 10/27/97-9/6/00; 2 5.6 5.6 5.5 

Historical flow data were presented in Section 5.1.3. The flow values during the 
historical sampling events for DO that had corresponding TOC measurements are 
presented in Table 5-10. The flow for each sample date was compared to the monthly 
average flow shown in Figure 5-3 for the month the sample was taken. Based on this 
comparison, the September 6, 2000 sample was taken at below average flows, and the 
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July 24, 2000 sample was taken at above average flows. Low flow values within the 
stream segment result in slow-moving waters, which could decrease the amount of 
aeration occurring in the stream. In addition, the day with DO impairment (September 
6, 2000) occurred in a typically warm weather month. Elevated stream temperatures 
affect the aquatic environment by limiting the concentration of DO in the water 
column. For example, the DO concentration for 100 percent air saturated water at sea 
level is 14.6 mg Oz/Lat O degrees Celsius (0 C) (32°F) and decreases to 8.6 mg O2/L at 
25°C (77°F) (Brown and Brazier 1972). 

a e -T bl 510DO r Samo me Events an dA ssocIate ow a ues d Fl VI 
Flow DO 

Samole Location Date fcfs\ fmg/L\ 
Biq Muddy River (N12l 7/24/00 2,060 7.9 
Biq Muddy River (N12) 9/6/00 400 4.7 

5.1.5.2.3 pH and TDS 
Table 5-11 summarizes the available historic pH data from 1990 to 200 I from the 
USEPA STORET database and recent data not yet entered into the STORET database 
for Big Muddy River segment Nl2 (raw data contained in Appendix A). Although the 
segment is not impaired for TDS, the data are used in the pH calculations. The average 
pH concentration for the segment is within the water quality boundaries of 6.5 and 9.0, 
but the minimum value observed is less than the water quality standard of 6.5. 

T bl 11 E a e 5- xistina oH and TDS Water Qualitv Data and TMDL Endooints 
Sample Location Endpoint ] Period of Record and I I I 
and Parameter (mg/L\ Number of Data Points Mean Maximum Minimum 
Biq Muddy River Se men! N12; Sample Location 05599500 
oH 6.5 - 9 I 1/9/90-4/24/97; 102 I 7.4 I 8.8 I 6.4 
TDS 1,000 I 1/9/90-2/29/96; 16 I 620 I 2,010 I 197 
Biq Muddy River Se men! N12; Sample Location N12 
pH 6.5 - 9 I 10/27/97-9/6/00; 25 I 7.1 I 8.1 I 6.4 
TDS 1,000 I 7/24/00-9/6/00; 2 I 356 I 487 I 225 

Figure 5-6 shows a histogram of pH values in Segment Nl2 of the Big Muddy River. 
This histogram illustrates that, based on historic data, three percent of the measured pH 
values in segment Nl2 violated the pH standard. The last violation occurred in August 
of 1998. 

5.1.6 Land Use 

( 

The Illinois Natural Resources Geospatial Clearinghouse distributes the Critical Trends 
Assessment Land Cover Database of Illinois. This database represents 23 land use 
classes created by satellite imagery captured between 1991 and 1995. The data were 
published in 1996 and are distributed by county in grid format for use in GIS. The 
GIS-delineated watershed for Kinkaid Lake and Big Muddy River segment Nl2 were 
used to obtain the land use from the Critical Trends Assessment Land Cover grid. 
Tables 5-12 and 5-13 list the land uses contributing to the Kinkaid Lake Watershed 
and the segment Nl2 watershed, as well as each land use area and percent of total area. (_ 

® 
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Table 5-12 Critical Trends Assessment Land Uses in Kinkaid Lake CIDNR 19961 
Land Use Acres Percent of Area 
Deciduous Forest 21,597 56% 
Rural Grassland (pastureland, grassland, 
waterways, buffer strips, CRP land, etc. l 

Pasture 2,977 8% 
Grassland 5,953 16% 

Row Crop (corn, soybeans, and other tilled crops) 3,576 9% 
Ooen Water 2,703 7% 
Small Grains (wheat, oats, etc. l 751 2% 
Coniferous Forest 461 1% 
Forested Wetlands 368 1% 
Urban (hiah and medium densilYl 101 0% 
Shallow Water Wetlands 61 0% 
Shallow Marsh/Wetlands 27 0% 
Urban Grassland 17 0% 
Deep Marsh 7 0% 
Barren Land 5 0% 
Cattle Feedlot 6 0% 
Total 38,610 100% 

•subclasses of rural grassland were estimated by the Jackson County NRCS (2002a) 

Table 5-13 Land Use for Seament N12 Watershed 
Land Use Area (Acresl Percent of Total 
Deciduous 7,164 39% 
Rural Grassland 5,175 28% 
Row Crop 1,989 11% 
Urban Grassland 1,241 7% 
Forested Wetland 813 4% 
Medium Density 529 2.5% 
Small Grains 491 2.5% 
Orchard/Nurseries 297 2% 
Open Water 292 2% 
Hiah Density 200 1% 
Shallow Water/Wetlands 159 1% 
Coniferous 27 0% 
Shallow Marsh/Wetlands 16 0% 
Low Density 11 0% 
Swamo 3 0% 
Deep Marsh 1 0% 
Total 18,408 100% 

Additional land use data were obtained from the Spatial Analysis Research Center's 
Cropland Data Layer to supplement the Critical Trends Assessment dataset. The data 
were requested from the National Agricultural Statistics Service (NASS) website for 
the years of 1999 and 2000 (NASS 2002). The Cropland Data Layer is also derived 
from satellite imagery, but the land use classes for crops are more detailed than those 
presented in the Critical Trends Assessment dataset. The detailing of crops in the 
Cropland Data Layer land use classes makes it a more accurate dataset for calculation 
of crop-related parameters. The dataset was also used to verify the land use obtained 
from the Critical Trends Assessment. Table 5-14 shows the cropland use classes of the 
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Cropland Data Layer and the Critical Trends Assessment classes to which they were 
applied. 

Ta e 5~ 4 Comoarison of Land Use Classes in the Kinkaid La e bl 1 k W h d aters e 
Cropland Data Laver Land Use Class Critical Trends Assessment Land Use Class 
Corn Row Crop 
SorQhum Small Grains 
Sovbeans Row Croo 
Winter Wheat Small Grains 
Other Small Grains & Hav Small Grains 
Double-Cropped Winter WheaUSoybeans Half to Small Grains 

Half to Row Crops 

5.1.7 Point Sources and Animal Confinement Operations 
5.1.7.1 Coal Mines and Oil and Gas Fields 
Acid mine drainage from coal mines could contribute to manganese and sulfates 
concentrations in a watershed. Data from the Illinois Natural Resources Geospatial 
Data Clearinghouse was reviewed for coal mines, oil fields, and non-coal mines within 
the Big Muddy River Watershed from the following references (full citation provided 
in Section 13): 

■ Chenoweth, Cheri, 1998, Areas Mined for the Springfield (No. 5) Coal in Illinois 

■ Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part I 

■ Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part 2 

■ Coal Section, Illinois State Geological Survey, 1991, Point Locations of Active and 
Abandoned Coal Mines in Illinois 

■ Illinois Office of Mines and Minerals, 1998, Coal Mine Permits Boundaries in 
Illinois 

■ Staff, ISGS, 1996, Non-coal Underground Mines of Illinois 

■ Staff, ISGS, 1996, Non-coal Underground Mines of Illinois - Points 

■ Illinois State Geological Survey, not published, Oil and Gas Fields in Illinois 

Figure 5-7 presents the findings from these databases for extraction operations in the 
Big Muddy River Watershed. Multiple coal mines were identified within the watershed 
and labeled on Figure 5-7. The mine names and dates of operation are listed in 
Appendix B. There are no permitted mines in this watershed, and a comparison of the 
existing and permitted mine databases suggests that non-permitted mines are likely 
abandoned or closed. No oil or gas fields or non-coal mines were located in the 
segment Nl2 Watershed; however, the non-coal mine database contains only 20 
percent of the non-coal mines in Illinois due to the lack of a legal filing requirement. 
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Both Illinois EPA and IDNR Office of Mines and Minerals have responsibilities 
relating to the permitting of active coal mines and the regulation of mine drainage. 
Mine drainage is any groundwater, surface water, or rainwater that flows through, or in 
any way contacts an area affected by mining. Mine drainage from sites in Illinois are 
either non-acid drainage or acid drainage and can be classified as pre-law and post­
law. Pre-law mines are those mines operated prior to 1977, which are abandoned and 
not permitted and are typically acid drainage mines (Muir et al. 1997). 

Acid mine drainage is formed when three essential components combine: iron pyrite 
material, oxygen, and water. Pyritic material may come in several different forms, 
some of which are very stable and difficult to break down while others are very 
reactive and break down readily. Iron pyrite is commonly found associated with coal 
and coal refuse materials. As water contacts iron pyrite in the presence of oxygen, a 
chemical reaction occurs that forms ferrous iron and sulfuric acid. The ferrous iron 
then undergoes oxidation to form ferric iron. With the presence of ferrous iron, ferric 
iron, pyrite, oxygen, and water, several chemical reactions occur that produce 
additional acidity, further lowering the pH of the water. The formation of new acid is 
practically continuous when erosion of the refuse material exposes unreacted pyrite in 
the presence of oxygen and water. The negative impacts of acid mine drainage are high 
levels of dissolved solids, especially iron, sulfates, chlorides, and manganese 
associated with the mine drainage (Muir et al. 1997). 

As mentioned previously, the sampling data for manganese and sulfates, shown in 
Figures 5-4 and 5-5, were taken primarily under low-flow conditions. The figures 
show a decrease in concentrations with increases in flow indicating that groundwater is 
the potential source of these constituents. If the source of manganese and sulfates were 
due to surface runoff, an increase in concentrations would be expected with increased 
flows. The absence of exceedences of the water quality standards for manganese or 
sulfates at higher flows in the figures supports the conclusion that manganese and 
sulfates could have leached into the groundwater from pools within the mine sites and 
be the source of manganese and sulfates concentrations in segment Nl2. In addition, 
no data are available to assess the natural background of manganese and sulfates in the 
watershed. Natural background concentrations typically are attributed to what occurs 
naturally in groundwater due to mineral conditions of the soils (Water Environment 
Research Foundation [WERF] 1997). 

5.1.7.2 Animal Confinement Operations 
The Illinois EPA provided a GIS shapefile illustrating the location oflivestock 
facilities in the Big Muddy River Basin, which contains Kinkaid Lake and Big Muddy 
River segment Nl2. The Illinois EPA assessed the potential impact of each facility on 
water quality with regard to the size of the facility, the site condition and management, 
pollutant transport efficiency, and water resources vulnerability. Two livestock 
facilities ( cattle feedlots) were identified in the Kinkaid Lake watershed as shown in 
Figure 5-8. One of the feedlots was determined to have no impact on the receiving 
waters, and the other was determined to have a slight impact on receiving waters. Three 
animal management operations were located in the segment Nl2 watershed; two are 
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designated as having no impact on receiving waters, and the third was not assessed. 
Figure 5-9 shows the animal management operations within the segment N12 
Watershed. 

5.1.7.3 Wastewater Treatment Plants 
Table 5-15 lists the wastewater treatment facilities within the N12 watershed. No point 
sources were located within the Kinkaid Lake Watershed. Table 5-15 also provides 
information on whether there is potential for the facility to impact DO concentrations 
in Segment N12. With exception of the Carbondale Northwest Wastewater Treatment 
Plan, none of the facilities has the potential to impact DO concentrations in Segment 
N12. The facilities are either no discharge or discharge such little effluent that it is 
unlikely that they impact the Big Muddy River. The Carbondale Northwest Plant will 
be further discussed in Section 10. 

Table 5-15 Wastewater Treatment Plants within N12 Watershed 
Potential to Impact DO 

Facility Name NPDES Number Concentrations in N12 
Lake Chautauaua Home IL0045705 No 
Fairwav Motor Home Park IL0045306 No 
New Thompson Lake Fishino Club IL0048569 No 
Jackson Countrv Club IL0038521 No 
Fairwav Vista Grouo IL0061786 No 
Paul Parrish Aoartments IL0048089 No 
Green Tree Mobile Home Park IL0036935 No 
Hanm, Ours Mobile Home Park IL0046299 No 
Carbondale Northwest Wastewater IL0027871 Yes 
Treatment Plant 

5.1.8 Soil Data 
State Soil Geographic (STATSGO) database data, created by the USDA- National 
Resource Conservation Service (NRCS) Soil Survey Division, are aggregated soil 
surveys for GIS use published for Illinois in 1994. The STATSGO shapefiles were 
downloaded by HUC from the USEPA BASINS website (USEPA 2002a). STATSGO 
data are presented as map units of soils in which each map unit has a unique code 
linking it to attribute tables listing percentages of soil types within a map unit, soil 
layer depths, hydrologic soil groups, and soil texture among other soil properties. 

5.1.9 Cropping Practices 
Tillage practices can be categorized as conventional till, reduced till, mulch-till, and 
no-till. The percentage of each tillage practice for corn, soybeans, and small grains by 
county are generated by the Illinois Department of Agriculture from County Transect 
Surveys. Data specific to the Kinkaid Lake Watershed were not available; however, 
the Jackson County NRCS office recommended percentages of each tillage practice for 
application to the Kinkaid Lake Watershed as shown in Table 5-16 (NRCS 2002a). 
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Table 5-16 Tillage Practices in the Kinkaid Lake Watershed (NRCS 2002a) 
Tillaae Practice Corn Sovbeans Small Grains 
Conventional Till 20% 0% 20% 
Reduced Till 15% 10% 50% 
Mulch-Till 15% 5% 10% 
No-Till 50% 85% 20% 

5.1.10 Reservoir Characteristics 
Reservoir characteristics were obtained from GIS analysis, the Illinois EPA, the 
Kinkaid Lake watershed plan, and USEPA water quality data. The watershed plan for 
Kinkaid Lake lists a normal pool of2,350 acres (Kinkaid Area Watershed Project, Inc. 
[KA WP] 2000). Illinois EPA originally estimated the surface area of Kinkaid Lake as 
3,475 acres, resulting in a large discrepancy between this value and those obtained 
from the watershed plan and GIS. Based on recent studies in the watershed, the 
surface area of 2,350 acres from the watershed plan was used to validate the surface 
area of2,402 acres obtained from GIS analysis. For modeling analyses, the area 
obtained through GIS analysis was scaled to equal the area from the resource plan. 

The water quality dataset described in Section 5.1.5.1 was used to determine the 
average depth of Kinkaid Lake. On each date sampled for water quality constituents, 
the total depth at the site was measured. Table 5-17 lists the average depth calculated 
for each water quality site in Kinkaid Lake for each year of available data after 1990. 

Table 5-17 Average Depths in Feet for Kinkaid Lake 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Average 
1990 55.9 42.3 6.5 6.5 27.8 
1991 63.0 40.3 22.0 3.4 32.2 
1992 80.4 15.2 13.8 4.3 28.4 
1993 73.0 22.4 15.6 6.5 29.4 
1994 60.0 35.7 24.7 4.0 31.1 
1996 60.0 41.1 9.2 9.2 29.9 
1997 57.9 40.2 27.4 9.4 33.7 
1998 57.9 39.5 29.0 10.5 34.2 
2000 51.3 39.4 26.8 10.2 31.9 

Reservoir characteristics that were unavailable were flows into and out of the reservoir. 

5.1.11 Septic Systems 
Typically, septic systems near lake waters have greater potential for impacting water 
quality than systems near streams due to their proximity to the water body of concern. 
The number of septic systems within the watersheds could not be confirmed from 
available data sources. There were no residences observed near the lake during the site 
visit described in Sections 2.2 and 2.3. It is anticipated that failing septic systems are a 
negligible source of pollutant loads in this watershed. 
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5.1.12 Aerial Photography 
Aerial photographs of the Big Muddy River Watershed were obtained from the Illinois 
Natural Resources Geospatial Data Clearinghouse. The photographs were used to 
supplement the USGS quadrangle maps when locating facilities. 
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Section 6 
Methodologies and Models to Complete 
TMDLs for the Big Muddy River 

6.1 Set Endpoints for TMDLs 
TMDLs are used to define the total amount of pollutants that may be discharged into a 
particular water body within any given day based on a particular use of that water 
body. Developing TMDLs must, therefore, account for both present and future stream 
users, habitat, flow variability, and current and future point and nonpoint pollutant 
loadings that may impact the water body. Defining a TMDL for any particular stream 
segment must take into account not only the science related to physical, chemical, and 
biological processes that may impact water body water quality, but must also be 
responsive to temporal changes in the watershed and likely influences of potential 
solutions to water quality impairments on entities that reside in the watershed. 

Stream and lake water quality standards were presented in Section 4, specifically in 
Table 4-1. Biological data, such as the Index of Biotic Integrity (IBI) and the 
Macroinvertebrate Biotic Index (MBI), are used to support 305(b) and 303(d) listing 
decisions; however, TMDLs were not developed specifically to meet biological 
endpoints for the Big Muddy River Watershed. The endpoints presented in Section 4, 
which are chemical and physical endpoints of the following constituents, were 
targeted: 

■ stream segments: sulfates, pH, DO, manganese; 
■ lake segment: pH. 

6.2 Methodologies and Models to Assess TMDL Endpoints 
Methodologies and models were utilized to assess TMDL endpoints for the Big Muddy 
River Watershed. Model development is more data intensive than using simpler 
methodologies or mathematical relationships for the basis ofTMDL development. In 
situations where only limited or qualitative data exist to characterize impairments, 
methodologies were used to develop TMDLs and implementation plans as appropriate. 

In addition to methodologies, watershed and receiving water computer models are 
available for TMDL development. Most models have similar overall capabilities but 
operate at different time and spatial scales and were developed for varying conditions. 
The available models range between empirical and physically based. However, all 
existing watershed and receiving water computer models simplify processes and often 
include obviously empirical components that omit the general physical laws. They are, 
in reality, a representation of data. 

Each model has its own set oflimitations on its use, applicability, and predictive 
capabilities. For example, watershed models may be designed to project loads within 
annual, seasonal, monthly, or storm event time scales with spatial scales ranging from 
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large watersheds to small subbasins to individual parcels such as construction sites. 
With regard to time, receiving water models can be steady state, quasi dynamic, or 
fully dynamic. As the level of temporal and spatial detail increases, the data 
requirements and level of modeling effort increase. 

6.2.1 Watershed Models 
Watershed or loading models can be divided into categories based on complexity, 
operation, time step, and simulation technique. USEPA has grouped existing 
watershed-scale models for TMDL development into three categories based on the 
number of processes they incorporate and the level of detail they provide (USEP A 
1997): 

■ simple models, 
■ mid-range models, 
■ detailed models. 

Simple models primarily implement empirical relationships between physiographic 
characteristics of the watershed and pollutant runoff. A list of simple category models 
with an indication of the capabilities of each model is shown in Table 6-1. Simple 
models may be used to support an assessment of the relative significance of different 
nonpoint sources, guide decisions for management plans, and focus continuing 
monitoring efforts. Generally, simple models aggregate watershed physiographic data 
spatially at a large-scale and provide pollutant loading estimates on large time-scales. (~ 
Although they can easily be adopted to estimate storm event loading, their accuracy \__ 
decreases since they cannot capture the large fluctuations of pollutant concentrations 
observed over smaller time-scales. 
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Table 6-1 Evaluation of Watershed Model Capabilities• Simple Models /USEPA 19971 
Regressi 

USEPA Simple on SLOSS-
Criteria Screening1 Method1 Method1 PHOSPH2 Watershed FHWA WMM 
Land Urban 0 " " - " Q3 • Uses Rural 

" - 0 " " 0 • 
Point Sources - - 0 - 0 

Time Annual • • • • • • • Scale Single Event 0 0 0 - - 0 -
Continuous - - - - - - -

Hydrology Runoff -4 " - - - 0 0 

Baseflow - - - - - 0 

Pollutant Sediment 
" " " " " - -

Loading Nutrients 
" " " " " " " Others 0 " " - " " " Pollutant Transport - - - - - - -

Routing Transformation - - - - - - 0 

Model Statistics - - - - " 0 0 
Output Graphics - - - " - 0 

Format Options - - - - " - 0 

Input Requirements 0 0 0 0 0 0 0 
Data Calibration - - - 0 " - " Default Data • • " " 0 " " User Interface - - - - " 0 " BMPs Evaluation 0 0 - 0 " " " Design Criteria - - - - - - -
Documentation • • • • • • " 

Not a computer 
program 

2 Coupled with GIS 
3 Highway drainage 

basins 

4 Extended Versions 
recommended use of 
SCS-curve number 
methqd for runoff 
estimation 

•High ~ Medium olow - Not Incorporated 

Mid-range models attempt a compromise between the empiricism of the simple models 
and complexity of detailed mechanistic models. Mid-range models are designed to 
estimate the importance of pollutant contributions from multiple land uses and many 
individual source areas in a watershed. Therefore, they require less aggregation of the 
watershed physiographic characteristics than the simple models. Mid-range models 
may be used to define large areas for pollution migration programs on a watershed 
basis and make qualitative evaluations ofBMP alternatives. A list of models within the 
mid-range category and their capabilities is shown in Table 6-2. 
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Table 6-2 Evaluation of Watershed Model Ca,abilities - Mid-Range Models IUSEPA 1997\ 
Criteria SITEMAP GWLF P8-UCM Auto-QI AGNPS SLAMM 

Land Uses Urban • • • • - • 
Rural • • - - • -

Point Sources ., ., • - • • 
Time Scale Annual - - - - - -

Single Event 0 - • - • -
Continuous • • • • - • 

Hydrology Runoff • • • • • • 
Baseflow 0 • 0 0 - 0 

Pollutant Sediment - • • • • • Loading Nutrients • • • • • • 
Others - - • • - • 

Pollutant Transport 0 0 0 ., • ., 
Routing Transformation - - - - - -

Model Output Statistics ., 0 - - - 0 

Graphics ., ., • - • 0 

Format Options • • • 0 • • 
Input Data Requirements ., ., ., ., ., ., 

Calibration 0 0 0 ., 0 ., 
Default Data • • ., 0 ., ., 
User Interface • • • ., ., • 

BMPs Evaluation 0 0 • ., ., ., 
Design Criteria - - • ., ., 0 

Documentation • • • ., • ., 

eHigh 

6-4 

oMedium olow - Not Incorporated 

Detailed models use storm event or continuous simulation to predict flow and pollutant 
concentrations for a range of flow conditions. These models explicitly simulate the 
physical processes of infiltration, runoff, pollutant accumulation, instream effects, and 
groundwater/surface water interaction. These models are complex and were not 
designed with emphasis on their potential use by the typical state or local planner. 
Many of these models were developed for research into the fundamental land surface 
and instream processes that influence runoff and pollutant generation rather than to 
communicate information to decision-makers faced with planning watershed 
management (USEPA 1997). Although detailed or complex models provide a 
comparatively high degree ofrealism in form and function, complexity does not come 
without a price of data requirements for model construction, calibration, verification, 
and operation. If the necessary data are not available, and many inputs must be based 
upon professional judgment or taken from literature, the resulting uncertainty in 
predicted values undermine the potential benefits from greater realism. Based on the 
available data for the Big Muddy River Watershed, a detailed model could not be 
constructed, calibrated, and verified with certainty and the watershed model selection 
should focus on the simple or mid-range models. 
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6.2.1.1 Watershed Model Recommendation 
The watershed model recommendation for Kinkaid Lake is the Generalized Watershed 
Loading Function (GWLF) model. No watershed models will be utilized for stream 
TMDLs as methodologies will be utilized for stream segments in the Big Muddy River 
Watershed. The GWLF model was chosen for the Kinkaid Lake TMDL based on the 
following criteria: 

■ ease of use and Illinois EPA familiarity 
■ compatible with pollutants of concern and existing data 
■ provide adequate level of detail for decision making 

The GWLF manual estimates dissolved and total monthly phosphorus loads in 
streamflow from complex watersheds. Both surface runoff and groundwater sources 
are included, as well as nutrient loads from point sources and onsite wastewater 
disposal (septic) systems. In addition, the model provides monthly streamflow, soil 
erosion, and sediment yield values (Haith et al. 1996). 

6.2.2 Receiving Water Quality Models 
Receiving water quality models differ in many ways, but some important dimensions 
of discrimination include conceptual basis, input conditions, process characteristics, 
and output. Table 6-3 presents extremes of simplicity and complexity for each 
condition as a point of reference. Most receiving water quality models have some mix 
of simple and complex characteristics that reflect tradeoffs made in optimizing 
performance for a particular task. 

Table 6-3 General Receivina Water Qualitv Model Characteristics 
Model Characteristic Simnle Models Comnlex Models 
Concentual Basis Emnirical Mechanistic 
lnnut Conditions Stead" State Dvnamic 
Process Conservative Nonconservative 
Outout Conditions Deterministic Stochastic 

The concept behind a receiving water quality model may reflect an effort to represent 
major processes individually and realistically in a formal mathematical manner 
(mechanistic), or it may simply be a "black-box" system ( empirical) wherein the output 
is determined by a single equation, perhaps incorporating several input variables, but 
without attempting to portray constituent processes mechanistically. 

In any natural system, important inputs, such as flow in the river, change over time. 
Most receiving water quality models assume that the change occurs sufficiently slowly 
so that the parameter (for example, flow) can be treated as a constant (steady state). A 
dynamic receiving water quality model, which can handle unsteady flow conditions, 
provides a more realistic representation of hydraulics, especially those conditions 
associated with short duration storm flows, than a steady-state model. However, the 
price of greater realism is an increase in model complexity that may be neither justified 
nor supportable. 
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The manner in which input data are processed varies greatly according to the purpose 
of the receiving water quality model. The simplest conditions involve conservative 
substances where the model need only calculate a new flow-weighted concentration 
when a new flow is added (conservation of mass). Such an approach is unsatisfactory 
for constituents such as DO or labile nutrients, such as nitrogen and phosphorus, which 
will change in concentration due to biological processes occurring in the stream. 

Whereas the watershed nonpoint model's focus is the generation of flows and pollutant 
loads from the watershed, the receiving water models simulate the fate and transport of 
the pollutant in the water body. Table 6-4 presents the steady-state ( constant flow and 
loads) models applicable for this watershed. The steady-state models are less complex 
than the dynamic models. Also, as discussed above, the dynamic models require 
significantly more data to develop and calibrate an accurate simulation of a water 
body. 

Table 6-4 Descrintive List of Model Comnonents • Steadv-State Water Quality Models 
Water Body Parameters Process Simulated 

Model Type Simulated Physical Chemical/Bioloaical 
USEPA River, lake/ Water body nitrogen, Dilution, First order decay -
Screening reservoir, phosphorus, advection, empirical relationships 
Methods estuary, coastal chlorophyll "a," or _ dispersion between nutrient loading 

chemical and eutrophication 
concentrations indices 

EUTROMOD Lake/reservoir DO, nitrogen, Dilution Empirical relationships 
phosphorus, between nutrient loading 
chlorophyll "a" and eutrophication 

indices 
BATHTUB Lake/reservoir DO, nitrogen, Dilution Empirical relationships 

phosphorus, between nutrient loading 
chlorophyll "a" and eutrophication 

indices 
QUAL2E Rivers (well DO, CBOD, arbitrary, Dilution, First order decay, DO-

mixed/shallow nonconservative advection, BOD cycle, nutrient-algal 
lakes or substances, three dispersion cycle 
estuaries) conservative 

substances 
EXAMSII Rivers Conservative and Dilution, First order decay, 

nonconservative advection, process kinetics, 
substances dispersion daughter products, 

exoosure assessment 
SYMPTOX3 River/reservoir Conservative and Dilution, First order decay, 

nonconservative advection, sediment exchange 
substances disoersion 

STREAMDO Rivers DO, CBOD, and Dilution First order decay, BOD-
ammonium DO cycle, limited algal 

component 

6.2.2.1 Receiving Water Model Recommendation 
The receiving water model recommended for Kinkaid Lake is BATHTUB, which 
applies a series of empirical eutrophication models to reservoirs and lakes. The 
program performs steady-state water and nutrient balance calculations in a spatially 
segmented hydraulic network that accounts for advective and diffusive transport, and 
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nutrient sedimentation. Eutrophication-related water quality conditions are predicted 
using empirical relationships (USEPA 1997). 

Because of the lack of spatial data sets for the stream segments within the Big Muddy 
River Watershed, methodologies based on the USEPA Screening Methods and Monte 
Carlo simulations will be utilized for stream TMDL development as discussed in the 
following section. 

6.2.3 Kinkaid Lake TMDL 
For Kinkaid Lake, a TMDL for pH will be completed 
using a watershed/receiving water model combination. 
The strategy for completing the watershed/receiving 
water model TMDL for Kinkaid Lake is shown in the 
schematic to the right. This strategy applies to 
constituents whose loads can be predicted using GWLF. 
This approach allows a linkage between source and 
endpoint resulting in an allocation to meet water quality 
standards. After loads are predicted, the BATHTUB 
model will be used to determine the resulting phosphorus 
concentrations within Kinkaid Lake. Model development 
is discussed further in Section 7. 

Predict Loadings 

Steady State Model 

Allocation 

Schematic 1 
Strategy for Lake TMDL 

Modeling 

6.2.4 Stream TMDLs for the Big Muddy River Watershed 
Because of limited data available for watershed and receiving water model 
development for the Big Muddy River Watershed, TMDLs for the following 
constituents will be completed using methodologies: sulfates, pH, DO, and manganese. 
For DO, a Streeter-Phelps analysis based on the USEPA Screening Procedures was 
developed. This analysis is described in Section 8. For sulfates and manganese, a 
Monte Carlo simulation was conducted, and the description of this analysis is also 
contained in Section 8. For pH, an analysis based on recurrence interval and pH was 
created, and this discussion is also included in Section 8. 

6.2.5 Calibration and Validation of Models 
The results of loading and receiving water simulations are more meaningful when they 
are accompanied by some sort of confirmatory analysis. The capability of any model to 
accurately depict water quality conditions is directly related to the accuracy of input 
data and the level of expertise required to operate the model. It is also largely 
dependent on the amount of data available. Calibration involves minimization of 
deviation between measured field conditions and model output by adjusting parameters 
of the model. Data required for this step are a set of known input values along with 
corresponding field observation results. Validation involves the use of a second set of 
independent information to check the model calibration. The data used for validation 
should consist of field measurements of the same type as the data output from the 
model. Specific features such as mean values, variability, extreme values, or all 
predicted values may be of interest to the modeler and require testing. Models are 
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tested based on the levels of their predictions, whether descriptive or predictive. More ( 
accuracy is required of a model designed for absolute versus relative predictions. If the 
model is calibrated properly, the model predictions will be acceptably close to the field 
predictions. 

The GWLF and BATHTUB models were calibrated based on existing data. As will be 
outlined in Section 7, the GWLF model was calibrated based on historical flow 
records. The calibration factors taken into account for the GWLF model were the 
recession constant and seepage constant. Water quality data on the tributaries to 
Kinkaid Lake were not available so the GWLF model could not be calibrated to 
tributary nutrient loads. Nutrient loads were based on literature values for Southern 
Illinois. GWLF model validation was not conducted, as the hydrology was calibrated 
based on I 6 years of observed flow. Data collection activities needed to calibrate 
nutrient loads are outlined in Section 9 Implementation Plan. The calibration process 
for the BATHTUB model is also outlined in Section 7. For Kinkaid Lake, loads from a 
below normal, above normal, and dry precipitation year were taken from GWLF and 
entered into the BATHTUB model, which predicted average in-lake concentrations 
that were in turn compared to observed lake concentrations as the basis for calibration. 

6.2.6 Seasonal Variation 
Consideration of seasonal variation, such that water quality standards for the allocated 
pollutant will be met during all seasons of the year, is a requirement of a TMDL 
submittal. TMDLs must maintain or attain water quality standards throughout the year c· 
and consider variations in the water body's assimilative capacity caused by seasonal 
changes in temperature and flow (US EPA I 999). Seasonal variation for the Kinkaid 
Lake Watershed is discussed in Section 8 and for the Big Muddy River Watershed 
discussed in Section 11. 

6.2. 7 Allocation 
Establishing a TMDL requires the determination of the LC of each stream segment. 
The models or methodologies were used to establish what the LC is for each segment 
for each pollutant. The next step was to determine the appropriate MOS for each 
segment. After setting the MOS, WLA of point sources and LA from the nonpoint 
sources were set. 

The MOS can be set explicitly as a portion of the LC or implicitly through applying 
conservative assumptions in data analysis and modeling approaches. Data analyses and 
modeling limitations were taken into account when recommending a MOS. The 
allocation scheme (both LA and WLA) demonstrates that water quality standards will 
be attained and maintained and that the load reductions are technically achievable. The 
allocation is the foundation for the implementation and monitoring plan. Further 
discussion on the allocation is presented in Section 9. 
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6.2.8 Implementation and Monitoring 
For the Big Muddy River Watershed, a plan of implementation was produced to 
support the developed TMDL. The plan of implementation has reasonable assurance of 
being achieved. The plan provides the framework for the identification of the actions 
that must be taken on point and nonpoint sources to achieve the desired TMDLs. The 
accomplishment of the necessary actions to reach these targets may involve substantial 
efforts and expenditures by a large number of parties within the watershed. Depending 
upon the specific issues and their complexity in the Big Muddy River Watershed, the 
time frame for achieving water quality standards has been developed. 

The implementation plan delineates a recommended list of the sources of stressors that 
are contributing to the water quality impairments. The amount of the reduction needed 
from various sources to achieve the water quality limiting parameter was then 
delineated. For nonpoint sources, the use of BMPs is one way to proceed to get the 
desired reduction in loading. The effectiveness of various BMPs was factored into the 
modeling and methodologies to develop the range of options of BMPs to use. 
Associated with those BMPs is cost information, as available. Reductions from point 
services through waste stream management, pretreatment controls, and other structural 
and nonstructural programs were also identified as applicable. The implementation 
plan for the Big Muddy River Watershed is presented in Section 12. 
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7.1 Basis for pH TMDL 
The relationships between pH, chlorophyll "a," and phosphorus were discussed in 
Section 5.1.5.1.1. Figures 7-1 and 7-2 show the relationship between chlorophyll "a" 
and pH at Kinkaid Lake stations RNC-1 and RNC-3, respectively. The relationships 
are only provided at these two locations because samples at stations RNC-2 and 
RNC-4 did not show exceedences of the pH standard. As explained in Section 
5.1.5.1.1, the figures are expected to show an increase with pH as chlorophyll "a" 
increases. Increased chlorophyll "a" concentrations may also lead to low pH values as 
the CO2 decreases during respiration. The relationship between chlorophyll "a" and 
phosphorus at stations RNC-1 and RNC-3 are shown in Figures 7-3 and 7-4, 
respectively. Likewise, these figures are expected to show a direct relationship 
between the constituents. The relationships presented in Figures 7-1 through 7-4 
provide general trends between model constituents and represent the data available 
from sampling. The general relationships shown in Figures 7-1 through 7-4 suggest 
that controlling total phosphorus will decrease chlorophyll "a" concentrations, which 
will in turn bring pH into the range required for compliance with water quality 
standards. The TMDL will be based on the existing relationships 
with the knowledge that a larger data set would result in a more 
robust TMDL. It is therefore recommended that a TMDL GWLF 

endpoint of 0.05 mg/L for total phosphorus for Kinkaid Lake be 
utilized so that the pH standard is achieved. 

7.2 Model Overview 
The models used for the TMDL analysis of Kinkaid Lake were 
GWLF and BATHTUB. These models require input from several 
sources including online databases, GIS-compatible data, and 
hardcopy data from various agencies. This section describes the 
existing data reviewed for model development, model inputs, and 

TRANSPORT 
BLOCK 

NUTRIENT 
BLOCK 

WEATHER 
BLOCK 

model calibration and 
verification. 

Schematic I shows how the 
GWLF model and 
BATHTUB model are utilized 

BATHTUB 

TMDL 
CALCULATIONS 

SchemaUc 1 
Models used for 

Kinkaid Lake 
TMDL calculation. 

GWLF 
OUTPUT 

in calculating the TMDL. The GWLF model 
predicts phosphorus loads from the watershed. 
These loads are then inputted in the BATHTUB 
model to assess resulting phosphorus 

Schematic 2 concentrations. The GWLF model outlined in 
GWLF Model. Schematic 2 shows how GWLF predicts 

phosphorus loads from the watershed. The transport 
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block of the GWLF model uses the Universal Soil Loss Equation to determine erosion 
in the watershed. The transport block also calculates runoff based on the SCS Curve 
Number equation. The nutrient block allows the model user to input concentrations of 
phosphorus contained in the soil and in the dissolved phase for runoff. These two 
blocks, in conjunction with the weather block, predict both solid and dissolved 
phosphorus loads. 

Schematic 3 shows how, by using total 
phosphorus concentrations predicted from 
GWLF, the resulting in-lake total 
phosphorus concentrations can be 
predicted. The BATHTUB model uses 
empirical relationships between mean 
reservoir depth, total phosphorus inputted 
into the lake, and the hydraulic residence 
time to determine in-reservoir 
concentrations. 

7.3 Model Development and 
Inputs 

Inflow 
Total P 
(GWLF) 

Mean 
Depth 

Hydraulic 
Residence 

Time 

Kinkaid Lake 
Total P 

Schematic 3 
BATHTUB Model Schematic. 

The ability of the GWLF and BATHTUB models to accurately reflect natural 
processes depends on the quality of the input data. The following sections describe the c· 
selection, organization, and use of existing data as input to the GWLF and BATHTUB 
models and outline assumptions made in the process. 

Due to the size of the Kinkaid Lake Watershed and the multiple tributaries contributing 
to the lake, the watershed area was divided into four subwatersheds for accurate 
representation in the GWLF model. Flows within each of the subbasins were 
calculated from gage 05595820 with the drainage area ratio method presented in 
Section 5.1.3. To model Kinkaid Lake accurately in BATHTUB, the lake was divided 
in four sections surrounding each of the three monitoring stations. 

7.3.1 Watershed Delineation 
Prior to developing input parameters for the GWLF or BATHTUB models, a 
watershed for Kinkaid Lake was delineated with GIS analyses through use of the DEM 
as discussed in Section 5.1.2. The delineation indicates that Kinkaid Lake captures 
flows from a watershed of approximately 60.3 square miles, which is consistent with 
the drainage area of 60.5 square miles reported in the watershed plan (KA WP 2000). 
The flow through the lake is primarily from northeast to southwest. Figure 7-5 at the 
end of this section shows the location of each water quality station in Kinkaid Lake, 
the boundary of the GIS-delineated watershed contributing to Kinkaid Lake, the four 
subbasins used in GWLF modeling, and the division of the lake for BATHTUB 
modeling purposes. 
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7.3.2 GWLF Inputs 
GWLF requires input in the form of three data files that represent watershed 
parameters, nutrient contributions, and weather records. Each data file will be 
discussed in the following sections. The input files and actual values used for each 
parameter are listed in Appendix C. The GWLF manual is contained in Appendix D. 

DEMs of 30-meter resolution were downloaded from the USGS National Elevation 
Dataset for development of GWLF model parameters discussed in this section (USGS 
2002b). 

7.3.2.1 Transport Data File 
The transport data file provides watershed parameters including land use 
characteristics, evapotranspiration and erosion coefficients, groundwater and 
streamflow characteristics, and initial soil conditions. Table 7-1 presents each transport 
file input parameter and its source. Those requiring further explanation are discussed in 
the next section. 

Table 7-1 Data Needs for GWLF Trans ,ort File /Haith et al. 19961 
lnaut Parameter Source 
Land Use Critical Trends Assessment Database, GIS 
Land Use Area GIS 
Curve Number STATSGO, GIS, Critical Trends Assessment Database, TR-55 

Manual, WMM Manual 
KLSCP STA TSGO, GIS, DEM, GWLF Manual oaaes 34 and 35, NRCS 
Evaootransciration Cover Coefficient GWLF Manual oaae 29 
Davlinht Hours GWLF Manual nane 30 
Growinn Season GWLF Manual Recommendation oaae 54 
Erosivitv Coefficient GWLF Manual nanes 32 and 37 
Sediment Deliverv Ratio GIS, GWLF Manual nane 33 
5-da" Antecedent Rain and Snow GWLF Manual Recommendation oaae 37 
Initial Unsaturated Stora□e GWLF Manual Recommendation naae 30 
Initial Saturated Storane GWLF Manual Recommendation oaae 37 
Recession Constant Calibrated 
Seenane Constant Calibrated 
Initial Snow GWLF Manual Recommendation oaae 37 
Unsaturated Available Water Capacitv GWLF Manual Recommendation paae 37 

7.3.2.1.1 Land Use 
Land use for the Kinkaid Lake Watershed was extracted from the Critical Trends 
Assessment Database grid for Jackson County in GIS. Within the transport input file, 
each land use must be identified as urban or rural. The land uses were presented in 
Table 5-12. 

Individually identifying each field of crops or urban community in GWLF would be 
time intensive, so each land use class was aggregated into one record for GIS and 
GWLF representation. For example, the area of each row crop field was summed to 
provide a single area for row crops. Additionally, the parameters for each row crop 
field were averaged to provide a single parameter for the row crop land use. Details of 
the parameter calculation are contained in the remainder of this section. 
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GWLF computes runoff, erosion, and pollutant loads from each land use, but it does 
not route flow over the watershed. For example, the model does not recognize that 
runoff may flow from a field of corn over grassland and then into the river. The model 
assumes all runoff from the field of corn drains directly to the stream. Therefore, the 
location of each land use is irrelevant to the model allowing each land use class to be 
aggregated into a single record. 

To provide accurate modeling in GWLF, the rural grassland land use class, presented 
in Table 5-12, was separated into two subclasses of pasture and grassland based on the 
recommendation of the Jackson County NRCS (2002a). The GWLF model requires 
nutrient runoff concentrations for each land use, and the two subclasses of rural 
grassland have varying concentrations. The area of each subclass was estimated from 
the GIS-derived rural grassland area and suggested percentages of each subclass by the 
Jackson County NRCS (2002a). 

Due to the detailing of crops, the Cropland Data Layer land use classes, presented in 
Table 5-14, were used to generate evapotranspiration cover coefficients, cropping 
management factors, and to verify the land use obtained from the Critical Trends 
Assessment. Land uses used in GWLF correspond to land uses in the Critical Trends 
Assessment, so calculations based on the Cropland Data Layer land use classes were 
typically weighted by area to match the Critical Trends Assessment classes. Details of 
the calculations are presented in later sections and Appendix E. 

7.3.2.1.2 Land Use Area 
GIS was used to summarize the area of each aggregated land use in square meters as 
well as acres and hectares. Area in hectares was input for each land use in the transport 
data file. 

7.3.2.1.3 Curve Number 
The curve number, a value between zero and I 00, represents the ability of the land 
surface to infiltrate water, which decreases with increasing curve number. The curve 
number is assigned with consideration to hydrologic soil group and land use. The 
hydro logic soil group, represented by the letters A through D, denotes how well a soil 
drains. A well-drained, sandy soil would be classified as a type A soil, whereas clay 
would be classified as a type D soil. This property is identified in the STATSGO 
attribute table for each soil type. 

Assigning curve numbers to a large area with multiple soil types and land uses was 
streamlined using the GIS Arc View project, CRWR-PrePro (Olivera 1998), developed 
at the University of Texas at Austin. This process was used to develop a curve number 
grid. Scripts in the project intersect shapefiles of land use and soil with the STATSGO 
attribute table to create a grid in which each cell contains a curve number based on the 
combination. 
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The transport data file requires that a single curve number be associated with each land 
use. To accomplish this, the curve number in each grid cell was averaged over each 
aggregated land use area. Details of the GIS process are provided in Appendix E. 

7.3.2.1.4 KLSCP 
GWLF uses the Universal Soil Loss Equation, represented by the following equation 
(Novotny and Olem 1994), to calculate soil erosion. 

where A 
R 
K 
LS 
C 
p 

A = (R)(K)(LS)(C)(P) 

calculated soil loss in tons/ha for a given storm or period 
rainfall energy factor 
soil erodibility factor 
slope-length factor 
cropping management factor 
supporting practice factor 

The combined coefficient, KLSCP, is required as input to GWLF for each rural land 
use. The development of each factor will be discussed in the next sections. GWLF 
calculates the rainfall energy factor (R) with precipitation and a rainfall erosivity 
coefficient that will be discussed in Section 7 .3.2.1.5. 

Soil Erodibility Factor (K). The soil erodibility factor, K, represents potential soil 
erodibility. The STATSGO soils representation in GIS is by map unit, which 
incorporates multiple soil types (and K-values) in each unit, but the STATSGO attribute 
table lists the K factor for each soil type. Using this column, a weighted K factor was 
developed for each GIS map unit. Details of this process are provided in Appendix E. 

Topographic Factor (LS). The topographic, or LS, factor represents the contribution 
to erosion from varying topography. This factor is independent of soil type, but 
dependent on land use and land surface elevations, requiring use of the DEM. Multiple 
equations and methodologies are used to calculate the LS factor and for this 
application we used methodology outlined in the TMDL USLE software package 
(USEPA 2001). The LS factor was calculated with a series of equations that compute 
intermediate values of slope steepness, runoff length, and rill to interill erosion before 
combining them into the LS factor. This process was also performed with GIS analyses 
to automate computational tasks. Details of the GIS computation are provided in 
Appendix E. 

Cropping Management Factor (C). The cropping management factor, C, represents 
the influence of ground cover, soil condition, and management practices on erosion. 
The Jackson County NRCS office provided a table of C factors for various crops and 
tillage practices (NRCS 2002a). The table is included as Appendix F. The NRCS office 
also estimated the percentage of each tillage practice for corn, soybeans, and small 
grains in the Kinkaid Lake Watershed (NRCS 2002a). Although the percentage of each 
tillage practice is known, the specific locations in the watershed to which these 
practices are applied were unknown, so a weighted C-factor was created for these 
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7.3.2.2 Nutrient Data File 
The nutrient input file contains information about dissolved phosphorus and nitrogen 
from each rural land use, solid-phase phosphorus and nitrogen from urban runoff, 
solid-phase nutrient concentrations in the soil and groundwater, and any point source 
inputs of phosphorus or nitrogen. 

All solid-phase nutrient concentrations from runoff for Kinkaid Lake were obtained 
from the GWLF manual. Figure B-4 (page 39 of Appendix D) was utilized for 
determining solid-phase phosphorus concentrations in the soil. A mid-range value of 
0.07 percent phosphate was selected and then converted to 700 parts per million (ppm) 
using the relationship 0.1 percent= 1,000 ppm. Phosphate is composed of 44 percent 
phosphorus, so the 700 ppm phosphate was multiplied by 0.44 to obtain a value of 308 
ppm phosphorus in the sediment. This solid-phase phosphorus concentration was 
multiplied by the recommended enrichment ratio of 2.0 and therefore a total solid­
phase concentration of 616 ppm was utilized for modeling purposes. The enrichment 
ratio represents the ratio of phosphorus in the eroded soil to that in the non-eroded soil. 
Specific soil phosphorus data is not available, so the GWLF manual recommended 
enrichment ratio of 2.0 was used. Dissolved phosphorus concentrations in the runoff 
from each agricultural land use were obtained from page 41 of the GWLF manual with 
the exception of grassland under the rural grassland land use and concentrations from 
animal management facilities. The grassland dissolved phosphorus concentration was 
estimated from the dissolved phosphorus concentration for pasture. Grassland is 
assured to have less animals, and therefore less animal waste, than pasture land, so the 
concentration was reduced for hay land. The selection of dissolved phosphorus 
concentrations will be confirmed in Section 7.4.1. The runoff phosphorus 
concentration from the feedlots and animal management areas were obtained from 
Novotny and Olem with a range of 4 to 15 mg/L (1994). The concentrations used to 
model the animal management areas were dependent on the impact each facility had on 
the receiving waters as recorded in the GIS file discussed in Section 5. I. 7. One feedlot 
was identified in the Kinkaid Lake Watershed as potentially having a slight impact on 

Table 7-5 Dissolved Phosphorus 
Concentrations in Runoff from the Kinkaid 
Lake Watershed 

Dissolved 
Phosphorus 

Land Use (malLl 
Row Cron 0.26 
Small Grains 0.30 
Rural Grasslands 

Pasture 0.25 
Grassland 0.15 

Deciduous Forest 0.009 
Coniferous Forest 0.009 
Animal Manaaement Facilitv 4.5 - 15 
Barren Land 0.008 
Urban-Hioh Density 0.01 

water quality and one facility was identified as 
potentially having no impact on water quality in 
the receiving stream. The animal management 
facilities in the Kinkaid Lake Watershed were 
assigned dissolved phosphorus concentrations of 4 
and 5.5 mg/L for the no impact and slight impact 
facilities, respectively, because these are at the 
lower end of the literature range. 

Table 7-5 lists the land uses in the Kinkaid Lake 
Watershed and associated runoff phosphorus 
concentrations used in the GWLF model. It should 
be noted that although the majority of dissolved 
phosphorus concentrations in Table 7-5 exceed the 

C 

endpoint of0.05 mg/L of total phosphorus, once the surface runoff reaches Kinkaid 
Lake or its tributaries, it mixes with water already in the stream or lake and the ( 
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concentration decreases. Therefore, it cannot be concluded without analysis that 
constituents with dissolved concentrations above the endpoint for total phosphorus are 
responsible for water quality impairments. 

The GWLF manual suggests nutrient concentrations in groundwater based on the 
percentage of agricultural versus forestlands. These percentages were calculated from 
the land use areas in the watershed, and the appropriate groundwater concentrations 
were selected from the GWLF manual, page 41. The percentage of agricultural lands in 
each subbasin and their corresponding groundwater dissolved phosphorus 
concentrations are provided in Table 7-6. 

Table 7-6 Percentage of Agricultural and Forest Lands and Groundwater Phosphorus 
Concentrations in the Kinkaid Lake Watershed /Haith et al. 1996 

Dissolved Phosphorus 
Subbasin Agriculture Forest /mall\ 

1 42% 55% 0.015 
2 20% 72% 0.012 
3 7% 77% 0.012 
4 34% 45% 0.015 

7.3.2.3 Weather Data File 
The weather data file is a text file of daily precipitation and temperature and was 
compiled from weather data presented in Section 5.1.4. An excerpt of the weather data 
file is recorded in Appendix C. The precipitation data are used in GWLF to determine 
runoff, erosion, and evapotranspiration, and temperature data are used to compute 
potential evaporation and snowmelt. 

7.3.3 BATHTUB Inputs 
BATHTUB has three primary input interfaces: 
global, reservoir segment(s), and watershed inputs. 
The individual inputs for each of these interfaces are 
described in the following sections and the data 
input screens are provided in Appendix C. 

Multiple simulations of the BATHTUB model were 
run to investigate variations in total phosphorus 
concentrations in a wet, normal, and dry year of 
precipitation to bracket conditions for calibration. 
The first step in choosing the wet, normal, and dry 
years was to calculate average annual precipitation. 
BATHTUB models lake concentrations based on a 
water year (October to September), so the 
precipitation data presented in Section 5.1.4 were 
averaged to coincide with the water year. Table 7-7 
shows these annual and average annual precipitation 
values in Jackson County. Each water year was then 

FINAL REPORT 

Table 7-7 Annual Precipitation in 
Jackson Countv 

Precipitation 
Model Year /inches\ 

1986 52 
1987 35 
1988 43 
1989 47 
1990 48 
1991 41 
1992 43 
1993 54 
1994 44 
1995 46 
1996 57 
1997 49 
1998 45 
1999 40 
2000 51 

Averaae 46 
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classified as wet, dry, or normal based on a comparison to the average water year 
precipitation of 46 inches. Another consideration in selecting the years for simulation 
was determining which years coincided with the collection dates of in-lake total 
phosphorus concentrations at the water quality stations within recent years. With these 
criteria, the only years available for modeling Kinkaid Lake are 1994, 1997, and 2000. 
Based on Table 7-7, 1994 is designated as the normal year and 1997 and 2000 are both 
designated as wet years. 

7.3.3.1 Global Inputs 
Global inputs represent atmospheric contributions of precipitation, evaporation, and 
atmospheric phosphorus. Precipitation was discussed in the previous section and is 
shown in Table 7-7 for the model years 1994, 1997, and 2000. An average annual 
evaporation was determined from pan evaporation data as discussed in Section 5.1.4. 
The default atmospheric phosphorus deposition rate suggested in the BATHTUB 
model was used in absence of site-specific data, which is a value of 30 kilograms per 
kilometer squared per year (kg/km2-yr) (USA CE 1999b ). 

7.3.3.2 Reservoir Segment Inputs 
The data included as segment inputs represents reservoir characteristics in BATHTUB. 
These data were used in BATHTUB simulations and for calibration targets. The 
calibration targets are observed water quality data summarized in Section 5.1.5.1. 

Kinkaid Lake was modeled as four segments in BATHTUB to represent the lake 
characteristics around each water quality station, so an average annual value of total 
phosphorus was calculated for each site for input of observed data. The lake segments 
are shown in Figure 7-5 at the end of this section. The averages of total phosphorus 
sampled at one-foot depth were presented in Table 5-6; however, the BATHTUB 
model calculates an average lake concentration. Therefore, total phosphorus samples at 
all depths were averaged to provide targets for the BATHTUB model. Table 7-8 shows 
the average annual total phosphorus concentrations for all sample depths at each 
station in Kinkaid Lake for the years modeled. As mentioned in Section 5.1.5.1.2, 
station RNC-1 had samples taken at one-foot depth from the surface and at the lake 
bottom, whereas stations RNC-2, RNC-3, and RNC-4 were only sampled at one-foot 
depth. The raw data for all sample depths are contained in Appendix A. 

Table 7-8 Avera ,e Total Phosphorus Concentrations in Kinkaid Lake lmalLl over All Deoths 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Averaae 
1994 0.03 0.02 0.04 0.14 0.05 
1997 0.04 0.03 0.04 0.13 0.06 
2000 0.03 0.01 0.02 0.05 0.03 

Other segment inputs include lake depth, lake length, and depth to the metalimnion. 
The lake depth was represented by the averaged data from the water quality stations 
shown in Table 5-16. The lake length was determined in GIS, and the depth to the 
metalimnion was estimated from a chart of temperature versus depth. The charts are 
presented in Appendix G. 
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Tributary inputs to BATHTUB are drainage area, flow, and total phosphorus 
( dissolved and solid-phase) loading. The drainage area of each tributary is equivalent 
to the basin or subbasin it represents, which was determined with GIS analyses. For the 
Kinkaid Lake Watershed, the four subbasins modeled in GWLF represent tributary 
inputs. Loadings were calculated with the monthly flow and total phosphorus 
concentrations obtained from GWLF output. The monthly values were summed over 
the water year for input to BATHTUB. To obtain flow in units of volume per time, the 
depth of flow was multiplied by the drainage area and divided by one year. To obtain 
phosphorus concentrations, the nutrient mass was divided by the volume of flow. 

7.4 Model Calibration and Verification 
The GWLF model was calibrated prior to BATHTUB calibration. The GWLF model 
for the Kinkaid Lake Watershed was calibrated to flow data, as tributary phosphorus 
concentrations were not available. Nutrient concentrations entered into the GWLF 
model were calibrated based on response occurring in the BATHTUB model. 
Therefore, the nutrient block of the GWLF model and the BATHTUB model were 
calibrated together to reach agreement with observed data in Kinkaid Lake. 

7.4.1 GWLF Calibration 
The GWLF model must run from April to March to coincide with the soil erosion 
cycle. GWLF does not retain erodible sediment between model years, so the model 
year must begin after the previous year's sediment has been washed off. The model 
assumes that the soil erosion cycle begins with spring runoff events in April and that 
erodible soil for the year has been washed off by the end of winter for the cycle to 
begin again the following April. GWLF generates monthly outputs including 
precipitation, flow, runoff and nutrient mass per watershed, and annual outputs 
including precipitation, flow, runoff, and nutrient mass per land use. These outputs are 
part of the input for the BATHTUB model. 

Instream nutrient data was not available for model calibration, so GWLF was only 
calibrated to flow. The monthly average flow output from GWLF was compared to the 
monthly average streamflow calculated from USGS gage 05595820 with the drainage 
area ratio method presented in Section 5.1.3. The model flow was calibrated visually 
through the recession constant and seepage constant. Visual calibration is a subjective 
approach to model calibration in which the modeler varies inputs to determine the 
parameter combination that looks like the best fit to the observed data (Chapra 1997). 
According to the GWLF manual, an acceptable range for the recession constant is 0.01 
to 0.2. No range suggestions are provided for the seepage constant. Figure 7-6 (at the 
end of this section) shows the comparison between the two flows for subbasin I of 
Kinkaid Lake. The GWLF model for Kinkaid Lake was visually calibrated with a 
resulting recession constant of 0.15 and a seepage constant of 0.15 in each sub basin. 
Once calibrated, the model output data could properly be included as BATHTUB 
inputs. The GWLF model was not validated as flow was calibrated by visually 
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comparing 16 years of observed flow. The summary output from GWLF for each 
subbasin is included in Appendix C. 

Although instream nutrient concentrations are not available for the tributaries to 
Kinkaid Lake, Clean Lakes Studies have been conducted by the Illinois EPA on 
various Illinois lake watersheds, which do provide instream nutrient data for lake 
tributaries including dissolved and total phosphorns. A Clean Lake Study was 
conducted on Kinkaid Lake during the summer of 2003. The dissolved and total 
phosphorns concentrations predicted by GWLF for tributaries to the Kinkaid Lake 
subbasins were compared to the measured dissolved and total phosphorns 
concentrations from tributaries to lakes observed in the Clean Lakes studies as shown 
in Figure 7-7. 

Table 7-9 shows the comparison between dissolved and total phosphorns in watersheds 
from Clean Lakes Studies and in the Kinkaid Lake Watershed. The dissolved 
phosphorus concentration in Subbasin 3 in the Kinkaid Lake Watershed was too low to 
be calculated by GWLF, so it is assumed to be negligible and presented as zero 
concentration. 

Table 7~9 Percentage of Dissolved Phosphorus to Total Phosphorus Concentrations in Clean Lake 
Studv Watersheds and the Kinkaid Lake Watershed 

Mean Dissolved Mean Total 
Phosphorus Phosphorus Dissolved I Total 

Watershed Site fmalU lmalU Phosphorus 
Nashville Citv ROO02 0.68 0.89 0.76 
Paradise RCG 02 0.06 0.07 0.87 
Raccoon RA02 0.30 0.46 0.66 

RA03 0.21 0.29 0.71 
RA04 0.46 0.63 0.73 
RA05 0.07 0.22 0.30 

Lake Lou Yeager A 0.06 0.13 0.46 
8 0.15 0.16 0.92 
C 0.05 0.25 0.20 
D 0.13 0.17 0.78 
E 0.06 0.12 0.46 
F 0.17 0.20 0.87 
G 0.33 0.41 0.79 
H 0.33 0.35 0.93 
I 0.13 0.14 0.96 

Kinkaid 1 0.06 0.18 0.31 

2 0.01 0.10 0.12 

3 0.0 0.07 -

4 0.03 0.10 0.26 

The ratio of dissolved to total phosphorus in the Kinkaid Lake subbasins is within the 
range of ratios represented by the Clean Lakes Studies, except for Subbasin 2, which is 
below the low end of the range. 
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7.4.2 BATHTUB Comparison with Observed Data 
The BATHTUB model's response to changes in the GWLF nutrient block were 
compared to known in-lake concentrations of total phosphorus and chlorophyll "a" for 
each year of simulation. These known concentrations were presented in Tables 5-6 and 
5-7. The BATHTUB manual defines the limits of total phosphorus calibration factors 
as 0.5 and 2.0.The calibration factor accounts for sedimentation rates, and the limits 
were determined by error analysis calculations performed on test data sets (USACE 
1999). The calibration limits for chlorophyll "a" are not defined in the BATHTUB 
manual. 

The GWLF model was set at a total phosphorus soil concentration of 660 ppm based 
on comparison with observed data in the BATHTUB model. As part of the comparison 
process, the watershed was also modeled with a total phosphorus soil concentration of 
440 ppm to perform a sensitivity analysis on soil phosphorus. Decreasing the total soil 
phosphorus concentration shows little impact on the estimated in-lake concentrations 
(Table 7-10). The calibration factor range for total phosphorus modeling in 
BATHTUB is 0.5 to 2 and use of the 616-ppm total phosphorus in the soil falls within 
this accepted range. Table 7-10 also shows what calibration factors for chlorophyll "a" 
would be required so that estimated concentrations would match observed 
concentrations. The columns labeled target in Table 7-10 represent the average 
observed in-lake concentrations. The results of the modeling sensitivity analyses are 
contained in Appendix H. 

Ta bl e 7-10 Kinkaid Lake Calibration Sensitivitv Analvsis 

Year 

1994 
1997 
2000 

1994 
1997 
2000 

% of Total 
In-Lake Loads from In-Lake In-Lake 

In-Lake Estimated Internal Target Estimated Chlorophyll 
Target Total Total Loading Phosphorus Chlorophyll Chlorophyll "a" 
Phosphorus Phosphorus Required to Calibration "a" "a" Calibration 

(mall\ rmalL\ Meet Taraet Factor /,,n/L\ lun/L\ Factor 
Soil Total Phosphorus 440 ppm 

0.04 0.04 0 1.0 23.6 14.6 1.6 
0.05 0.04 0 1.4 19.9 9.9 2.0 
0.03 0.04 0 0.6 18.9 12.4 1.5 

Soil Total Phosphorus 616 Ppm 
0.04 0.03 0 1.2 23.6 13.1 1.8 
0.05 0.03 0 1.6 19.9 9 2.2 
0.03 0.04 0 0.7 18.9 11.2 1.7 

A robust calibration and validation of Kinkaid Lake could not be completed because 
the following information was not available: observed nutrient concentrations in 
tributaries to the lake, site-specific data on internal cycling rates, reservoir outflow 
rates, and nutrient concentrations in reservoir releases. The analysis presented in Table 
7-10 is therefore considered a preliminary calibration. However, BATHTUB modeling 
results indicate a fair estimate between predicted and observed values for the years 
modeled based on enor statistics calculated by the BATHTUB model and should be 
sufficient for estimating load reductions required in the watershed. BATHTUB 
calculates three measures of error on each output concentration. If the absolute value 
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of the error statistic is less than 2.0, the modeled output concentration is within the 95 
percent confidence interval for that constituent (USA CE 1999b ). A robust calibration 
and validation of Kinkaid Lake will be possible if data collection activities outlined in 
the future monitoring in Section 9 Implementation are implemented. 

Based on modeling results, it appears that internal cycling is not occurring in Kinkaid 
Lake. The BATHTUB manual notes that internal cycling can be significant in shallow 
prairie reservoirs and provides Lake Ashtabula (approximately 42 feet deep) as an 
example (USA CE 1999b and 2003). Table 5-17 notes a depth of approximately 62 feet 
for Kinkaid Lake, which places it outside of the category of shallow reservoir making it 
appropriate that internal cycling is not occurring in modeled results. Literature sources 
suggest that internal loading for deeper, more stratified lakes could be in the range of 
10 to 30 percent of total loadings and that values for shallower reservoirs could be 
much higher (Wetzel 1983). 

Because the modeling of the Kinkaid Lake changes based on annual loadings and 
climatic conditions, a validation of the model could not be completed. The model was 
calibrated for three climatic conditions, which will be the basis for the TMDL analysis 
presented in Section 8. The preliminary calibrated model was used to estimate the 
amount of load reductions needed from the watershed to meet water quality standards. 
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Figure 7-1: Relationship between pH and 
Chlorophyll "a" at Kinkaid Lake Station RNC-1 
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Figure 7-2: Relationship between pH and 
Chlorophyll "a" at Kinkaid Lake Station RNC-3 
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Figure 7-3: Relationship between Total Phosphorus at One-Foot Depth 
and Chlorophyll "a" at Kinkaid Lake Station RNC-1 
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Figure 7-4: Relationship between Total Phosphorus at One-Foot Depth 
andChlorophyll "a" at Kinkaid Lake Station RNC-3 
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Section 8 
Total Maximum Daily Load for Kinkaid Lake 
Watershed 

8.1 TMDL Endpoints for Kinkaid Lake 
The desired in-lake water quality standard for pH is between 6.5 and 9 and less than or 
equal to 0.05 mg/L for total phosphorus. Tables 5-5, 5-6, ad 5-7 summarized the 
average pH, total phosphorus, and chlorophyll "a" concentrations sampled in the 
Kinkaid Lake Watershed. As noted in Section 5.1.5.1.1, all observed in-lake averages 
meet these targets, but individual samples violate the TMDL endpoints. The range of 
pH values is set to prevent eutrophic conditions in Kinkaid Lake and maintain aquatic 
life. Phosphorus is a concern as nuisance plant growth and algal concentrations in 
many freshwater lakes are enhanced by the availability of phosphorus. 

8.2 Pollutant Sources and Linkages 
The TMDL for pH in Kinkaid Lake is dependent on a relationship between pH, 
chlorophyll "a," and phosphorus as explained in Sections 5.1.5.1.1 and 7.1. 
Relationships between phosphorus, chlorophyll "a," and pH were determined, but it is 
recognized that they only represent general trends. 

Although Kinkaid Lake is not listed for phosphorus, sample concentrations do exceed 
the endpoint of 0.05 mg/L for total phosphorus in the most upstream pool. This TMDL 
is based on the assumption that trends in Kinkaid Lake will follow those observed in 
literature where the control of phosphorus results in acceptable pH values. The 
remainder of this section focuses on reductions in phosphorus to control pH. 

Pollutant sources and their linkages to Kinkaid Lake were established through the 
GWLF and BATHTUB modeling techniques described in Section 7. Pollutant sources 
of phosphorus include nonpoint source runoff from agriculture. Atmospheric 
deposition is another potential source of loads. The predicted phosphorus loads from 
GWLF and BATHTUB modeling and their sources are presented in Table 8-1. The 
mean loads presented in Table 8-1 will be used in the overall TMDL calculation for the 
amount ofreductions that need to occur in the Kinkaid Lake Watershed. 
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a e 8- Mo T bl 1 d eled Total Phosohorus Load bv Source 

Land Use 

RowCroo 
Small Grains 
Rural Grassland 

Pasture 
Grassland 

Urban Grassland 
Forest 
Cattle Feedlot 
Urban 
Groundwater 
Atmospheric 
Total 

Small Grains 
9% 

1994 (normal\ 1997 well 2000 (well Mean 
lb/vr 
6,949 
1,306 

933 
1,446 

0 
2,006 

23 
70 

2,262 
628 

15,623 

Percent lb/vr Percent Lb/vr Percent lb/yr Percent 
45% 9,276 47% 15,215 49% 10,480 47% 
8% 1,707 9% 2,813 9% 1,942 9% 

6% 1,101 6% 2,036 7% 1,357 6% 
9% 1,817 9% 3,241 10% 2,168 10% 
0% 0 0% 27 0% 9 0% 
13% 2,835 14% 4,795 16% 3,212 15% 
0% 28 0% 54 0% 35 0% 
0% 28 0% 27 0% 41 0% 
15% 2,395 12% 2,223 7% 2,293 10% 
4% 628 3% 628 2% 628 3% 

100% 19,815 100% 31,059 100% 22,165 100% 

Urban Grassia 
0% 

The majority of the predicted phosphorus load is 
from agricultural nonpoint sources as shown in 
the pie chart to the right. The loads represented in 
Table 8-1 and the pie chart were entered into the 
BATHTUB model as explained in Section 7 to 
determine resulting in-lake total phosphorus 
concentration in mg/L. As explained in Section 7, 
these loads result in in-lake concentrations that 
exceed the total phosphorus target of 0.05 mg/L at 
the most upstream water quality site. The TMDL 
explained throughout the remainder of this section 
will examine how much the external loads need to 
be reduced in order to meet the total phosphorus 
water quality standard of 0.05 mg/L in Kinkaid 
Lake. 

Forest 
15% 

8.3 Allocation 
As explained in Section I, the TMDL for Kinkaid Lake will address the following 
equation: 

TMDL = LC = I:WLA + I:LA + MOS 

where: LC Maximum amount of pollutant loading a water body can receive 
without violating water quality standards 

WLA = The portion of the TMDL allocated to existing or future point 
sources 

LA = Portion of the TMDL allocated to existing or future nonpoint sources 
and natural background 

MOS An accounting of uncertainty about the relationship between 
pollutant loads and receiving water quality 
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Each of these elements will be discussed in this section as well as consideration of 
seasonal variation in the TMDL calculation. 

8.3.1 Loading Capacity 
The loading capacity of Kinkaid Lake is the pounds per year of total phosphorus that 
can be allowed as input to the lake and still meet the water quality standard of 
0.05 mg/L total phosphorus. The allowable phosphorus loads that can be generated in 
the watershed and still maintain water quality standards was determined with the 
models that were set up and calibrated as discussed in Section 7. To accomplish this, 
the loads presented in Table 8-1 were reduced by a percentage and entered into the 
BATHTUB model until the water quality standard of 0.05 mg/L total phosphorus was 
met in Kinkaid Lake. Only loads modeled from Subbasin I were reduced because this 
subbasin has the most impact on water quality at site RNC-4, which had observed 
phosphorus concentrations greater than 0.05 mg/L. Table 8-2 shows the allowable 
phosphorus loading determined for 1994, 1997, and 2000 by reducing modeled inputs 
to Kinkaid Lake through GWLF and BATHTUB. The output files to BATHTUB 
showing the results of the load reductions for 1994, 1997, and 2000 are contained in 
Appendix I. 

Table 8-2 Allowable Total Phosphorus Load 
b M d I Y f K' k 'd L k JV o e ear or ,n a, a e 

Model Year Phosphorus (lb/vrl 
1994 8,109 
1997 10,697 
2000 23,145 
Mean 13,983 

The allowable pounds per year resulting 
from the modeling show the effects of 
varying climatic conditions observed 
during these years. Therefore, an average 
value of these years was set as the target 
loading to meet the in-lake water quality 
standards of 0.05 mg/L. 

The modeled total phosphorus and chlorophyll "a" concentrations resulting from the 
allowable loads are presented in Table 8-3. The pH values associated with the 
phosphorus and chlorophyll "a" concentrations shown in Table 8-3 were determined 
from the relationships provided in Figures 7-1 through 7-4. Only results at stations 
RNC-1 and RNC-3 are shown because, as mentioned previously, these are the only 
stations with samples that exceeded the pH standard. This analysis shows that 
violations of the pH water quality standard should be avoided. Therefore, the TMDL 
for Kinkaid Lake will focus on phosphorus as explained throughout the remainder of 
this section. 

Table 8-3 Predicted Total Phosphorus, Chlorophyll "a," and pH Values in Kinkaid Lake 
Year Total Phosphorus (mg/L) Chlorophyll "a" lua/L) pH (s.u.) 
1994 /RNC-1 l 0.02 16.6 8.2 
1994 (RNC-3 0.02 13.1 8.3 
1997 (RNC-1) 0.03 11.9 8.0 
1997 IRNC-3 0.03 18.2 8.3 
2000 (RNC-1) 0.02 19.1 8.2 
2000 (RNC-3) 0.03 15.5 8.3 
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As discussed previously, modeled loads to the most upstream segment of Kinkaid Lake 
were reduced to attain a total phosphorus concentration of 0.05 mg/L, which in turn 
reduced modeled concentrations in downstream segments of the lake. Therefore, the 
values in Table 8-3 are much lower than the water quality standard, although the 
modeled concentrations in the most upstream segment are just below the phosphorus 
standard of 0.05 mg/L. 

8.3.2 Seasonal Variation 
A season is represented by changes in weather; for example, a season can be classified 
as warm or cold as well as wet or dry. Seasonal variation is represented in the Kinkaid 
Lake TMDL as conditions were modeled on an annual basis and by taking 15 years of 
daily precipitation data when calculating rnn-offthrough the GWLF model. This takes 
into account the seasonal effects the reservoir will undergo during a given year. Since 
the various pollutant sources are expected to contribute loadings in different quantities 
during different time periods ( e.g., atmospheric deposition year round, spring run-off 
loads), the loadings for this TMDL will focus on average annual loadings rather than 
specifying different loadings by season. In addition, three data sets (wet, dry, average) 
were examined to assess the effects of varying precipitation on loading to the reservoir 
and resulting in-lake concentrations. 

8.3.3 Margin of Safety 
The MOS can be implicit (incorporated into the TMDL analysis through conservative 
assumptions) or explicit (expressed in the TMDL as a portion of the loadings) or a ( 
combination of both. The MOS for the Kinkaid Lake TMDL should be based on a · 
combination of both. Model inputs were selected from the GWLF manual when site-
specific data were unavailable. These default input values are assumed to be 
conservative, which implicitly includes a MOS in the modeling effort. Because the 
default input values are not site-specific, they are assumed more conservative and 
therefore a MOS can be implicitly assumed. Default input values include: 

■ Sediment delivery ratio - using literature value is assumed conservative as cropping 
practices have changed within Illinois since ratio was developed in 1975. 

■ Soil phosphorns concentration - phosphorns concentrations in the soil were not 
available therefore literature values were assumed conservative as the mid-point of 
the range of suggested literature range was used as a starting point for analyses. 

In addition, averaging of a normal and dry year is assumed to be conservative and part 
of the implicit MOS. 

Due to uncertainty with nutrient model inputs as explained in Section 7.4, an explicit 
MOS of 5 percent is also recommended. Due to unknowns regarding estimated versus 
actual measurements of loadings to the lake, an explicit MOS is included. The 
5 percent MOS is appropriate based upon the generally good agreement between the 
GWLF loading model and observed flows, and in the BATHTUB water quality model 
and observed values in Kinkaid Lake (Section 7.4). Since these models reasonably ( 
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reflect the conditions in the watershed, a 5 percent MOS is considered to be adequate 
to address the uncertainty in the TMDL, based upon the data available. The MOS can 
be reviewed in the future as new data is developed. 

8.3.4 Waste Load Allocation 
There are no point sources in the watershed; therefore, no WLA is recommended at 
this time. 

8.3.5 Load Allocation and TMDL Summary 
Table 8-4 shows a summary of the TMDL for Kinkaid Lake. On average, a total 
reduction of 43 percent of total phosphorus loads to Kinkaid Lake would result in 
compliance with the water quality standard of pH values between 6.5 and 9 based on 
modeling efforts. 

Table 8-4 TMDL Summar for Total Phosphorus in Kinkaid Lake 
LC WLA LA MOS Reduction Needed Reduction Needed 

/lb/vrl /lb/vrl /lb/vrl /lb/vrl /lb/vrl (percent\ 

13,983 0 13,283 700 8,882 40% 

Table 8-5 shows the respective reductions needed from atmospheric loads and 
nonpoint sources in the watershed to meet the TMDL. The reduction of atmospheric 
loads is zero because atmospheric contributions cannot be controlled by watershed 
management measures. An approximate 41 percent reduction of nonpoint sources from 
the watershed would be necessary to meet the load allocation presented in Table 8-4. 
Methods to meet these targets will be outlined in Section 9. 

a e -5 T bl 8 S ources or ota P oso orus Re f T I h h d uctions 
Current Load Load Reduction 

Source /lb/vrl /lb/vrl Percent Reduction 
Atmospheric 628 0 0% 
Nonooint Sources 21,537 8,882 41% 
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9.1 Implementation Actions and Management Measures 
As discussed in Sections 7.1 and 8.2, the TMDL for Kinkaid Lake is based on 
relationships between pH, chlorophyll "a," and phosphorus. The remainder of this 
section focuses on reductions in phosphorus to control pH. It was determined that 
reductions in phosphorus to the TMDL endpoint of 0.05 mg/L will result in pH 
concentrations that meet the water quality standard. Therefore, this implementation 
plan focuses on measures that will reduce phosphorus. 

Phosphorus loads in the Kinkaid Lake Watershed originate from external sources, such 
as croplands. The annual averages of data collected during sampling of Kinkaid Lake 
indicate that only the upstream portion of Kinkaid Lake is impaired for phosphorus 
(detailed in Section 7). Land use for the entire watershed illustrates that 70 percent of 
the agricultural practices occur in the portion of the watershed upstream of Kinkaid 
Lake, which supports the data. Hence, implementation measures focus on the 
watershed area located upstream of Kinkaid Lake (subbasin I in Figure 7-5). However, 
the TMDL endpoints and load reductions apply to the entire Kinkaid Lake Watershed. 

From modeling estimates, external loads from nonpoint source runoff from agricultural 
crops potentially account for 56 percent of the loading to Kinkaid Lake, and forest C. 
land, both deciduous and coniferous, accounts for approximately 15 percent of the 
nonpoint source phosphorus loaded to the lake. Grassland and pasture land account for 
approximately 16 percent of the modeled load, and the remaining 14 percent are 
contributed by atmospheric and groundwater loads. To achieve the 41 percent 
reduction for the load allocations established in Section 8 (Table 8-4), management 
measures must address nonpoint source loading through sediment and surface runoff 
controls. Phosphorus sorbs readily to soil particles and controlling sediment load into 
the reservoir helps control phosphorus loadings. 

The pH level in lakes is tied to the plant, animal, and nutrient cycles of the lake. Plants 
and algae use CO2 during photosynthesis, which causes pH levels to rise. The 
photosynthetic rate progressively decreases as the residual CO2 concentration declines 
and ceases completely with the extinction of light. During the night, reaeration and 
respiration replenish CO2 causing the pH levels to decrease overnight (Welch 1980). 
Plant and algae growth tend to increase significantly with the addition of phosphorus to 
the lake; therefore, the success of controlling pH levels in Kinkaid Lake is linked to the 
control of nonpoint source phosphorus loads. 

Implementation actions, management measures, or BMPs are used to control the 
generation or distribution of pollutants. BMPs are either structural, such as wetlands, 
sediment basins, fencing, or filter strips; or managerial, such as conservation tillage, 
nutrient management plans, or crop rotation. Both types require good management to 
be effective in reducing pollutant loading to water resources (Osmond et al. 1995). 
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It is generally more effective to install a combination of BMPs or a BMP system. A 
BMP system is a combination of two or more individual BMPs that are used to control 
a pollutant from the same critical source. In other words, if the watershed has more 
than one identified pollutant, but the transport mechanism is the same, then a BMP 
system that establishes controls for the transport mechanism can be employed. 
(Osmond et al. 1995). 

Implementation actions and management measures are described for each phosphorus 
source located in the upper Kinkaid Lake Watershed. Nonpoint sources include 
agricultural practices, such as cropland and a cattle feedlot. 

9.1.1 Nonpoint Source Phosphorus and pH Management 
The sources ofnonpoint source pollution in subbasin 1 of the Kinkaid Lake Watershed 
consist of agricultural cropland and a cattle feedlot, although the feedlot in the upper 
watershed was designated as having no impact on the receiving waters. BMPs 
evaluated for treatment of these nonpoint sources are: 

■ conservation tillage practices, 
■ wetlands, 
■ filter strips, 
■ nutrient management. 

Total phosphorus originating from cropland is most efficiently treated with a 
combination of no-till or conservation tillage practices and grass filter strips. Wetlands 
located upstream of the reservoir potentially provide further reductions in total and 
dissolved phosphorus in runoff from croplands and cattle operations. Nutrient 
management focuses on source control of nonpoint source contributions to Kinkaid 
Lake. 

9.1.1.1 Conservation Tillage Practices 
For the Kinkaid Lake Watershed, conservation tillage practices could help reduce 
nutrient loads in the lake. Nonpoint source runoff from 3,200 acres of row crops and 
small grain agriculture in subbasin 1 were estimated to contribute 27 percent of the 
phosphorus load to Kinkaid Lake. Total phosphorus loading from cropland is 
controlled through management BMPs, such as conservation tillage. Conservation 
tillage maintains at least 30 percent of the soil surface covered by residue after 
planting. Crop residuals or living vegetation cover on the soil surface protect against 
soil detachment from water and wind erosion. Conservation tillage practices can 
remove up to 45 percent of the dissolved and total phosphorus from runoff and 
approximately 7 5 percent of the sediment. Additionally, studies have found around 
93 percent less erosion occurred from no-till acreage compared to acreage subject to 
moldboard plowing (North Carolina State University [NCSU] 2000). It is estimated 
that conventional till currently accounts for 20 percent of corn, 0 percent of soybean, 
and 20 percent of small grain tillage practices in Jackson County, and these 
percentages were assumed to apply to the Kinkaid Lake Watershed as well. To achieve 
the reductions needed, erosion control through conservation tillage could reduce 
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phosphorus loads. The watershed's modeled erosion rate from row crop and small 
grains average 10.5 tons/acre/year. To achieve a 19 percent reduction in phosphorus 
load, the erosion rate for the watershed would need to be reduced to 8.5 tons/acre/year. 
Similarly, the C-factors for com, soybeans, and small grains would need to be reduced 
from 0.21, 0.08, and 0.13 to 0.17, 0.06, and 0.10, respectively. 

9.1.1.2 Wetlands 
The use of wetlands as a structural control is most applicable to nutrient reduction 
from agricultural lands in subbasin I of Kinkaid Lake. Therefore this section only 
focuses on the subbasin I watershed. Wetlands are an effective BMP for sediment and 
phosphorus control because they: 

■ prevent floods by temporarily storing water, allowing the water to evaporate or 
percolate into the ground, 

■ improve water quality through natural pollution control such as plant nutrient uptake, 

■ filter sediment, 

■ slow overland flow of water thereby reducing soil erosion (USDA 1996). 

To treat loads from agricultural runoff from subbasin I, which is estimated to 
contribute approximately 27 percent of the current total phosphorus load to Kinkaid c·.· 
Lake, a wetland system could be constructed on the upstream end of the reservoir. 
Treatment of sediment and phosphorus from agricultural runoff could be accomplished 
through a combination of no-till practices, wetlands, and filter strips. 

While constructed wetlands have been demonstrated to effectively reduce nitrogen and 
sediment, literature shows mixed results for phosphorus removal. Studies have shown 
that artificial wetlands designed and constructed specifically to remove pollutants from 
surface water runoff have removal rates for suspended solids of greater than 
90 percent, for total phosphorus of O to 90 percent, and for nitrogen species from IO to 
75 percent (Johnson, Evans, and Bass 1996; Moore 1993; USEPA 1993; Kovosic et al. 
2000). In some cases, wetlands can be sources of phosphorus. Over the long term, it is 
generally thought that wetlands are neither sources nor sinks of phosphorus (Kovosic 
et al. 2000). 

Efficiency of pollutant removal in wetlands can be addressed in the design and 
maintenance of the constructed wetland. Location, hydraulic retention time and space 
requirements should be considered in design. To maintain removal efficiency, sheet 
flow should be maintained and substrate should be monitored to assess whether the 
wetland is operating optimally. Sediment or vegetation removal may be necessary if 
the wetland removal efficiency is lessened over a period of time (USEPA 1993; NCSU 
1994). 

Guidelines for wetland design suggest a wetland to watershed ratio of 0.6 percent for 
nutrient and sediment removal from agricultural runoff. Since a wetland to treat 
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agricultural runoff from the 22,275-acre upper Kinkaid Lake Watershed would need to 
be approximately 134 acres based on these recommendations, it is recommended to 
build a wetland system composed of a series of wetlands on different tributaries around 
the basin to achieve the 134 acres of wetlands for treatment (Denison and Tilton 1993). 

9.1.1.3 Filter Strips 
Filter strips can be used as a structural control to reduce pollutant loads, including 
nutrients and sediment, to Kinkaid Lake Watershed. Filter strips implemented along 
stream segments slow and filter nutrients and sediment out of runoff and provide bank 
stabilization decreasing erosion and deposition. Additionally, filter strips mitigate 
nutrient loads to lakes. The following paragraphs focus on the implementation of filter 
strips in subbasin 1 of the Kinkaid Lake Watershed. Finally, design criteria and size 
selection of filter strips are detailed. 

Grass and riparian buffer strips filter out nutrients and organic matter associated with 
sediment loads to a water body. Reduction of nutrient concentrations, specifically 
phosphorus, in Kinkaid Lake will reduce the amount of algal growth in the lake 
system, which can cause more significant diurnal pH fluctuations from photosynthesis. 
Filter strips reduce nutrient and sediment loads to lakes by establishing ground 
depressions and roughness that settles sediment out of runoff and providing vegetation 
to filter nutrients out of overland flow. As much as 75 percent of sediment and 
45 percent of total phosphorus can be removed from runoff by a grass filter strip 
(NCSU 2000). In addition, filter strips should be harvested periodically so that removal 
rate efficiencies over extended periods of time remain high (USEPA 1993). 

Filter strip widths for the Kincaid Lake TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 9-1 outlines the 
guidance for filter strip flow length by slope (NRCS I 999). Based on this guidance, 
two filter strips were examined for the basin. Based on slope, the southern tributary 
would need a filter strip with 72 feet on each side of the tributary for a length of 
902 feet. The northern tributary would need a filter strip that encompassed I 08 feet on 
each side of the tributary for a length of 1,017 feet. 

Filter strip widths for the Kinkaid Lake TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 9-1 outlines the 
guidance for filter strip flow length by slope (NRCS 1999). ). Based on slope estimates 
near tributaries within the watershed, filter strips widths of 90 to 234 feet could be 
incorporated in locations throughout the watershed. The total acreage examined was 
107 acres. 

Table 9-1 Filter Strip Flow Len ths Based on Land Slope 
Percent Slooe 0.5% 1.0% 2.0% 3.0% 4.0% 5.0% or qreater 
Minimum 36 54 72 90 108 117 
Maximum 72 108 144 180 216 234 

V 

FINAL REPORT 



R00969

Section 9 
Implementation Plan for Kinkaid Lake 

The filter strip lengths and widths presented above are used to calculate an 
approximation ofBMP costs in Section 9.2.2.6 and should only be used as a guideline 
for watershed planning. It is recommended that landowners evaluate their land near 
streams and lakes and create or extend filter strips according to the NRCS guidance 
presented in Table 9-1. Programs available to fund the construction of these buffer 
strips are discussed in Section 9.2. 

9.1.1.4 Nutrient Management 
Nutrient management could result in reduced phosphorus and nitrogen loads to 
Kinkaid Lake. Crop management of nitrogen and phosphorus can be accomplished 
through Nutrient Management Plans, which focus on increasing the efficiency with 
which applied nutrients are used by crops, thereby reducing the amount available to be 
transported to both surface and groundwater. In the past, nutrient management focused 
on application rates designed to meet crop nitrogen requirements but avoid 
groundwater quality problems created by excess nitrogen leaching. This results in 
buildup of soil phosphorus above amounts sufficient for optimal crop yields. Illinois, 
along with most Midwestern states, demonstrates high soil test phosphorus in greater 
than 50 percent of soil samples analyzed (Sharpley et al. 1999). 

The overall goal of phosphorus reduction from agriculture should increase the 
efficiency of phosphorus use by balancing phosphorus inputs in feed and fertilizer with 
intakes of crops and animal produce as well as managing the level of phosphorus in the 
soil. Reducing phosphorus loss in agricultural runoff may be brought about by source 
and transport control measures, such as filter strips or grassed waterways. The Nutrient 
Management Plans account for all inputs and outputs of phosphorus to determine 
reductions. Elements of a Nutrient Management Plan include: 

■ Plan summary 
■ Manure summary, including annual manure generation, use, and export 
■ Nutrient application rates by field and crop 
■ Summary of excess manure utilization procedures 
■ Implementation schedule 
■ Manure management and stormwater BMPs 

In Illinois, Nutrient Management Plans have successfully reduced phosphorus 
application to agricultural lands by 36-lb/acre. National reductions range from 11- to 
I 06-lb/acre, with an average of 35-lb/acre (NCSU 2000). 

9.1.2 Implementation Actions and Management Measures Summary 
9.1.2.1 Kinkaid Lake Watershed 
To meet the reductions outlined in Section 8 for Kinkaid Lake, 41 percent of 
phosphorus loaded from nonpoint source pollution would need to be reduced to meet 
the TMDL target of a total phosphorus concentration less than 0.05-mg/L. The GWLF 
model was used to model the following practices to estimate achievable reductions in 
total phosphorus: 
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■ Conservation tillage 
■ Nutrient management (reduction of total phosphorus in sediment by 20 percent) 
■ Filter strips 

These practices were only applied to subbasin 1 because reductions are only required 
in the upper pool of Kinkaid Lake. The modeling effort showed that filter strips do not 
provide much total phosphorus reduction, most likely due to routing constraints of the 
GWLF model as discussed in Section 7.3.2.1.1 and the small magnitude of area 
available for filter strip development. 

Table 9-2 Summary of Total Phosphorus 
Load Reductions 

Potential Percent 
Management Measure Reduction 
Nutrient Management 10% 
Practices 
Conservation Tillage 11% 
Practices 
Filter Strips• 22% 
Wetland" 5% 

" Literature Value 

Reductions of external loads by 
conservation tillage, nutrient management, 
filter strips, and wetlands are summarized in 
Table 9-2. Wetlands were not modeled with 
GWLF because wetland performance is a 
result of placement in the watershed, and 
GWLF does not recognize spatial data due 
to routing constraints of the model. The 
lower bound of the literature value was used 
due to studies that have shown the long-term 
effectiveness of phosphorus removal in 
wetlands is negligible. 

A combination of implementing these external load reduction practices would allow 
the Kinkaid Lake Watershed to meet its total goal of reducing phosphorus loads by 
44 percent. Section 9.2 outlines planning level costs and programs available to help 
with cost sharing so that this goal can be achieved. 

9.2 Reasonable Assurance 
Reasonable assurance means that a demonstration is given that nonpoint source 
reductions in this watershed will be implemented. It should be noted that all programs 
discussed in this section are voluntary. The discussion in Section 9.1 provided a means 
for obtaining the reductions necessary. The remainder of this section discusses 
programs available to assist with funding of implementing practices and also an 
estimate of costs to the watershed for implementing these practices. 

9.2.1 Available Programs 
Approximately 24 percent of the Kinkaid Lake Watershed is classified as rural 
grassland (pasture land, Conservation Reserve Program [CRP], waterways, buffer 
strips, etc.), row crop, and small grains land. There are several voluntary conservation 
programs established through the 2002 U.S. Farm Bill, which encourage landowners to 
implement resource conserving practices for water quality and erosion control 
purposes. These programs would apply to crop fields and rural grasslands that are 
presently used as pasture land. Each program is discussed separately in the following 
paragraphs. 
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9.2.1.1 Illinois Department of Agriculture and Illinois EPA Nutrient 
Management Plan Project 
The Illinois Department of Agriculture (IDA) and Illinois EPA are presently co­
sponsoring a cropland Nutrient Management Plan project in watersheds that have or 
are developing a TMDL. Under this project, 4,327 acres of cropland have been 
targeted in the Kinkaid Lake Watershed. This voluntary project will supply incentive 
payments to producers to have Nutrient Management Plans developed and 
implemented. Additionally, if sediments or phosphorus have been identified as a cause 
for impairment in the watershed, then traditional erosion control practices will be 
eligible for cost-share assistance through the Nutrient Management Plan project as 
well. 

9.2.1.2 Conservation Reserve Program (CRP) 
This voluntary program encourages landowners to plant long-term resource-conserving 
cover to improve soils, water, and wildlife resources. CRP is the USDA's single largest 
environmental improvement program and one of its most productive and cost-efficient. 
It is administered through the Farm Service Agency (FSA) by USDA's Commodity 
Credit Corporation (CCC). The program was initially established in the Food Security 
Act of 1985. The duration of the contracts under CRP range from 10 to 15 years. 

Eligible land must be one of the following: 

1. Cropland that is planted or considered planted to an agricultural commodity two of ( 
the five most recent crop years (including field margins). Must be physically and ~ 
legally capable of being planted in a normal manner to an agricultural commodity. 

2. Certain marginal pastureland enrolled in the Water Bank Program. 

The CCC bases rental rates on the relative productivity of soils within each county and 
the average of the past three years of local dry land cash-rent or cash-rent equivalent. 
The maximum rental rate is calculated in advance of enrollment. Producers may offer 
land at the maximum rate or at a lower rental rate to increase likelihood of offer 
acceptance. In addition, the CCC provides cost-share assistance for up to 50 percent of 
the participant's costs in establishing approved conservation practices. CCC also 
encourages restoration of wetlands by offering a one-time incentive payment equal to 
25 percent of the costs incurred. This incentive is in addition to the 50 percent cost 
share provided to establish cover (USDA 1999). 

Finally, CCC offers additional financial incentives ofup to 20 percent of the annual 
payment for certain continuous sign-up practices. Continuous sign-up provides 
management flexibility to farmers and ranchers to implement certain high-priority 
conservation practices on eligible land. The land must be determined by NRCS to be 
eligible and suitable for any of the following practices: 

■ Riparian buffers 
■ Filter strips 
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■ Grass waterways 
■ Shelter belts 
■ Field windbreaks 
■ Living snow fences 
■ Contour grass strips 
■ Salt tolerant vegetation 
■ Shallow water areas for wildlife 
■ Eligible acreage within an USEPA-designated wellhead protection area (FSA 1997) 

9.2.1.3 Wetlands Reserve Program (WRP) 
WRP is a voluntary program that provides technical and financial assistance to eligible 
landowners to restore, enhance, and protect wetlands. The goal of WRP is to achieve 
the greatest wetland functions and values, along with optimum wildlife habitat, on 
every acre enrolled in the program. At least 70 percent of each project area will be 
restored to the original natural condition, to the extent practicable. The remaining 30 
percent of each area may be restored to other than natural conditions. Landowners 
have the option of enrolling eligible lands through permanent easements, 30-year 
easements, or restoration cost-share agreements. The program is offered on a 
continuous sign-up basis and is available nationwide. WRP offers landowners an 
opportunity to establish, at minimal cost, long-term conservation and wildlife habitat 
enhancement practices and protection. It is administered through the NRCS (2002b ). 

The 2002 Farm Bill reauthorized the program through 2007. Increasing the acreage 
enrollment cap to 2,275,000 acres with an annual enrollment of250,000 acres per 
calendar year. The program is limited by the acreage cap and not by program funding. 
Since the program began in 1985, the average cost per acre is $1,100 in restorative 
costs and the average project size is 177 acres. The costs for each enrollment option 
follow in Table 9-3 (USDA 1996). 

a e -T bl 9 3 C osts or nro ment f E II 0 . 1ot1ons o fWRP 
Option Permanent Easement 30-vear Easement Restoration Aareement 
Payment for 100% Agricultural Value 75% Agricultural Value NA 
Easement 
Payment Options Lump Sum Lump Sum NA 

Restoration 100% Restoration Cost 75% Restoration Cost 75% Restoration Cost 
Payments Reimbursements Reimbursements Reimbursements 

9.2.1.4 Environmental Quality Incentive Program (EQIP) 
EQIP is a voluntary USDA conservation program for farmers and private landowners 
engaged in livestock or agricuitural production who are faced with serious threats to 
soil, water, and related natural resources. It provides technical, financial, and 
educational assistance primarily in designated "priority areas." Priority areas are 
defined as watershed, regions, or areas of special environmental sensitivity that have 
significant soil, water, or natural resource related concerns. The program goal is to 
maximize environmental benefits per dollar expended and provides '\l) flexible 
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technical and financial assistance to farmers and ranchers that face the most serious 
natural resource problems; (2) assistance to farmers and ranchers in complying with 
Federal, State, and tribal environmental laws, and encourage environmental 
enhancement; (3) assistance to farmers and ranchers in making beneficial, cost­
effective changes to measures needed to conserve and improve natural resources; and 
(4) for the consolidation and simplification of the conservation planning process." As 
of 2001, 379,000 acres have been protected in Illinois using EQIP (NRCS 2002d,e). 

Landowners, with the assistance of a local NRCS or other service provider, are 
responsible for development of a site-specific conservation plan, which addresses the 
primary natural resource concerns of the priority area. Conservation practices include 
but are not limited to erosion control, filter strips, buffers, and grassed waterways. If 
the plan is approved by NRCS, a five- to I 0-year contract that provides cost-share and 
incentive payments is developed. 

Cost-share assistance may pay landowners up to 75 percent of the costs of 
conservation practices, such as grassed waterways, filter strips, manure management, 
capping abandoned wells, and other practices important to improving and maintaining 
the health of natural resources in the area. Total incentive and cost-share payments are 
limited to $10,000 per person per year and $50,000 over the life of the contract. 

9.2.1.5 Conservation Practices Program 
The Conservation Practices Program (CPP) is a I 0-year program. The practices consist 
of waterways, water and sediment control basins (W ASCOBS), pasture/hay land 
establishment, critical area, terrace system, no-till system, diversions, and grade 
stabilization structures. The CPP is State funded through the Department of 
Agriculture. There is a project cap of $5,000 per landowner and costs per acre vary 
significantly from project to project. 

9.2.1.6 Wildlife Habitat Incentives Program (WHIP) 
WHIP is a voluntary program that encourages the creation of high quality wildlife 
habitat of national, state, tribal, or local significance. WHIP is administered through 
NRCS, which provides technical and financial assistance to landowners for 
development of upland, riparian, and aquatic habitat areas on their property. NRCS 
works with the participant to develop a wildlife habitat development plan that becomes 
the basis of the cost-share agreement between NRCS and the participant. Most 
contracts are five to IO years in duration, depending upon the practices to be installed. 
However, longer term contracts of 15 years or greater may also be funded. Under the 
agreement: 

■ The landowner agrees to maintain the cost-shared practices and allow NRCS or its 
agent access to monitor its effectiveness. 

■ NRCS agrees to provide technical assistance and pay up to 75 percent of the cost of 
installing the wildlife habitat practices. Additional financial or technical assistance 
may be available through cooperating partners (NRCS 2002c). 
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The FSA administers the CRP. NRCS administers the EQIP, WRP, and WHIP. Local 
NRCS and FSA contact information in Jackson County are listed in the Table 9-4 
below. 

Table 9-4 Local NRCS and FSA Contact Information 
Contact I Address I Phone 
Local NRCS Office 
W. Scott Martin 11213 N. 14th Street, I 618-684-3064 x3 

Mumhvsbom, Illinois 62966 
Local FSA Office 
Murphysboro Service Center 11213 N. 14th Street, 1618-684-3471 

Murphvsbom, Illinois 62966 

9.2.2 Cost Estimates of BMPs 
Cost estimates for different BMPs and individual practice prices such as filter strip 
installation are detailed in the following sections. Table 9-5 outlines the cost of 
implementation measures per acre. Finally, an estimate of the total order of magnitude 
costs for implementation measures in the Kinkaid Lake Watershed are presented in 
Section 9.2.2.6 and Table 9-6. 

9.2.2.1 Wetland 
The price to establish a wetland is site specific. In general, the cost to construct a 
wetland includes creation of wetland hydrology, site preparation for planting, shrub or 
tree planting, and labor costs. The average project cost to establish a wetland in 
Jackson County is $1,280/acre. It should be noted that the larger the wetland acreage to 
be established the more cost-effective the project. 

9.2.2.2 Filter Strips and Riparian Buffers 
Jackson County NRCS estimates an average cost per acre to install and maintain a 
grass filter strip with a I 0-year life span at $90/acre. This price quote accounts for 
seeding and mowing every other year to remove woody sprouts. A riparian buffer strip 
established with bare root stock has a life span of 10-years and an installation cost of 
$384/acre. 

9.2.2.3 Nutrient Management Plan - NRCS 
Generally, agricultural land in Jackson County is comprised of cropland; therefore, 
nutrient management concentrates on nitrogen, phosphorus, potassium, lyme, and pest 
management residuals. The Nutrient Management Program in Jackson County consists 
of soil testing every three years using University of Illinois Guidelines and site specific 
recommendations for fertilizer application based on determined credits and realistic 
crop yields. The service averages $10/acre. 

9.2.2.4 Nutrient Management Plan - IDA and Illinois EPA 
The costs associated with development of Nutrient Management Plans co-sponsored 
by the IDA and the Illinois EPA is estimated as $5/acre paid to the producer and 
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$2/acre for a third party vendor who develops the plans. The total plan development 
cost is estimated at $7 /acre. 

9.2.2.5 Conservation Tillage 
Conservation tillage is assumed to include tillage practices that preserve at least 
30 percent residue cover of the soil after crops are planted. The installation cost for 
conservation tillage is $17 /acre, and the average annual cost for maintaining 
conservation tillage is $17.35/acre/year (NCSU 2000). 

9.2.2.6 Planning Level Cost Estimates for Implementation Measures 
Cost estimates for different implementation actions are presented in Table 9-5. The 
column labeled Program or Sponsor lists the financial assistance program or sponsor 
available for various BMPs. The programs represented in the table are the WRP and 
the CRP. 

Table 9-5 Cost Estimate of Various BMP Measures in Jackson County 
Program or Life Installation Maintenance 

Source Sponsor BMP Soan Mean $/acre $/aclvr 
Nonpoint WRP Wetland 10 $1,280 $128.00 

CRP Grass Filter Strips 10 $90 $9.00 
CRP Riparian Buffer 10 $384 $38.40 
NRCS Nutrient Manaaement Plan $10 
IDA and Nutrient Management Plan $7 
Illinois EPA 
CRP Conservation Tilla~e 1 $17 $17.35 

A total order of magnitude cost for implementation measures in the watershed was 
estimated to be $266,000. The total cost is calculated as the number of acres over 
which a BMP or structural measure is applied by the cost per acre. Table 9-6 
summarizes the number of acres each measure is applied to in the basin and the 
corresponding cost. The acreages reported in Table 9-6 are a preliminary estimate in 
order to provide an overall understanding of cost of implementation in the watershed. 
The total only represents capital costs and annual maintenance costs. These do not 
represent the costs of operating the measure over its life cycle. The IDA and Illinois 
EPA sponsored nutrient management plan is applied to all cropland acres in the 
Kinkaid Lake Watershed, whereas the costs for conservation tillage were only 
developed for Subbasin I. 

Table 9-6 Cost Estimate of Implementation Measures for Kinkaid Lake Watershed 
Capital Costs Maintenance Costs 

Treated Mean 
BMP Acres $/acre Watershed$ $/aclvr Watershed $/yr 
Wetland on River 134 $1,280 $172,000 $128.00 $17,000 
Grass Filter Stri □s 107 $90 $10,000 $9.00 $1,000 
Nutrient Manaaement Plan 4,327 $7 $30,000 
Conservation Tillaqe 3,200 $17 $54,000 $17.35 $56,000 

Total $266,000 $74,000 
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9.3 Monitoring Plan 
The purpose of the monitoring plan for Kinkaid Lake is to assess the overall 
implementation of management actions outlined in this section. This can be 
accomplished by conducting the following monitoring programs: 

■ Track implementation of management measures in the watershed 
■ Estimate effectiveness of management measures 
■ Continue ambient monitoring of Kinkaid Lake 
■ Tributary monitoring 

Tracking the implementation of management measures can be used to address the 
following goals (NCSU 2000): 

■ Determine the extent to which management measures and practices have been 
implemented compared to action needed to meet TMDL endpoints 

■ Establish a baseline from which decisions can be made regarding the need for 
additional incentives for implementation efforts 

■ Measure the extent of voluntary implementation efforts 

■ Support workload and costing analysis for assistance or regulatory programs 

■ Determine the extent to which management measures are properly maintained and 
operated 

Estimating the effectiveness of the BMPs implemented in the watershed could be 
completed by monitoring before and after the BMP is incorporated into the watershed. 
Additional monitoring could be conducted on specific structural systems such as a 
constructed wetland. Inflow and outflow measurements could be conducted to 
determine site-specific removal efficiency. 

Illinois EPA monitors Kinkaid Lake from April through October approximately every 
three years. Continnation of this monitoring will assess in-lake water quality as 
improvements in the watershed are completed. This data will also be used to assess 
whether water quality standards in the reservoir are being attained. Additionally, 
Illinois EPA conducted a Clean Lakes Study on Kinkaid Lake, which would provide 
instream nutrient data for Kinkaid Lake tributaries including dissolved and total 
phosphorus, during the summer of 2003. 

Tributary monitoring is needed to better assess the contribution of internal loading to 
Kinkaid Lake. By having further knowledge on actual contributions from external 
loads, a better estimate of internal loads could occur. Along with this tributary 
monitoring, a stage discharge relationship could be developed with the reservoir 
spillway so that flows into the reservoir could be paired with tributary water quality 
data to determine total phosphorus load from the watershed. Data on the different 

V 
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forms of phosphorus (dissolved, total, or orthophosphate) would also be beneficial to 
better assess reservoir response to phosphorus loading. 

9.4 Implementation Time Line 
Implementing the actions outlined in this section for the Kinkaid Lake Watershed 
should occur in phases and the effectiveness of the management actions should be 
assessed as improvements are made. It is assumed that it may take up to five years to 
secure funding for actions needed in the watershed and five to seven years after 
funding to implement the measures. Once improvements are implemented, it may take 
Kinkaid Lake IO years or more to reach the water quality standard target of 0.05 g/L 
for total phosphorus and associated targets between 6.5 and 9 for pH (Wetzel 1983). In 
summary, to meet water quality standards in Kinkaid Lake may take up to 20 years to 
complete. 
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10.1 Methodology Overview 
Methodologies were utilized in the TMDL analysis of the Big Muddy River segment 
Nl2. For manganese and sulfates, a Monte Carlo simulation was utilized to estimate a 
long-term average instream concentration needed to meet water quality standards. 

Observed Data 

Define distribution 
based on 

amount of available data 

Monte Carlo generated LT A 
so that water quality criteria 
met 99.9 percent of the time 

Schematic 1 

Investigation of DO required a Streeter-Phelps 
analysis. 

The schematic to the left shows how the Monte 
Carlo analysis was utilized to analyze manganese 
and sulfates. A distribution based on existing data 
is inputted in the Monte Carlo simulation program. 
This distribution is based on the amount of existing 
data available. Using this defined distribution, the 
computer simulation program randomly generates 
values to determine what long-term average (L TA) 
would be needed so that water quality criteria are 
met 99.9 percent of the time or so that water 
quality criteria are exceeded less than once every 
three years. The TMDL for manganese and sulfates 

will be based on this LT A. The randomly generated 
values generated by the Monte Carlo simulation are 
available in Appendix J. 

The Streeter-Phelps analysis was conducted as illustrated 
in the schematic to the right. Observed data were utilized 
to set up a Streeter-Phelps analysis to predict stream 
coefficients that would be required to result in observed 
DO concentrations. This Streeter-Phelps analysis was 
based on USEPA's Screening Procedures (Mills et al. 
1985). The 5-day biochemical oxygen demand (BOD5) 

load and reaeration coefficient (ka) utilized in the 
Streeter-Phelps analysis were examined in the TMDL for 
DO for segment Nl2. 

Historical Data Observed 

Streeter-Phelps Analysis 

Schematic 2 

The procedure used to develop the TMDL for pH was based on an analytical procedure 
(Kentucky Department of Environmental Protection [KOEP] 2001 ). The procedure 
calculates a maximum allowable hydrogen ion loading in the water column to maintain 
pH standards. 
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10.2 Watershed Delineation 
A watershed for the area contributing directly to Big Muddy River segment Nl2 was 
delineated with GIS analyses through use of the DEM as discussed in Section 5.1.2. 
The delineation suggests that segment Nl2 captures flows from a directly contributing 
watershed of approximately 28 square miles. Figure I 0-1 at the end of this section 
shows the location of the water quality stations in the Big Muddy River segment Nl2 
and the boundary of the GIS-delineated watershed contributing to the segment Nl2. 

10.3 Methodology Development and Results 
This section discusses the methodologies utilized to examine manganese, sulfates, DO, 
and pH levels in the Big Muddy River Watershed. 

10.3.1 Monte Carlo Analysis Development and Results 
For each constituent exceeding water quality standards, the available data was 
analyzed and an appropriate distribution was chosen to represent the data. A lognormal 
distribution, defined as a distribution of a random variables whose logarithm is 
normally distributed, was chosen to analyze segment N 12 since sufficient data for this 
site was available to utilize this distribution. 

Each constituent was evaluated separately using @RISK, which is a Microsoft® Excel 
add-in for the Monte Carlo analysis. The @RISK analysis package performed I 0,000 
iterations to determine the required percent reduction such that the water quality 
criteria would be met at least 99.9 percent of the time. The 99.9 percent of time value 
matches the Illinois EPA's 303( d) listing criteria of less than once in a three-year 
allowable excursion of water quality standards. For each simulation, the required 
percent reduction is: 

where: PR 
Cc 
Cd 

PR= maximum {O, (1-Cc/Cd)} 

Required percent reduction for the current iteration 
Water quality criterion in mg/L 
Randomly generated pollutant source concentration in mg/L based on 
the lognormal distribution 

An allowable LT A instream concentration was determined for each impaired 
constituent. The Monte Carlo simulation analysis is designed to identify a LT A value 
that will meet the water quality criterion for that parameter 99.9 percent of the time. 
The Monte Carlo simulation was run using I 0,000 iterations with the triangular 
distribution. For each iteration, a concentration, Cd, is randomly generated according 
to a specified distribution determined by observed data. For each concentration 
generated, a percent reduction was calculated, if necessary, to meet water quality 
criteria. The mean concentration value is multiplied by the inverse of the required 
percent reduction to compute the long-term daily average concentration that needs to 
be met to achieve the water quality standard. 
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The overall percent reduction required is the 99.9th percentile value of the probability 
distribution generated by the I 0,000 iterations, so that the allowable LT A 
concentration is: 

L TA= Mean* (1 - PR99.9) 

10.3.1.1 Monte Carlo Results for Big Muddy River Segment N12 
Manganese values in Segment Nl2 ranged from 0.1 to 2.5 mg/Land sulfates values 
ranged from 59 to 660 mg/L as shown in Table 5-8. Two of the output model 
concentrations are significant to the TMDL analysis ofsegmentNl2. The first is the 
average concentration calculated from the triangular distribution of the observed data. 
The second concentration is the LTA, which represents the average concentration that 
should be observed over the long term to ensure that the water quality standard is 
exceeded fewer than once every three years. Table 10-1 shows the average 
concentration calculated from the distribution utilized in the Monte Carlo analysis and 
the LTA concentration needed so that water quality standards will be achieved in Big 
Muddy River segment Nl2. Calculation details are presented in Appendix E. 

Table 10-1 LTA Manganese and Sulfates Concentrations Required to Meet Water Quality 
d d . Stan ar s m Bia Muddv River Seament N12 

Average Concentration Calculated 
from Distribution L TA Concentration 

Constituent lmnlL\ (moll) 

Manaanese 0.6 0.2 
Sulfates 247 104 

Table I 0-1 shows that the concentration required to meet water quality reductions, the 
L TA, is lower than the observed average concentration for manganese and sulfates; 
therefore, the TMDL for segment Nl2 requires that a load reduction be made for 
manganese and sulfates based upon the available data. The TMDL will be discussed in 
Section I I. 

10.3.2 DO Analysis Development and Results 
A Streeter-Phelps analysis was utilized for investigation of DO in the Big Muddy 
River segment Nl2 Watershed. Data availability useful for analyzing DO for this 
watershed is described in Table I 0-2. The historic water quality data were investigated 
from I 990 to 2000. 
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Table 10-2 Data Availability from 1990 to 2000 
Model Parameter Historic data available lves/nol 
Flow Yes 
Stream Temperature Yes 
DO Yes 
5-Dav Carbonaceous Biochemical Oxvoen Demand ICBODs l No 

BODs No 

Total NitroQen No 
Total Oraanic Carbon Yes 
Ammonia Yes 
Nitrate + Nitrite Yes 
Total Kjeldahl NitroQen Yes 
Total Phosohorus Yes 
Dissolved Phosohorus Yes 
Orthophosphate Yes 
oH Yes 
20-Dav Carbonaceous Biochemical Qxunen Demand (CBOD20) No 
Daily Minimum And Maximum DO No 
Chlorophyll "a" No 
Stream Death Yes 

The lack of various constituent samples from historic data sites in the Big Muddy 
River Watershed limits the modeling tools available for DO. Therefore, a Streeter­
Phelps analysis was developed to examine the DO relationship with BOD5 in the Big 
Muddy River. The diagram on the following page shows the interactions of DO with 
different processes within the water column of the stream (USEPA 1997b). The 
consumers of DO include: 

■ Deoxygenation of biodegradable organics whereby bacteria and fungi 
(decomposers) utilize oxygen in the bioxidation-decomposition process 

■ Sediment oxygen demand (SOD), where oxygen is utilized by organisms inhabiting 
the upper layers of the bottom sediment deposits 

■ Nitrification, in which oxygen is utilized during oxidation of ammonia and organic 
nitrogen to nitrates 

■ Respiration by algae and aquatic vascular plants that use oxygen during night and 
early morning hours to sustain their living processes 
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Major oxygen sources are: 

Bacterial 
Decomposition 

~-~ 
I 

Deoxygenation CBOD 

■ Atmospheric reaeration, where 
oxygen is transported from the 
air into the water through 
turbulence at the air-water 
interface s 

s Sediment 
0 Oxygen 
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D 
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Algal Death 

■ Photosynthesis, where 
chlorophyll-containing 
organisms (producers such as 
algae and aquatic plants) convert 
carbon dioxide to organic matter 
with a consequent production of 
oxygen 

Streeter and Phelps (1925) 
proposed the basic concept of the 
DO balance in streams. The 
Streeter-Phelps equation predicts 
the DO "sag" that occurs after 
biodegradable constituents are 

discharged into streams. A biodegradable constituent is anything that can be broken 
down by microorganisms. BOD is the measure of the quantity of oxygen consumed by 
microorganisms during the decomposition of organic matter. When nutrients such as 
nitrate and phosphate are released into the water, growth of algae and aquatic plants is 
stimulated. The result is an increase in microbial populations, higher levels of BOD, 
and increased oxygen demand from the photosynthetic organisms during the dark 
hours. This results in a reduction in DO concentrations, especially during the early 
morning hours just before dawn. 

In addition to natural sources of BOD, such as leaf fall from vegetation near the water's 
edge, aquatic plants, and drainage from organically rich areas like swamps and bogs, 
there are also anthropogenic (human) sources of organic matter. Point sources, which 
may contribute high levels of BOD, include wastewater treatment facilities. Organic 
matter also comes from nonpoint sources such as agricultural runoff, urban runoff, and 
livestock operations. Both point and nonpoint sources can contribute significantly to 
the oxygen demand in a water body. The DO sag is shown in the following figure 
(Chapra 1997): 
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1........- BOD Load 

Critical concentration 
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Decomposition 
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Reaeration 
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(plants) 

• 

RIVER 

Distance 

Water quality models have built upon the Streeter-Phelps equation to evaluate the DO 
balance in streams. The analysis for segment Nl2 is based on BOD5 and reaeration 
only. There is not enough coincident nutrient and algal historical data from this site to 
assess impacts of nutrient loads on algal growth that also impact DO levels. Free 
floating and attached algae as well as aquatic plants are of concern. The extent to 
which algae impact the DO resources of a river is dependent on many factors, such as 
turbidity, which can decrease light transmittance through the water column. 
Additionally, the photosynthetic rate constantly changes in response to variations in 
sunlight intensity and is not constant. This results in diurnal fluctuations in DO levels 
(Mills et al. 1985). In addition, there is not enough data available to estimate the 
impacts of SOD at these sites. 

The Streeter-Phelps analysis was based on the following equation (Mills et al. 1985): 

where: DOo = Calculated DO concentration (mg/L) 
Ds DO at saturation (mg/L) 
Do Initial DO deficit (mg/L) 
k, Reaeration rate (I/day) 
kd BOD5 decay rate (I/day) 
X Distance downstream of discharge (ft) 
V = Stream velocity (ft/day) 
Lo Initial BOD5 (mg/L) at x = 0 

The initial BOD5 concentration (L0) was calculated from observed TOC data. 
Literature states that the ratio of BOD5 to TOC is typically between 1.0 and 1.6 
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(Metcalf and Eddy, Inc. 1991). For analysis, a ratio of 1.3 was used to calculate BODs 
for each sample date. 

Literature provides equations to calculate both the BOD5 decay rate coefficient (ktl) 
and reaeration rate coefficient (k.). The decay rate coefficient is dependent on stream 
depth, and the reaeration coefficient is dependent on depth and velocity. Due to the 
limits of the data set shown in Table 5-10, the decay rate coefficient was calculated 
from either known depths or rating curves allowing the reaeration coefficient to be 
calculated from the Streeter-Phelps equation presented above as the only unknown 
variable. The rating curves used to determine depths are available in Appendix K. 

The BOD5 decay rate coefficient (~) at 20°C was calculated based on the following 
equation (USEP A 1997b ): 

[
HJ-•·•'• 

kd2o = 0.3 8 for 0 < H < 8 

=0.3 for H > 8 

The BOD5 decay rate coefficient was corrected for temperature with the following 
equation (Novotny and Olem 1994): 

where ktlT 
9 

k - k e<T-20) 
dT - d20 

BOD5 decay rate coefficient at temperature T; Tin °C 
Thermal factor 

The thermal factor (9) in the above equation has an accepted value of 1.047 for the 
BOD5 decay rate coefficient (Novotny and Olem 1994). The decay rate coefficient 
typically falls between 0.02 and 3.4 day·1

• The reaeration rate coefficient typically 
ranges between O and 100 day· 1 (USEPA 1997b). 

For comparison purposes, the reaeration coefficient (ka) was calculated based on the 
following equation (USEPA 1997b ): 

k. = 12:,.t·s at 20°C 

where: v = Stream velocity (feet/s) 
H Stream depth (feet) 

Like the BOD5 decay rate coefficient, the reaeration coefficient is corrected for 
temperature with the following equation (Novotny and Olem 1994): 
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where: k:JT 
8 

k _ k g(T-20) 
aT - a20 

Reaeration rate coefficient at temperature T; T in °C 
Thermal factor 

The thermal factor (8) for the reaeration coefficient has an accepted value of 1.025 
(Novotny and Olem 1994). 

Table 10-3 shows the observed TOC data and the BOD5 concentrations (Lo) calculated 
from observed TOC data. It also shows the k, and kd coefficients calculated with the 
above equations. In addition, the estimated BOD5 load was calculated based on the 
calculated BOD5 concentration and average daily flow on the day the sample was 
taken. Revised k, and kJ values are also shown in Table 10-3. These values were 
utilized in the Streeter-Phelps equation described above and the resulting calculated 
DO was compared to observed DO readings. If there was not a match between the 
calculated DO and observed DO, k, and kd were revised within their accepted ranges 
so that calculated DO more closely matched observed DO. If possible, only k, was 
revised as it was calculated based on estimated depth and flow while kd was based on 
estimated depth. As shown in Table 10-3, the reaeration coefficient was much lower 
for the impaired sample date than for the non-impaired date. Additionally, the flow for 
the impaired date was below average as discussed in Section 5.1.5.2.2. Analysis details 
are contained in Appendix L. In addition to lower flow condtions, there are many 
factors that may contribute to depressed DO in the Big Muddy River including 
nutrients stimulating algal activity and other organic loads which could exert an 
oxygen demand within the system. 

Table 10-3 Streeter-Phelps Calculated BOD5 Concentrations (Lo) and Loads Associated with DO 
Concentrations 

N12 N12 
Sample Location and Date 7124/2000 91612000 
Measured DO (mall\ 7.9 4.7 
Measured TOC {mall) 5.6 5.5 
Calculated BOD, Concentration (mall) 7.3 7.2 
Calculated BOD, Load (lb/day) 81,071 15,526 
Calculated k, (1ldavl 0.6 1.2 
Revised k, {1ldavl 45.4 3.2 
Calculated k, (1/davl 0.36 0.46 
Revised k, 11ldavl 0.36 0.46 
Flow (cfsl 2,060 400 

In addition to the analysis described above, analyses were conducted examining the 
Big Muddy River during 7Q 10 flows or critical low flows with the Carbondale WWTP 
at its average design flow and BOD limit of 30 mg/L BOD. During these critical 
conditions, the discharge of the WWTP should not cause DO levels to fall below the 
6.0 mg/L standard within segment N12. This was determined by assessing what BOD 
concentration would need to discharged from the facility to depress DO concentrations 
below 6 mg/L. It was estimated that a BOD concentration of over 450 mg/L would 
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have to be discharged in order for DO concentrations to fall below 6.0 mg/L. 
Therefore, no wasteload allocation will be recommended for this facility in Section 11. 
Analyses details are also contained in Appendix L. 

An error analysis was run on the literature ranges of values for ka and kd for each 
sample date to validate their use for the Streeter-Phelps analysis. This analysis is 
contained in Appendix M. 

10.3.3 pH Analysis Development and Results 
An analytical method was used to analyze pH in segment Nl2 of the Big Muddy 
River. The method incorporates TDS concentrations, ionic strength, an activity 
coefficient, and flows to calculate a maximum hydrogen ion loading that will maintain 
a pH value between 6.5 and 9.0 within segment Nl2. 

The ionic strength is calculated with the following equation: 

µ = (2.5 x 10"5
) x TDS 

where: µ 
TDS 

= ionic strength 
= 95th percentile concentration, mg/L or ppm 

The 95th percentile concentration ofTDS is used to provide a conservative estimate 
(Snoeyink and Jenkins 1980). 

Activity coefficients are used to convert measured H+ ion activity to molar H+ ion 
concentration. The coefficient is dependent on ionic strength and is determined from 
literature (Snoeyink and Jenkins 1980). The maximum hydrogen ion loading for a 
particular flow and pH can then be calculated with the following equation: 

[H+ l = 1 o-pH x 1 gram/mole x 28.37L/ft 3 x Q x 86400 s/day 

y 

ion load, Ibid 
flow, cfs 
activity coefficient 

This equation can be used to develop the maximum allowable hydrogen ion 
concentration for a specific pH and varying flow regimes. Figure I 0-2 shows the 
maximum allowable H+ ion loading at a pH of 6.5 for various flows. Using a pH of 6.5 
and the three-year peak flow in the above equation will result in the maximum 
hydrogen ion concentration allowed to maintain a pH of at least 6.5. The three-year 
peak flow is utilized because pH is considered a potential cause of use impairment if 
the water quality standard is at least once in the most recent three-year period (Illinois 
EPA 2000) allowable excursion. 
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The 95th percentile of the TDS concentrations in segment N12 is 1,194 mg/L resulting 
in an ionic strength of0.02. An activity coefficient of0.9 was determined from 
literature for segment Nl2. The chart used to determine the activity coefficient is 
provided in Appendix N. As mentioned in Section 5.1.3, flows for segment Nl2 were 
obtained from USGS gage 05599500. A lognormal distribution was used to develop 
the three-year peak flow through segment N12 of 16,426 cfs. Using this flow in the 
above equation, a maximum allowable hydrogen ion concentration of 14,200 g/day or 
31 lb/day was calculated. Analysis details are contained in Appendix 0. 
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Figure 10-2: Flow versus Maximum H+ Ion Loading 
at a Constant pH of 6.5 
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11.1 TMDL Endpoints for the Big Muddy River 
The TMDL endpoints for manganese, sulfates, pH, and DO in a stream segment are 
summarized in Table 11-1. For manganese and sulfates, the concentrations must be 
below the TMDL endpoint. For DO, concentrations must be greater than 6.0 mg/L for 
16 hours of any 24-hour period. For pH, the desired measurement is between the 
endpoint limits. These endpoints are based on protection of aquatic life in the Big 
Muddy River and its tributaries. Some of the average concentrations, which are based 
on a limited data set, meet the desired endpoints. However, the data set has maximum 
or minimum values, presented in Section 5.1.5.2.4, that do not meet the desired 
endpoints and this was the basis for TMDL analysis. Further monitoring as outlined in 
the monitoring plan presented in Section 12, will help further define when impairments 
are occurring in the watershed and support the TMDL allocations outlined in the 
remainder of this section. 

Table 11-1 TMDL Endpoints and Average Observed Concentrations for Impaired Constituents in 
the Big Muddy River Watershed 
Constituent TMDL Endpoint Averaae Observed Value for N12 
Manaanese 1.0 ma/L 0.6 ma/L 
Sulfates 500 ma/L 250 mn/L 
DO 6.0 ma/L /16 hours af anv 24-haur aeriad) 8.5 ma/L 
oH 6.5 - 9 s.u. 7.3 s.u. 

11.2 Pollutant Source and Linkages 
Pollutant sources for the Big Muddy River were identified through the existing data 
review described in Section 5. Based on the data review, the source of manganese and 
sulfates in the Big Muddy River segment Nl2 is groundwater potentially contaminated 
by abandoned coal mines. The likely source of oxygen demanding constituents is 
primarily factors occurring during low flow conditions, such as slow-moving waters 
and increased water temperatures promoting algal growth. Nonpoint source loads in 
the watershed may also contribute to low DO in the stream. Sources oflow pH include 
acid mine drainage and fluctuations due to algal growth in aquatic systems. 

11.3 Allocation 
As explained in Section I, the TMDL for Big Muddy River segment Nl2 will address 
the following equation: 
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TMDL = LC = I:WLA + I:LA + MOS 

where: LC Maximum amount of pollutant loading a water body can receive 
without violating water quality standards 

WLA = The portion of the TMDL allocated to existing or future point 
sources 

LA Portion of the TMDL allocated to existing or future nonpoint 
sources and natural background 

MOS = An accounting of uncertainty about the relationship between 
pollutant loads and receiving water quality 

Each of these elements will be discussed in this section as well as consideration of 
seasonal variation in the TMDL calculation. 

11.3.1 Manganese and Sulfates TMDL 
11.3.1.1 Loading Capacity 
The loading capacity for manganese and sulfates for impaired segment N 12 was based 
on the Monte Carlo analysis described in Section 10. The LTA, determined by analysis 
to meet water quality standards generated from the Monte Carlo analysis, is the basis 
for loading capacity for segment Nl2. This LTA was multiplied by average flow in 
each segment to determine an average load. These average loads are shown in Table 
11-2. 

a e . veraae T bl 11 2 A oa s ase on or L d B d LTA f M anaanese an d S If u ates 
Constituent LTA(ma/Ll Allowable Load (lb/day) 
Manaanese 0.2 2,244 
Sulfates 103.7 1,163,422 

11.3.1.2 Seasonal Variation 
A season is represented by changes in weather; for example, a season can be classified 
as warm or cold as well as wet or dry. Seasonal variation is represented in the Big 
Muddy River segment Nl2 TMDL as conditions were investigated during all seasons 
of the year. Section 5.1.3 discusses the flow data available for Segment NC12 and 
Section 5.1.5 and Appendix A contain the water quality data available for manganese 
and sulfate. A review of the flow data and water quality data (Figures 5-4 and 5-5) 
show that the water quality data were gathered at various times during the year, thus 
capturing seasonal variations in loadings into the river. Since the various pollutant 
sources are expected to contribute loadings in different quantities during different time 
periods (e.g., spring run-offloads), the loadings for this TMDL will focus on a LTA 
loading rather than specifying different loadings by season. As more data are gathered, 
further refinement of the seasonal variation may be possible. 

11.3.1.3 Margin of Safety 
The MOS can be implicit (incorporated into the TMDL analysis through conservative 
assumptions) or explicit (expressed in the TMDL as a portion of the loadings) or a 
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combination of both. An explicit MOS of 10 percent is recommended for manganese 
and sulfates in the Big Muddy River segment Nl2 Watershed because of the limited 
data set available for analysis and because Monte Carlo analysis incorporates 
uncertainty to some degree into the L TA. 

Uncertainty in water quality is accounted for in the Monte Carlo analysis based upon 
how the analysis is done. The distribution of the water quality data is estimated and 
numerous iterations are run to determine the reduction needed to meet the target of one 
exceedence in three years. A data set with significant variation will result in a final 
target (LTA) that is significantly lower than the water quality standard as compared to 
a data set with little variation that would likely result in a LTA being slightly lower 
than the water quality standard. By this process, uncertainty in the data is addressed. 
For these reasons, an explicit IO percent MOS is considered appropriate based upon 
the data available. As more data become available such as a regression analysis 
between flow and in-stream concentrations, the MOS could be revisited and revised if 
appropriate. 

11.3.1.4 Waste Load Allocation 
TMDLs completed in upstream watersheds that relate to mining activity will help 
reduce pollutant loads to segment Nl2. This also applies to the next section discussing 
Load Allocation. 

11.3.1.5 Load Allocation and Snmmary TMDLs 
Table 11-3 shows a summary of the TMDL for manganese and sulfates in the Big 
Muddy River segment Nl2 watershed. The calculated allowable loads (LC) necessary 
to maintain the water quality standard are reduced by the MOS, representing the 
uncertainty in the data analysis, to determine the allowable loading from the 
watershed, the LA. The LC was calculated from the LTA presented in Section 10.3.1. 
Reductions of 70 percent for manganese and 62 percent for sulfates were estimated as 
the required decreases in loadings so that water quality standards will be met in the 
stream segments. 

Table 11-3 TMDL Summarv for ManQanese and Sulfates 
Reduction Reduction 

LC WLA LA MOS Needed Needed 
Constituent /lb/dav\ /lb/dav\ /lb/dav\ /lb/dav\ llb/dav\ /percent\ 
Manoanese 2,244 0 2,020 224 4,662 70% 
Sulfates 1,163,422 0 1,047,080 116,342 1,722,615 62% 

Table 11-4 LTAs Required Based on TMDL 
MOS 

The required LT As presented in Section I 0 
and in Table 11-2 were reduced because of 
the applied MOS and are presented in Table 
11-4. The recalculated LTA represents the 
LA in Table 11-3. Methods to meet these 
LTAs will be outlined in Section 12. 

Monte Recalculated 
Carlo LTA LTA 

Constituent lma/L) (mg/L) 
Manaanese 0.20 0.18 
Sulfates 103.7 93 
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11.3.2 DO TMDL 
11.3.2.1 Loading Capacity 
As discussed in Section I 0.3.2, the analysis suggests that the principle cause of DO 
impairments in segment N12 is a lack of aeration caused by low flows. Table 11-5 
shows the aeration coefficient calculated from the observed DO in Section I 0.3 for 
sample dates that did not meet the TMDL endpoint and the coefficient that would be 
required to meet the TMDL endpoint of 6.0 mg/L DO (I 6 hours of any 24-hour period) 
for sampling events that had DO measurements less than 6.0 mg/L. Increasing aeration 
in the stream is not a parameter for which a TMDL can be developed. Therefore, no 
loading capacity will be developed at this time. Methods to achieve elevated reaeration 
coefficients will be outlined in Section 10. 

Table 11-5 Calculated Reaeration Coefficients and Required Reaeration Coefficients in the Big 
M dd R" S N12 W h d B d TMDL E d . f DO u lV 1ver egment aters e ase on n point or 

Measured DO Concentration Modeled k, Required ka 
Seqment Date (mq/Ll (1/davl (1/day) 
N12 9/6/00 4.7 3.2 11.5 

Based on the data analysis, increases of aeration would be required in summer months 
but not during winter conditions. Monitoring data to make the analysis more robust 
will be discussed in Section 12 as well as management measures to increase aeration 
and reduce nonpoint source loads contributing to non-attainment of the DO water 
quality standard. 

To confirm that reductions in BOD5 loads to meet the water quality standard are not an 
appropriate measure for controlling DO in this watershed, the Streeter-Phelps 
equations presented in Section 10.3.2 were used to estimate the BOD5 loading required 
to meet the water quality standard on each sample date impaired for DO. 

Table 11-6 shows the BOD5 loads estimated from TOC as discussed in Section 10.3.2 
and the BOD5 loading that would be necessary to meet water quality standards. 

Table 11-6 Calculated BOD, Loads and Required Loads in the Big Muddy River Segment N12 
Watershed Based on TMDL Endpoint for DO 

Measured DO Concentration Calculated BOD, Required BOD, 
Seament Date (ma/Ll flb/dl (lb/dl 
N12 9/6/00 4.7 7.2 0 

Table 11-6 shows that the reductions in BOD5 loads necessary for compliance with the 
DO loads are not a feasible option for increasing DO in the Big Muddy River 
Watershed. 

11.3.3 pH TMDL 
Figure 11-1 shows the existing maximum hydrogen ion concentration versus flow 
using hydrogen concentrations calculated from the pH sample data for segment N12 
and the equation presented in Section 10.3.3. From this figure, the maximum hydrogen 
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ion concentration for the three-year peak flow of 16,426 cfs was determined as 
I 0.5 lb/day. The allowable maximum hydrogen ion concentration calculated in Section 
10 is 31 lb/day. The existing concentration is below the allowable concentration 
indicating that no allocations are necessary at this time to meet the TMDL endpoint for 
pH in Big Muddy River segment Nl2. Because the relationship between hydrogen ion 
concentration and pH is an inverse log-arithmetic function, since the maximum load is 
greater than the allowable load no allocations are needed to increase the pH within the 
watershed. 

Since current pH loadings are less than the allowable loading predicted from analysis, 
no TMDL for pH is recommended at this time. Although no TMDL is recommended, 
the implementation strategies outlined in Section 12 will also help control pH in the 
Big Muddy River segment Nl2 Watershed. 

11-5 
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12.1 Implementation Actions and Management Measures for 
Manganese and Sulfates 
An adaptive management or phased approach is recommended for the manganese and 
sulfates TMDL for this watershed, because of the limited amount oflongitudinal data 
available for the TMDL analysis of segment Nl2 in the Big Muddy River Watershed. 
Longitudinal data would be represented by multiple sampling locations in segment 
Nl2. Adaptive management is a systematic process for continually improving 
management policies and practices through learning from the outcomes of operational 
programs. Some of the differentiating characteristics of adaptive management are: 

■ acknowledgement of uncertainty about what policy or practice is "best" for the 
particular management issue, 

■ thoughtful selection of the policies or practices to be applied (the assessment and 
design stages of the cycle), 

■ careful implementation of a plan of action designed to reveal the critical knowledge 
that is currently lacking. 

■ monitoring of key response indicators, 

■ analysis of the management outcomes in consideration of the original objectives, 
and incorporation of the results into future decisions (British Columbia Ministry of 
Forests 2000). 

Based on existing data review, presented in Section 10, the likely sources of 
manganese and sulfates in the Big Muddy River segment Nl2 watershed are from 
abandoned mines. Further source identification is required as outlined in the next 
section. Acid mine drainage and excessive algal growth could cause pH impairments, 
but as explained in Section 11, no TMDL for pH is recommended at this time. BMPs 
recommended for DO, manganese, and sulfates should also help mitigate pH 
impairments. 

12.1.1 Source Identification for Manganese and Sulfates 
It is recommended that further source identification activities take place within the 
watershed because the current data regarding sources of manganese and sulfates in the 
segment Nl2 watershed is limited. The GIS data and mapping provided in Section 5 
(Figure 5-1) should be the basis for the start of the source investigation. Collection of 
data during various flow conditions may also be beneficial in determining the source of 
these constituents. For the segment Nl2 watershed, the location of the potential 
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discharge from the abandoned coal mines should be identified in addition to other 
mining activity, which could contribute manganese and sulfate concentrations in the 
receiving waters. Once potential sources are identified and located, sampling stations 
should be placed in appropriate locations to assess water quality downstream of these 
sources. The potential source identification and station sampling placement should be 
the result of field investigations. 

Although the watershed delineation through mined areas may not be exact, the 
implementation actions and management measures remain applicable to the entire Big 
Muddy River Watershed. 

12.1.2 Manganese and Sulfates Management Measures 
It is likely that the main contributors to impairments within the watershed are 
abandoned mine sites. If the major source of manganese and sulfates in the segment 
Nl2 watershed is attributed to abandoned mining, active chemical treatment methods, 
passive treatment methods, and mine reclamation are available. Active chemical 
treatment typically involves the addition of alkaline chemicals, such as calcium 
carbonate, sodium hydroxide, sodium bicarbonate, and anhydrous ammonia to acid 
mine drainage. These chemicals raise the pH to acceptable levels and decrease the 
solubility of dissolved metals. Metal precipitates form and settle out of the solution. 
Active chemical treatment is not a viable option for the segment Nl2 watershed 
because the chemicals are expensive, and the treatment system requires additional costs 
associated with operation and maintenance as well as the disposal of metal-laden 
sludge. 

Reclamation of abandoned mines is another method of controlling pollutants. 
Reclamation of abandoned mine land involves clearing site vegetation, removing 
contaminated topsoil and coal, and restoring functionality of the site for recreational, 
agricultural, or wildlife habitat purposes. The environmental benefits realized from 
abandoned mine reclamation projects are numerous and significant, including restoring 
land for future use and improving water quality. Restoration of the land can result in 
increased and enhanced pasture land, recreational areas, or wildlife habitat 
(Pennsylvania Department of Environmental Protection [PDEP] 2002). However, 
reclamation projects tend to be costly and resource intensive and may not be 
appropriate for abandoned mine sites in segment Nl2 watershed. 

Passive methods could be utilized until full reclamation of a mine occurs. Chemical 
addition and energy consuming treatment processes are virtually eliminated with 
passive treatment systems. The operation and maintenance requirements of passive 
systems are considerably less than active treatment systems (PDEP 2002). Therefore, 
passive treatment systems would be the best solution for controlling manganese and 
sulfates from abandoned coal mines in segment Nl2 of the Big Muddy River 
Watershed. 

Following are examples of the passive treatment technologies: 
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■ Aerobic wetland 
■ Compost or anaerobic wetland 
■ Open limestone channels 
■ Diversion wells 
■ Anoxic limestone drains 
■ Vertical flow reactors 
■ Pyroclastic process 

The remainder of this section discusses these technologies. 

12.1.2.1 Aerobic Wetland 
An aerobic wetland consists of a large surface area pond with horizontal surface flow. 
The pond may be planted with cattails and other wetland species. Aerobic wetlands 
can only effectively treat water that is net alkaline (pH greater than 7). In aerobic 
wetland systems, metals are precipitated through oxidation reactions to form oxides 
and hydroxides. A typical aerobic wetland will have a water depth of 6 to 18 inches 
(PDEP 2002). 

12.1.2.2 Compost or Anaerobic Wetland 
Compost wetlands, or anaerobic wetlands as they are sometimes called, consist of a 
large pond with a lower layer of organic substrate. The flow is horizontal within the 
substrate layer of the basin. Piling the compost a little higher than the free water 
surface can encourage the flow within the substrate. Typically, the compost layer 
consists of spent mushroom compost that contains about IO percent calcium carbonate. 
Other compost materials include peat moss, wood chips, sawdust, or hay. A typical 
compost wetland will have 12 to 24 inches of organic substrate and be planted with 
cattails or other emergent vegetation (PDEP 2002). 

12.1.2.3 Open Limestone Channels 
Open limestone channels may be the simplest passive treatment method. Open 
limestone channels are constructed in two ways. In the fist method, a drainage ditch 
constructed oflimestone collects contaminated acid mine drainage water. The other 
method consists of placing limestone fragments directly in a contaminated stream. 
Dissolution of the limestone adds alkalinity to the water and raises the pH. This 
treatment requires large quantities of limestone for long-term success (PDEP 2002). 

12.1.2.4 Diversion Wells 
Diversion wells are another simple way to increase the alkalinity of contaminated 
waters. Acidic water is conveyed by a pipe to a downstream "well," which contains 
crushed limestone aggregate. The hydraulic force of the pipe flow causes the limestone 
to turbulently mix and abrade into fine particles preventing armoring (PDEP 2002). 

12.1.2.5 Anoxic Limestone Drains 
An anoxic limestone drain is a buried bed of limestone constructed to intercept 
subsurface mine water flow and prevent contact with atmospheric oxygen. Keeping 
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oxygen out of the water prevents oxidation of metals and armoring of the limestone. 
An anoxic limestone drain can be considered a pretreatment step to increase alkalinity 
and raise pH before the water enters a constructed aerobic wetland (PDEP 2002). 

12.1.2.6 Vertical Flow Reactors 
Vertical flow reactors were conceived as a way to overcome the alkalinity producing 
limitations of anoxic limestone drains and the large area requirements of compost 
wetlands. The vertical flow reactor consists of a treatment cell with an underdrained 
limestone base topped with a layer of organic substrate and standing water. The water 
flows vertically through the compost and limestone and is collected and discharged 
through a system of pipes. The vertical flow reactor increases alkalinity by limestone 
dissolution and bacterial sulfate reduction (PDEP 2002). 

12.1.2. 7 Pyrolusite Process 
This is a patented process, which utilizes site-specific cultured microbes to remove 
iron, manganese, and aluminum from acid mine drainage. The treatment process 
consists of a shallow bed of limestone aggregate inundated with acid mine drainage. 
After laboratory testing determines the proper combination, microorganisms are 
introduced to the limestone bed by inoculation ports located throughout the bed. The 
microorganisms grow on the surface of the limestone chips and oxidize the metal 
contaminants while etching away limestone, which in turn increases the alkalinity and 
raises the pH of water. This process has been used on several sites in western 
Pennsylvania with promising results (PDEP 2002). 

12.2 Implementation Actions and Management Measures for 
Dissolved Oxygen 
DO impairments are addressed by focusing on organic loads that consume oxygen 
through decomposition and nutrient loads that can cause algal growth, which can also 
deplete DO. Analysis provided in Section 10 established a relationship between 
reaeration, BOD5, and DO concentrations in Big Muddy River segment Nl2, so 
management measures for segment Nl2 will focus on increasing reaeration decreasing 
BOD5 loads to increase DO concentrations. 

DO impairments in Big Muddy River segment Nl2 are mostly attributed to low flow 
or stagnant conditions within the creek. Runoff from nonpoint sources may also 
contribute a BOD5 load in Big Muddy River segment Nl2. An additional contributor 
to low DO is increased water temperatures. Therefore, management measures for the 
segment N 12 watershed will focus on reducing nonpoint source loading through 
sediment and surface runoff controls, reducing stream temperatures, and reducing 
stagnant conditions through reaeration. 

Implementation actions, management measures, or BMPs are used to control the 
generation or distribution of pollutants. BMPs are either structural, such as wetlands, 
sediment basins, fencing, reaeration structures, or filter strips; or managerial, such as 
conservation tillage, nutrient management plans, or crop rotation. Both types require 
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good management to be effective in reducing pollutant loading to water resources 
(Osmond et al. 1995). 

It is generally more effective to install a combination ofBMPs or a BMP system. A 
BMP system is a combination of two or more individual BMPs that are used to control 
a pollutant from the same critical source. In other words, if the watershed has more 
than one identified pollutant, but the transport mechanism is the same, then a BMP 
system that establishes controls for the transport mechanism can be employed. 
(Osmond et al. I 995). 

Implementation actions and management measures are described for each nonpoint 
source in the watershed. Nonpoint sources include cropland, rural grassland, and 
animal management facilities. 

12.2.1 DO Concentration Management 
The sources of nonpoint source pollution in the Big Muddy River TMDL are divided 
between agricultural cropland and rural grasslands. There are three animal 
management facilities in the watershed. Although, two have been classified as no 
impact facilities, the third has not been assessed. BMPs evaluated for treatment of 
these nonpoint sources are: 

■ Filter strips 
■ Wetlands 
■ Reaeration 

Organic and nutrient loads originating from cropland is most efficiently treated with a 
combination of riparian buffer or grass filter strips. Wetlands can be used to treat 
pollutant loads originating from animal management operations. Instream management 
measures for DO focus on reaeration techniques. The Streeter-Phelps equations 
presented in Section IO utilizes a reaeration coefficient. Increasing the reaeration 
coefficient by physical means will increase DO in Big Muddy River segment N12. 

12.2.1.1 Filter Strips 
Filter strips can be used as a structural control to reduce pollutant loads, including 
nutrients and sediment, to the Big Muddy River segment N12. Filter strips 
implemented along stream segments slow and filter nutrients and sediment out of 
runoff, help reduce stream water temperatures thereby increasing the water body DO 
saturation level, and provide bank stabilization decreasing erosion and deposition. The 
following paragraphs focus on the implementation of filter strips in Big Muddy River 
segment N12 watershed. Finally, design criteria and size selection of filter strips are 
detailed. 

Organic debris in topsoil contributes to the BOD5 load to water bodies (USEPA 1997). 
Increasing the length of stream bordered by grass and riparian buffer strips will 
decrease the amount of BOD5 and nutrient load associated with sediment loads to Big 
Muddy River segment N12. Nutrient criteria, currently being developed and expected 
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to be adopted around 2007 by the Illinois EPA, will assess the instream nutrient 
concentrations required for the watershed. As stated previously, excess nutrients in 
streams can cause excessive algal growth, which can deplete DO in streams. Adoption 
of nutrient criteria will potentially affect this DO TMDL and help control exceedences 
of DO water quality criteria in Big Muddy River segment N\2. 

Filter strips will help control BOD5 levels by removing organic loads associated with 
sediment from runoff; however, no studies were identified as providing an estimate of 
removal efficiency. Grass filter strips can remove as much as 75 percent of sediment 
and 45 percent of total phosphorus from runoff, so it is assumed that the removal of 
BOD5 falls within this range (NCSU 2000). Riparian buffer strips also help reduce 
water temperatures increasing the water body DO saturation level as explained in 
Section 10. 

Riparian vegetation, specifically shade, plays a significant role in controlling stream 
temperature change. The shade provided will reduce solar radiation loading to the 
stream. Furthermore, riparian vegetation provides bank stability that reduces sediment 
loading to the stream and the stream width-to-depth ratio. Research in California 
(Ledwith 1996), Washington (Dong et al. 1998), and Maine (Hagan and Whitman 
2000) show that riparian buffers effect microclimate factors such as air temperature 
and relative humidity proximal to the stream. Ledwith (1996) found that a 500-foot 
buffer had an air temperature decrease of 12°F at the stream over a zero-foot buffer. 
The greatest change occurred in the first I 00 feet of the 500-foot buffer where the 
temperature decreased 2°F per 30 feet from the stream bank. A decrease in the air 
temperature proximal to the stream would result in a smaller convective flux to the 
stream during the day. 

Filter strip widths for the Big Muddy River TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 12-1 outlines the 
guidance for filter strip flow length by slope (NRCS 1999). Based on slope estimates 
near tributaries within the watershed, filter strips widths of72 to 144 feet could be 
incorporated in locations throughout the watershed. The total acreage examined was 
112 acres. 

Table 12-1 Filter Strip Flow Lenoths Based on Land Slope 
5.0% or 

Percent Slooe 0.5% 1.0% 2.0% 3.0% 4.0% areater 
Minimum 36 54 72 90 108 117 
Maximum 72 108 144 180 216 234 

The acreages provided above are used to calculate an approximation of BMP cost in 
Section 12.3 and should only be used as a guideline for watershed planning. It is 
recommended that landowners evaluate their land near streams and lakes and create or 
extend filter strips, where applicable, according to the NRCS guidance presented in 
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Table 12-1. Programs available to fund the construction of these buffer strips are 
discussed in Section 9.3. 

12.2.1.2 Wetlands 
Wetlands can be used as a structural control to treat loads from animal management 
operations located in the segment Nl2 watershed. Two of the three animal 
management facilities in the watershed have been designated as having no impact on 
receiving waters and the third has not been assessed. In the event that the third facility 
is found to have a negative impact on water quality, a constructed wetland could be 
used to treat organic, nutrient, and sediment loads from the animal management 
operations between the operation and the creek. Wetlands are an effective BMP for 
sediment, nutrient, and organic load control because they: 

■ prevent floods by temporarily storing water, allowing the water to evaporate, or 
percolate into the ground, 

■ improve water quality through natural pollution control such as plant nutrient uptake, 

■ filter sediment, 

■ slow overland flow of water thereby reducing soil erosion (USDA 1996). 

While constructed wetlands have been demonstrated to effectively reduce nitrogen and c· 
sediment, literature shows mixed results for phosphorus removal. Studies have shown 
that artificial wetlands designed and constructed specifically to remove pollutants from 
surface water runoff have removal rates for suspended solids of greater than 90 
percent, for total phosphorus of O to 90 percent, and for nitrogen species from 10 to 7 5 
percent (Johnson, Evans, and Bass 1996; Moore 1993; USEPA 1993; Kovosic et al. 
2000). In some cases, wetlands can be sources of phosphorus. Over the long term, it 
generally thought that wetlands are neither sources nor sinks of phosphorus (Kovosic 
et al. 2000). 

Efficiency of pollutant removal in wetlands can be addressed in the design and 
maintenance of the constructed wetland. Location, hydraulic retention time and space 
requirements should be considered in design. To maintain removal efficiency, sheet 
flow should be maintained and substrate should be monitored to assess whether the 
wetland is operating optimally. Sediment or vegetation removal may be necessary if 
the wetland removal efficiency is lessened over a period of time (USEPA 1993; NCSU 
1994). 

It is recommended that further investigation take place within the watershed to confirm 
the impact of animal management facilities on Big Muddy River segment Nl2. Due to 
data illustrating the lack of impacts of nonpoint source runoff from these facilities, 
wetlands were not analyzed as a treatment for this TMDL. However, it is 
recommended that animal control facility managers consider wetlands to treat nonpoint 
source runoff from control facilities. 
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12.2.1.3 Reaeration 
The purpose ofreaeration is to increase DO concentrations in streams. Physical 
measures that will assist in increasing reaeration of a stream include bank stabilization, 
channel modifications, and the addition of riprap or pool and riffle sequences. Bank 
stabilization reduces erosion by planting vegetation along the bank or modification of 
the channel to decrease the slope of the bank. Riprap or pool and riffle sequences 
would increase reaeration by increasing turbulence. Turbulence creates an increase in 
the interaction between air and water, which draws air into the river increasing 
aeration. Expanding monitoring to several locations along the impaired segments could 
help identify reaches that would benefit the most from an increase of turbulence. 

12.3 Reasonable Assurance 
Reasonable assurance means that a demonstration is given that the pollutant reductions 
in this watershed will be implemented. It should be noted that all programs discussed 
in this section are voluntary. The discussion in Sections 12.1 and 12.2 provided a 
means for obtaining the reductions necessary. The remainder of this section discusses 
the programs available to assist with funding and an estimate of costs to the watershed 
for implementing these practices. 

12.3.1 Available Programs for Manganese and Sulfates TMDL 
The state agency primarily responsible for reclamation of pre-law coal mine areas is 
the IDNR, Office of Mines and Minerals, Abandoned Mined Lands Reclamation 
Division (AMLRD). The AMLRD contracts or oversees reclamation of pre-law mine 
sites utilizing funds from a "reclamation fee" (tax) on every ton of coal mined in 
Illinois since the implementation of the Surface Mining Control and Reclamation Act 
of 1977. The fee monies are sent to the U.S. Department oflnterior and are then 
partially reallocated back to the states for several purposes, which include the 
reclamation of pre-law abandoned mined lands. This reclamation fee funds almost all 
of the reclamation of pre-law mine sites in Illinois. The AMLRD also has the 
responsibility to reclaim permitted mine sites where the operator has deserted the site 
and all of the bond money has been forfeited. This adds to the overall number of 
projects that the AMLRD has to complete (Muir et al. 1997). 

Abandoned mine sites are reclaimed through the ALMRD according to a priority list as 
monies become available. Because the federally designated first priority for ALMRD 
projects is safety, most of the early reclamation projects were not environmentally 
oriented. Even so, the AMLRD has completed a large number of environmentally 
oriented reclamation projects (Muir et al. 1997). Due to the uncertainty of sources of 
manganese and sulfates in the Big Muddy River segment Nl2 Watershed, no cost 
estimates were developed for mitigation of the potential sources provided in this 
report. If the abandoned mines in the segment Nl2 watershed are shown to contribute 
to impairment of segments within the watershed, funds from the ALMRD focused on 
environmental projects should be directed towards water bodies with TMDLs. 
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12.3.2 Available Programs for DO TMDL 
Approximately 42 percent of the Big Muddy River segment Nl2 watershed is 
classified as rural grassland (pasture land, CRP, waterways, buffer strips, etc.), row 
crop, and small grains land. There are several voluntary conservation programs 
established through the 2002 U.S. Farm Bill that encourage landowners to implement 
resource-conserving practices for water quality and erosion control purposes. These 
programs would apply to crop fields and rural grasslands that are presently used as 
pasture land. Each program is discussed separately in the following sections. 

12.3.2.1 Clean Water Act Section 319 Grants 
Section 319 was added to the CW A to establish a national program to address nonpoint 
sources of water pollution. Through this program, each state is allocated section 319 
funds on an annual basis according to a national allocation formula based on the total 
annual appropriation for the section 319 grant program. The total award consists of 
two categories of funding; incremental funds and base funds. A state is eligible to 
receive EPA 3 I 9(h) grants upon USEPA's approval of the state's Nonpoint Source 
Assessment Report and Nonpoint Source Management Program. States may reallocate 
funds through subawards (e.g., contracts, subgrants) to both public and private entities, 
including local governments, tribal authorities, cities, counties, regional development 
centers, local school systems, colleges and universities, local nonprofit organizations, 
state agencies, federal agencies, watershed groups, for-profit groups, and individuals. 
Subawards to individuals are limited to demonstration projects (USEPA 2003, 2002). 

USEP A designates incremental funds, a $100-million award, for the restoration of 
impaired water through the development and implementation of watershed-based plans 
and TMDLs for impaired waters. Base funds, funds other than incremental funds, are 
used to provide staffing and support to manage and implement the state Nonpoint 
Source Management Program. Section 319 funding can be used to implement activities 
which improve water quality, such as filter strips, streambank stabilization, etc 
(USEPA 2003, 2002). 

12.3.2.2 Streambank Stabilization and Restoration Practice 
The Streambank Stabilization and Restoration Practice (SSRP) was established to 
address problems associated with streambank erosion; such as loss or damage to 
valuable farmland, wildlife habitat, roads; stream capacity reduction through sediment 
deposition; and degraded water quality, fish, and wildlife habitat. The primary goals of 
the SSRP are to develop and demonstrate vegetative, stone structure and other low cost 
bio-engineering techniques for stabilizing streambanks and to encourage the adoption 
of low-cost streambank stabilization practices by making available financial 
incentives, technical assistance, and educational infonnation to landowners with 
critically eroding streambanks. A cost share of75 percent is available for approved 
project components; such as willow post installation, bendway weirs, rock riffles, 
stream barbs/rock, vanes, Junker structures, gabion baskets, and stone toe protection 
techniques. There is no limit on the total program payment for cost-share projects that 
a landowner can receive in a fiscal year. However, maximum cost per foot of bank 
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treated is used to cap the payment assistance on a per foot basis and maintain the 
program's objectives of funding low-cost techniques (IDA 2000). 

12.3.2.3 Conservation Reserve Program 
This voluntary program encourages landowners to plant long-term resource-conserving 
cover to improve soils, water, and wildlife resources. CRP is the USDA's single largest 
environmental improvement program and one of its most productive and cost-efficient. 
It is administered through the FSA by USDA's CCC. The program was initially 
established in the Food Security Act of I 985. The duration of the contracts under CRP 
range from IO to 15 years. 

Eligible land must be one of the following: 

I. Cropland that is planted or considered planted to an agricultural commodity two of 
the five most recent crop years (including field margins), and must be physically and 
legally capable of being planted in a normal manner to an agricultural commodity. 

2. Certain marginal pasture land enrolled in the Water Bank Program. 

The CCC bases rental rates on the relative productivity of soils within each county and 
the average of the past three years oflocal dryland cash-rent or cash-rent equivalent. 
The maximum rental rate is calculated in advance of enrollment. Producers may offer 
land at the maximum rate or at a lower rental rate to increase likelihood of offer 
acceptance. In addition, the CCC provides cost-share assistance for up to 50 percent of 
the participant's costs in establishing approved conservation practices. CCC also 
encourages restoration of wetlands by offering a one-time incentive payment equal to 
25 percent of the costs incurred. This incentive is in addition to the 50 percent cost 
share provided to establish cover (USDA 1999). 

Finally, CCC offers additional financial incentives ofup to 20 percent of the annual 
payment for certain continuous sign-up practices. Continuous sign-up provides 
management flexibility to farmers and ranchers to implement certain high-priority 
conservation practices on eligible land. The land must be determined by NRCS to be 
eligible and suitable for any of the following practices: 

■ Riparian buffers 
■ Filter strips 
■ Grass waterways 
■ Shelter belts 
■ Field windbreaks 
■ Living snow fences 
■ Contour grass strips 
■ Salt tolerant vegetation 
■ Shallow water areas for wildlife 
■ Eligible acreage within an USEPA-designated wellhead protection area (FSA 1997) 
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12.3.2.4 Wetlands Reserve Program 
The WRP is a voluntary program that provides technical and financial assistance to 
eligible landowners to restore, enhance, and protect wetlands. The goal ofWRP is to 
achieve the greatest wetland functions and values, along with optimum wildlife habitat, 
on every acre enrolled in the program. At least 70 percent of each project area will be 
restored to the original natural condition to the extent practicable. The remaining 30 
percent of each area may be restored to other than natural conditions. Landowners 
have the option of enrolling eligible lands through permanent easements, 30-year 
easements, or restoration cost-share agreements. The program is offered on a 
continuous sign-up basis and is available nationwide. WRP offers landowners an 
opportunity to establish, at minimal cost, long-term conservation and wildlife habitat 
enhancement practices and protection. It is administered through the NRCS (2002b ). 

The 2002 Farm Bill reauthorized the program through 2007. Increasing the acreage 
enrollment cap to 2,275,000 acres with an annual enrollment of250,000 acres per 
calendar year. The program is limited by the acreage cap and not by program funding. 
The program offers three enrollment options: permanent easements, 30-year 
conservation easements, and I 0-year restoration cost-share agreements. Since the 
program began in 1985, the average cost per acre is $1, I 00 in restorative costs and the 
average project size is 177 acres. The costs for each enrollment options follow in Table 
l'.l-2 (USDA I 996). 

Table 12-2 Costs for Enrollment Ootions of WRP Proa ram 
Ootion Permanent Easement 30~vear Easement Restoration Agreement 
Payment for 100% Agricultural Value 75% Agricultural Value NA 
Easement 
Payment Options Lump Sum Lump Sum NA 

Restoration 100% Restoration Cost 75% Restoration Cost 75% Restoration Cost 
Payments Reimbursements Reimbursements Reimbursements 

12.3.2.5 Environmental Quality Incentive Program 
The EQIP is a voluntary USDA conservation program for farmers and private 
landowners engaged in livestock or agricultural production who are faced with serious 
threats to soil, water, and related natural resources. It provides technical, financial, and 
educational assistance primarily in designated "priority areas." Priority areas are 
defined as watershed, regions, or areas of special environmental sensitivity that have 
significant soil, water, or natural resource related concerns. The program goal is to 
maximize environmental benefits per dollar expended and provides "(l) flexible 
technical and financial assistance to farmers and ranchers that face the most serious 
natural resource problems; (2) assistance to farmers and ranchers in complying with 
federal, state, and tribal environmental laws, and encourage environmental 
enhancement; (3) assistance to farmers and ranchers in making beneficial, cost­
effective changes to measures needed to conserve and improve natural resources; and 
(4) for the consolidation and simplification of the conservation planning process." As 
of 2001, 379,000 acres have been protected in Illinois using EQIP (NRCS 2002d,e). 
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Landowners, with the assistance of a local NRCS or other service provider, are 
responsible for development of a site-specific conservation plan that addresses the 
primary natural resource concerns of the priority area. Conservation practices include 
but are not limited to erosion control, filter strips, buffers, and grassed waterways. If 
the plan is approved by NRCS, a five- to 10-year contract that provides cost-share and 
incentive payments is developed. 

Cost-share assistance may pay landowners up to 75 percent of the costs of 
conservation practices, such as grassed waterways, filter strips, manure management, 
capping abandoned wells, and other practices important to improving and maintaining 
the health of natural resources in the area. Total incentive and cost-share payments are 
limited to $10,000 per person per year and $50,000 over the life of the contract. 

12.3.2.6 Wildlife Habitat Incentives Program 
The WHIP is a voluntary program that encourages the creation of high quality wildlife 
habitat of national, state, tribal, or local significance. WHIP is administered through 
NRCS, which provides technical and financial assistance to landowners for 
development of upland, riparian, and aquatic habitat areas on their property. NRCS 
works with the participant to develop a wildlife habitat development plan that becomes 
the basis of the cost-share agreement between NRCS and the participant. Most 
contracts are five to IO years in duration, depending upon the practices to be installed. 
However, longer term contracts of 15 years or greater may also be funded. Under the 
agreement: 

■ The landowner agrees to maintain the cost-shared practices and allow NRCS or its 
agent access to monitor its effectiveness. 

■ NRCS agrees to provide technical assistance and pay up to 7 5 percent of the cost of 
installing the wildlife habitat practices. Additional financial or technical assistance 
may be available through cooperating partners (NRCS 2002c ). 

12.3.2.7 Illinois Department of Agriculture and Illinois EPA Nutrient 
Management Plan Project 
As discussed in Section 9.2.1.1, the IDA and Illinois EPA are co-sponsoring a 
Cropland Nutrient Management Plan project in watersheds that have or are developing 
a TMDL. Under this project, 2,480 acres of cropland have been targeted in the Big 
Muddy River segment Nl2 watershed. 

The FSA administers the CRP. NRCS administers the EQIP, WRP, and WHIP. Local 
NRCS and FSA contact information in Jackson County are listed in Table 12-3 below. 
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Table 12 3 Local NRCS and FSA Contact Information -
Contact I Address I Phone 
Local NRCS Office 
W. Scott Martin 11213 N. 14th Street I 618-684-3064 x 3 

Murohvsboro, Illinois 62966 
Local FSA Office 
Murphysboro Service Center 11213 N. 14th Street 1618-684-3471 X 3 

Murohvsboro, Illinois 62966 

12.3.3 Cost Estimates for BMPs 
Cost estimates for different BMPs and individual practice prices such as filter strip 
installation are detailed in the following sections. Table 12-4 outlines the cost of 
implementation measures per acre. Finally, an estimate of the total order of magnitude 
costs for implementation measures in the Big Muddy River segment Nl2 Watershed 
are presented in Section 12.3.3.3 and Table 12-5. 

12.3.3.1 Streambank Stabilization 
Cost information of streambank stabilization was taken from Johnson County NRCS. 
Johnson County NRCS estimates an average cost per foot to implement streambank 
stabilization measures at $40.00/foot. This price includes grading and shaping of the 
bank and critical area and dormant stub planting. 

12.3.3.2 Filter Strips and Riparian Bnffers 
The Jackson County NRCS estimates an average cost per acre to install a grass filter 
strip with a I 0-year life span at $90/acre. A riparian buffer strip established with bare 
root stock has a life span of 10 years and an installation cost of$384/acre. Based on 
this preliminary estimate, it appears that grass filter strips would be a more cost­
effective way to control BOD and nutrient loads in the watershed. 

12.3.3.3 Planning Level Cost Estimates for Implementation Measures 
Cost estimates for different implementation actions are presented in Table 12-4. The 
column labeled Program lists the financial assistance program available for various 
BMPs. The programs represented in the table are the WRP and the CRP. 

T bl 12-4 C a e ost Estimate of Various BMP Measures in the Bia Mudd , River w h d aters e 
Program or Installation Maintenance 

Source Soonsor BMP Life Span Mean $/acre $/ac/vr 
Nonpoint CRP Grass Filter Strips 10 $90.00 $9.00 

CRP Riparian Buffer 10 $384.00 $40.00 
319 or SSRP Streambank Stabilization * 10 $40.00 $4.00 

* Streambank stabilization cost calculated on linear foot basis. 

C 

The total order of magnitude capital costs for implementation measures in the 
watershed were estimated to be $1,700,000. The total cost is calculated as the number 
of acres over which a BMP or structural measure is applied by the cost per acre. Table 
12-5 summarizes the number of acres each measure is applied to in the basin and the (_ 
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corresponding cost. The acreages reported in Table 12-5 are a preliminary estimate in 
order to provide an overall understanding of cost of implementation in the watershed. 
The total only represents capital costs and annual maintenance costs. These do not 
represent the total costs of operating the measure over its life cycle. 

Table 12-5 Cost Estimate of lmolementation Measures for the Big Muddv Watershed 
Treated Caoital Costs Maintenance Costs 

BMP Acres Mean $/acre Watershed$ $laclvr Watershed $lvr 
Grass Filter Strips 112 $90.00 $10,080.00 $9.00 $1,000.00 
Streambank Stabilization * 42,240 $40.00 $1,689,600.00 $4.00 $168,960.00 
Total $1,699,680.00 $169,960.00 

* Streambank stabilization cost calculated on linear foot basis. 

12.4 Monitoring Plan 
The purpose of the monitoring plan for the Big Muddy River segment Nl2 Watershed 
is to assess the overall implementation of management actions outlined in this section. 
This can be accomplished by conducting the following monitoring programs: 

■ track implementation of management measures in the watershed and in upstream 
contributing watersheds, 

■ estimate effectiveness of management measures, 

■ continued ambient monitoring. 

Tracking the implementation of management measures can be used to address the 
following goals (NCSU 2000): 

■ determine the extent to which management measures and practices have been 
implemented compared to action needed to meet TMDL endpoints. 

■ establish a baseline from which decisions can be made regarding the need for 
additional incentives for implementation efforts, 

■ measure the extent of voluntary implementation efforts, 

■ support workload and cost analysis for assistance or regulatory programs, 

■ determine the extent to which management measures are properly maintained and 
operated, 

Estimating the effectiveness of the BMPs implemented in the watershed could be 
completed by monitoring before and after the BMP is incorporated into the watershed. 
Additional monitoring could be conducted on specific structural systems such as a 
constructed wetland. Inflow and outflow measurements could be conducted to 
determine site-specific removal efficiency. 
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Illinois EPA monitors segment N12 yearly through the Ambient Water Quality 
Monitoring Network program and conducts Intensive Basin Surveys every 5 years. 
Continuation of this monitoring will assess instream water quality as improvements in 
the watershed are completed. This data will also be used to assess whether water 
quality standards in the watershed are being attained. To further support DO modeling 
and to plan for future nutrient criteria in the watershed, the following parameters 
should be added to the monitoring list: 

■ BODs 
■ BOD20 
■ Chlorophyll "a" or algae monitoring 

Monitoring to assess groundwater concentrations of manganese should be conducted to 
determine source locations of subsurface abandoned mine activity. Location of 
groundwater contamination would help prioritize areas that will require remediation so 
that water quality standards can be achieved in the future. 

12.5 Implementation Time Line 
Implementing the actions outlined in this section for the Big Muddy River segment 
N12 Watershed should occur in phases and the effectiveness of the management 
actions should be assessed as improvements are made. It is assumed that it may take 
up to one to two years for further source identification in the watershed. It is also 
assumed that it may take up to five years to secure funding for actions needed in the l' 
watershed and five to seven years after funding to implement the measures. The 
length of time required to meet water quality standards will be based on the types of 
BMPs implemented in the watershed. In summary, meeting water quality standards 
in the segment N12 watershed may take 15 to 20 years to complete. 

(_ 
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Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 MANGANESE, TOTAL (UG/L AS MN) 470 
5599500 2/8/1990 MANGANESE, TOTAL (UG/L AS MN) 373 
5599500 4/16/1990 MANGANESE, TOTAL (UG/L AS MN) 337 
5599500 5/22/1990 MANGANESE, TOTAL (UG/L AS MN) 112 
5599500 5/22/1990 MANGANESE, TOTAL (UG/L AS MN) 109 
5599500 7/9/1990 MANGANESE, TOTAL (UG/L AS MN) 783 
5599500 8/21/1990 MANGANESE, TOTAL (UG/L AS MN) 617 
5599500 9/24/1990 MANGANESE, TOTAL (UG/L AS MN) 560 
5599500 11/13/1990 MANGANESE, TOTAL (UG/L AS MN) 765 
5599500 1/8/1991 MANGANESE, TOTAL (UG/L AS MN) 138 
5599500 2/12/1991 MANGANESE, TOTAL (UG/L AS MN) 222 
5599500 4/9/1991 MANGANESE, TOTAL (UG/L AS MN) 472 
5599500 6/4/1991 MANGANESE, TOTAL (UG/L AS MN) 590 
5599500 6/4/1991 MANGANESE, TOTAL (UG/L AS MN) 600 
5599500 7/16/1991 MANGANESE, TOTAL (UG/L AS MN) 682 
5599500 8/20/1991 MANGANESE, TOTAL (UG/L AS MN) 2473 
5599500 10/15/1991 MANGANESE, TOTAL (UG/L AS MN) 782 
5599500 11/12/1991 MANGANESE, TOTAL (UG/L AS MN) 460 
5599500 1/7/1992 MANGANESE, TOTAL (UG/L AS MN) 300 
5599500 2/20/1992 MANGANESE, TOTAL (UG/L AS MN) 646 
5599500 4/14/1992 MANGANESE, TOTAL (UG/L AS MN) 860 
5599500 5/18/1992 MANGANESE, TOTAL (UG/L AS MN) 680 
5599500 7/13/1992 MANGANESE, TOTAL (UG/L AS MN) 1000 
5599500 8/17/1992 MANGANESE, TOTAL (UG/L AS MN) 1900 
5599500 1/12/1993 MANGANESE, TOTAL (UG/L AS MN) 160 
5599500 2/16/1993 MANGANESE, TOTAL (UG/L AS MN) 340 
5599500 1/6/1994 MANGANESE, TOTAL (UG/L AS MN) 470 
5599500 3/2/1994 MANGANESE, TOTAL (UG/L AS MN) 280 
5599500 4/6/1994 MANGANESE, TOTAL (UG/L AS MN) 820 
5599500 5/23/1994 MANGANESE, TOTAL (UG/L AS MN) 860 
5599500 7/6/1994 MANGANESE, TOTAL (UG/L AS MN) 350 
5599500 8/4/1994 MANGANESE, TOTAL (UG/L AS MN) 400 
5599500 9/19/1994 MANGANESE, TOTAL (UG/L AS MN) 890 
5599500 11/1/1994 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 12/7/1994 MANGANESE, TOTAL (UG/L AS MN) 590 
5599500 1/30/1995 MANGANESE, TOTAL (UG/L AS MN) 360 
5599500 2/21/1995 MANGANESE, TOTAL (UG/L AS MN) 310 
5599500 4/12/1995 MANGANESE, TOTAL (UG/L AS MN) 710 
5599500 5/10/1995 MANGANESE, TOTAL (UG/L AS MN) 282 
5599500 6/15/1995 MANGANESE, TOTAL (UG/L AS MN) 540 
5599500 7/20/1995 MANGANESE, TOTAL (UG/L AS MN) 820 
5599500 8/22/1995 MANGANESE, TOTAL (UG/L AS MN) 380 
5599500 10/31/1995 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 12/18/1995 MANGANESE, TOTAL (UG/L AS MN) 550 
5599500 1/31/1996 MANGANESE, TOTAL (UG/L AS MN) 290 
5599500 2/29/1996 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 3/25/1996 MANGANESE, TOTAL (UG/L AS MN) 480 
5599500 5/1/1996 MANGANESE, TOTAL (UG/L AS MN) 230 
5599500 6/25/1996 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 7/31/1996 MANGANESE, TOTAL (UG/L AS MN) 530 

(_ 
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5599500 4/24/1997 MANGANESE, TOTAL (UG/L AS MN) 470 
N12 10/27/1997 MANGANESE, TOTAL (UG/L AS MN) 640 
N12 11/20/1997 MANGANESE, TOTAL (UG/L AS MN) 370 
N12 2/3/1998 MANGANESE, TOTAL (UG/L AS MN) 500 
N12 3/5/1998 MANGANESE, TOTAL (UG/L AS MN) 260 
N12 4/16/1998 MANGANESE, TOTAL (UG/L AS MN) 460 
N12 5/14/1998 MANGANESE, TOTAL (UG/L AS MN) 380 
N12 6/17/1998 MANGANESE, TOTAL (UG/L AS MN) 240 
N12 7/21/1998 MANGANESE, TOTAL (UG/L AS MN) 670 
N12 8/27/1998 MANGANESE, TOTAL (UG/L AS MN) 470 
N12 10/8/1998 MANGANESE, TOTAL (UG/L AS MN) 1100 
N12 12/1/1998 MANGANESE, TOTAL (UG/L AS MN) 970 
N12 1/4/1999 MANGANESE, TOTAL (UG/L AS MN) 430 
N12 2/8/1999 MANGANESE, TOTAL (UG/L AS MN) 190 
N12 3/22/1999 MANGANESE, TOTAL (UG/L AS MN) 180 
N12 4/27/1999 MANGANESE, TOTAL (UG/L AS MN) 600 
N12 6/10/1999 MANGANESE, TOTAL (UG/L AS MN) 400 
N12 9/16/1999 MANGANESE, TOTAL (UG/L AS MN) 1900 
N12 11/1/1999 MANGANESE, TOTAL (UG/L AS MN) 870 
N12 12/6/1999 MANGANESE, TOTAL (UG/L AS MN) 510 
N12 1/3/2000 MANGANESE, TOTAL (UG/L AS MN) 360 
N12 3/8/2000 MANGANESE, TOTAL (UG/L AS MN) 570 
N12 4/12/2000 MANGANESE, TOTAL (UG/L AS MN) 640 
N12 5/1/2000 MANGANESE, TOTAL (UG/L AS MN) 550 
N12 7/24/2000 MANGANESE, TOTAL (UG/L AS MN) 450 
N12 9/6/2000 MANGANESE, TOTAL (UG/L AS MN) 260 C 

C 
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Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 SULFATE, TOTAL (MG/LAS SO4) 450 
5599500 1/9/1990 SULFATE, TOTAL (MG/LAS SO4) 460 
5599500 218/1990 SULFATE, TOTAL (MG/LAS SO4) 164 
5599500 2/8/1990 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 4/16/1990 SULFATE, TOTAL (MG/LAS SO4) 120 
5599500 4/16/1990 SULFATE, TOTAL (MG/LAS SO4) 117 
5599500 5/22/1990 SULFATE, TOTAL (MG/LAS SO4) 64 
5599500 5/22/1990 SULFATE, TOTAL (MG/LAS SO4) 63 
5599500 7/9/1990 SULFATE, TOTAL (MG/LAS SO4) 350 
5599500 7/9/1990 SULFATE, TOTAL (MG/LAS SO4) 364 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 181 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 179 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 180 
5599500 9/2411990 SULFATE, TOTAL (MG/LAS SO4) 231 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 500 
5599500 #h',\',\'fih'#/1 SULFATE, TOTAL (MG/LAS SO4) 557 
5599500 11811991 SULFATE, TOTAL (MG/LAS SO4) 83 
5599500 118/1991 SULFATE, TOTAL (MG/LAS SO4) 85 
5599500 2/12/1991 SULFATE, TOTAL (MG/LAS SO4) 110 
5599500 2112/1991 SULFATE, TOTAL (MG/LAS SO4) 114 
5599500 419/1991 SULFATE, TOTAL (MG/LAS SO4) 230 
5599500 4/9/1991 SULFATE, TOTAL (MG/LAS SO4) 195 
5599500 61411991 SULFATE, TOTAL (MG/LAS SO4) 265 
5599500 6/4/1991 SULFATE, TOTAL (MG/LAS SO4) 240 

C 
5599500 7116/1991 SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 7116/1991 SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 8/20/1991 SULFATE, TOTAL (MG/LAS SO4) 380 
5599500 8/2011991 SULFATE, TOTAL (MG/LAS SO4) 380 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 #/1///1//h'//,'l SULFATE, TOTAL (MG/LAS SO4) 290 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 350 
5599500 11711992 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 1/7/1992 SULFATE, TOTAL (MG/LAS SO4) 165 
5599500 2120/1992 SULFATE, TOTAL (MG/LAS SO4) 230 
5599500 4/14/1992 SULFATE, TOTAL (MG/LAS SO4) 206 
5599500 5118/1992 SULFATE, TOTAL (MG/LAS SO4) 203 
5599500 7/13/1992 SULFATE, TOTAL (MG/LAS SO4) 300 
5599500 7113/1992 SULFATE, TOTAL (MG/LAS SO4) 303 
5599500 8117/1992 SULFATE, TOTAL (MG/LAS SO4) 330 
5599500 1/12/1993 SULFATE, TOTAL (MG/LAS SO4) 78 
5599500 2116/1993 SULFATE, TOTAL (MG/LAS SO4) 191 
5599500 11611994 SULFATE, TOTAL (MG/LAS SO4) 270 
5599500 3/211994 SULFATE, TOTAL (MG/LAS SO4) 168 
5599500 41611994 SULFATE, TOTAL (MG/LAS SO4) 240 
5599500 5/23/1994 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 71611994 SULFATE, TOTAL (MG/LAS SO4) 163 
5599500 8/4/1994. SULFATE, TOTAL (MG/LAS SO4) 260 
5599500 9/19/1994 SULFATE, TOTAL (MG/LAS SO4) 440 
5599500 11/1/1994 SULFATE, TOTAL (MG/LAS SO4) 660 
5599500 

( 
~ 

12/711994 SULFATE, TOTAL (MG/LAS SO4) 172 
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5599500 1/30/1995 SULFATE, TOTAL (MG/LAS SO4) 162 
5599500 2/21/1995 SULFATE, TOTAL (MG/LAS SO4) 164 
5599500 4/12/1995 SULFATE, TOTAL (MG/LAS SO4) 210 
5599500 5/10/1995 SULFATE, TOTAL (MG/LAS SO4) 186 
5599500 6/15/1995 SULFATE, TOTAL (MG/LAS SO4) 91 
5599500 7/20/1995 SULFATE, TOTAL (MG/LAS SO4) 162 
5599500 8/22/1995 SULFATE, TOTAL (MG/LAS SO4) 146 
5599500 ######/1# SULFATE, TOTAL (MG/LAS SO4) 197 
5599500 ,\'#h'.\'//#11# SULFATE, TOTAL (MG/LAS SO4) 376 
5599500 1/31/1996 SULFATE, TOTAL (MG/LAS SO4) 173 
5599500 2/29/1996 SULFATE, TOTAL (MG/LAS SO4) 513 
5599500 3/25/1996 SULFATE, TOTAL (MG/LAS SO4) 171 
5599500 5/1/1996 SULFATE, TOTAL (MG/LAS SO4) 58.7 
5599500 6/25/1996 SULFATE, TOTAL (MG/LAS SO4) 147 
5599500 7/31/1996 SULFATE, TOTAL (MG/LAS SO4) 226 
5599500 4/24/1997 SULFATE, TOTAL (MG/LAS SO4) 227 

N12 ,\'##////### SULFATE, TOTAL (MG/LAS SO4) 566 
N12 ######## SULFATE, TOTAL (MG/LAS SO4) 653 
N12 2/3/1998 SULFATE, TOTAL (MG/LAS SO4) 303 
N12 4/16/1998 SULFATE, TOTAL (MG/LAS SO4) 201 
N12 5/14/1998 SULFATE, TOTAL (MG/LAS SO4) 82 
N12 6/17/1998 SULFATE, TOTAL (MG/LAS SO4) 109 
N12 7/21/1998 SULFATE, TOTAL (MG/LAS SO4) 162 
N12 8/27/1998 SULFATE, TOTAL (MG/LAS SO4) 196 
N12 10/8/1998 SULFATE, TOTAL (MG/LAS SO4) 340 
N12 12/1/1998 SULFATE, TOTAL (MG/LAS SO4) 566 ( 
N12 1/4/1999 SULFATE, TOTAL (MG/LAS SO4) 104 '--N12 2/8/1999 SULFATE, TOTAL (MG/LAS SO4) 81.8 
N12 3/22/1999 SULFATE, TOTAL (MG/LAS SO4) 91.9 
N12 4/27/1999 SULFATE, TOTAL (MG/LAS SO4) 154 
N12 6/10/1999 SULFATE, TOTAL (MG/LAS SO4) 160 
N12 9/16/1999 SULFATE, TOTAL (MG/LAS SO4) 435 
N12 11/1/1999 SULFATE, TOTAL (MG/LAS SO4) 601 
N12 12/6/1999 SULFATE, TOTAL (MG/LAS SO4) 639 
N12 1/3/2000 SULFATE, TOTAL (MG/LAS SO4) 401 
N12 3/8/2000 SULFATE, TOTAL (MG/LAS SO4) 184 
N12 4/12/2000 SULFATE, TOTAL (MG/LAS SO4) 363 
N12 5/1/2000 SULFATE, TOTAL (MG/LAS SO4) 229 
N12 7/24/2000 SULFATE, TOTAL (MG/LAS SO4) 68 
N12 9/6/2000 SULFATE, TOTAL (MG/LAS SO4) 140 



R01028

( Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 PH (STANDARD UNITS) 7.8 
5599500 1/9/1990 PH (STANDARD UNITS) 7.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH (STANDARD UNITS) 7.5 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH (STANDARD UNITS) 8.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8 
5599500 4/16/1990 PH (STANDARD UNITS) 7 
5599500 4/16/1990 PH (STANDARD UNITS) 7 
5599500 5/22/1990 PH (STANDARD UNITS) 6.9 
5599500 5/22/1990 PH (STANDARD UNITS) 6.6 
5599500 7/9/1990 PH (STANDARD UNITS) 7.9 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 8/21/1990 PH (STANDARD UNITS) 7.5 
5599500 8/21/1990 PH (STANDARD UNITS) 7.2 

C 5599500 8/21/1990 PH (STANDARD UNITS) 7.2 
5599500 9/24/1990 PH (STANDARD UNITS) 7.8 
5599500 11/13/1990 PH (STANDARD UNITS) 8.2 
5599500 11/13/1990 PH (STANDARD UNITS) 8.2 
5599500 1/8/1991 PH (STANDARD UNITS) 6.4 
5599500 1/8/1991 PH (STANDARD UNITS) 6.4 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 6.8 
5599500 2/12/1991 PH (STANDARD UNITS) 6.8 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 4/9/1991 PH (STANDARD UNITS) 7.4 
5599500 4/9/1991 PH (STANDARD UNITS) 7.4 
5599500 6/4/1991 PH (STANDARD UNITS) 7.3 
5599500 6/4/1991 PH (STANDARD UNITS) 7.2 
5599500 7/16/1991 PH (STANDARD UNITS) 7.9 
5599500 7/16/1991 PH (STANDARD UNITS) 7.7 
5599500 7/16/1991 PH (STANDARD UNITS) 7.9 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
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5599500 8/2011991 PH (STANDARD UNITS) 6.9 
5599500 8/20/1991 PH (STANDARD UNITS) 6.9 
5599500 10/15/1991 PH (STANDARD UNITS) 7.05 
5599500 11/12/1991 PH (STANDARD UNITS) 7 
5599500 11/12/1991 PH (STANDARD UNITS) 7 
5599500 11711992 PH (STANDARD UNITS) 6.9 
5599500 117/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 2/20/1992 PH (STANDARD UNITS) 7.2 
5599500 2120/1992 PH (STANDARD UNITS) 7.2 
5599500 4/1411992 PH (STANDARD UNITS) 7.3 
5599500 4/14/1992 PH (STANDARD UNITS) 7.3 
5599500 4/14/1992 PH (STANDARD UNITS) 7.44 
5599500 4114/1992 PH (STANDARD UNITS) 7.33 
5599500 4/14/1992 PH (STANDARD UNITS) 7.29 
5599500 4114/1992 PH (STANDARD UNITS) 7.29 
5599500 5118/1992 PH (STANDARD UNITS) 7.1 
5599500 7/13/1992 PH (STANDARD UNITS) 7.1 
5599500 7/13/1992 PH (STANDARD UNITS) 7.1 
5599500 8/17/1992 PH (STANDARD UNITS) 7.7 
5599500 1/12/1993 PH (STANDARD UNITS) 7.4 C 5599500 2116/1993 PH (STANDARD UNITS) 7.6 
5599500 116/1994 PH (STANDARD UNITS) 7.7 
5599500 3/2/1994 PH (STANDARD UNITS) 8 
5599500 4/611994 PH (STANDARD UNITS) 7.8 
5599500 5/23/1994 PH (STANDARD UNITS) 7.7 
5599500 7/6/1994 PH (STANDARD UNITS) 7.6 
5599500 81411994 PH (STANDARD UNITS) 7.7 
5599500 9/1911994 PH (STANDARD UNITS) 8.5 
5599500 11/1/1994 PH (STANDARD UNITS) 8 
5599500 1217/1994 PH (STANDARD UNITS) 7.9 
5599500 1/30/1995 PH (STANDARD UNITS) 7.6 
5599500 2/2111995 PH (STANDARD UNITS) 7.9 
5599500 4/1211995 PH (STANDARD UNITS) 7.2 
5599500 5/10/1995 PH (STANDARD UNITS) 7 
5599500 6115/1995 PH (STANDARD UNITS) 7.3 
5599500 7/20/1995 PH (STANDARD UNITS) 7.9 
5599500 8/22/1995 PH (STANDARD UNITS) 7.3 
5599500 10/31/1995 PH (STANDARD UNITS) 7.1 
5599500 12/18/1995 PH (STANDARD UNITS) 7.2 
5599500 1131/1996 PH (STANDARD UNITS) 7.4 
5599500 2129/1996 PH (STANDARD UNITS) 7.4 
5599500 3/25/1996 PH (STANDARD UNITS) 6.6 
5599500 5/111996 PH (STANDARD UNITS) 6.8 
5599500 6/2511996 PH (STANDARD UNITS) 6.8 
5599500 7131/1996 PH (STANDARD UNITS) 7.3 

C 
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5599500 4/24/1997 PH (STANDARD UNITS) 7.2 
N12 10/27/1997 PH (STANDARD UNITS) 7.2 
N12 11/20/1997 PH (STANDARD UNITS) 6.4 
N12 2/3/1998 PH (STANDARD UNITS) 7.5 
N12 3/5/1998 PH (STANDARD UNITS) 7.5 
N12 4/16/1998 PH (STANDARD UNITS) 7.2 
N12 5/14/1998 PH (STANDARD UNITS) 7 
N12 6/17/1998 PH (STANDARD UNITS) 7.1 
N12 7/21/1998 PH (STANDARD UNITS) 6.7 
N12 8/27/1998 PH (STANDARD UNITS) 6.4 
N12 10/8/1998 PH (STANDARD UNITS) 7.3 
N12 12/1/1998 PH (STANDARD UNITS) 7.3 
N12 1/4/1999 PH (STANDARD UNITS) 8.1 
N12 2/8/1999 PH (STANDARD UNITS) 7.3 
N12 3/22/1999 PH (STANDARD UNITS) 7.2 
N12 4/27/1999 PH (STANDARD UNITS) 7.4 
N12 6/10/1999 PH (STANDARD UNITS) 6.5 
N12 9/16/1999 PH (STANDARD UNITS) 7.3 
N12 11/1/1999 PH (STANDARD UNITS) 7.4 
N12 12/6/1999 PH (STANDARD UNITS) 7 
N12 1/3/2000 PH (STANDARD UNITS) 6.6 
N12 3/8/2000 PH (STANDARD UNITS) 6.6 
N12 4/12/2000 PH (STANDARD UNITS) 7.1 
N12 5/1/2000 PH (STANDARD UNITS) 7.6 
N12 7/24/2000 PH (STANDARD UNITS) 6.9 
N12 9/6/2000 PH (STANDARD UNITS) 6.5 



R01031

Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 OXYGEN, DISSOLVED MG/L 20.8 
5599500 1/9/1990 OXYGEN, DISSOLVED MG/L 20.8 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12.5 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12.3 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 11.6 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 11.4 
5599500 4/16/1990 OXYGEN, DISSOLVED MG/L 8.5 
5599500 4/16/1990 OXYGEN, DISSOLVED MG/L 8.5 
5599500 5/22/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 5/22/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 3.7 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.4 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 5.6 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 4.4 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 4.4 C 5599500 9/24/1990 OXYGEN, DISSOLVED MG/L 7.1 
5599500 11/13/1990 OXYGEN, DISSOLVED MG/L 9.1 
5599500 11/13/1990 OXYGEN, DISSOLVED MG/L 9.1 
5599500 1/8/1991 OXYGEN, DISSOLVED MG/L 12.9 
5599500 1/8/1991 OXYGEN, DISSOLVED MG/L 12.9 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.1 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 13 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.2 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.4 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 13.3 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 12 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.8 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.8 
5599500 4/9/1991 OXYGEN, DISSOLVED MG/L 7.6 
5599500 4/9/1991 OXYGEN, DISSOLVED MG/L 7.6 
5599500 6/4/1991 OXYGEN, DISSOLVED MG/L 4.8 
5599500 6/4/1991 OXYGEN, DISSOLVED MG/L 4.7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.67 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.6 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 7.2 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.8 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.8 

( 
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5599500 8/20/1991 OXYGEN, DISSOLVED MG/L 9.2 
5599500 8/20/1991 OXYGEN, DISSOLVED MG/L 9.2 
5599500 10/15/1991 OXYGEN, DISSOLVED MG/L 9.45 
5599500 11/12/1991 OXYGEN, DISSOLVED MG/L 10.8 
5599500 11/12/1991 OXYGEN, DISSOLVED MG/L 10.8 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.6 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.6 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 2/20/1992 OXYGEN, DISSOLVED MG/L 10.1 
5599500 2/20/1992 OXYGEN, DISSOLVED MG/L 10.1 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.8 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.8 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 9 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.7 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.73 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.69 
5599500 5/18/1992 OXYGEN, DISSOLVED MG/L 6.9 
5599500 7/13/1992 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/13/1992 OXYGEN, DISSOLVED MG/L 4.3 
5599500 8/17/1992 OXYGEN, DISSOLVED MG/L 9.6 
5599500 1/12/1993 OXYGEN, DISSOLVED MG/L 10.4 
5599500 2/16/1993 OXYGEN, DISSOLVED MG/L 11.3 
5599500 1/6/1994 OXYGEN, DISSOLVED MG/L 11.6 
5599500 3/2/1994 OXYGEN, DISSOLVED MG/L 11.6 
5599500 4/6/1994 OXYGEN, DISSOLVED MG/L 9.3 
5599500 5/23/1994 OXYGEN, DISSOLVED MG/L 5.4 
5599500 7/6/1994 OXYGEN, DISSOLVED MG/L 5.5 
5599500 8/4/1994 OXYGEN, DISSOLVED MG/L 5.8 
5599500 9/19/1994 OXYGEN, DISSOLVED MG/L 5.6 
5599500 11/1/1994 OXYGEN, DISSOLVED MG/L 10.5 
5599500 12/7/1994 OXYGEN, DISSOLVED MG/L 7.9 
5599500 1/30/1995 OXYGEN, DISSOLVED MG/L 12 
5599500 2/21/1995 OXYGEN, DISSOLVED MG/L 11.7 
5599500 4/12/1995 OXYGEN, DISSOLVED MG/L 8.6 
5599500 5/10/1995 OXYGEN, DISSOLVED MG/L 5.9 
5599500 6/15/1995 OXYGEN, DISSOLVED MG/L 3.9 
5599500 7/20/1995 OXYGEN, DISSOLVED MG/L 4.7 
5599500 8/22/1995 OXYGEN, DISSOLVED MG/L 4.1 
5599500 10/31/1995 OXYGEN, DISSOLVED MG/L 7.3 
5599500 12/18/1995 OXYGEN, DISSOLVED MG/L 10.8 
5599500 1/31/1996 OXYGEN, DISSOLVED MG/L 12.2 
5599500 2/29/1996 OXYGEN, DISSOLVED MG/L 10.7 
5599500 3/25/1996 OXYGEN, DISSOLVED MG/L 11 
5599500 5/1/1996 OXYGEN, DISSOLVED MG/L 6.9 
5599500 6/25/1996 OXYGEN, DISSOLVED MG/L 6.2 
5599500 7/31/1996 OXYGEN, DISSOLVED MG/L 6.8 
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5599500 4/24/1997 OXYGEN, DISSOLVED MG/L 8.3 
N12 10/27/1997 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.2 
N12 11/20/1997 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.8 
N12 2/3/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 10.3 
N12 3/5/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.6 
N12 4/16/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.8 
N12 5/14/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 5.7 
N12 6/17/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 4.8 
N12 7/21/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 5.2 
N12 8/27/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.3 
N12 10/8/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.1 
N12 12/1/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.2 
N12 1/4/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 12.4 
N12 2/8/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.3 
N12 3/22/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.5 
N12 4/27/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.2 
N12 6/10/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 4.8 
N12 9/16/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.6 
N12 11/1/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 9.7 
N12 12/6/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 9.2 
N12 1/3/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 10.5 
N12 3/8/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.8 
N12 4/12/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.5 
N12 5/1/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.2 
N12 7/24/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.9 
N12 9/6/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 4.7 C 

l 
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Secondary ID .1 Start Date Parameter Long Name Result Value 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 54 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 52 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-1 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 #######11 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 #######11 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 

( RNC-1 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 76 

"- RNC-1 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 59 
RNC-1 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 88 
RNC-1 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 ####11##11 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ##11##11## DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 80 
RNC-1 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 78 
RNC-1 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 78 
RNC-1 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 84 
RNC-1 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 81 
RNC-1 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 81 
RNC-1 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 72 
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RNC-1 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 73 
RNC-1 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 74 
RNC-1 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 71 
RNC-1 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 75 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 85 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 72 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 63 
RNC-1 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 66 C RNC-1 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 50 
RNC-1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 59 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 71 
RNC-1 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 55 
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RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55.2 
RNC-1 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 54 
RNC-1 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 56.6 
RNC-1 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/28/2000 DEPTH OF POND OR RESERVOIR IN FEET 24 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-2 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 47 
RNC-2 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 49 
RNC-2 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 51 
RNC-2 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 46 
RNC-2 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 43 
RNC-2 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 39 
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RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 

8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 
8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 
8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 
9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 
######## DEPTH OF POND OR RESERVOIR IN FEET 
#tth'//,\',\',\',\' DEPTH OF POND OR RESERVOIR IN FEET 
5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 
5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 
6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 
7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 
7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 
8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 
5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 
5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 
6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 
6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 
7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 
4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 
4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 
5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 
6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 
6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 

7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 
7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 
8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 
8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 
8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 
8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 
######## DEPTH OF POND OR RESERVOIR IN FEET 
#.\',\'.¥,\'//,\"// DEPTH OF POND OR RESERVOIR IN FEET 
6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 
6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 
7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 
7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 
8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 
8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 
9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 
9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 
10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 
######## DEPTH OF POND OR RESERVOIR IN FEET 
4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 
4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 
5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 
6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 
6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 
6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 
7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 
7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 
7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 
8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 
8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 

38 
38.5 
38.5 
42 
38 
38 
16 
15 
15 
18 
11 
16 
21 
23 
22 
22 
24 

40.5 
40.5 
21 
41 
41 
39 
39 
23 

39.5 
39.5 
22 
39 
39 
42 
43 
41 
38 
44 

41.5 
42 

37.5 
40 
42 
40 
40 

41.5 
42 
42 
43 
42 
46 
46 
39 
39 

' 
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RNC-2 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-2 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-2 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 35.5 
RNC-2 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 41.2 
RNC-2 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 33 
RNC-2 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-3 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 20 
RNC-3 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 21 
RNC-3 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 25.5 
RNC-3 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 25.5 
RNC-3 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 18 
RNC-3 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-3 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-3 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-3 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 15 
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RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-3 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-3 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 25 
RN_C-3 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######ti# DEPTH OF POND OR RESERVOIR IN FEET 30 C RNC-3 6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-3 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-3 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-3 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 44 
RNC-3 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-3 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 39.5 
RNC-3 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-3 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 32.5 
RNC-3 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 31.5 
RNC-3 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 29.5 
RNC-3 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 26 
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RNC-3 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 24.5 
RNC-3 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 33.3 
RNC-3 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 33 
RNC-3 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 19 
RNC-3 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-4 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 12 
RNC-4 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 7.5 
RNC-4 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 

1/· RNC-4 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 4.5 

\ RNC-4 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 2.5 
RNC-4 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 
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RNC-4 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 2.5 
RNC-4 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 #ti###### DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 ###ti#### DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 17 
RNC-4 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 10 C RNC-4 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 7.5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 12.5 
RNC-4 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 12.5 
RNC-4 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 8.5 
RNC-4 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 11.5 
RNC-4 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 11.5 
RNC-4 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 20 
RNC-4 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 #t/.##11### DEPTH OF POND OR RESERVOIR IN FEET 4.5 
RNC-4 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 11.2 
RNC-4 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 10 
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RNC-4 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-4 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 11.5 
RNC-4 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-4 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 #///1//h'h'/i# DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 10 
RNC-4 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 10 
RNC-4 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 11 
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Secondary ID .1 Start Date Parameter Long Name Result Value ;ample Depth (ft) 
5599540 1/8/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 2/5/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 
5599540 4/16/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 5/16/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 6/28/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 7/31/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 
5599540 9/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.023 
5599540 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.100 
5599540 12/4/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 1/29/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 2/28/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.032 
5599540 3/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 
5599540 5/23/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 6/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 8/7/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 9/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.014 
5599540 2/3/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 3/10/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 4/15/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 5/7/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 7/1/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 
5599540 8/12/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 9/23/1992 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 1/27/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 9/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 1/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.040 
5599540 3/3/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.060 
5599540 4/21/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.040 
5599540 5/19/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 7/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 9/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 
5599540 11/7/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 12/8/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 
5599540 1/9/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 2/8/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 3/23/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 5/3/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 6/29/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 
5599540 8/2/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 
5599540 9/7/1995 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 
5599540 11/1###### PHOSPHORUS, TOTAL (MG/LAS P) 0.040 
5599540 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.010 
5599540 1/11/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 
5599540 2/28/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 
5599540 3/19/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 4/25/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 6/20/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 
5599540 8/13/1996 PHOSPHORUS, TOTAL (MG/LAS P) 0.040 
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5599540 3/24/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 4/29/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
RNC-1 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 1 
RNC-1 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 Lake Bottom 
RNC-1 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 1 
RNC-1 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 Lake Bottom 
RNC-1 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 
RNC-1 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.075 Lake Bottom 
RNC-1 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-1 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.100 Lake Bottom 
RNC-1 11####### PHOSPHORUS, TOTAL (MG/LAS P) 0.584 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.083 Lake Bottom 
RNC-1 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.031 1 
RNC-1 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 Lake Bottom 
RNC-1 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-1 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 Lake Bottom 
RNC-1 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-1 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.067 Lake Bottom 
RNC-1 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.031 Lake Bottom 
RNC-1 5/18/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 
RNC-1 6/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 
RNC-1 7/28/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 
RNC-1 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.038 1 
RNC-1 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.037 Lake Bottom 
RNC-1 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 1 
RNC-1 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 Lake Bottom 
RNC-1 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 1 
RNC-1 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 Lake Bottom 
RNC-1 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.022 1 
RNC-1 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.031 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.022 Lake Bottom 
RNC-1 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-1 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 Lake Bottom 
RNC-1 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.028 1 
RNC-1 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.035 Lake Bottom 
RNC-1 7/10/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.033 
RNC-1 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-1 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.117 Lake Bottom 
RNC-1 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 1 
RNC-1 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.059 Lake Bottom 
RNC-1 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 
RNC-1 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.174 Lake Bottom 
RNC-1 11/3/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 
RNC-1 8/25/1998 PHOSPHORUS, TOTAL (MG/LAS P) 0.036 
RNC-1 9/21/1998 PHOSPHORUS, TOTAL (MG/LAS P) 0.034 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.027 
RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 1 
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RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 12 
RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 Lake Bottom 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 1 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 13 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.008 Lake Bottom 
RNC-1 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.100 Lake Bottom 
RNC-1 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.009 1 
RNC-1 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.038 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.095 Lake Bottom 
RNC-2 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 1 
RNC-2 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 
RNC-2 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 
RNC-2 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.010 1 
RNC-2 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-2 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-2 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 1 
RNC-2 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.040 1 
RNC-2 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-2 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 C RNC-2 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 1 
RNC-2 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.039 1 
RNC-2 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-2 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.026 1 
RNC-2 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 1 
RNC-2 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 1 
RNC-2 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-2 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-2 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-3 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 1 
RNC-3 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-3 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.025 1 
RNC-3 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-3 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.036 1 
RNC-3 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-3 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.030 1 
RNC-3 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.029 1 
RNC-3 5/18/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-3 6/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.069 1 
RNC-3 7/28/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-3 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.084 1 
RNC-3 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
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RNC-3 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 1 
RNC-3 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.032 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.025 1 
RNC-3 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.043 1 
RNC-3 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.059 1 
RNC-3 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.037 1 
RNC-3 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 1 
RNC-3 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.034 1 
RNC-3 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-3 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.023 1 
RNC-3 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-3 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.022 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.023 1 
RNC-4 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.046 1 
RNC-4 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.152 1 
RNC-4 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.109 1 
RNC-4 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.116 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.036 1 
RNC-4 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.097 1 
RNC-4 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.106 1 
RNC-4 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.130 1 
RNC-4 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.090 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.072 1 
RNC-4 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.185 1 
RNC-4 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.136 1 
RNC-4 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.123 1 
RNC-4 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.155 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.078 1 
RNC-4 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.121 1 
RNC-4 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.072 1 
RNC-4 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.063 1 
RNC-4 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.245 1 
RNC-4 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.147 1 
RNC-4 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.047 1 
RNC-4 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.070 1 
RNC-4 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.077 1 
RNC-4 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.047 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.033 1 
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Secondary ID .1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 

Start Date Parameter Long Name 
4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
fi.1,1.Vh'#li# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/2211991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
.11/h'h'.1,\'#.1 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4113/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
9/15/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
1019/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
1113/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
f!#.1#!!#/!# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
61911998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

6/2311998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/25/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
9/21/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
.Yfih'h'.Vh'#fi CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/212000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

u.;::::u,;gu CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/3011990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/1411990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7113/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
h'#.1.Vh'#/1# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
//###.\'#,\'# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/611994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7112/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8116/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4111/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7123/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/2211997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
1019/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4126/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

Result Value 
4.9 
11.3 
13.9 
15.4 
3.56 
5.86 
6.68 
8.66 
18.6 
5.22 
10.4 
11.4 
23.5 
31.2 
11.7 
19 

18.1 
19.2 
13.35 
5.47 
11.21 
7.63 
14.41 
16.55 
35.6 
28.2 
14.5 
3.61 
12.4 
8.13 
58.7 
9.07 
9.84 
16 

22.3 
15.1 
4.79 
8.64 
6.68 
15.6 
14.1 
7.7 

20.5 
10 

31.6 
31.5 
11.2 
25.1 
29 

22.4 
9.41 
9.64 
11.6 

C 
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RNC-2 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.01 
RNC-2 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.5 
RNC-2 ,\'h'##,\'h'f# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 20.5 
RNC-3 4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11.1 
RNC-3 6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11 
RNC-3 7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 23.5 
RNC-3 8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 18.1 
RNC-3 ,\'###//### CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.61 
RNC-3 4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 17.1 
RNC-3 6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.4 
RNC-3 7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 30.7 
RNC-3 8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11.4 
RNC-3 l!#.1.111##,\' CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 12.8 
RNC-3 4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 32.9 
RNC-3 6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.61 
RNC-3 7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 28 
RNC-3 8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 27.7 
RNC-3 4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 18.2 
RNC-3 6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 29.8 
RNC-3 7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 33 
RNC-3 8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 40.8 
RNC-3 10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 15.5 
RNC-3 4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 20.7 
RNC-3 6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.6 
RNC-3 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 12.4 
RNC-3 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 9.75 

( RNC-3 h',\'##.1,\'h'# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 25.5 
RNC-4 4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 27.62 

"- RNC-4 6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 38.84 
RNC-4 7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 30.92 
RNC-4 8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 35.04 
RNC-4 ,\'###,\'##,\' CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 31.15 
RNC-4 4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 26.7 
RNC-4 6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 74.17 
RNC-4 7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 50.73 
RNC-4 8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 47.12 
RNC-4 ,V#//,\'#.11/# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 16.69 
RNC-4 4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11.31 
RNC-4 6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 51.62 
RNC-4 7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 69.83 
RNC-4 8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 75.65 
RNC-4 4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 3.98 
RNC-4 6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 46.44 
RNC-4 7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 79.63 
RNC-4 8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 58.99 
RNC-4 10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 55.63 
RNC-4 4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 29.1 
RNC-4 6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 49.9 
RNC-4 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 41.5 
RNC-4 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 53.1 
RNC-4 #11##.Yh'#.1 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 16.4 
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Secondary ID .1 Start Dale Parameter Long Name Result Value Sample Depth (ft) 
5599540 01108190 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 02105190 PH (STANDARD UNITS) {standard: 6.5-9.0) 7.8 
5599540 04/16190 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
5599540 05/16/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
5599540 06/28/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 07/31/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 09117190 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
5599540 10124190 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 12104190 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 01/29191 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 02/28191 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 03/25191 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
5599540 05/23/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 06125191 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 08107191 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
5599540 09125191 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.3 
5599540 11114191 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 12116/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
5599540 02103192 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 03110192 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
5599540 04/15/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
5599540 05107192 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 07/01192 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 08/12/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 09/23/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 11116192 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
5599540 12121192 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
5599540 01127193 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
5599540 03/01/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 04112/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
5599540 05/11/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
5599540 06/29/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 08118193 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 

C 5599540 09129193 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 11110193 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 12108/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 01113/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 03/03194 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 04/21/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 05/19/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
5599540 07106194 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
5599540 08103194 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 09/06/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 11107/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
5599540 12108194 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 01/09/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 02/08/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
5599540 03123195 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
5599540 05103195 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 06/29/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 08/02/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
5599540 09/07/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
5599540 10/18/95 PH (STANDARD UNITS) {standard: 6.5-9.0) 6.5 
5599540 12114195 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.2 
5599540 01111196 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.3 
5599540 02128196 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 03/19/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 04125/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 06120/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 08/13/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 09/03/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
5599540 11/12/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 12111/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
5599540 01/14/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.5 
5599540 02118197 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
5599540 03124197 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
5599540 04/29197 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 06/09197 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 C 
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5599540 07/16/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 08/28/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-1 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-1 6114/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 711311990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-1 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 8/1711990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-1 1012211990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-1 1012211990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 412211991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-1 412211991 PH (STANDARD UNITS) {standard: 6.5-9.0) 7.4 
RNC-1 6/1111991 PH (STANDARD UNITS) {standard: 6.5-9.0) 8.3 
RNC-1 6/1111991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-1 719/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-1 7/911991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-1 811511991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 
RNC-1 1011611991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 6/611994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-1 61611994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 7/1211994 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.1 
RNC-1 711211994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 8116/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-1 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 1011111994 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-1 4/1111997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 4/1111997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 
RNC-1 6/1911997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-1 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 
RNC-1 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-1 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 8/2211997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
RNC-1 812211997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
RNC-1 10/911997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 1019/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
RNC-1 4126/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
RNC-1 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 12 
RNC-1 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 56 
RNC-1 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.2 1 
RNC-1 6/512000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 13 
RNC-1 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 56 
RNC-1 71512000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 1 
RNC-1 71512000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 53 
RNC-1 8/212000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 1 
RNC-1 812/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 55 
RNC-1 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 1 
RNC-1 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.99 53 
RNC-2 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-2 611411990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-2 7/1311990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-2 811711990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-2 1012211990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-2 412211991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-2 6/1111991 PH (STANDARD UNITS) {standard: 6.5-9.0) 7.9 
RNC-2 719/1991 PH (STANDARD UNITS) {standard: 6.5-9.0) 8.7 
RNC-2 8/1511991 PH (STANDARD UNITS) {standard: 6.5-9.0) 8.2 
RNC-2 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-2 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
RNC-2 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-2 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-2 8/1611994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.8 

( RNC-2 1011111994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
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RNC-2 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-2 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-2 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-2 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-2 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-2 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-2 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-2 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-2 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-2 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-3 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-3 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.7 
RNC-3 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
RNC-3 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-3 10/22/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-3 4/22/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-3 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.1 
RNC-3 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-3 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-3 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-3 8/16/1994 PH (STANDARD UNITS) {standard: 6.5-9.0) 8.8 
RNC-3 10/11/1994 PH (STANDARD UNITS) {standard: 6.5-9.0) 7.5 
RNC-3 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-3 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-3 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-3 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
RNC-3 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
RNC-3 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-3 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-3 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-3 8/2/2000 PH (STANDARD UNITS) {standard: 6.5-9.0) 9.2 

C RNC-3 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-4 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
RNC-4 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
RNC-4 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-4 10/22/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
RNC-4 4/22/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
RNC-4 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-4 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-4 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-4 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-4 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-4 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-4 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-4 10/11/1994 PH (STANDARD UNITS) {standard: 6.5-9.0) 8.3 
RNC-4 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-4 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-4 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-4 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-4 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
RNC-4 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-4 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-4 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-4 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
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Appendix B 
Directory of Coal Mines for Jackson 

County, Illinois May 4, 2002 
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APPENDIXB 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

ISGS MINE MINE YEARS 

INDEX COMPANY NAME MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

13 BIG MUDDY COAL & IRON C BIG MUDDY 9 SHAFT MRP 1906-21 MURPHYSBORO 

13 CONSOLIDATED CC OF ST LOUIS CCC 9 SHAFT 1921-26 MURPHYSBORO 

15 CARBONDALE CC EARLIER 78? HARRISON SHAFT 1878-91 MURPHYSBORO 

15 ST LOUIS ORE & STEEL HARRISON SHAFT RPP 1891-94 MURPHYSBORO 

15 BIG MUDDY COAL & IRON C HARRISON SHAFT 1894-16 MURPHYSBORO 

604 TEMPLETON CC TEMPLETON 1 SLOPE MRP 1927-44 MURPHYSBORO 

2493 BIG MUDDY COAL & IRON C BIG MUDDY 6 SHAFT 1898-09 MURPHYSBORO 

CDM 

('4~pa\W5\pdfs\Append1xB•Mmo0,1ta.doc 
DRAFT n 

LOCATION 
COUNTY TWP RGE SEC 
JACKSON 8S 2W 34 
JACKSON 8S 2W 34 
JACKSON 8S 2W 33 
JACKSON 8S 2W 33 
JACKSON 8S 2W 33 
JACKSON 9S 2W 16 
JACKSON 9S 2W 10 

B-1 
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(", 
I 

ISGS 
INDEX COMPANY NAME 

CDM 
C:\0•1opa\W5\pdfs\Appond1XB·MmoDaL1.doc 

(\ 

APPENDIX B 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

MINE MINE YEARS 
MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

DRAFT 

LOCATION 
COUNTY TWP RGE SEC 

8-2 
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ISGS 
INDEX COMPANY NAME 

CDM 

(~pa\W5\pdfs\Append1x8·M1neDa1a.doc 

APPENDIX B 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

MINE MINE YEARS 
MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

GT 

LOCATION 
COUNTY TWP RGE SEC 

B-3 
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Appendix C 
GWLF and BATHTUB Input and 

Output Files 
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GWLF Input Data Files 
Subbasin 1 
Transprt.dat 
9, 8 
0.15,0.15,10,0,0,0.13,10 
0 
0 
0 
0 
0 
''APR'',0.58,13,0,0.27 
"MAY",0.9,14,1,0.27 
"JUNE", 0.94, 14.5, 1, 0.27 
1'JULY'',0.93,14.3,1,0.27 
''AUG'1 ,0.92,13.4,l,0.27 
''SEPT'',0.92,12.2,1,0.27 
''OCT'',0.86,11,1,0.14 
''NOV'',0.5,10,0,0.14 
''DEC'',0.46,9.4,0,0.14 
"JAN" , 0 . 6, 9 . 7, 0, 0 . 14 
''FEB'',0.62,10.6,0,0.14 
''MAR", 0. 61, 11.8,0,0.14 
11 Row-Crop",1059.4,82.1,0.05001 
"Small-Grains",232.1,80.1,0.04431 
''Pasture'',820.1,68.7,0.00294 
''Grassland'',1640.2,68.7,0.00294 
''Urban-Grass'',6.8,74.2,0.00804 
"Deciduous",4795.7,59.4,0.00215 
''Deciduous'',21.8,66.2,0.00108 
''Coniferous'',122.9,61.1,0.00198 
''Cattle-Lot'',0.2,74.2,0.00036 
''Open-Water'',97,99.8,0 
''Shall-Marsh'',9.2,99.6,0 
''Deep-Marsh'',1.9,100,0 
''Forest-Wet'',124.7,100,0 
''Shall-Water'',13.7,100,0 
''Barren-Land'',1.9,100,0 
''High-Density'',4.7,90.1,0 
"Med-Density",36,81.2,0 

C 

l 
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Nutrient.dat 
3000,616,0.45,0.035 
0,0,0 
2.9,0.26 
1.8,0.3 
3,0.25 
3,0.15 
3,0.25 
0.06,0.009 
0.06,0.009 
0.06,0.009 
0,4 
o,o 
0,0 
0,0 
o,o 
0,0 
0.0743,0.00841 
0.0756,0.010112 
0.0424,0.00609 
0,0 
0,0 
o,o 
o,o 
0,0 
0,0 
o,o 
0,0 
0,0 
0,0 
o,o 
0,0 
0 

/ 
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Subbasin 2 
Transprt.dat 
7, 4 
0.15,0.15,10,0,0,0.18,10 
0 
0 
0 
0 
0 
''APR'',0.5,13,0,0.27 
"MAY", 0.94, 14, 1, 0.27 
''JUNE'',0.95,14.5,1,0.27 
''JULY'',0.94,14.3,1,0.27 
''AUG'',0.93,13.4,1,0.27 
''SEPT'',0.94,12.2,1,0.27 
"OCT", 0. 92, 11, 1, 0 .14 
''NOV'',0.45,10,0,0.14 
''DEC'',0.42,9.4,0,0.14 
"JAN",0.52,9.7,0,0.14 
''FEB'',0.53,10.6,0,0.14 
"MAR 11

, a .s2, 11. s, a, a .14 
''Row-Crop'',88,81.9,0.0515 
''Small-Grains'',8.4,77.7,0.0385 
''Pasture'',132.8,68.6,0.0064 
''Grassland'',265.5,68.6,0.0064 
''Deciduous'',1752.4,62.2,0.0029 
''Deciduous'',3,82.2,0.0014 
''Coniferous'',45.8,63.6,0.0021 
''Open-Water'',198,100,0 
''Shall-Marsh'',1.1,89.5,0 
''Forest-Wet'',1,100,0 
''Shall-Water'',3,94.6,0 
Nutrient.dat 
3000,616,0.1,0.012 
0,0,0 
2.9,0.26 
1.8,0.3 
3,0.25 
3,0.15 
0.06,0.009 
0.06,0.009 
0.06,0.009 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0 

C 
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l 

Subbasin 3 
Transprt.dat 
7,3 
0.15,0.15,10,0,0,0.22,10 
0 
0 
0 
0 
0 
''APR'',0.44,13,0,0.27 
"MAY",0.95,14,1,0.27 
''JUNE'',0.95,14.5,1,0.27 
''JULY'',0.95,14.3,1,0.27 
"AUG" , 0 . 9 4, 13 . 4, 1, 0 . 2 7 
''SEPT'',0.95,12.2,1,0.27 
''OCT'',0.95,11,1,0.14 
"NOV" ,0.42,10, 0, 0.14 
''DEC'',0.4,9.4,0,0.14 
"JAN" , 0 . 4 5, 9 . 7, 0, 0 . 14 
''FEB'',0.46,10.6,0,0.14 
''MAR'',0.45,11.8,0,0.14 
''Row-Crop'',14.3,77.5,0.09219 
''Small-Grains'',0.4,75.2,0.02781 
''Pasture'',19.2,61.7,0.00919 
"Grassland",38.3,61.7,0.00919 
''Deciduous'',775.5,65.5,0.00321 
''Deciduous'',1.1,89.4,0.00256 
''Coniferous'',17.9,60.3,0.00265 
"Open-Water", 163. 8, 99. 9, 0 
''Forest-Wet'',3.4,100,0 
''Shall-Water'',0.7,100,0 
Nutrient.dat 
3000,616,0.1,0.012 
0,0,0 
2.9,0.26 
1.8,0.3 
3,0.25 
3, 0 .15 
0.06,0.009 
0.06,0.009 
0.06,0.009 
o,o 
0,0 
0,0 
0,0 
0,0 
0,0 
o,o 
0, 0 
0,0 
0,0 
0,0 
0,0 
o,o 
o,o 
0,0 
0 
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18.06,0.00 
20.00,0.00 
24. 72,0.00 
21.94,0.03 
17.22,0.00 
21.94,0.00 
25.56,0.00 
30 
21.39,0.00 
22.22,0.00 
23.89,0.18 
22.50,2.26 
24.17,1.57 
20.56,0.79 
19.72,0.71 
19.17,0.00 
22.50,0.00 
23.89,2.59 
23.06,1.02 
18.33,1.27 
12.78,0.13 
13.61,0.00 
17.22,0.05 
21.39,0.00 
23.33,2.06 
18.06,1.57 
18.33,0.00 
17.22,0.00 
20.56,0.00 
23.06,0.91 
21. 94, 0. OD 
25.28, 1. 70 
24. 72,0.15 
25.28,0.00 
25.83,0.00 
24.44,4.42 
18.89,0.30 
21.67,0.00 

C 

C 
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( BATHTUB Model Input Screens for 1994 Simulation 

t1 T :\I EPA \M odels\BA TH ru-1\bathlub\BA TH TUB .EXE l!!lliJ f3 

C 
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f:'a T: \IE PA \M odels\BA TH TU ~1 \bathtub\BA TH TUB. EXE l!!lliJ 13 C 

C 
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C rd T:\IEPA\Models\BA THTU- 1 \bathtub\BA TH TUB.EXE l!lliJ f3 

t~ T:\IEPA\Models\BA THTU- 1 \bathtub\BA TH TUB.EXE l!l!iJ f3 

C 
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t1 T:\IEPA\Models\BATHTU-1\bathtub\BATHTUB_EXE l!!lliJIJ C 

C 
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C ta T: \IE PA \M odels\BA TH rn-1 \bathtub\BA TH TUB. EXE l!lliJ f3 

t~ T:\IEPA\Models\BA THTU-1 \bathtub\BA THTUB.EXE l!il~ 13 

C 

C 



R01067

BATHTUB Model Output for 1994 Simulation 
CASE: Kinkaid 1994 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 135.4 .29 
MG/M3 52.1 .56 

M . 4 . 72 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

137. 6 .48 . 98 - . 06 -.06 -.03 
49.9 .53 1.04 .08 .12 .06 

.5 .66 .98 -.03 -.09 -.03 
1364.6 .41 . 00 .00 .00 .00 

106.7 .39 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36.8 .73 39.3 .45 .94 -.09 -.25 -.08 
CHL-A MG/M3 24.3 .44 22.2 . 67 1. 09 .20 .26 .11 
SECCHI M 1. 3 . 67 1. 4 .53 . 93 -.11 -.25 -.08 
ORGANIC N MG/M3 . 0 .00 675.5 .47 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 39.0 .49 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 .46 23.1 .45 . 96 -.09 -.15 -.06 
CHL-A MG/M3 23.4 .44 20.2 . 67 1.16 .33 .43 .18 
SECCHI M 1. 6 .59 1. 7 .60 . 92 -.14 -.29 -.10 
ORGANIC N MG/M3 . 0 .00 623.3 .48 . 00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 33.7 .58 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19.1 .52 
SECCHI M 1. 9 .65 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 .0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

23.3 .46 .1. 08 .15 .30 .12 
19.1 .66 1.00 .01 .01 .00 
1.8 .60 1.05 .08 .19 .06 

597. 8 . 4 6 .00 .00 .00 .00 
31. 7 .58 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36. 7 .48 36.3 .45 1. 01 .02 .03 .01 
CHL-A MG/M3 23.6 .50 22.6 .53 1.05 .09 .14 .06 
SECCHI M 1. 6 .64 1. 6 .50 1. 01 .02 .04 .01 
ORGANIC N MG/M3 . 0 .00 683.9 .40 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 40.0 .50 .00 .00 .00 .00 

C 

C 
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C 

CASE: Kinkaid 1994 - Calibrated 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 32.800 .000E+00 .000 . 364 
2 1 Subbasin 2 25.100 10.000 .000E+00 .000 .398 
3 1 Subbasin 3 10.400 4.700 .000E+00 .000 .452 
4 1 Subbasin 4 31.100 15.400 .000E+00 .000 . 4 95 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10.555 .446E+0l 
TRIBUTARY INFLOW 156.700 62.900 .000E+00 
***TOTAL INFLOW 166.209 73.455 .446E+0l 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 
***EVAPORATION .000 8.007 .577E+0l 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

4798.6 67.7 .000E+00 . o 
700.0 9.9 .000E+00 .o 
198. 8 2.8 .000E+00 .o 

1102.6 15.6 .000E+00 .o 

.200 

.000 

. 02 9 

. 04 9 

. 04 9 

.300 

CV 

.000 

.000 

.000 

.000 

CONC 
MG/M3 

14 6. 3 
70.0 
42.3 
71. 6 

1.110 
.401 
.442 
.394 
.394 
.000 

EXPORT 
KG/KM2 

53.3 
27.9 
19.1 
35.5 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4.0 .203E+05 100.0 .500 27.0 30.0 
TRIBUTARY INFLOW 6800.1 96.0 .000E+00 . o .000 108.1 43.4 
***TOTAL INFLOW 7085.4 100.0 .203E+05 100.0 .020 96.5 42.6 
ADVECTIVE OUTFLOW 1521.9 21. 5 .483E+06 2375.1 .457 23.3 9.2 
***TOTAL OUTFLOW 1521.9 21. 5 .483E+06 2375.1 .457 23.3 9.2 
***RETENTION 5563.5 78.5 .495E+06 2432.9 .126 . o . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6.88 1.9902 36.7 . 67 39 1.4839 .7852 
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BATHTUB Model Input Screens for 1997 Simulation 

t~ T: \IE PA \M odels\BA TH TU - 1 \bathlub\BA TH TUB. EXE l!iiij(ii f3 

CASE DI HENS IONS 

cri:;r TIT LE: 1 - a r.ate 
DATA FILE NAME: rnc97_02.bin 

NIJMHFR OF MODEL 1,ECMFNTS 

NllMBLH OF THI BIJTARI LS 
NOTE:; : 

4 < :l9 

4 < -'i') 

-- - ----- ---- ---·----------··-- - -------········- --- - ---- - -- -· --------------------~-~---~-~-- -- ------- -- ----- ----- -----

ase t t e 

F1=HELP, F2=DOHE/SAUE, F3=EDII FIELD. F?=HELP/EDIIOR. <ESC>=ABORT 

t~ T : \IEPA \Models\BA THTU-1 \bathlub\BA TH TUB .EXE l!!lliJ 13 : \IEPA \Models\BA THTU-1 \bathlub\BA TH TUB .EXE l!!llill3 

-- --- - ------------------~ ---- --- --- ------- --------- --. - - . - -- ----- - ----- ---- - ----------------------

GLOBAL IJflHI ABLE:; & ATMOS PH EH! C LOAD:, 

MEnN cu 
AVERAGING PERIOD (YRS), 0 

. 2 

.3 
0 

PRECIPITATION (M) 1.25 
EUAPORATION (M) .842 
STOHACl I NCHH1:,E (M) 0 

UARIABLE 
TOTAL l'HOS!'HOHIJS 
OHTIIO PHOSPHOl!llS 
TOTAL NI THOGEN 
INOHG. NITHOGEN 
CON!,FHU. S!IRST. 

ATMOS. LOADS (KG/KM2- YR) 
MEnN CU tllli! I Lfllll LI T'i'-FACTOH 

30 .5 1 rn.Dl 
0 .5 .33 [J.9J I 
1000 .5 .59 rn.!,9J 
500 .5 .79 rn.791 
0 0 

n o er o OP 111ass a ances ears 

F1=HELP. F2=DOHE/SAUE, F3=EDII FIELD. F?=HELP/EDITOR. <ESC>=ABORT 

C 

C 
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C t~ T :\I EPA\M odels\BA THTU- 1 \bathlub\BATHTUB .EXE l!llil l3 

C 

(_ 
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t'i T: \IE PA \M odels\BA TH TU ~1 \bathtub\BA TH TUB. EXE !Iii) £1 C 

t1~ T :\IEPA \M odels\BA TH TU~1 \bathtub\BA TH TUB. EXE l!!lliJ J3 

C 

C 
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C t~ T :\IEPA\Models\BA THTU-1 \bathtub\BA THTUB.EXE !Iii] 13 

C 

(_ 
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C 

t~ T:\IEPA\Models\BATHTU- 1\bathtub\BATHTUB.EXE l!l(iliJ3 

TRI BUT11HY NUMBEH: 1 !Al BEL: ·, It;' 

:,EGMENT NllMBEH: 4 TYPE CODF: 1 C 
MEAN cu 

DHnINAGF 1iREA ( l(M?.) 31.1 
FLO\! (HMl/YH> 16 . 6 0 
TOTAL PHO!,PflORlJ!, <PPB) 84.2 0 
OHTIIO I'flO:,PHORU'., <PPB) 0 0 
TOTilL NITHOGEN <PPB) 0 0 
I NORC1iNI C NITHOCFN <PPB) 0 0 
CONSERUATIUE SlJBST. 0 0 

NON-1'O1 NT-!,OIJHCT: 1.!liTER!,llFD ARLA'., 
CnTEGOHY: Lunlu::" l Lrndt•::t:?. Lrndu•;e:J L,ndu:;e4 
AREA <KM?.) 0 0 0 0 
CfHFGORY: 
AREA <KM?.> 0 0 0 0 

P 11taP na111e 

F1=HELP, F2 =DONE/SAUE, F3 =EDIT FIELD, F?=HELP/ EDITOR, <ESC>=ABORT 

(_ 
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( BATHTUB Model Output for 1997 Simulation 
CASE: Kinkaid 1997 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

l OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12 9. 6 .56 133.1 .45 .97 -.OS -.10 -.04 
CHL-A MG/M3 48.9 .57 45.6 . 4 6 1. 07 .12 .20 .10 
SECCHI M . 3 .34 . 3 .32 .98 -.07 -.09 -.OS 
ORGANIC N MG/M3 . 0 .00 1364.9 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 130.1 .25 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 43.0 .45 1. 04 .16 .14 .07 
CHL-A MG/M3 27.5 .38 27.5 .50 1.00 .00 .00 .00 
SECCHI M . 9 .26 . 9 .35 1.00 .00 .00 .00 
ORGANIC N MG/M3 . 0 .00 814.6 .39 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 54.7 .42 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 .26 25.6 .45 1.06 .23 .22 .11 
CHL-A MG/M3 19.4 .45 15.9 .54 1. 22 .45 .58 .29 
SECCHI M 1.1 .26 1. 3 .38 .90 - . 41 -.38 -.23 
ORGANIC N MG/M3 . 0 .00 548.0 .36 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 33.3 .43 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 42.S 1.09 37.0 .45 1.15 .13 . 52 .12 
CHL-A MG/M3 13.2 .40 12.9 .47 1. 03 .06 . 07 .04 
SECCHI M 1. 3 .30 1. 3 .33 .99 -.04 -.04 -.02 
ORGANIC N MG/M3 . 0 .00 483.8 .30 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 29.2 .37 .00 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 . 75 44.9 .45 1.08 .10 .27 .08 
CHL-A MG/M3 19.9 .44 18.9 .43 1.05 .12 .15 .09 
SECCHI M 1.1 .29 1.1 .29 .98 -.09 -.09 -.06 
ORGANIC N MG/M3 . 0 .00 632.2 .31 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 43.S .35 .00 .00 .00 .00 
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CASE: Kinkaid 1997 - Calibrated 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

DRAINAGE AREA 
KM2 

90.100 
25.100 
10.400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

36.500 .OOOE+OO .000 
10.900 .OOOE+OO .000 

5.100 .OOOE+OO .000 
16.600 .OOOE+OO .000 

RUNOFF 
M/YR 

.405 

.434 

. 4 90 

.534 
----------------------------------------------------------------------------
PRECIPITATION 9.509 11. 886 .565E+Ol 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO 
***TOTAL INFLOW 166.209 80. 98 6 .565E+Ol 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 
***TOTAL OUTFLOW 166.209 72. 980 .114E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

5898.4 65.7 .OOOE+OO . 0 
1097.6 12.2 .OOOE+OO . 0 

299.9 3.3 .OOOE+OO . 0 
1397.7 15.6 .OOOE+OO . 0 

.200 

.000 

.029 

.046 

.046 

.300 

CV 

.000 

.000 

.000 

.000 

1. 250 
.441 
.487 
.439 
.439 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

161. 6 65.5 
100.7 43.7 

58.8 28.8 
84.2 44.9 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 3.2 .203E+05 100.0 .500 24.0 30.0 
TRIBUTARY INFLOW 8693.6 96.8 .OOOE+OO . 0 .000 125.8 55.5 
***TOTAL INFLOW 8978.9 100.0 .203E+05 100.0 .016 110.9 54.0 
ADVECTIVE OUTFLOW 2697.3 30.0 .150E+07 7379.0 .454 37.0 16.2 
***TOTAL OUTFLOW 2697.3 30.0 .150E+07 7379.0 .454 37.0 16.2 
***RETENTION 6281.6 70.0 .151E+07 7412.4 .195 . 0 . 0 

HYDRAULIC -------------- TOTAL P --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
7. 67 1.8016 48.3 .7074 1.4135 . 6996 

C 
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( BATHTUB Model Input Screens for 2000 Simulation 

t~ T: \IE PA \M odels\BA THTU-1\bathtub\BA TH TUB.EXE l!lli.J f3 

C 

c_ 
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~i T : \IEPA \M odels\BA THTU- 1 \bathtub\BA TH TUB .EXE l!lliJ £j C 

C 

C 
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C ti T: \IEPA\Models\BA THTU- 1\bathlub\BATHTUB.EXE 1!!10013 

C 

(_ 
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C 

t~~ T: \IE PA \M odels\BA TH TU ~1 \bathtub\BA TH TUB. EXE l!!ilil f3 els\BATHTU-1 \bathtub\BATHTUB.EXE l!!ililf3 

TRI BUTf1RY NUMBER: 2 LrlBEL: :~ '' -

SEGMENT NllMBEH: 2 TYPF CODE: 1 C 
MEAN cu 

DRAINAGE AHEA < l(M?.> 25 . 1 
FLO\! (HM3/YH> 11.3 0 
TOTAL PIIO!,PIIOHIJ!; (PPB) 141.6 0 
OHTHO PIIO:,PflORUS <PPll) 0 0 
TOTAL NITROGEN (PPB) 0 0 
INOHCANIC NITROCFN <PPB) 0 0 
CONSERUATIUE SUBST. 0 0 

NON-POINT - SOIIHCE \IAH:n:;HFD AHEf1'.; 
CATEGORY: Lu1<lu:;el l,rnd.11,:e'.J. L11Hlu,;c] l,,nrlu:;t:·1 
AREA (KM2) 0 0 0 0 
CflTEGORY: 
flHEfl (KM2) 0 0 0 0 

P utaP na111e 

F1 =HELP. F2 =DOHE/SAUE. F3=EDII FIELD. F?=HELP/EDIIOR. <ESC>=ABORI 

( 
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C ta T : \IEPA \Models\BA TH ru-1 \bathtub\BA THTUB.EXE l!!llil 13 

t~ T: \IEPA\Models\BA THTU- 1\bathtub\BATHTUB.EXE l!!illiJ f3 

C 

(_ 
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BATHTUB Model Output for 2000 Simulation 
CASE: Kinkaid 2000 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED 

VARIABLE MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 54.8 .33 
MG/M3 38.0 .40 

M .3 .12 
MG/M3 .0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

72 .2 .45 .76 -.83 -1.03 - . 49 
32.0 .42 1.19 .43 .50 .30 

. 4 .21 . 95 -.43 -.19 -.22 
1032.9 .31 .00 .00 .00 .00 

99.0 .27 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 21. 2 .10 32. 6 .45 . 65 -4.43 -1.60 - . 93 
CHL-A MG/M3 16.4 .40 18.3 .52 . 90 -.27 -.31 -.17 
SECCHI M . 9 .34 . 9 .33 1. 04 .13 .15 .09 
ORGANIC N MG/M3 . 0 .00 623.0 .35 .00 .DO .DO .DO 
TP-ORTHO-P MG/M3 . 0 .DO 43.9 .38 .DO .OD .DO .OD 
-------------------------------------------------------------------------
SEGMENT: 3 Lower Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 19.4 .45 . 64 -6.21 -1. 66 -.98 
CHL-A MG/M3 12.6 .38 12. 7 .56 . 99 -.02 -.02 -.01 
SECCHI M 1. 4 .29 1. 4 .36 1.00 .01 .01 .01 
ORGANIC N MG/M3 .0 .OD 477.6 .35 .00 .00 .DO .OD 
TP-ORTHO-P MG/M3 . 0 .OD 28.0 . 4 6 .OD .OD .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 
CHL-A MG/M3 18.4 1. 24 
SECCHI M 1. 8 .24 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .OD 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

24.3 .45 1. 20 .16 .66 .15 
19.7 .70 . 93 -.06 -.20 -.05 

1. 7 .73 1.06 .24 .20 .07 
614.0 .49 .00 .00 .00 .00 
33.4 .58 .00 .OD .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27 .4 .77 29. 3 .45 . 93 -.09 -.25 -.08 
CHL-A MG/M3 18.9 .87 19.5 .57 . 97 -.04 -.09 -.03 
SECCHI M 1. 4 .26 1. 4 .56 1.05 .18 .16 .07 
ORGANIC N MG/M3 . 0 .00 632.3 .40 .00 .OD .00 .00 
TP-ORTHO-P MG/M3 . 0 .DO 40.3 .45 .00 .00 .DO .00 

C 

C 
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CASE: Kinkaid 2000 - Calibrated 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 38.000 .OOOE+OO .000 .422 
2 1 Subbasin 2 25.100 11.300 .OOOE+OO .000 .450 
3 1 Subbasin 3 10.400 5.300 .OOOE+OO .000 .510 
4 1 Subbasin 4 31.100 17.400 .OOOE+OO .000 .559 

----------------------------------------------------------------------------
PRECIPITATION 9.509 12.267 .602E+Ol .200 
TRIBUTARY INFLOW 156.700 72. 000 .OOOE+OO .000 
***TOTAL INFLOW 166.209 84.267 .602E+Ol . 02 9 
ADVECTIVE OUTFLOW 166.209 76.260 . 118E+02 .045 
***TOTAL OUTFLOW 166.209 76.260 . 118E+02 .045 
***EVAPORATION .000 8.007 .577E+Ol .300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
8.02 1. 5738 

-----LOADING---- --- VARIANCE --­
KG/YR %(II KG/YR**2 %(I) CV 

9013. 6 
1600.1 

600. 0 
2603.0 

63.9 .OOOE+OO 
11.3 .OOOE+OO 

4.3 .OOOE+OO 
18.5 .OOOE+OO 

. 0 . 000 

. 0 . 000 

.0 .000 

. 0 . 000 

285.3 2.0 .203E+05 100.0 .500 
13816.7 98.0 .OOOE+OO .0 .000 
14101.9 100.0 .203E+05 100.0 .010 

1850.4 13.1 .702E+06 3452.5 .453 
1850.4 13.1 .702E+06 3452.5 .453 

12251.5 86.9 .717E+06 3523.1 .069 

-------------- TOTAL P --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
27. 4 .2329 4.2933 .8688 

1. 290 
.459 
.507 
.459 
.459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

237.2 
141. 6 
113.2 
149. 6 

23.3 
191. 9 
167.3 

24.3 
24.3 

.0 

100.0 
63.7 
57.7 
83.7 

30.0 
88.2 
84.8 
11.1 
11.1 

.0 
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( INTRODUCTION 

Mathematical models for estimating nonpoint sources of nitrogen and phosphorus in streamfiow include 
export coefficients, loading functions and chemical simulation models. Export coefficients are average annual 
unit area nutrient loads associated with watershed land uses. Coefficients provide gross estimates of nutrient 
loads, but are of limited value for determining seasonal loads or evaluating water pollution control measures. 
Chemical simulation models are mechanistic (mass balance) descriptions of nutrient availability, wash off, 
transport and losses. Chemical simulation models provide the most complete descriptions of nutrient loads, 
but they are too data intensive for use in many water quality studies. 

Loading functions are engineering compromises between the empiricism of export coefficients and the 
complexity of chemical simulation models. Mechanistic modeling is limited to water and/or sediment move­
ment. Chemical behavior of nutrients is either ignored or described by simple empirical relationships. Loading 
functions provide useful means of estimating nutrient loads when chemical simulation models are impractical. 

The Generalized Watershed Loading Functions (GWLF) model described in this manual estimates 
dissolved and total monthly nitrogen and phosphorus loads in streamfiow from complex watersheds. Both 
surface runoff and groundwater sources are included, as well as nutrient loads from point sources and on-site 
wastewater disposal (septic) systems. In addition, the model provides monthly streamfiow, soil erosion and 
sediment yield values. The model does not require water quality data for calibration, and has been validated 
for an 85,000 ha watershed in upstate New York. 

The model described in this manual is a based on the original GWLF model as described by Haith & 
Shoemaker (1987). However, the current version (Version 2.0) contains several enhancements. Nutrient loads 
from septic systems are now included and the urban runoff model has been modified to more closely 
approximate procedures used in the Soil Conservation Service's Technical Release 55 (Soil Conservation 
Service, 1986) and models such as SWMM (Huber & Dickinson, 1988) and STORM (Hydrologic Engineering 
Center, 1977). The groundwater model has been given a somewhat stronger conceptual basis by limiting the 
unsaturated zone moisture storage capacity. The graphics outputs have been converted to VGA and color has 
been used more extensively. 

The most significant changes in the manual are an expanded mathematical description of the model 
{Appendix A) and much more detailed guidance on parameter estimation {Appendix B). Both changes are in 
response to suggestions by many users. The extra mathematical details are for the benefit of researchers who 
wish to modify (and improve) GWLF for their own purposes. The new sections on parameter estimation (and 
the many new tables) are for users who may not be familiar with curve numbers, erosivity coefficients, etc., or 
who do not have access to some of the primary sources. The general intent has been to make the manual 
self-contained. 

This manual describes the computer software package which can be used to implement GWLF. The 
associated programs are written in QuickBASIC 4.5 for personal computers using the MS-DOS operating 
system and VGA graphics. The manual and associated programs (on fioppy disk) are available without charge 
from the senior author. The programs are distributed in both executable (.EXE) and source code form (.BAS). 
Associated example data files and outputs for Example 1 and a 30-yr weather set for Walton NY used in 
Example 3 are also included on the disk. 

The main body of this manual describes the program structures and input and output files and options. 
Three examples are also presented. Four appendices present the mathematical structure of GWLF, methods 
for estimation of model parameters, results of a validation study, and sample listings of input and output files. 

In this manual, the program name, options in the menu page, and input by the user are written in bold, 
underline and italic, respectively. 

2 
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MODEL DESCRIPTION 

Model Structure 

The GWLF model includes dissolved and solid-phase nitrogen and phosphorus in streamflow from the 
sources shown in Figure 1. Rural nutrient loads are transported in runoff water and eroded soil from numerous 
source areas, each of which is considered uniform with respect to soil and cover. Dissolved loads from each 
source area are obtained by multiplying runoff by dissolved concentrations. Runoff is computed by using the 
Soil Conservation Service Curve Number Equation. Solid-phase rural nutrient loads are given by the product 
of monthly sediment yield and average sediment nutrient concentrations. Erosion is computed using the 
Universal Soil Loss Equation and the sediment yield is the product of erosion and sediment delivery ratio. The 
yield in any month is proportional to the total transport capacity of daily runoff during the month. Urban nutrient 
loads, assumed to be entirely solid-phase, are modeled by exponential accumulation and washoff functions. 
Septic systems are classified according to four types: normal systems, ponding systems, short-circuiting 
systems, and direct discharge systems. Nutrient loads from septic systems are calculated by estimating the 
per capita daily load from each type of system and the number of people in the watershed served by each 
type. Daily evapotranspiration is given by the product of a cover factor and potential evapotranspiration. The 
latter is estimated as a function of daylight hours, saturated water vapor pressure and daily temperature. 

Ground 

Point 

Figure 1. Nutrient Sources in GWLF. 

Rural 

Urban 
Runo-F-F 

Streamflow consists of runoff and discharge from groundwater. The latter is obtained from a lumped 
parameter watershed water balance. Daily water balances are calculated for unsaturated and shallow 
saturated zones. Infiltration to the unsaturated and shallow saturated zones equals the excess, if any, of 
rainfall and snowmelt less runoff and evapotranspiration. Percolation occurs when unsaturated zone water 
exceeds field capacity. The shallow saturated zone is modeled as a linear groundwater reservoir. 

Model structure, including mathematics, is discussed in more detail in Appendix A. 

Input Data 

The GWLF model requires daily precipitation and temperature data, runoff sources and transport and 
chemical parameters. Transport parameters include areas, runoff curve numbers for antecedent moisture 
condition II and the erosion product KLSCP for each runoff source. Required watershed transport parameters 
are groundwater recession and seepage coefficients, the available water capacity of the unsaturated zone, the 
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sediment delivery ratio and monthly values for evapotranspiration cover factors, average daylight hours, 
growing season indicators and rainfall erosivity coefficients. Initial values must also be specified for 
unsaturated and shallow saturated zones, snow cover and 5-day antecedent rain fall plus snowmelt. 

Input nutrient data for rural source areas are dissolved nitrogen and phosphorus concentrations in runoff 
and solid-phase nutrient concentrations in sediment. If manure is spread during winter months on any rural 
area, dissolved concentrations in runoff are also specified for each manured area. Daily nutrient accumulation 
rates are required for each urban land use. Septic systems need estimates of the per capita nutrient load in 
septic system effluent and per capita nutrient losses due to plant uptake, as well as the number of people 
served by each type of system. Point sources of nitrogen and phosphorus are assumed to be in dissolved form 
and must be specified for each month. The remaining nutrient data are dissolved nitrogen and phosphorus 
concentrations in groundwater. 

Procedures for estimating transport and nutrient parameters are described in Appendix B. Examples are 
given in Appendix C and in subsequent sections of this manual. 

Model Output 

The GWLF program provides its simulation results in tables as well as in graphs. The following principal 
variables are given: 

Monthly Streamflow 
Monthly Watershed Erosion and Sediment Yield 
Monthly Total Nitrogen and Phosphorus Loads in Streamflow 
Annual Erosion from Each Land Use 
Annual Nitrogen and Phosphorus Loads. from Each Land Use 

The program also provides 

Monthly Precipitation and Evapotranspiration 
Monthly Ground Water Discharge to Streamfiow 
Monthly Watershed Runoff 
Monthly Dissolved Nitrogen and Phosphorus Loads in Streamfiow 
Annual Dissolved Nitrogen and Phosphorus Loads from Each Land Use 
Annual Dissolved Nitrogen and Phosphorus Loads from Septic Systems 

GWLF PROGRAM 

Required Files 

Simulations by GWLF require four program modules and three data files on the default drive. The three 
necessary data files are WEATHER.DAT, TRANSPRT.DAT and NUTRIENT.DAT. The four compiled 
modules, GWLF20.EXE, TRAN20.EXE, NUTR20.EXE, and OUTP20.EXE are run by typing GWLF20. 

Two daily weather files for Walton, NY are included on the disks. WALT478.382 is the four year (4/78-
3/92) record used for model validation and in Examples 1 and 2. WAL T462.392 is the 30 year (4/62- 3/92) 
record used in Example 3. Prior to running the programs, the appropriate weather record should be copied to 
WEATHER.DAT. 

The final two data files on the disks (RESULTS.DAT, and SUMMARY.DAT) are output files from 
Example 1. GWLF20.BAS, TRAN20.BAS, NUTR20.BAS, and OUTP20.BAS are the uncompiled, Quick­
BASIC files for the modules, and can be used to modify the existing program. 

4 
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Program Structure 

The structure of GWLF is illustrated in Figure 2. Once the program has been activated, the main control 
page appears on the screen, as shown in DISPLAY 1.This page is the main menu page that leads to the four 
major options of the program. The selection of a program option provides access to another set of menu 
pages within the chosen option. After completing an option, the program returns the user to the main menu 
page for further actions. 

: l~I . ' 0 : 

:TRAHSPRT. DAT : 

: · ... ·rn·· ..... ·-: 
' 0 • ' . 
: WEATHER. DAT: 
:TRANSPRT. DAT: 
:NUTRIENT.DAT: 

:·----1~i----: 
• 0 ' 

: RESULTS. DAT : 
~ SUHHARY. DAT.: 

Figure 2. Structure of the GWLF Program. 

The selection of the menu options is done by typing the number indicating a choice and then Enter. For 
example, selection of Run simulation is done by typing 3 and Enter. 

Select one 
1 
2 

3 
4 
5 

? 

of the following: 
Create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT.DAT (nutrient parameters) 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End) 

DISPLAY 1. The Main Menu Page of the GWLF Program. 

Transport Data Manipulation 

The first step in using the program is to define transport parameters either by creating a new transport 
data file or modifying an existing one. Options are shown in DISPLAY 2. If the user wishes to create a new 
transport data file, selection of Create new TRANSPRT.DAT file leads to the input mode. On the other hand, if 
the user wishes to modify an existing transport data file, selection of Modify existing TRANSPRT.DAT file 
leads to the modification mode. After input/modification, the user can obtain a hard copy of the transport data 
by selecting Print TRANSPORT data. 
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Select : 
l 
2 
3 

Create new TRANSPRT.DAT file 
Modify existing TRANSPRT.DAT file 
Print TRANSPORT data 

otherwise Return 

DISPLAY 2. The Menu Page for Manipulation of Transport Parameters. 

Create a New TRANSPRT.DA T File. New values of transport parameters are input one by one in this 
mode. Values are separated by Enter keys. After the number of land uses are input, a table is displayed in the 
screen to help the user to input data. The line in the bottom of the screen provides on-line help which indicates 
the expected input data type. 

In cases when a serious error has been made, the user can always restart this process by hitting F1, then 
Enter. Alternatively, the user may save current input and modify the data in the modification mode. 

After all input is complete, the user is asked whether to save or abort the changes. An input of Y will 
overwrite the existing, if any, transport data file. 

Modify an Existing TRANSPRT.DAT File. An existing transport data file can be modified in this mode. 
This is convenient when only minor modification of transport data is needed, e.g., in the case of studying 
impacts of changes of land use on a watershed. 

In this mode, the user is expected to hit Enter if no change would be made and Space bar if a new value 
would be issued. The two lines at the bottom of screen provide on-line help. 

Print TRANSPORT Data. The user can choose one or more of the three types of print out of transport 
parameters, namely, to display to screen, print a hard copy, or create a ASCII text file named 
TRANSPRT.TXT. The text file can later be imported to a word processor to generate reports. 

Nutrient Data Manipulation 

0When nutrient loads are of concern, the nutrient data file (NUTRIENT.DAT) must be available before a 
simulation can be run. This is done by either creating a new nutrient data file or modifying an existing one. 
Options are shown in DISPLAY 3. Procedures for creating, modifying or printing nutrient data are similar to 
those described for the transport data. The ASCII text file is NUTRIENT.TXT. 

Select· : 
l_ 
2 
3 

Create new NUTRIENT.DAT file 
Modify existing NUTRIENT.DAT file 
Print NUTRIENT data 

4 Return 
? 

DISPLAY 3. The Menu Page for Manipulation of Nutrient Parameters. 
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Simulation 

Four categories of simulation can be performed, as shown in DISPLAY 4. To simulate streamflow or 
sediment yield, two data files, WEATHER.DAT and TRANSPRT.DAT must be in the default directory. An 
additional data file, NUTRIENT.DAT, is required when nutrient loads are simulated. 

Select program options: 
l Streamflow simulation only 
2 Strearnflow and sediment yield only 
3 Streamflow, sediment yield, and nutrient loads 
4 Streamflow, sediment yield, nutrient loads, and septic systems 

. otherwise Return 
1 

DISPLAY 4. The Menu Page for Simulation Options. 

After choosing the type of simulation, the user inputs the title of this specific simulation. This title can be a 
word, a sentence, or a group of words. The user then decides the length, in years, of the simulation run (notto 
exceed the number of years of weather data in WEATHER.DAT). 

Results Output 

Simulation output can be reported in three categories, namely, overall means, annual values, and 
monthly values. Either tables or graphs can be generated, as shown in DISPLAY 5. In producing tables, i.e., 
when one of the first three options is selected, the user can choose to display it on screen, print it on a printer, c.· 
or save it as an ASCII text file. When one of the graph options is selected, the user is able to see the graph on 
the screen. If the computer has suitable printer driver, a hard copy of the graph can be obtained by pressing 
Shift-Pr/Sc keys together. 

select : 
l 
2 
3 
4 
5 
6 

Frint summary 
Print annual results 
Print monthly results 
Graph summary (average} 
Graph annual results 
Graph monthly results 
(PrtSc for hard copy, carriage return to continue) 

otherwise Return 

DISPLAY 5. The Menu Page for Output Generation. 

EXAMPLE 1: 4-YEAR STUDY IN WEST BRANCH DELAWARE BASIN 

This example is designed to allow the user to become familiar with the operation of the program and the 
way results are presented. The data set and results are those described in Appendix C for the GWLF 
validation for the West Branch Delaware River Watershed in New York. 

7 
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( The programs GWLF20.EXE, TRAN20.EXE, NUTR20.EXE, and OUTP20.EXE, and the data files 
WEATHER.DAT, TRANSPRT.DAT, and NUTRIENT.DAT must be on the default drive. The weather file can 
be obtained by copying WALT478.382 to WEATHER.DAT. 

Simulation 

To start the program, type GWLF20 then Enter. The first screen is the main menu (see DISPLAY 1 ). To 
select Run simulation, type 3 and Enter. This will lead to the simulation option menu (see DISPLAY 4). Since 
nutrient fluxes and septic system loads are of interest, type 4 and Enter. This will start the simulation. 

The user is then asked to input the title of this simulation. Type Example 1 and Enter. Finally the user is 
expected to specify the length of the simulation. Type 4, then Enter. This concludes the information required 
for a simulation run. The input section described above is shown in DISPLAY 6. 

Select one of the following 
1 Create or print TRANSPRT.DAT {Transport parameters) 
2 Create or print NUTRIENT.DAT (nutrient parameters} 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
3 Run simulation 
4 Obtain output 

· 5 Stop (End) 
? 3 

Select program options: 
1 Stre'amflow simulatiori only 
2 S_treamflow and. sediment .yield only 
3 Strearnflow, sediil'lent yield, and nutrient l.oads 
4 Strearnflow, sediment yield, nutrient loads, and septic systems 

otherwise Return 
? 3 

TITLE OF SIMULATION? Example l 
LENGTH OF RUN IN YEARS? 4 

DISPLAY 6. Input Section in Example 1. User Input is Indicated by Italics. 

The screen is now switched to graphic mode. During the computation, part of the result will be displayed. 
This is to provide a sample of the result and to monitor the progress of the simulation. As shown in Figure 3, 
the line on the top of the screen reports the length of simulation and the current simulated month/year. 

The main menu is displayed at the end of the simulation. From here, the user can generate several types 
of results. 

Results Generation 

Type 4, then Enterto generate results. For printing out monthly streamfiows, sediment yields, and nutrient 
loads, type 3, then Enter. The user is asked whether to specify the range of the period to be reported. Type N, 
then Enter to select the default full period. 

8 
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4 -Year Siroulation 

15.0 

TREAM 
(cm) 7.5· 

150.0 

ITROG. 
(kgl 75.0 

(1000s) 

30.0 

HOSPH. 
(kgl 15.0 

(1000s) 

A M J ,J 

Figure 3. Screen Display during Simulation. 
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2 

YEAR 3 MONTH 3 

0 N D 

Running .... 

J F M 

YEAR 2 

The user decides on the type of output. Type 1, then Enter to print to the screen. The result is displayed 
in nine screens. After reading a screen, press Enterto bring up the next screen. To generate a hard copy, turn 
on the printer, type 2 and Enter. Alternatively, the user can save the result in a text file, MONTHL Y.TXT. The 
user can go back to the previous page rnenu to select another option of results generation by pressing Enter. 
Part of the process described above is shown in DISPLAY 7. To generate graphs of the monthly results, type 6 
and Enter. This produces graphs such as Figure 4 and Figure 5. The user can call up the main menu again by 
pressing Enter keys. The data input files TRANSPRT.DAT, NUTRIENT.DAT and WEATHER.DAT for this 
example are listed in Appendix E with the various .TXT files that may be generated. 

EXAMPLE 2: EFFECTS OF ELIMINATION OF WINTER MANURE SPREADING 

In this example, nutrient parameters are modified to investigate effects of winter manure applications. The 
example involves manipulation of the data file NUTRIENT .DAT. If the user wishes to save the original file, it 
should first be copied to a new file, say NUTRIENT.EX1. 

Nutrient Parameters Modification 

From the main menu, type 2, Enter. This leads to the nutrient data manipulation option. Type 2, Enter to 
modify NUTRIENT.DAT (see DISPLAY 8). 

Type Enterto accept the original dissolved nutrient concentrations. Repeat this procedure until the cursor 
is in the line, Number of Land Uses on Which Manure is Spread (see DISPLAY 9), hit Space-bar, type 0, and 
hit Enter. 

C 

Accept all the rest of original data by hitting Enter key until the end of the file. Type Y to save the C. 
9 
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changes. This concludes the modification of NUTRIENT.DAT. 

ZS.0 

THEAM 
-FLOW 12.5 

0 J 

MONTHLY STREAMFLOW Cc~) 

I 
I. 

J A 

YEAR 

Figure 4. Monthly Stream/lows for Example 1. 

J A J O J 
'I 

MONTHLY NITROGEN LOADING (Mg) 

200.0 

1s0.0· 

ITRO-
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s0.0· 
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0AJOJAJOJA 
1 2 

YEAR 

Figure 5. Monthly Nitrogen Loads for Example 1. 
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The user may print out nutrient data to make sure these changes have been made. To do so, the user selects 
Print NUTRIENT data in the nutrient data manipulation page (see DISPLAY 3). Then select Print to screen to 
display the current nutrient parameters. 

Select one 
l 

of the following : 

2 

3 
4 
5 

? 4 

Select 
l 
2 
3 
4 
5 
6 

otherwise 
? 3 

Create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT.DAT {nutrient parameters) 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End) 

Print summary 
Print annual results 
Print monthly results 
Graph summary {average) 
Graph annual results 
Graph monthly results 
(PrtSc for hard copy, carriage return to continue) 
Return 

Want to specify the range of years in output? ( Type Y or N) 
? N 

Select 
l 
2 
3 

(For printing MONTHLY data) 
Print to screen (carriage return to contiUue) 
Print a hard copy { turn on printer first) 
Print to a file named MONTHLY.TXT 

otherwise Return 
? 1 

DISPLAY 7. 

Select one 
l 
2 

3 
4 
5 

? 2 

Select 
l 
2 
3 

Result Generating Menu in Example 1. 

of the following: 
Create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT.DAT (nutrient parameters) 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End) 

Create new NUTRIENT.DAT file 
Modify existing NUTRIENT.DAT file 
Print NUTRIENT data 

otherwise Return 
? 2 

DISPLAY 8. Modification of Nutrient Parameters. 
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Simulation and Results Generation 

Following the procedures described in Example 1, the results of a 3-year simulation are shown in Figure 6. 

Number of Land Uses on Which Manure is Spread: -1 

To redo from start, Hit <Fl> then <ENTER> key 
Hint: Press Space-Bar to Input Value or ~nter-Key to Acc'ept Current Value 

DISPLAY 9. The First Screen for Modifying Nutrient Parameters. The Original 
Number is 1. Hit the Space Bar, Type 0, and then Hit Enter Key to 
Change this Number to 0. 

150.0 

112_5· 

ITRO-
GEN 75.0. 

37.5 

MONTHLY NITROGEN LOADING CMg) 

.I 

I 

.I 

I. 

I. 
I 

I 

.I 

0 A J O J A J O J A J O J A 
1 Z 3 

YEAR 

Figure 6. Monthly Nitrogen Loads with no Manure Spreading. 
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EXAMPLE 3: A 30-YEAR SIMULATION STUDY 

In Example 3, a simulation of the West Branch Delaware River Basin is based on a 30-yr (4/62-3/92) weather 
record given in the file WAL T462.392. 

Simulation and Results Generation 

The simulation is run by following procedures as in Example 1 (see DISPLAY 6). Answer LENGTH OF 
RUN IN YEARS by typing 30 and then Enter. 

At the end of the computation, the main menu is displayed. From here, the user can generate several 
types of results by typing 4, then Enter. For a summary of the results, type 1 and Enter. To display the 
summary in screen, type 1 and Enter. The summary is displayed in three screens. After reading a screen, 
press Enterto bring up next screen. To generate a hard copy from the printer, turn on the printer, select Print a 
hard copy. Hit Enter to obtain the output option menu. 

From the output generation menu (see DISPLAY 5), to obtain a graphical description of the summary, 
type 4 and then Enter. This brings up a screen ofoptions (see DISPLAY 10). Eighteen types of graphs can be 
generated. For example, to investigate the relative magnitudes of average monthly stream/low, type 5 and 
Enter. This produces the bar chart shown in Figure 7. Similarly, to investigate the nitrogen loads from each 
source, type 15 and then Enter. This generates another bar chart as shown in Figure 8. 

Sel.ect 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean Monthly Precip~tation 
Mean Monthly Evapotranspiration 
Mean Monthly Groundwater Flow 
Mean Monthly Runoff 
Mean Monthly streamflow 
Mean Monthly Erosion 
Mean Monthly Sediment 
Mean Monthly Dissolved Nitrogen 
Mean Monthly Total Nitrogen 
Mean Monthly Dissolved Phosphorus 
Mean Monthly Total Phosphorus 
Mean Annual Runoff from Sources 
Mean Annual Erosion from Sources 
Mean Annual Dissolved Nitrogen Loa~s fi:orn Sources 
Mean Annual Total Nitrogen Loads from sources 
Mean Annual Dissolved Phosphorus Lo.ads from So.urces 
Mean Annual Total Phosphor·us Loads from Source_s 
Areas of Sources 

otherwise Return 
? 

DISPLAY 10. The Options for Plotting Summary 

For plotting annual streamflows, sediment yields and nutrient loads, type 5, then Enter. The graphs will be 
displayed on several screens. For example, Figure 9 shows the predicted annual streamflows. 
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C 

MEAN MONTHLY STREAMFLOW (cm) 
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Figure 7. Mean Monthly Streamflows for 30-yr Simulation. 

200.0 

TOTAL 
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Figure 8. Mean Annual Nitrogen Load from Sources for 30-yr Simulation. 
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Figure 9. Annual Streamflows for 30-yr Simulation. 
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APPENDIX A: MATHEMATICAL DESCRIPTION OF GWLF 

General Structure 

Streamflow nutrient flux contains dissolved and solid phases. Dissolved nutrients are associated with 
runoff, point sources and groundwater discharges to the stream. Solid-phase nutrients are due to point 
sources, rural soil erosion or wash off of material from urban surfaces. The GWLF model describes nonpoint 
sources with a distributed model for runoff, erosion and urban wash off, and a lumped parameter linear 
reservoir groundwater model. Point sources are added as constant mass loads which are assumed known. 
Water balances are computed from daily weather data but flow routing is not considered. Hence, daily values 
are summed to provide monthly estimates of streamflow, sediment and nutrient fluxes (It is assumed that 
streamflow travel times are much less than one month). 

Monthly loads of nitrogen or phosphorus in streamflow in any year are 

{A-1) 

(A-2) 

In these equations, LDm is dissolved nutrient load, LSm is solid-phase nutrient load, DPm, DRm, DGm and DSm 
are point source, rural runoff, groundwater and septic system dissolved nutrient loads, respectively, and SP m, 
SRm and SUm and are solid-phase point source, rural runoff and urban runoff nutrient loads {kg), respectively, 
in month m (m = 1,2, ... 12). Note that the equations assume (i) point source, groundwater and septic system 
loads are entirely dissolved; and (ii) urban nutrient loads are entirely solid. 

Rural Runoff Loads 

Rural nutrient loads are transported in runoff water and eroded soil from numerous source areas, each of 
which is considered uniform with respect to soil and cover. 

Dissolved Loads. Dissolved loads from each source area are obtained by multiplying runoff by dissolved 
concentrations. Monthly loads for the watershed are obtained by summing daily loads over all source areas: 

dm 
LDm = 0.1 I I Cd, 0,1 AR, 

k 1=1 
(A-3) 

where Cd,= nutrient concentration in runoff from source area k (mg//), O,, = runoff from source area k on day t 
(cm) and AR,= area of source area k {ha) and dm = number of days in month m. 

Runoff is computed from daily weather data by the U.S. Soil Conservation Service's Curve Number 
Equation (Ogrosky & Mockus, 1964): 

(R, + M, - 0.2 os,i)' 
(A-4) 

Rainfall R1 (cm) and snowmelt M, (cm of water) on day tare estimated from daily precipitation and 
temperature data. Precipitation is assumed to be rain when daily mean air temperature T1 (°C) is above O and 
snow fall otherwise. Snowmelt water is computed by a degree-day equation (Haith, 1985): 

(A-5) 

The detention parameter OS,, (cm) is determined from a curve number CN,1 as 
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2540 
DS" = -- - 25.4 

CN,1 

(A-6) 

Curve numbers are selected as functions of antecedent moisture as described in Haith (1985), and 
shown in Figure A-1. Curve numbers for antecedent moisture conditions 1 (driest), 2 (average) and 3 (wettest) 
are CN 1,, CN2, and CN3, respectively. The actual curve number for day t, CN,1, is selected as a linear 
function of A1, 5-day antecedent precipitation (cm): 

t-1 
I (R, + M,) 
n=t-5 

(A-7) 

Recommended values (Ogrosky & Mockus, 1964) for the break points in Figure A-1 are AM1 = 1.3, 3.6 cm, 
and AM2 = 2.8, 5.3 cm, for dormant and growing seasons, respectively. For snowmelt conditions, it is 
assumed that the wettest antecedent moisture conditions prevail and hence regardless of A1, CN,, = CN3, 
when M1 > 0. 

-+' 
.>: 

z: 
u CN3k 
o:; 

"' "' CN2k :c 
::, 
z: 

"' CN1k ::> 
o:; 
::, 
u 

AM1 AM2 

5-DAY ANTECEDENT PRECIPITATION 
At ( cm) 

Figure A-1. Curve Number as Function of Antecedent Moisture. 

The model requires specification of CN2,. Values for CN1, and CN3, are computed from Hawkins (1978) 
approximations: 

CN2, 
CN1, = --------

2.334 - 0.01334 CN2, 

CN2, 
CN3, = 

(A-8) 

(A-9) 
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0.4036 + 0.0059 CN2, 

Solid-Phase Loads. Solid-phase rural nutrient loads (SRm) are given by the product of monthly watershed 
sediment yields (Y m, Mg) and average sediment nutrient concentrations (c,, mg/kg): 

SRm = 0.001 Cs Y m (A-10) 

Monthly sediment yields are determined from the model developed by Haith (1985). The model is based 
on three principal assumptions: (i) sediment originates from sheet and rill erosion (gully and stream bank 
erosion are neglected); (ii) sediment transport capacity is proportional to runoff to the 5/3 power (Meyer & 
Wischmeier, 1969); and (iii) sediment yields are produced from soil which erodes in the current year (no 
carryover of sediment supply from one year to the next). 

Erosion from source area k on day t (Mg) is given by 

(A-11) 

in which K,, (LS),, C, and P, are the standard values for soil erodibility, topographic, cover and management 
and supporting practice factors as specified for the Universal Soil Loss Equation (Wischmeier & Smith, 1978). 
RE, is the rainfall erosivity on day t (MJ-mm/ha-h). The constant 0.132 is a dimensional conversion factor 
associated with the SI units of rainfall erosivity. Erosivity can be estimated by the deterministic portion of the 
empirical equation developed by Richardson et al. (1983) and subsequently tested by Haith & Merrill (1987): 

RE,= 64.6 a1 R.'-81 

where the coefficient a1 varies with season and geographical location. 

The total watershed sediment supply generated in month j (Mg) is 

d; 
SX; = DR I I Xkl 

k 1=1 

(A-12) 

(A-13) 

where DR is the watershed sediment delivery ratio. The transport of this sediment from the watershed is based 
on the transport capacity of runoff during that month. A transport factor TR; is defined as 

d; 
TR;= I 0,513 

t=1 
(A-14) 

The sediment supply SX; is allocated to months j, j + 1, ... , 12 in proportion to the transport capacity for each 
month. The total transport capacity for months j, j + 1, ... , 12 is proportional to B;, where 

12 
I TRh 
h=j 

(A-15) 

For each month m, the fraction of available sediment X; which contributes to Y m, the monthly sediment 
yield (Mg), is TRmiB;. The total monthly yield is the sum of all contributions from preceding months: 

m 
TRm I (X/B;) 

j=1 
(A-16) 

18 



R01103

Urban Runoff 

The urban runoff model is based on general accumulation and wash off relationships proposed by Amy et 
§.[. (197 4) and Sartor & Boyd (1972). The exponential accumulation function was subsequently used in SWMM 
(Huber & Dickinson, 1988) and the wash off function is used in both SWMM and STORM (Hydrologic 
Engineering Center, 1977). The mathematical development here follows that of Overton and Meadows (1976). 

Nutrients accumulate on urban surfaces over time and are washed off by runoff events. Runoff volumes 
are computed by equations A-4 through A-7. 

If N,(t) is the accumulated nutrient load on source area (land use) k on day t (kg/ha), then the rate of 
accumulation during dry periods is 

(A-17) 

where n, is a constant accumulation rate (kg/ha-day) and p is a depletion rate constant (day"1
). Solving 

equation A-17, we obtain 

in which N,0 = N,(t) at time t = 0. 

Equation A-18 approaches an asymptotic value N,.m,,: 

N,.m,, = Lim N,(t) = n,ip 
t--->oo 

(A-18) 

(A-19) 

Data given in Sartor & Boyd (1972) and shown in Figure A-2 indicates that N,(t) approaches its maximum 
value in approximately 12 days. If we conservatively assume that N,(t) reaches 90% of N,.m,, in 20 days, then 
for N,0 = 0, 

Equation A-18 can also be written for a time interval Ill = t2 - t1 as 

(A-20) 

or, for a time interval of one day, 

(A-21) 

where Nkl is the nutrient accumulation at the beginning of day t (kg/ha). 

Equation A-21 can be modified to include the effects of wash off: 

N,.,,1 = N" e·0·
12 + (n,/0.12) (1 - e·0·

12
) - W" (A-22) 

in which Wkl = runoff nutrient load from land use k on day t(kg/ha). 

The runoff load is 

(A-23) 
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( 

( 

where wk, is the first-order wash off function suggested by Amy et al. ( 197 4 ): 

1 -1.81Okt 
Wkt = - 8 

(A-24) 

Equation A-24 is based on the assumption that 1.27 cm (0.5 in) of runoff will wash off 90% of accumulated 
pollutants. Monthly runoff loads of urban nutrients are thus given by 

., 
= -~ 

'"d 

'" 0 .., 
"' ~ '"d 

l -~ -0 ~ co ~ 

'"d 
u 

' d) ., ., 
~ 

'" -~ 
~ 
u 
u « 
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Industria1 

Co1T1mercia1 
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(A-25) 

Figure A-2. Accumulation of Pollutants on Urban Surfaces (Sartor & Boyd, 1972; redrawn in Novotny & 
Chesters, 1981). 

Groundwater Sources 

The monthly groundwater nutrient load to the stream is 

dm 
DGm= 0.1 C9 ATI G, 

1=1 
(A-26) 

in which c, = nutrient concentration in groundwater (mg//), AT= watershed area (ha), and G1 = groundwater 
discharge to the stream on day t (cm). 

Groundwater discharge is described by the lumped parameter model shown in Figure A-3. Streamflow 
consists of total watershed runoff from all source areas plus groundwater discharge from a shallow saturated 
zone. The division of soil moisture into unsaturated, shallow saturated and deep saturated zones is similar to 
that used by Haan (1972). 

Daily water balances for the unsaturated and shallow saturated zones are 
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(A-27) 

(A-28) 

In these equations, U, ands, are the unsaturated and shallow saturated zone soil moistures at the beginning 
of day t and o,, E,, PC,, G, and D, are watershed runoff, evapotranspiration, percolation into the shallow 
saturated zone, groundwater discharge to the stream and seepage fiow to the deep saturated zone, respec­
tively, on day t (cm). 

PRECIPITATION 

RAIN SN0!-.!1ELT 

EVAPOTRANSPIRATION 

SOIL 111 

RUNOFF 

STREf't't 

Figure A-3. Lumped Parameter Model for Groundwater Discharge. 

Percolation occurs when unsaturated zone water exceeds available soil water capacity u· (cm): 

PC, = Max (0; U, + R, + M, - Q, - E, - U") (A-29) 

Evapotranspiration is limited by available moisture in the unsaturated zone: 

Min (CV, PE,; U, + R, + M, - Q,) (A-30) 

for which CV, is a cover coefficient and PE, is potential evapotranspiration (cm) as given by Hamon (1961 ): 

0.021 H,' e,) 
PE,= (A-31) 

T, + 273 

In this equation, H, is the number of daylight hours per day during the month containing day t, e, is the 

C 

saturated water vapor pressure in millibars on day t and T, is the temperature on day t (°C). When T, S: 0, PE, is ( __ ·· 
set to zero. Saturated vapor pressure can be approximated as in (Bosen, 1960): \_ 
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C 

( 

e, = 33.8639 [ (0.00738 T1 + 0.8072)8 

- 0.000019 (1.8 T1 + 48) + 0.001316], T1 ~ 0 (A-32) 

As in Haan (1972), the shallow unsaturated zone is modeled as a simple linear reservoir. Groundwater 
discharge and deep seepage are 

and 

D1 = sS, 

where rand s are groundwater recession and seepage constants, respectively (day-')_ 

Septic (On-site Wastewater Disposal) Systems 

(A-33) 

(A-34) 

The septic system component of GWLF is based on the model developed by Mandel (1993). For 
purposes of assessing watershed water quality impacts, septic systems loads can be divided into four types: 

DSm = DS1m + DS,m + DSam + DS4m (A-35) 

where DS1m, DS2m, DS3m and DS4m are the dissolved nutrient load to streamflow from normal, short-circuited, 
ponded and direct discharge systems, respectively in month m (kg). These loads are computed from per 
capita daily effluent loads and monthly populations served a;m for each system O =1,2,3,4). 

Normal Systems. A normal septic system is a system whose construction and operation conforms to 
recommended procedures such as those suggested by the EPA design manual for on-site wastewater 
disposal systems (U. S. Environmental Protection Agency, 1980). Effluents from such systems infiltrate into 
the soil and enter the shallow saturated zone. Effluent nitrogen is converted to nitrate, and except for removal 
by plant uptake, the nitrogen is transported to the stream by groundwater discharge. Conversely, phosphates 
in the effluent are adsorbed and retained by the soil and hence normal systems provide no phosphorus loads 
to streamflow. The nitrogen load to groundwater from normal systems in month m (kg) is 

SL1m = 0.001 a,m dm (e - Um) (A-36) 

in which e = per capita daily nutrient load in septic tank effluent (g/day) and Um = per capita daily nutrient 
uptake by plants in month m (g/day). 

Normal systems are generally some distance from streams and their effluent mixes with other groundwa­
ter. Monthly nutrient loads are thus proportional to groundwater discharge to the stream. The portion of the 
annual load delivered in month m is equivalent to the portion of annual groundwater discharge which occurs in 
that month. Thus the load in month m of any year is 

12 
GRm L SL1m 

m=1 
DS1m = ------ (A-37) 

12 
I GRm 

m=1 

where GRm = total groundwater discharge to streamflow in month m (cm), obtained by summing the daily 
values G, for the month. Equation A-37 applies only for nitrogen. In the case of phosphorus, DS1m = 0. 
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Short-Circuited Systems. These systems are located close enough to surface waters ( < 15 m) so that 
negligible adsorption of phosphorus takes place. The only nutrient removal mechanism is plant uptake, and 
the watershed load for both nitrogen and phosphorus is 

os,m = 0.001 a,m dm (e - Um) (A-38) 

Ponded Systems. These systems exhibit hydraulic failure of the tank's absorption field and resulting 
surfacing of the effluent. Unless the surfaced effluent freezes, ponding systems deliver their nutrient loads to 
surface waters in the same month that they are generated through overland flow. If the temperature is below 
freezing, the surfacing effluent is assumed to freeze in a thin layer at the ground surface. The accumulated 
frozen effluent melts when the snowpack disappears and the temperature is above freezing. The monthly 
nutrient load is 

dm 
DS,m = 0.001 I: PN1 

1=1 
(A-39) 

where PN1 = watershed nutrient load in runoff from ponded systems on day t (g). Nutrient accumulation under 
freezing conditions is 

(A-40) 
0 , otherwise 

where FN1 = frozen nutrient accumulation in ponded systems at the beginning of day t (g). The runoff load is C 
thus 

0 

SN1 = 0 and T1 > 0 

otherwise 
(A-41) 

Direct Discharge Systems. These illegal systems discharge septic tank effluent directly into surface 
waters. Thus, 

DS,m = 0.001 a,m dm e (A-42) 
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APPENDIX B: DATA SOURCES & PARAMETER ESTIMATION 

Four types of information must be assembled for GWLF model runs. Land use data consists of the areas 
of the various rural and urban runoff sources. Required weather data are daily temperature ('C) and precipita­
tion (cm) records for the simulation period. Transport parameters are the necessary hydrologic, erosion and 
sediment data and nutrient parameters are the various nitrogen and phosphorus data required for loading 
calculations. This appendix discusses general procedures for estimation of these parameters. Examples of 
parameter estimation are provided in Appendix C. 

Land Use Data 

Runoff source areas are identified from land use maps, soil surveys and aerial or satellite photography 
(Haith & Tubbs, 1981; Delwiche & Haith, 1983). In principle, each combination of soil, surface cover and 
management must be designated. For example, each corn field in the watershed can be considered a source 
area, and its area determined and estimates made for runoff curve number and soil erodibility and topograph­
ic, cover and supporting practice factors. In practice, these fields can often be aggregated, as in Appendix C 
into one "corn" source area with area-weighted parameters. Each urban land use is broken down into 
impervious and pervious areas. The former are solid surfaces such as streets, driveways, parking lots and 
roofs. 

Weather Data 

Daily precipitation and temperature data are obtained from meteorological records and assembled in the 
data file WEATHER.DAT. An example of this file is given in Appendix D. Weather data must be organized in 
"weather years" which are consistent with model assumptions. Both the groundwater and sediment portions of 
GWLF require that simulated years begin at a time when soil moisture conditions are known and runoff events 
have "fiushed" the watershed of the previous year's accumulated sediment. In the eastern U.S. this generally 
corresponds to early spring and hence in such locations an April - March weather year is appropriate. 

Transport Parameters 

A sample set of hydro logic, erosion and sediment parameters required for the data file TRANSPRT.DAT 
is given in Appendix D. 

Runoff Curve Numbers. Runoff curve numbers for rural and urban land uses have been assembled in the 
U.S. Soil Conservation Service's Technical Release No. 55, 2nd edition (Soil Conservation Service, 1986). 
These curve numbers are based on the soil hydrologic groups given in Table B-1. Curve numbers for average 
antecedent moisture conditions (CN2,) are listed in Tables B-2 through B-5. Barnyard curve numbers are 
given by Overcash & Phillips (1978) as CN2, = 90, 98 and 100 for earthen areas, concrete pads and roof 
areas draining into the barnyard, respectively. 

Evapotranspiration Cover Coefficients. Estimation of evapotranspiration cover coefficients for watershed 
studies is problematic. Cover coefficients may be determined from published seasonal values such as those 
given in Tables B-6 and B-7. However, their use often requires estimates of crop development (planting dates, 
time to maturity, etc.) which may not be available. Moreover, a single set of consistent values is seldom 
available for all of a watershed's land uses. 
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Soil 
Hydrologic Group Description 

A Low runoff potential and high infiltration rates even when thoroughly wetted. Chiefly 
deep, well to excessively drained sands or gravels. High rate of water transmission 
(> 0.75 cm/hr). 

B Moderate infiltration rates when thoroughly wetted. Chiefiy moderately deep to deep, 
moderately well to well drained soils with moderately fine to moderately coarse 
textures. Moderate rate of water transmission (0.40-0.75 cm/hr). 

C Low infiltration rates when thoroughly wetted. Chiefiy soils with a layer that impedes 
downward movement of water, or soils with moderately fine to fine texture. Low rate 
of water transmission (0.15-0.40 cm/hr). 

D High runoff potential. Very low infiltration rates when thoroughly wetted. Chiefiy clay 
soils with a high swelling potential, soils with a permanent high water table, soils with 
a claypan or clay layer at or near the surface, or shallow soils over nearly impervious 
material. Very low rate of water transmission (0-0.15 cm/hr). 

Disturbed Soils (Major altering of soil profile by construction, development): 

A 

B 

C 

D 

Table B-1. 

Sand, loamy sand, sandy loam. 

Silt loam, loam 

Sandy clay loam 

Clay loam, silty clay loam, sandy clay, silty clay, clay. 

Descriptions of Soil Hydrologic Groups (Soil Conservation Service, 1986) 

A simplified procedure can be developed, however, based on a few general observations: 

1. Cover coefficients should in principle vary between O and 1. 

2. Cover coefficients will approach their maximum value when plants have developed full 
foliage. 

3. Because evapotranspiration measures both transpiration and evaporation of soil water, the 
lower limit for cover coefficients will be greater than zero. This lower limit essentially repre­
sents a situation without any plant cover. 

4. The protection of soil by impervious surfaces prevents evapotranspiration. 

The cover coefficients given for annual crops in Table B-6 fall to approximately 0.3 before planting and 
after harvest. Similarly, cover coefficients for forests reach minimum values of 0.2 to 0.3 when leaf area 
indices approach zero. This suggests that monthly cover coefficients for can be given the value 0.3 when 
foliage is absent and 1.0 otherwise. Perennial crops, such as grass, hay, meadow, and pasture, crops grown 
in fiooded soil, such as rice, and conifers can be given a cover coefficient of 1.0 year round. 
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C Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Fallow Bare Soil 77 86 91 94 

Crop residue cover (CR) Poor"' 76 85 90 93 
Good 74 83 88 90 

Row Crops Straight row (SR) Poor 72 81 88 91 
Good 67 78 85 89 

SR+CR Poor 71 80 87 90 
Good 64 75 82 85 

Contoured (C) Poor 70 79 84 88 
Good 65 75 82 86 

C+CR Poor 69 78 83 87 
Good 64 74 81 85 

Contoured & terraced (C&T) Poor 66 74 80 82 
Good 62 71 78 81 

C&T+ CR Poor 65 73 79 81 
Good 61 70 77 80 

Small SR Poor 65 76 84 88 
Grains Good 63 75 83 87 

SR+CR Poor 64 75 83 86 
Good 60 72 80 84 

C Poor 63 74 82 85 

C 
Good 61 73 81 84 

C+CR Poor 62 73 81 84 
Good 60 72 80 83 

C&T Poor 61 72 79 82 
Good 59 70 78 81 

C&T+ CR Poor 60 71 78 81 
Good 58 69 77 80 

Close- SR Poor 66 77 85 89 
seeded or Good 58 72 81 85 
broadcast C Poor 64 75 83 85 
legumes or Good 55 69 78 83 
rotation C&T Poor 63 73 80 83 
meadow Good 51 67 76 80 

' 1 Hydrologic condition is based on a combination of factors that affect infiltration and runoff, including 
(a) density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of close-
seeded legumes in rotations, (d) percent of residue cover on the land surface (good$ 20%), and (e) 
degree of surface roughness. 

Table B-2. Runoff Curve Numbers (Antecedent Moisture Condition 11) for Cultivated Agricultural 
Land (Soil Conservation Service, 1986). 
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Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Pasture, grassland or range Poor"' 68 79 86 89 
- continuous forage for grazing Fair 49 69 79 84 

Good 39 61 74 80 

Meadow - continuous grass, protected 
from grazing, generally mowed for hay 30 58 71 78 

Brush - brush/weeds/grass mixture Poorb1 48 67 77 83 
with brush the major element Fair 35 56 70 77 

Good 30 48 65 73 

Woods/grass combination Poor 57 73 82 86 
(orchard or tree farm)" Fair 43 65 76 82 

Good 32 58 72 79 

Woods Poor" 45 66 77 83 
Fair 36 60 73 79 
Good 30 55 70 77 

Farmsteads - buildings, lanes, 
driveways and surrounding lots 59 74 82 86 

'
1 Poor: < 50% ground cover or heavily grazed with no mulch; Fair: 50 to 75% ground cover and not C 

heavily grazed; Good:> 75% ground cover and lightly or only occasionally grazed. 

bl Poor: < 50% ground cover; Fair: 50 to 75% ground cover; Good: > 75% ground cover. 

" Estimated as 50% woods, 50% pasture. 

'' Poor: forest litter, small trees and brush are destroyed by heavy grazing or regular burning; Fair: 
woods are grazed but not burned and some forest litter covers the soil; Good: Woods are protected 
from grazing and litter and brush adequately cover the soil. 

Table B-3. Runoff Curve Numbers (Antecedent Moisture Condition II) for other Rural Land (Soil 
Conservation Service, 1986). 
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Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Herbaceous - grass, weeds & low- Poora' 80 87 93 
growing brush; brush the minor Fair 71 81 89 
component Good 62 74 85 

Oak/aspen - oak brush, aspen, Poor 66 74 79 
mountain mahogany, bitter brush, Fair 48 57 63 
maple and other brush Good 30 41 48 

Pinyan/juniper - pinyon, juniper or Poor 75 85 89 
both; grass understory Fair 58 73 80 

Good 41 61 71 
Sagebrush with grass understory Poor 67 80 85 

Fair 51 63 70 
Good 35 47 55 

Desert scrub - saltbush, greasewood, Poor 63 77 85 88 
creosotebrush, blackbrush, bursage, Fair 55 72 81 86 
palo verde, mesquite and cactus Good 49 68 79 84 

a1 Poor:< 30% ground cover (litter, grass and brush overstory); Fair: 30 to 70% ground cover; Good:> 
70% ground cover. 

Table B-4. Runoff Curve Numbers (Antecedent Moisture Condition 11) for Arid and Semiarid 
Rangelands (Soil Conservation Service, 1986). 

Soil Hydrologic Group 
Land Use A B C D 

Open space (lawns, parks, golf 
courses, cemeteries, etc.): 
Poor condition (grass cover < 50%) 68 79 86 89 
Fair condition (grass cover 50-75%) 49 69 79 84 
Good condition (grass cover> 75%) 39 61 74 80 

Impervious areas: 
Paved parking lots, roofs, 

driveways, etc.) 98 98 98 98 
Streets and roads: 

Paved with curbs & storm sewers 98 98 98 98 
Paved with open ditches 83 89 92 93 
Gravel 76 85 89 91 
Dirt 72 82 87 89 

Western desert urban areas: 
Natural desert landscaping (pervious 

areas, only) 63 77 85 88 
Artificial desert landscaping 

(impervious weed barrier, desert shrub 
with 1-2 in sand or gravel mulch 
and basin borders) 96 96 96 96 

Table B-5. Runoff Curve Numbers (Antecedent Moisture Condition II) for Urban Areas (Soil 
Conservation Service, 1986). 

% of Growing Season 
Crop 0 10 20 30 40 50 60 70 80 90 100 
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Field corn 0.45 0.51 0.58 0.66 0.75 0.85 0.96 1.08 1.20 1.08 0.70 
Grain sorghum 0.30 0.40 0.65 0.90 1.10 1.20 1.10 0.95 0.80 0.65 0.50 
Winter wheat 1.08 1.19 1.29 1.35 1.40 1.38 1.36 1.23 1.10 0.75 0.40 
Cotton 0.40 0.45 0.56 0.76 1.00 1.14 1.19 1.11 0.83 0.58 0.40 
Sugar beets 0.30 0.35 0.41 0.56 0.73 0.90 1.08 1.26 1.44 1.30 1.10 
Cantaloupe 0.30 0.30 0.32 0.35 0.46 0.70 1.05 1.22 1.13 0.82 0.44 
Potatoes 0.30 0.40 0.62 0.87 1.06 1.24 1.40 1.50 1.50 1.40 1.26 
Papago peas 0.30 0.40 0.66 0.89 1.04 1.16 1.26 1.25 0.63 0.28 0.16 
Beans 0.30 0.35 0.58 1.05 1.07 0.94 0.80 0.66 0.53 0.43 0.36 
Rice 1.00 1.06 1.13 1.24 1.38 1.55 1.58 1.57 1.47 1.27 1.00 

Table B-6. Evapotranspiration Cover Coefficients for Annual Crops - Measured as Ratio of 

Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 

Evapotranspiration to Lake Evaporation (Davis & Sorensen, 1969; cited in Novotny 
& Chesters, 1981 ). 

Citrus Deciduous 
Alfalfa Pasture Grapes Orchards Orchards Sugarcane 

0.83 
0.90 
0.96 
1.02 
1.08 
1.14 
1.20 
1.25 
1.22 
1.18 
1.12 
0.86 

Table B-7. 

1.16 
1.23 
1.19 
1.09 
0.95 
0.83 
0.79 
0.80 
0.91 
0.91 
0.83 
0.69 

0.15 
0.50 
0.80 
0.70 
0.45 

0.58 
0.53 
0.65 
0.74 
0.73 
0.70 
0.81 
0.96 
1.08 
1.03 
0.82 
0.65 

0.65 
0.50 
0.80 

0.60 1.17 
0.80 1.21 
0.90 1.22 
0.90 1.23 
0.80 1.24 
0.50 1.26 
0.20 1.27 
0.20 1.28 

0.80 

Evapotranspiration Cover Coefficients for Perennial Crops - Measured as Ratio of 
Evapotranspiration to Lake Evaporation (Davis & Sorensen, 1969; cited in Novotny 
& Chesters, 1981). 

In urban areas, ground cover is a mixture of trees and grass. It follows that cover factors for pervious 
areas are weighted averages of the perennial crop, hardwood, and softwood cover factors. It may be difficult to 
determine the relative fractions of urban areas with these covers. Since these covers would have different 
values only during dormant seasons, it is reasonable to assume a constant month value of 1.0 for urban 
pervious surfaces and zero for impervious surfaces. 

These approximate cover coefficients are given in Table B-8. Table B-9 list mean monthly values of 
daylight hours (H,) for use in Equation A-31. 

Cover 

Annual crops (foliage only 
in growing season) 

Perennial crops (year-round foliage: 
grass, pasture, meadow, etc.) 

29 

Dormant Season 

0.3 

1.0 

Growing Season 

1.0 

1.0 
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( 
\, 

( 
"----· 

Saturated crops (rice) 
Hardwood (deciduous) forests & orchards 
Softwood ( conifer) forests & orchards 
Disturbed areas & bare soil (barn yards, 

fallow, logging trails, construction 
and mining) 

Urban areas (I = impervious fraction) 

1.0 
0.3 
1.0 

0.3 
1 - I 

1.0 
1.0 
1.0 

0.3 
1 - I 

Table B-8. Approximate Values for Evapotranspiration Cover Coefficients. 

Latitude North (E) 
48 46 44 42 40 38 36 

hr/day 

Jan 8.7 8.9 9.2 9.3 9.5 9.7 9.9 
Feb 10.0 10.2 10.3 10.4 10.5 10.6 10.7 
Mar 11.7 11.7 11.7 11.7 11.8 11.8 11.8 
Apr 13.4 13.3 13.2 13.1 13.0 13.0 12.9 
May 14.9 14.7 14.5 14.3 14.1 14.0 13.8 
Jun 15.7 15.4 15.2 15.0 14.7 14.5 14.3 
Jul 15.3 15.0 14.8 14.6 14.4 14.3 14.1 
Aug 14.0 13.8 13.7 13.6 13.6 13.4 13.3 
Sep 12.3 12.3 12.3 12.3 12.2 12.2 12.2 
Oct 10.6 10.7 10.8 10.9 11.0 11.0 11.1 
Nov 9.1 9.3 9.5 9.7 9.8 10.0 10.1 
Dec 8.3 8.5 8.8 9.0 9.2 9.4 9.6 

34 32 30 28 26 24 

Jan 10.0 10.2 10.3 10.5 10.6 10.7 
Feb 10.8 10.9 11.0 11.1 11.1 11.2 
Mar 11.8 11.8 11.8 11.8 11.8 11.9 
Apr 12.8 12.8 12.7 12.7 12.6 12.6 
May 13.7 13.6 13.5 13.4 13.2 13.1 
Jun 14.2 14.0 13.9 13.7 13.6 13.4 
Jul 14.0 13.8 13.7 13.5 13.4 13.3 
Aug 13.2 13.3 13.0 13.0 12.9 12.8 
Sep 12.2 12.2 12.2 12.1 12.1 12.1 
Oct 11.2 11.2 11.3 11.3 11.4 11.4 
Nov 10.2 10.4 10.5 10.6 10.7 10.9 
Dec 9.8 10.0 10.1 10.3 10.4 10.6 

Table B-9. Mean Daylight Hours (Mills et al., 1985). 

Groundwater. The groundwater portion of GWLF requires estimates of available unsaturated zone 
available soil moisture capacity u· , recession constant rand seepage constants. 

In principle, u· is equivalent to a mean watershed maximum rooting depth multiplied by a mean 
volumetric soil available water capacity. The latter also requires determination of a mean unsaturated zone 
depth, and this is probably impractical for most watershed studies. A default value of 10 cm can be assumed 
for pervious areas, corresponding to a 100 cm rooting depth and a 0.1 cm/cm volumetric available water 
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capacity. These values appear typical for a wide range of plants (Jensen et al., 1989; U.S. Forest Service, 
1980) and soils (Rawls et al., 1982). 

Estimates of the recession constant r can be estimated from streamftow records by standard hydrograph 
separation techniques (Chow, 1964). During a period of hydrograph recession, the rate of change in shallow 
saturated zone water S(t) (cm) is given by the linear reservoir relationship 

or, 

dS 

di 
- r S 

S(t) = S(0) e·" 

(B-1) 

(B-2) 

where S(0) is the shallow saturated zone moisture at t = 0. Groundwater discharge to the stream G(t) (cm) at 
time tis 

G(t) = r S(t) = r S(0) e·" (B-3) 

During periods of streamflow recession, it is assumed that runoff is negligible, and hence streamfiow F(t) 
(cm) consists of groundwater discharge given by Equation B-3; i.e., F(t) = G(t). A recession constant can be 
estimated from two streamflows F(t1), F(t2) measured on days 11 and t2 (t2 > t1) during the hydrograph 
recession. The ratio F(t,)IF(t2) is 

F(t1) 

F(t,) 

= 

r S(0) e-rt, 

r S(0) e-rl, 

The recession constant is thus given by 

In [F(t1)/F(t,)] 
r = 

t, - t, 

(B-4) 

(B-5) 

Recession constants are measured for a number of hydrographs and an average value is used for the 
simulations. Typical values range from 0.01 to 0.2 

No standard techniques are available for estimating the rate constant for deep seepage loss (s). The 
most conservative approach is to assume thats= 0 (all precipitation exits the watershed in evapotranspiration 
or streamflow). otherwise the constant must be determined by calibration. 

Erosion and Sediment. The factors K,, (LS),, C, and P, for the Universal Soil Loss Equation must be 
specified as the product K, (LS), C, P, for each rural runoff source area. Values K,, C, and P, are given for a 
range of soils and conditions in Tables B-10 - B-13. More complete sets of values are provided in Mills et al. 
(1985) and Wischmeier & Smith (1978). The (LS), factor is calculated for each source area k as in Wischmeier 
& Smith (1978): 

LS = (0.045x,)b (65.41 sin2 e, + 4.56 sin e, + 0.065) (B-6) 

e, = tan·1 (ps,/100) (B-7) 
in which x, = slope length (m) and ps, = per cent slope. The exponent in Equation B-6 is given by b = 0.5 for 
ps, $ 5, b = 0.4 for 5 < ps, < 3, b = 0.3 for 3,; ps,,; 1, and b = 0.2 for ps, < 1 (Wischmeier & Smith, 1978). 

The rainfall erosivity coefficient a1 for Equation A-12 can be estimated using methods developed by Selker 
et al. (1990). General values for the rainfall erosivity zones shown in Figure B-1 are given in Table B-14. 
Watershed sediment delivery ratios are most commonly obtained from the area-based relationship shown in 
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Figure B-2. 

C 

Figure B-1. Rainfall Erosivity Zones in Eastern U.S. (Wischmeier & Smith, 1978). 
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Figure B-2. Watershed Sediment Delivery Ratios (Vanoni, 1975). 

Organic Matter Content (%) 
Texture <0.5 2 4 

Sand 0.05 0.03 0.02 
Fine sand 0.16 0.14 0.10 
Very fine sand 0.42 0.36 0.28 
Loamy sand 0.12 0.10 0.08 
Loamy fine sand 0.24 0.20 0.16 
Loamy very fine sand 0.44 0.38 0.30 
Sandy loam 0.27 0.24 0.19 
Fine sandy loam 0.35 0.30 0.24 
Very fine sandy loam 0.47 0.41 0.33 
Loam 0.38 0.34 0.29 
Silt loam 0.48 0.42 0.33 
Silt 0.60 0.52 0.42 
Sandy clay loam 0.27 0.25 0.21 
Clay loam 0.28 0.25 0.21 
Silty clay loam 0.37 0.32 0.26 
Sandy clay 0.14 0.13 0.12 
Silty clay 0.25 0.23 0.19 
Clay 0.13-0.29 

Table B-10. Values of Soil Erodibility Factor (K) (Stewart et al., 1975). 

33 

10000 

C 



R01118

Crop, rotation & managementb' 
Productivity'' 
High Moderate 

Continuous fallow, tilled up and down slope 1.00 1.00 

CORN 
1 C, RdR, fall TP, conv (1) 0.54 0.62 
2 C, RdR, spring TP, conv (1) 0.50 0.59 
3 C, Rdl, fall TP, conv (1) 0.42 0.52 
4 C, RdR, wc seeding, spring TP, conv (1) 0.40 0.49 
5 C, Rdl, standing, spring TP, conv (1) 0.38 0.48 
6 C, fall shred stalks, spring TP, conv (1) 0.35 0.44 
7 C(silage)-W(Rdl,fall TP) (2) 0.31 0.35 
8 C, Rdl, fall chisel, spring disk, 40-30% re (1) 0.24 0.30 
9 C(silage), W wc seeding, no-till pl inc-kW (1) 0.20 0.24 
10 C(Rdl)-W{Rdl,spring TP) (2) 0.20 0.28 
11 C, fall shred stalks, chisel pl, 40-30% re (1) 0.19 0.26 
12 C-C-C-W-M, Rdl, TP for C, disk for W (5) 0.17 0.23 
13 C, Rdl, strip till row zones, 55-40% re (1) 0.16 0.24 
14 C-C-C-W-M-M, Rdl, TP for C, disk for W (6) 0.14 0.20 
15 C-C-W-M, Rdl, TP for C, disk for W (4) 0.12 0.17 
16 C, fall shred, no-till pl, 70-50% re (1) 0.11 0.18 
17 C-C-W-M-M, Rdl, TP for C, disk for W (5) 0.087 0.14 
18 C-C-C-W-M, Rdl, no-till pl 2nd & 3rd C (5) 0.076 0.13 
19 C-C-W-M, Rdl, no-till pl 2d C (4) 0.068 0.11 
20 C, no-till pl in c-k wheat, 90-70% re (1) 0.062 0.14 

( 
21 C-C-C-W-M-M, no-till pl 2d & 3rd C (6) 0.061 0.11 
22 C-W-M, Rdl, TP for C, disk for W (3) 0.055 0.095 

\~. 23 C-C-W-M-M, Rdl, no-till pl 2d C (5) 0.051 0.094 
24 C-W-M-M, Rdl, TP for C, disk for W (4) 0.039 0.074 
25 C-W-M-M-M, Rdl, TP for C, disk for W (5) 0.032 0.061 
26 C, no-till pl in c-k sod, 95-80% re (1) 0.017 0.053 

COTTON'' 
27 Cot, conv (western plains) (1) 0.42 0.49 
28 Cot, conv (south) (1) 0.34 0.40 

MEADOW (HAY) 
29 Grass & legume mix 0.004 0.01 
30 Alfalfa, lespedeza or sericia 0.020 
31 Sweet clover 0.025 

SORGHUM, GRAIN (western plains) 
32 Rdl, spring TP, conv (1) 0.43 0.53 
33 No-till pl in shredded 70-50% re 0.11 0.18 

SOYBEANS" 
34 B, Rdl, spring TP, conv (1) 0.48 0.54 
35 C-B, TP annually, conv (2) 0.43 0.51 
36 B, no-till pl 0.22 0.28 
37 C-B, no-till pl, fall shred C stalks (2) 0.18 0.22 

TableB-11. CONTINUED 
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Crop, rotation & managements' 

WHEAT 
38 W-F, fall TP after W (2) 
39 W-F, stubble mulch, 500 lb re (2) 
40 W-F, stubble mulch, 1000 Lb re (2) 
41 Spring W, RdL, Sept TP, conv (ND,SD) (1) 
42 Winter W, RdL, Aug TP, conv (KS) (1) 
43 Spring W, stubble mulch, 750 lb re (1) 
44 Spring W, stubble mulch, 1250 lb re (1) 
45 Winter W, stubble mulch, 750 lb re (1) 
46 Winter W, stubble mulch, 1250 lb re (1) 
47 W-M, conv (2) 
48 W-M-M, conv (3) 
49 W-M-M-M, conv (4) 0.021 

Productivity'' 
High Moderate 

0.38 
0.32 
0.21 
0.23 
0.19 
0.15 
0.12 
0.11 
0.10 
0.054 
0.026 

'' High level exemplified by long-term yield averages greater than 75 bu/ac corn or 3 ton/ac hay or cotton 
management that regularly provides good stands and growth. 

s, Numbers in parentheses indicate numbers of years in the rotation cycle. (1) indicates a continuous one­
crop system. 

"Grain sorghum, soybeans or cotton may be substituted for corn in lines 12, 14, 15, 17-19, 21-25 to 
estimate values for sod-based rotations. 

Abbreviations: 

B soybeans F fallow 
C corn M grass & legume hay 
c-k chemically killed pl plant 
conv conventional w wheat 
cot cotton 

lb re 
% re 
xx-yy% re 
RdR 
RdL 
TP 

Table B-11. 

WC winter cover 

pounds of residue per acre remaining on surface after new crop seeding 
percentage of soil surface covered by residue mulch after new crop seeding 
xx% cover for high productivity, yy% for moderate 
residues (corn stover, straw, etc.) removed or burned 
residues left on field (on surface or incorporated) 
turn plowed (upper 5 or more inches of soil inverted, covering residues 

Generalized Values of Cover and Management Factor (C) for Field Crops East of the 
Rocky Mountains (Stewart et al., 1975). 
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Cover 

Permanent pasture, idle land, unmanaged woodland 

95-100% ground cover 
as grass 
as weeds 

80% ground cover 
as grass 
as weeds 

60% ground cover 
as grass 
as weeds 

Managed woodland 

75-100% tree canopy 
40-75% tree canopy 
20-40% tree canopy 

Value 

0.003 
0.01 

0.01 
0.04 

0.04 
0.09 

0.001 
0.002-0.004 
0.003-0.01 

Table B-12. Values of Cover and Management Factor (C) for Pasture and Woodland (Novotny & 
Chesters, 1981). 

Practice Slope(%): 1.1-2 2.1-7 7.1-1212.1-18 18.1-24 

No support practice 1.00 1.00 1.00 1.00 1.00 

Contouring 0.60 0.50 0.60 0.80 0.90 

Contour strip cropping 
R-R-M-M'1 0.30 0.25 0.30 0.40 0.45 
R-W-M-M 0.30 0.25 0.30 0.40 0.45 
R-R-W-M 0.45 0.38 0.45 0.60 0.68 
R-W 0.52 0.44 0.52 0.70 0.90 
R-O 0.60 0.50 0.60 0.80 0.90 

Contour listing or 
ridge planting 0.30 0.25 0.30 0.40 0.45 

Contour terracingb1 0.6/¾n 0.5/¾n 0.6/%n 0.8/%n 0.9/%n 

'
1 R = row crop, W = fall-seeded grain, M =meadow.The crops are grown in rotation and so arranged 

on the field that row crop strips are always separated by a meadow or winter-grain strip. 

bl These factors estimate the amount of soil eroded to the terrace channels. To obtain off-field values, 
multiply by 0.2. n = number of approximately equal length intervals into which the field slope is divided 
by the terraces. Tillage operations must be parallel to the terraces. 

Table B-13. Values of Supporting Practice Factor (P) (Stewart et al., 1975). 
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Seasonb1 

Zonea' Location Cool Warm 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Fargo ND 0.08 0.30 
Sioux City IA 0.13 0.35 
Goodland KS 0.07 0.15 
Wichita KS 0.20 0.30 
Tulsa OK 0.21 0.27 
Amarillo TX 0.30 0.34 
Abilene TX 0.26 0.34 
Dallas TX 0.28 0.37 
Shreveport LA 0.22 0.32 
Austin TX 0.27 0.41 
Houston TX 0.29 0.42 
St. Paul MN 0.10 0.26 
Lincoln NE 0.26 0.24 
Dubuque IA 0.14 0.26 
Grand Rapids Ml 0.08 0.23 
Indianapolis IN 0.12 0.30 
Parkersburg WV 0.08 0.26 
Springfield MO 0.17 0.23 
Evansville IN 0.14 0.27 
Lexington KY 0.11 0.28 
Knoxville TN 0.10 0.28 
Memphis TN 0.11 0.20 
Mobile AL 0.15 0.19 
Atlanta GA 0.15 0.34 
Apalachacola FL 0.22 0.31 
Macon GA 0.15 0.40 
Columbia SC 0.08 0.25 
Charlotte NC 0.12 0.33 
Wilmington NC 0.16 0.28 
Baltimore MD 0.12 0.30 
Albany NY 0.06 0.25 
Caribou ME 0.07 0.13 
Hartford CN 0.11 0.22 

'
1 Zones given in Figure B-1. 

bl Cool season: Oct - Mar; Warm season: Apr - Sept. 

Table B-14. Rainfall Erosivity Coefficients (a) for Erosivity Zones in Eastern U.S. (Selker et al., 
1990). 

Initial Conditions. Several initial conditions must be provided in the TRANSPRT.DAT file: initial unsatu­
rated and shallow saturated zone soil moistures (U 1 and S1), snowmelt water (SN,) and antecedent rain+ 
snowmelt for the five previous days. It is likely that these values will be uncertain in many applications. 
However, they will not affect model results for more than the first month or two of the simulation period. It is 
generally most practical to assign arbitrary initial values (U. for U1 and zero for the remaining variables) and to 
discard the first year of the simulation results. 
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Nutrient Parameters 

A sample set of nutrient parameters required for the data file NUTRIENT.DAT is given in Appendix D. 

Although the GWLF model will be most accurate when nutrient data are calibrated to local conditions, a 
set of default parameters has been developed to facilitate uncalibrated applications. Obviously these 
parameters, which are average values obtained from published water pollution monitoring studies, are only 
approximations of conditions in any watershed. 

Rural and Groundwater Sources. Solid-phase nutrients in sediment from rural sources can be estimated 
as the average soil nutrient content multiplied by an enrichment ratio. Soil nutrient levels can be determined 
from soil samples, soil surveys or general maps such as those given in Figures B-3 and B-4. A value of 2.0 for 
the enrichment ratio falls within the mid-range of reported ratios and can be used in absence of more specific 
data (McElroy et al., 1976; Mills et al., 1985). 

~ High1y diverse 
Insufficient data 

~ < 0.05¼ 121 0.05-0.09x □ 0.10-0.19x 11II1 ~ 0.20x 

Figure B-3. Nitrogen in Surface 30 cm of Soils (Parker, et al., 1946; Mills, et al., 1985). 

Default fiow-weighted mean concentrations of dissolved nitrogen and phosphorus in agricultural runoff 
are given in Table B-15. The cropland and barnyard data are from multi-year storm runoff sampling studies in 
South Dakota (Dorn bush et al., 197 4) and Ohio (Edwards et al., 1972). The concentrations for snowmelt runoff 
from fields with manure on the soil surface are taken from a manual prepared by U. S. Department of 
Agriculture scientists (Gilbertson et al., 1979). 

Default values for nutrient concentrations in groundwater discharge can be inferred from the U.S. 
Eutrophication Survey results (Omernik, 1977) given in Table B-16. These data are mean concentrations 
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computed from 12 monthly streamflow samples in watersheds free of point sources. Since such limited ( 
sampling is unlikely to capture nutrient fluxes from storm runoff, the streamflow concentrations can be .. 
assumed to represent groundwater discharges to streams. 

lz:I < 0. 04¼ 

~ 0.05-0.09¼ 

~ 0.10-0.19¼ 

IIlIII 0.20-0.30x: 

Figure B-4. P2O5 (44% phosphorus) in Surface 30 cm of Soils (Parker, et al., 1946; Mills, et al., 1985). 

Dissolved nutrient data for forest runoff are essentially nonexistent. Runoff is a small component of 
streamflow from forest areas and studies of forest nutrient flux are based on streamflow rather than runoff 
sampling. Hence the only possible default option is the use of the streamflow concentrations from the "$ 90% 
Forest" category in Table B-16 as estimates of runoff concentrations. 

Default values for urban nutrient accumulation rates are provided in Table B-17. These values were 
developed for Northern Virginia conditions and are probably suitable for smaller and relatively new urban 
areas. They would likely underestimate accumulations in older large cities. 

Septic Systems. Representative values for septic system nutrient parameters are given in Table B-18. 
Per capita nutrient loads in septic tank effluent were estimated from typical flows and concentrations. The EPA 
Design Manual (U.S. Environmental Protection Agency, 1980) indicates 170 //day as a representative 
wastewater flow from on-site wastewater disposal systems. Alhajjar et al. (1989) measured mean nitrogen and 
phosphorus concentrations in septic tank effluents of 73 and 14 mg//, respectively. The latter concentration is 
based on use of phosphate detergents. When non-phosphate detergents are used, the concentration dropped 
to 7 .9 mg//. These concentrations were combined with the 170 //day flow to produce the effluent nutrient loads 
given in Table B-18. 
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Nutrient uptake by plants (generally grasses) growing over the septic system adsorption field are frankly 
speculative. Brown & Thomas (1978) suggestthat if the grass clippings are harvested, nutrients from a septic 
system effluent can support at least twice the normal yield of grass over the absorption field. Petrovic & 
Cornman (1982) suggest that retention of turf grass clippings can reduce required fertilizer applications by 
25%, thus implying nutrient losses of 75% of uptakes. It appears that a conservative estimate of nutrient 
losses from plant cover would be 75% of the nutrient uptake of from a normal annual yield of grass. Reed et al. 
(1988) reported that Kentucky bluegrass annually utilizes 200-270 kg/ha nitrogen and 45 kg/ha phosphorus. 
Using the 200 kg/ha nitrogen value, and assuming a six month growing season and a 20 m2 per capita 
absorption area, an estimated 1.6 g/day nitrogen and 0.4 g/day phosphorus are lost by plant uptake on a per 
capita basis during the growing season. The 20 m2 adsorption area was based on per bedroom adsorption 
area recommendations by the U.S. Public Health Service for a soil with average percolation rate (.12 min/cm) 
(U.S. Public Health Service, 1967). 

The remaining information needed are the numbers of people served by the four different types of septic 
systems (normal, short-circuited, ponded and direct discharge). A starting point for this data will generally be 
estimates of the unsewered population in the watershed. Local public health officials may be able to estimate 
the fractions of systems within the area which are of each type. However, the most direct way of generating 
the information is through a septic systems survey. 
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Land Use Nitrogen Phosphorus 
(-----lmg//1-----) 

Fallow'' 
Corn81 

Small grains'' 
Hay'' 
Pasture81 

Barn yards" 

2.6 
2.9 
1.8 
2.8 
3.0 
29.3 

Snowmelt runoff from manured land": 
Corn 12.2 
Small grains 25.0 
Hay 36.0 

"Dornbush et al. (1974) 

b1Edwards et al. (1972) 

0.10 
0.26 
0.30 
0.15 
0.25 
5.10 

1.90 
5.00 
8.70 

"Gilbertson et al. (1979); manure left on soil surface. 

Table B-15. Dissolved Nutrients in Agricultural Runoff. 

Watershed Concentrations (mg/I) 
Type Eastern U.S. Central U.S. Western U.S. 

Nitrogen81
: 

$ 90% Forest 0.19 0.06 0.07 
$ 75% Forest 0.23 0.10 0.07 
$ 50% Forest 0.34 0.25 0.18 
$ 50% Agriculture 1.08 0.65 0.83 
$ 75% Agriculture 1.82 0.80 1.70 
$ 90% Agriculture 5.04 0.77 0.71 

Phos~horusb': 
$ 90% Forest 0.006 0.009 0.012 
$ 75% Forest 0.007 0.012 0.015 
$ 50% Forest 0.013 0.015 0.015 
$ 50% Agriculture 0.029 0.055 0.083 
$ 75% Agriculture 0.052 0.067 0.069 
$ 90% Agriculture 0.067 0.085 0.104 

"Measured as total inorganic nitrogen. 

b'Measured as total orthophosphorus 

Table B-16. Mean Dissolved Nutrients Measured in Streamfiow by the National Eutrophication 
Survey (Omernik, 1977). 
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Sus- Total Total 
Land Use pended BOD Nitrogen Phosphorus 

Solids 
( kg/ha-day 

lmQervious Surfaces 
Single family residential 

Low density (units/ha < 1.2) 2.5 0.15 0.045 0.0045 
Medium density (units/ha ;, 1.2) 6.2 0.22 0.090 0.0112 

Townhouses & apartments 6.2 0.22 0.090 0.0112 
High rise residential 3.9 0.71 0.056 0.0067 
Institutional 2.8 0.39 0.056 0.0067 
Industrial 2.8 0.71 0.101 0.0112 
Suburban shopping center 2.8 0.71 0.056 0.0067 
Central business district 2.8 0.85 0.101 0.0112 

Pervious Surfaces 
Single family residential 

Low density (units/ha < 1.2) 1.3 0.08 0.012 0.0016 
Medium density (units/ha;, 1.2) 1.1 0.15 0.022 0.0039 

Townhouses & apartments 2.2 0.29 0.045 0.0078 
High rise residential 0.8 0.08 0.012 0.0019 
Institutional 0.8 0.08 0.012 0.0019 
Industrial 0.8 0.08 0.012 0.0019 
Suburban shopping center 0.8 0.08 0.012 0.0019 
Central business district 0.8 0.08 0.012 0.0019 

Table B-17. Contaminant Accumulation Rates for Northern Virginia Urban Areas (Kuo, et al., 
1988). 

Parameter Value 

e, per capita daily nutrient load 
in septic tank effluent (g/day) 

Nitrogen 12.0 
Phosphorus 

Phosphate detergents use 2.5 
Non-phosphate detergents use 1.5 

Um, per capita daily nutrient uptake 
by plants during month m (g/day) 
Nitrogen: Growing season 1.6 

Non-growing season 0.0 
Phosphorus: Growing season 0.4 

Non-growing season 0.0 

Table B-18. Default Parameter Values for Septic Systems. 
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APPENDIX C: VALIDATION STUDY 

The GWLF model was tested by comparing model predictions with measured streamflow, sediment and 
nutrient loads from the West Branch Delaware River Basin during a three-year period (April, 1979 - March, 
1982). The model was run using the four-year period April, 1978 - March, 1982 and first year results were 
ignored to eliminate effects of arbitrary initial conditions. 

CANNONSIJ ILLE 
RESERIJOIR 

\/ 
DELHI 

c.....,-------__ ,,.. 

Figure C-1. West Branch Delaware River Watershed. 

The 850 km2 watershed, which is shown in Figure C-1, is in a dairy farming area in southeast New York 
which consists of 30% agricultural, 67% forested and 2% urban land uses. The river empties into Cannonsville 
Reservoir, which is a water supply source for the City of New York. 

The model was run for the four-year period using daily precipitation and temperature records from the 
U.S. Environmental Data and Information service weather station at Walton, NY. To test the usefulness of the 
default parameters presented previously, no attempt was made to calibrate the model. No water quality data 
from the watershed were used to estimate parameters. All transport and chemical parameters were obtained 
by the general procedures described in the Appendix B. 

Water Quality Observations 

C 

Continuous streamflow records were available from a U.S. Geological Survey gauging station at Walton, 
NY. Nutrient and sediment data were collected, analyzed and summarized by the N.Y. State Department of 
Environmental Conservation (Brown et al., 1985). During base flow conditions, samples were collected at 
approximately one-week intervals. During storm events, samples were collected at 2-4 hour intervals during 
hydrograph rise and at 6-8 hour intervals in the 2-3 days following flow peak. More frequent sampling was 
carried out during major snowmelt events. Total and dissolved phosphorus and sediment (suspended solids) 
data were collected from March, 1980 through March, 1982. The sampling periods for dissolved and total 
nitrogen were less extensive: March, 1980 - September, 1981 and January, 1981 - September, 1981, 
respectively. C. 
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C 

Mass fluxes were computed by multiplying sediment or nutrient concentrations in a sample by "a volume 
of water determined by numerically integrating flow over the period of time from half of the preceding sampling 
time interval through half of the following sampling time interval" (Brown et al., 1985). 

Watershed Data 

Land Uses. The parameters needed for the agricultural and forest source areas were estimated from a 
land use sampling procedure similar to that described by Haith & Tubbs (1981). U.S. Geological Survey 
1 :24,000 topographic maps of the watershed were overlain by land use maps derived from 1971-1974 aerial 
photography. The maps were then overlain by a grid with 1-ha cells which was the basis of the sampling 
procedure. The land uses were divided into two general categories: forest and agriculture. Forest areas were 
subdivided into forest brushland and mature forest, and agricultural areas were subdivided into cropland, 
pasture and inactive agriculture. A random sample of 500 cells was taken, stratified over the two major land 
uses to provide more intense sampling of agricultural areas (390 samples vs. 110 for forest). 

For each agricultural sample, the following were recorded: land use (cropland, pasture or inactive), soil 
type and length and gradient of the slope of the field in which the 1-ha sample was located. Crops were 
separated into two categories, corn or hay, since these two crops make up 99% of the county cropland. 

Barnyard areas were identified from examination of conservation plans for 30 watershed dairy farm 
barnyards. Average earthen and roof drainage areas were 0.1306 ha and 0.0369 ha, respectively. These 
values were assumed representative of the watershed's 245 barnyards, producing total earth and roof 
drainage areas of 32 and 9 ha, respectively. 

Urban land uses (low-density residential, commercial and industrial) were calculated from Delaware 
County tax maps. The impervious portions of these areas were 16%, 54% and 34% for residential, commercial 
and industrial land uses, respectively. 

Runoff Curve Numbers. In forest areas, curve numbers were selected by soil type, assuming "good" 
hydrologic condition. Agricultural curve numbers were selected based on soil type, crop, management practice 
(e.g., strip cropping) and hydrologic condition. All pasture, hay and corn-hay rotations were assumed to be in 
good condition. Inactive agricultural areas were assumed to be the same as pasture. Corn grown in 
continuous rotation was considered in poor condition. Cropland breakdown into hay, continuous corn and 
rotated corn was determined from county data assembled by Soil Conservation Service (1976) and confirmed 
from Bureau of the Census (1980). 

Rural source areas and curve numbers are listed in Table C-1. These areas were subsequently aggre­
gated for the GWLF input files into the large areas given in Table C-2. Urban and barnyard areas are also 
given in Table C-2. Curve numbers are area-weighted averages for each source area. 

Erosion and Sediment Parameters. Data required for estimation of soil loss parameters for logging sites 
were obtained from a forestry survey (Slavicek, 1980). Logging areas were located from a 1979 aerial survey. 
Transects of the logging roads at these sites were measured for soil loss parameters Kk, (LS)k, Ck and Pk, and 
from this information an average K, (LS), Ck Pk value was calculated. 

Soil erodibility factors (Kk) for agricultural land were obtained from the Soil Conservation Service. Cover 
factors (C) were selected Table B-10 based on several assumptions. For corn, the assumptions were that all 
residues are removed from the fields (91 % of the corn in the county is used for silage (Bureau of the Census, 
1980)), and all fields are spring turn-plowed and in the high productivity class (Knoblauch, 1976). A moderate 
productivity was assumed for hay (Knoblauch, 1976). Supporting practice factors of P = 1 were used for all 
source areas except strip crop corn. Area-weighted Kk (LS)k Ck P, values are given in Table C-2. Coefficients 
for daily rainfall erosivity were selected from Table B-13 for Zone 31 (Figure B-1). A watershed sediment 
delivery ratio of 0.065 was determined from Figure B-2. 
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Soil 
Hydrologic Curve 

Source Area Group Area(ha) Number" 

Continuous corn B 414 81 
C 878 88 

Rotated corn B 620 78 
C 1316 85 

Strip crop corn C 202 82 

Hay B 2319 72 
C 10690 81 
D 76 85 

Pasture B 378 61 
C 4639 74 
D 76 80 

Inactive agriculture B 328 61 
C 3227 74 
D 126 80 

Forest brushland B 3118 48 
C 24693 65 
D 510 73 

C Mature forest B 510 55 
C 27851 70 

21 Antecedent moisture condition 2 (CN2,) 

Table C-1. Areas and Curve Numbers for Agricultural and Forest Runoff Sources for West 
Branch Delaware River Basin. 
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Land Use Area(ha) Curve Number"' Erosion Productb' 

Corn 3430 83.8 0.214 
Hay 13085 79.4 0.012 
Pasture 5093 73.1 0.016 
Inactive 
Agriculture 3681 73.1 0.017 

Barnyards 41 92.2 
Forest 56682 66.5 
Logging Trails 20 0.217 
Residential 
(Low Density) 

Impervious 104 98.0 
Pervious 546 74.0 

Commercial 
Impervious 49 98.0 
Pervious 41 74.0 

Industrial 
Impervious 34 98.0 
Pervious 67 74.0 

''Antecedent moisture condition 2 (CN2,). 

b/K, (LS), C, P, 

Table C-2. 

Land Use 

Corn 
Hay 
Pasture 
Inactive 

Agriculture 
Forest 
Logging 
Barn Yards 
Residential 
Commercial 
Industrial 

Watershed 
Weighted Mean 

Table C-3. 

Aggregated Runoff Source Areas in West Branch Delaware River Basin. 

Cover Coefficient 
Area(ha) May-Oct Nov-Apr 

3430 1.0 0.3 
13085 1.0 1.0 
5093 1.0 1.0 

3681 1.0 1.0 
56682 1.0 0.3 

20 0.3 0.3 
41 0.3 0.3 

650 0.84 0.84 
90 0.46 0.46 
101 0.66 0.66 

82873 1.00 0.49 

Evapotranspiration Cover Coefficients for West Branch Delaware River Basin. 
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Other Transport Parameters. For purpose of curve number and evapotranspiration cover coefficient 
selection, the growing season was assumed to correspond to months during which mean air temperature is at 
least 1 DEC (May-October). Cover coefficients were selected from Table B-8 and are listed in Table C-3 along 
with the area-weighted watershed values. An average groundwater recession constant of r = 0.1 was 
determined from analysis of 30 hydrograph recessions from the period 1971 -1978. The seepage constant (s) 
was assumed to be zero, and the default value of 1 O cm was used for unsaturated zone available soil moisture 
capacity u·. 

Nutrient Concentrations and Accumulation Rates. Using the soil nutrient values given in Figures B-3 and 
B-4 and the previously suggested enrichment ratio of 2.0 produced sediment nutrient concentrations of 3000 
mg/kg nitrogen and 1300 mg/kg phosphorus. Rural dissolved nutrient concentrations were selected from 
Tables B-15 and B-16. Manure is spread on corn land in the watershed and hence the manured land concen­
trations were used for corn land runoff in snowmelt months (January- March). Inactive agricultural land was 
assumed to have nutrient concentrations midway between pasture and forest values. Urban nutrient accumu­
lation rates from Table B-17 were used, with "Central business district" values used for commercial land. 

Septic System Parameters. The default values for nutrient loads and plant uptake given in Table B-18 
were used to model septic systems. The population served by each type of septic system was estimated by 
determining the percentage of the total number of systems falling within each class and multiplying by the 
year-round and seasonal (June-August) unsewered populations in the watershed. Table C-4 summarizes the 
population data for septic systems. 

System Type 

Normal 
Short-circuited 
Ponded 
Direct discharge 

'' June - August 

Table C-4. 

Percent 
of Total Population Served 
Population Year-round 

86 
1 
10 
3 

7572 
88 

881 
264 

Season ala' 

1835 
21 
213 
64 

Estimated Populations Served by Different Septic System Types in West Branch 
Delaware River Basin. 

The year-round unsewered population estimate for the watershed was based on 1980 Census data. 
These data were also used to determine the average number of people per household and the number of 
housing units used on a part-time basis. The seasonal population was then calculated by assuming the 
number of people per household was the same for seasonal and year-round residents. 

A range of values for the current (1991) percentage of each type of system was supplied by the New York 
City Department of Environmental Protection (Personal Communication, J. Kane, New York City Department 
of Environmental Protection). A estimate of the percentages for the study period was determined by comparing 
the range of current values with the percentages from a survey of a neighboring area of Delaware County with 
construction practices and code enforcement similar to the West Branch Delaware River Watershed at the 
time of the study (Personal Communication, A. Lemley, Cornell University). 

Point Sources. Point sources of nutrients are dissolved loads from five municipal and two industrial 
wastewater treatment plants. These inputs are 3800 kg/mo nitrogen and 825 kg/mo phosphorus (Brown & 
Rafferty, 1980; Dickerhoff, 1981). 
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Complete data inputs for the validation simulation run are given in Appendix D. 

Validation Results 

The GWLF streamflow predictions are compared with observations in Figure C-2. It is apparent that 
although the model mirrors the timing of observed stream/low, predictions for any particular month may have 
substantial errors. Accuracy is poorest for low flows, when predicted streamflows are essentially zero due to 
the very simple lumped parameter groundwater model. 

West Branch Delaware River 
(4/79-3/82) 

18 

16 
X 

14 
~ 

E 12 u 
~ 

3 10 
0 

-= E 8 
0 
Q) 

6 '--er, 

4 
X 

2 
X 

0 
A J A 0 D F A J A 0 D F A J A 0 D F 

Month 

X Observed -- Predicted 

Figure C-2. Observed and Predicted Monthly Streamflow. 

Model predictions and observations for total phosphorus and nitrogen are compared in Figures C-3 and 
C-4. Both sets of predictions match the variations in observations but under-predict the February, 1981 peak 
values by 35% and 26% for phosphorus and nitrogen, respectively. A quantitative summary of the compari­
sons of predictions with observations is given in Table C-5. Monthly mean predictions are within 10% of 
observation means for five of the six model outputs. The predicted mean total nitrogen flux is 73% of the 
observed mean. No coefficient of determination (R2

) is less than 0.88, indicating that the model explains at 
least 88% of the observed monthly variation in stream/low, sediment yield and nutrient fluxes . 

• Mean annual nutrient loads from each source for the four-year simulation period are provided in Table C-
6. It is apparent that cropland runoff is a major source of streamflow nitrogen and phosphorus. Groundwater 
discharge is the largest source of nitrogen, accounting for 41 % of dissolved and 36% of total nitrogen loads. 
Point sources constitute 11 % of total nitrogen and 20% of total phosphorus. Septic tank drainage provides 
nearly as much nitrogen as point sources, but is a minor phosphorus source. 

48 



R01133

45 

40 

0135 
::E 
~ 

en 30 
::, 
'-
0 25 _r: 
Q_ 

~ 20 
..c 
"- 15 
0 ->':' 10 

5 

0 

X 

t 
. 

M M j 

West Branch Delaware River 
(3 /80-3 /82) 

-~ 
~ X 

' ' ' ' s N j 

X 

~ 
M 

Month 
M j 

x Observed -- Predicted 

X 

-
A I 

X I ~ 

• X . . . 
s N j M 

Figure C-3. Observed and Predicted Total Phosphorus in Streamflow. 

ConstituentPeriod 

Streamflow (cm) 
Sediment 

(1000 Mg) 
Nitrogen (Mg) 

Dissolved 
Total 
Phosphorus (Mg) 
Dissolved 
Total 

Table C-5. 

Validation Monthly Means Coefficient 
Predicted Observed of Deter-

mination (R2
) 

4/79-3/82 4.9 4.5 0.88 

3/80-3/82 1.6 1.7 0.95 

3/80-9/81 27.8 27.8 0.94 
1/81-9/81 32.9 44.8 0.99 

3/80-3/82 2.6 2.4 0.95 
3/80-3/82 4.7 5.2 0.95 

Comparison of GWLF Predictions and Observations for the West Branch Delaware 
River Watershed. 
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Figure C-4. Observed and Predicted Total Nitrogen in Streamflow. 

Conclusions 

X 

A s 

The watershed loading functions model GWLF is based on simple runoff, sediment and groundwater 
relationships combined with empirical chemical parameters. The model is unique in its ability to estimate 
monthly nutrient fluxes in streamflow without calibration. Validation studies in a large New York watershed 
indicated that the model possesses a high degree of predictive accuracy. Although better results could 
perhaps be obtained by more detailed chemical simulation models, such models have substantially greater 
data and computational requirements and must be calibrated from water quality sampling data. 

The GWLF model has several limitations. Peak monthly nutrient fluxes were underestimated by as much 
as 35%. Since nutrient chemistry is not modeled explicitly, the model cannot be used to estimate the effects of 
fertilizer management or urban storm water storage and treatment. The model has only been validated for a 
largely rural watershed in which agricultural runoff and groundwater discharge provided most of the nutrient 
load. Although the urban runoff component is based on well-known relationships which have been used 
previously in such models as STORM and SWMM, GWLF performance in more urban watersheds is uncer­
tain. 
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Nitrogen (Mg) Phosphorus (Mg) 
Source Dissolved Total Dissolved Total 

Runoff 

Corn 52.9 84.6 7.8 21.5 
Hay 48.6 55.4 2.6 5.5 
Pasture 13.2 16.7 1.1 2.6 
Inactive 
Agriculture 5.1 7.8 0.4 1.6 

Forest & logging 5.9 6.1 0.2 0.3 
Barn yards 4.3 4.3 0.8 0.8 
Urban 2.8 0.3 

Groundwater. Point Sources. & Septic Systems 

Groundwater 
Discharge 

Point sources 
Septic systems 

Watershed Total 

Table C-6. 

149.6 149.6 5.7 5.7 
45.6 45.6 9.9 9.9 
38.1 38.1 1.1 1.1 

363.4 411.1 29.6 48.3 

Mean Annual Nutrient Loads Estimated from GWLF for the West Branch Delaware 
River Watershed: 4/78 - 3/82. 

51 

C 



R01136

APPENDIX D: DATA AND OUTPUT LISTINGS FOR VALIDATION STUDY (EXAMPLE 1) 

The first listing in this appendix is the set of sequential data input files TRANSPRT.DAT, NUTRIENT.DAT 
and WEATHER.DAT used in the validation study and Example 1. The first two files are constructed by 
selecting the appropriate option from GWLF menus. The weather file is arranged by months (April - March, in 
this application) with the first entry for each month being the number of days in the month, and subsequent 
entries being temperature (EC) and precipitation (cm) for each day. Only a partial listing of WEATHER.DAT is 
given. The next listings are the text files for the transport and nutrient data (TRANSPRT.TXT and 
NUTRIENT.TXT). The remaining listings are text files of the several program outputs (SUMMARY.TXT and 
MONTHL Y.TXT). 
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TRANSPRT.DAT NUTRIENT.DAT 

7,6 
.1,0,10,0,0, .065,10 
0 

3000, 1300, .34, .013 
1,10,12 
2.9,.26 

0 
0 
0 
0 
"APR", .49,13.1,0, .25 
"MAY 11 ,l,14.3,l, .25 
"JUNE",l,15,1, .25 
"JULY",1,14.6,1, .25 
"AUG",1,13.6,1, .25 
"SEPT",1,12.3,1, .25 
"OCT",1,10.9,1, .06 
"NOV", . 4 9, 9. 7, 0, . 0 6 
"DEC",. 49, 9, 0,. 06 
"JAN 11

, .49,9.3,0, .06 
"FEB",. 49, 10. 4, 0,. 06 
"MAR", .49,11.7,0, .06 
"CORN", 3 4 3 0, 8 3 . 8, . 214 
"HAY",13085,79.4, .012 
"PASTURE",5093,73.1, .016 
"INACTIVE",3681,73.1, .017 
''FOREST'',56682,66.5,0 
11 LOGGING 1',20,0, .217 
"BARN YARDS",41,92.2,0 
"RES-imperv",104,98,0 
''RES-perv'',546,74,0 
"COMM-imperv",49,98,0 
"COMM-perv",41,74,0 
"INDUS-imperv",34,98,0 
''INDUS-perv'',67,74,0 

2.8, .15 
3,. 25 
1.6,.13 
.19, .006 
0,0 
29.3,5.1 
0.045,0.0045 
0.012,0.0016 
0.101,0.0ll2 
0.012,0.0019 
0.101,0.0ll2 
0.012,0.0019 
12.2,1.9 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
3800,825 
1 
7572, 881, 88,264 
7572,881,88,264 
9407,1094,109,328 
9407,1094,109,328 
9407,1094,109,328 
7572, 881, 88,264 
7572,881,88,264 
7572,881,88,264 
7572,881,88,264 
7572, 881, 88,264 
7572, 881, 88,264 
7572, 881, 88,264 
12,2.5,1.6, .4 
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WEATHER. DAT 

ll, .2 
2, . 4 
-3, .1 
2,0 
3, 1 
4, 0 
9,. 4 
2, .1 
2, .1 
4, 0 
12, .1 
10, . 6 
12, 0 
5, .1 
2, .1 
5,0 
4,0 
5, .1 
7, 0 
8, 1. 3 
4, . 4 
6, .1 
4, 0 
6, 0 
7, 0 
8,0 
9,0 
8,0 
7,0 
5, .1 
31 
-1,0 
6, 0 
6, 0 
5,0 
1 f • 3 
6, 1. 3 
ll,. 6 
9, 0 
15, . 8 
10, . 2 
15,0 
13, 0 
16,0 
14, 0 
12, . 5 
ll,. 4 
ll,. 8 
14, . 4 
17,. 2 
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TRANSPRT.TXT 

TRANSPRT DATA 

LAND USE AREA(ha) CURVE NO 
CORN 3430. 83.8 
HAY 13085. 7 9. 4 
PASTURE 5093. 73.1 
INACTIVE 3681. 73.1 
FOREST 56682. 66.5 
LOGGING 20. 0.0 
BARN YARDS 41. 92.2 
RES-imperv 104. 98.0 
RES-perv 54 6. 74.0 
COMM-imperv 49. 98.0 
COMM-perv 41. 74.0 
INDUS-imperv 34. 98.0 
INDUS-perv 67. 74.0 

MONTH ET CV() DAY HRS GROW. SEASON 
APR 0.490 13.1 0 
MAY 1. 000 14.3 1 
JUNE 1. 000 15 1 
JULY 1. 000 14.6 1 
AUG 1. 000 13. 6 1 
SEPT 1.000 12.3 1 
OCT 1.000 10.9 1 
NOV 0.490 9.7 0 
DEC 0.490 9 0 
JAN 0.490 9.3 0 
FEB 0. 4 90 10.4 0 
MAR 0. 4 90 11. 7 0 

ANTECEDENT RAIN+MELT FOR DAY -1 TO DAY -5 
0 0 0 0 0 

INITIAL UNSATURATED STORAGE (cm) 
INITIAL SATURATED STORAGE (cm) 
RECESSION COEFFICIENT (1/day) 
SEEPAGE COEFFICIENT (1/day) 
INITIAL SNOW (cm water) 
SEDIMENT DELIVERY RATIO 
UNSAT AVAIL WATER CAPACITY (cm) 

NUTRIENT.TXT 

10 
0 
.1 
0 
0 

0.065 
10 

NUTRIENT DATA 

RURAL LAND USE 
CORN 
HAY 
PASTURE 
INACTIVE 
FOREST 
LOGGING 
BARN YARDS 

DIS.NITR IN RUNOFF(mg/1) 
2.9 
2.8 
3 
1. 6 
.19 
0 
29.3 

54 

KLSCP 
0.21400 
0.01200 
0.01600 
0.01700 
0.00000 
0.21700 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

EROS. COEF 
.25 
.25 
.25 
.25 
.25 
.25 
.06 
.06 
.06 
.06 
.06 
.06 

DIS.PHOS IN RUNOFF(mg/1) 
.26 
.15 
.25 
.13 
.006 
0 
5.1 
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NUTRIENT CONCENTRATIONS IN RUNOFF FROM MANURED AREAS 

LAND USE 
CORN 

NITROGEN(mg/1) 
12.2 

URBAN LAND USE 
RES-imperv 
RES-perv 
COMM-imperv 
COMM-perv 
INDUS-imperv 
INDUS-perv 

NITR.BUILD-UP(kg/ha-day) 
.045 
.012 
.101 
.012 
.101 
.012 

MONTH 
APR 

POINT SOURCE NITR. (kg) 
3800 

MAY 3800 
JUNE 3800 
JULY 3800 
AUG 3800 
SEPT 3800 
OCT 3800 
NOV 3800 
DEC 3800 
JAN 3800 
FEB 3800 
MAR 3800 

NITROGEN IN GROUNDWATER (mg/1): 
PHOSPHORUS IN GROUNDWATER (mg/1): 
NITROGEN IN SEDIMENT (mg/kg): 
PHOSPHORUS IN SEDIMENT (mg/kg): 

MANURE SPREADING JAN THRU MAR 

SEPTIC SYSTEMS 

0.340 
0.013 

3000 
1300 

POPULATION SERVED 
NORMAL PONDING 

MONTH SYSTEMS SYSTEMS 
APR 7572 881 
MAY 7572 881 
JUNE 9407 1094 
JULY 9407 1094 
AUG 9407 1094 
SEPT 7572 881 
OCT 7572 881 
NOV 7572 881 
DEC 7572 881 
JAN 7572 881 
FEB 7572 881 
MAR 7572 881 

PER CAPITA TANK EFFLUENT NITROGEN lg/day) 
PER CAPITA TANK EFFLUENT PHOSPHORUS (g/day) 

PHOSPHORUS (mg/1) 
1. 9 

PHOS.BUILD-UP(kg/ha-day) 
.0045 
.0016 
. 0112 
.0019 
. 0112 
.0019 

POINT SOURCE PHOS. (kg) 
825 
825 
825 
825 
825 
825 
825 
825 
825 
825 
825 
825 

SHORT-CIRCUIT DISCHARGE 
SYSTEMS SYSTEMS 

88 2 64 
88 264 
109 328 
109 328 
109 328 
88 2 64 
88 264 
88 264 
88 264 
88 2 64 
88 2 64 
88 2 64 

12 
2.5 

PER CAPITA GROWING SEASON NITROGEN UPTAKE (g/day) 1. 6 
PER CAPITA GROWING SEASON PHOSPHORUS UPTAKE (g/day) . 4 
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SUMMARY.TXT 

W. Branch Delaware River 4/78-3/82 4 -year means 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 9.6 1.9 6.5 0.3 6.7 
MAY 9.8 7.5 5.3 0.3 5.6 
JUNE 8.3 9.7 1.8 0.0 1.8 
JULY 8.6 11.3 0.1 0.0 0.2 
AUG 10.4 9.2 1.2 0.9 2.0 
SEPT 11.6 5.8 0.1 0.1 0.2 
OCT 11.5 3.1 4.3 0.1 4.4 
NOV 8.2 0.7 6.6 0.4 7.0 
DEC 8.0 0.2 5.6 0.4 6.0 
JAN 8.1 0.1 5.0 1.1 6.1 
FEB 8.5 0.2 5.7 1.8 7.4 
MAR 9.8 0.8 10.9 2.4 13.3 

ANNUAL 112 . 3 50.7 53.1 7.8 60.8 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
----(1000 Mg)----

APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

ANNUAL 

29.2 0.0 
35.7 0.2 
23.5 0.0 
28.1 0.0 
45.8 1.2 
45.0 0.0 
11.2 0.1 

6.3 0.9 
0.8 1.1 
0.4 1.1 
0.5 4.4 
3.7 6.0 

230.4 15.0 

SOURCE AREA RUNOFF 
(ha) (cm) 

CORN 3430. 18.03 
HAY 13085. 13.27 
PASTURE 5093. 8.65 
INACTIVE 3681. 8.65 
FOREST 56682. 5.47 
LOGGING 20. 0.00 
BARN YARDS 41. 36.11 
RES-imperv 104. 74 .11 
RES-perv 546. 9.20 
COMM-imperv 49. 74 .11 
COMM-perv 41. 9.20 
INDUS-imperv 34. 74 .11 
INDUS-perv 67. 9.20 
GROUNDWATER 
POINT SOURCE 
SEPTIC SYSTEMS 

TOTAL 

------------(Mg)------------------
30.7 31.1 1.9 2.0 
26.9 27.7 1.8 2.1 
10.7 10.9 1.1 1.2 

4.9 5.2 1.0 1.0 
17.2 21.0 1.7 3.2 

6.2 6.6 1.1 1.1 
21.3 21.8 1.6 1.7 
33.3 36.1 2.1 3.2 
28.9 32.3 1.9 3.3 
41.4 45.0 3.6 5.1 
55.4 68.8 4.9 10.6 
86.6 104.8 7.0 14.8 

363.4 

EROSION 
(Mg/ha) 

47.43 
2.66 
3.55 
3.77 
0.00 

48.10 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 

411.0 29.6 4 9. 3 

DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
--------------(Mg)------------

52.92 84.64 7.78 21.52 
48.60 55.39 2.60 5.54 
13.22 16.74 1.10 2.63 

5.10 7.80 0.41 1.59 
5.89 5.89 0.19 0.19 
0.00 0.19 0.00 0.08 
4.34 4.34 0.76 0.76 
0.00 0.86 0.00 0.09 
0.00 0.29 0.00 0.04 
0.00 0.91 0.00 0.10 
0.00 0.02 0.00 0.00 
0.00 0.63 0.00 0.07 
0.00 0.04 0.00 0.01 

149.58 149.58 5.72 5.72 
45.60 45.60 9.90 9.90 
38.13 38.13 1.11 1.11 

363.37 411. 05 2 9. 57 4 9. 34 
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MONTHLY.TXT 

W. Branch Delaware River 4/78-3/82 YEAR 1 

APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

YEAR 

APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

YEAR 

SOURCE 

CORN 
HAY 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

5.2 1.7 3.1 0.0 3.1 
7.9 7.4 2.1 0.0 2.1 

10.5 9.7 1.8 a.a 1.8 
10.8 10.9 0.3 0.0 0.4 
17.0 10.4 4.6 3.4 8.1 
7.6 5.5 0.4 0.1 0.4 

11.6 3.1 3.9 0.0 3.9 
4.7 0.7 3.7 0.1 3.8 

12.6 0.2 5.2 0.0 5.2 
19.1 0.2 8.7 3.8 12.6 
4.0 0.1 4.6 0.5 5.1 

10.9 1.1 16.5 4.6 21.0 

121. 9 50.9 54.9 12.6 67.4 

EROSION SEDIMENT 
----(1000 Mg)----

DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 

8.3 0.0 
13.3 a.a 
29_3 a.a 
39.4 a.a 

109.6 4.7 
35.4 a.a 
10.3 0.0 

1.4 0.0 
1.8 a.a 
0. 0 3. 8 
o. a a. 2 
5. a 7. 7 

253.8 16. 5 

AREA RUNOFF 
Iha) (cm) 

3430. 24.70 
13085. 19. 27 

------------(Mg)------------------
14.9 15.0 1.3 1.3 
11.3 11.5 1.1 1.2 
10.8 11.0 1.2 1.2 

5.8 6.1 1.0 1.0 
54.9 69.5 3.8 10.0 

6.8 6.9 1.1 1.1 
17.8 18.1 1.4 1.4 
18.2 18.4 1.4 1.4 
22.1 22.3 1.5 1.5 

100.4 112.2 8.9 13.9 
32.7 33.5 2.8 3.1 

139.6 163.2 11.2 21.3 

435.3 

EROSION 
(Mg/ha) 

487.5 36.6 58.3 

DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
--------------(Mg)------------

81.18 116.13 12.18 27.33 
70.59 78.06 3.78 7.02 

PASTURE 5093. 13 .86 

52.26 
2.93 
3. 91 
4.15 
0.00 

21.18 25.06 1.76 3.45 
INACTIVE 3681. 
FOREST 56682. 
LOGGING 20. 
BARN YARDS 41. 
RES-imperv 104. 
RES-perv 54 6. 
COMM-imperv 4 9. 
COMM-perv 41. 
INDUS-imperv 34. 
INDUS-perv 67. 
GROUNDWATER 
POINT SOURCE 
SEPTIC SYSTEMS 

TOTAL 

13.86 
9.81 
0.00 

44.22 
82.95 
14.52 
82.95 
14.52 
82.95 
14.52 

52.99 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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8.16 11.14 0.66 1.95 
10.57 10.57 0.33 0.33 

0.00 0.21 0.00 0.09 
5.31 5.31 0.92 0.92 
0.00 0.86 0.00 0.09 
0.00 0.30 0.00 0.04 
0.00 0.90 0.00 0.10 
0.00 0.02 0.00 0.00 
0.00 0.63 0.00 0.07 
0.00 0.04 0.00 0.01 

154.61 154.61 5.91 5.91 
45.60 45.60 9.90 9.90 
38.10 38.10 1.11 1.11 

435.30 487.55 36.58 58.33 
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W. Branch Delaware River 4/78-3/82 YEAR 2 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 11. a 1. 8 8.5 0.7 9.2 
MAY 15.3 7.6 6.8 0.6 7.5 
JUNE 4.2 9.6 3.8 a.a 3.8 
JULY 7.2 11.5 0.2 a.a 0.2 
AUG 9.2 7.6 0.0 0.0 0.0 
SEPT 14.3 6.0 0.0 0.1 0.1 
OCT 11.2 3.4 6.7 0.1 6.7 
NOV 13.5 0.9 8.6 0.8 9.4 
DEC 5.0 0.4 6.7 0.0 6.7 
JAN 3.7 0.2 4.3 0.0 4.3 
FEB 4.0 0.1 1. 4 0.0 1. 4 
MAR 14.8 0.7 10.7 3.0 13.7 
---------------------------------------------------------------
YEAR 113. 4 4 9. 8 57.6 5.4 63.0 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
----(1000 Mg)----

APR 35.1 0.2 
MAY 66.9 0.5 
JUNE 11.2 0.0 
JULY 15.4 0.0 
AUG 19.1 0.0 
SEPT 64.7 0.1 
OCT 8.2 0.0 
NOV 21. 0 2.6 
DEC 0.7 0.0 
JAN 1. 7 0.0 
FEB 0.0 0.0 
MAR 8.6 13.0 

252.7 16.4 YEAR 

SOURCE AREA RUNOFF 
(ha) 

CORN 
HAY 
PASTURE 
INACTIVE 
FOREST 
LOGGING 
BARN YARDS 
RES-imperv 
RES-perv 
COMM-imperv 
COMM-perv 
INDUS-imperv 
INDUS-perv 
GROUNDWATER 
POINT SOURCE 
SEPTIC SYSTEMS 

TOTAL 

3430. 
13085. 

5093. 
3681. 

56682. 
20. 
41. 

104. 
546. 

49. 
41. 
34. 
67. 

(cm) 
15.22 
10.54 

6.11 
6.11 
3.26 
0.00 

33.71 
74. 8 6 

6.62 
74.86 

6.62 
74.86 

6.62 

------------(Mg)------------------

43.4 44.2 2.6 2.8 
37.6 39.3 2.4 3.1 
17.2 17 .3 1. 3 1. 4 

4.9 5 .1 0.9 1.0 
4.4 4. 6 0. 9 1.0 
6.5 7.0 1.1 1.2 

27.9 28.2 1. 7 1. 8 
45.2 53.3 2.7 6.1 
27.6 27. 9 1. 7 1. 7 
18.9 19. 0 1. 4 1. 4 
10.2 10.3 1. 2 1. 2 
99.0 138.5 8.5 25.5 

342.6 394. 6 2 6. 4 48.1 

EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(Mg/ha) --------------(Mg)------------

52.02 37.28 72.08 5.26 20.34 
2.92 38.60 46.05 2.07 5.29 
3.89 9.33 13.19 0.78 2.45 
4.13 3.60 6.56 0.29 1.58 
0.00 3.51 3.51 0.11 0.11 

52.75 0.00 0.21 0.00 0.09 
0.00 4.05 4.05 0.70 0.70 
0.00 0.00 0.88 0.00 0.09 
0.00 0.00 0.28 0.00 0.04 
0.00 0.00 0.93 0.00 0.10 
0.00 0.00 0.02 0.00 0.00 
0.00 0.00 0.64 0.00 0.07 
0.00 0.00 0.03 0.00 0.01 

162.40 162.40 6.21 6.21 
45.60 45.60 9.90 9.90 
38.21 38.21 1.12 1.12 

342.59 394.64 26. 44 48.10 
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W. Branch Delaware River 4/78-3/82 YEAR 3 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 11. 9 2.1 9.3 0.2 9.5 
MAY 3.2 7.6 4.3 0.0 4.3 
JUNE 10.4 9.1 0.2 0.0 0.2 
JULY 9.5 11.5 0.0 0.0 0.0 
AUG 9.9 10.3 0.0 0.0 0.0 
SEPT 10.7 6.3 0.0 0.2 0.2 
OCT 10.0 3.0 2.2 0.2 2.4 
NOV 8.8 0.5 6.7 0. 9 7.6 
DEC 6.3 0.1 6.2 0.6 6.8 
JAN 2.8 0.0 2.4 0.1 2.5 
FEB 16.8 0.6 10.7 5.1 15.8 
MAR 4.3 0.8 5.9 0.0 5.9 
---------------------------------------------------------------
YEAR 104.6 52.0 47.8 7.4 55.2 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
----(1000 Mg)---- ------------(Mg)------------------

APR 45.5 0.0 40.9 41. 2 2.2 2.3 
MAY 6.7 0.0 19.2 19.3 1. 4 1. 4 
JUNE 38.2 0.0 5.4 5.7 1.0 1.0 
JULY 37. 6 0.0 4.5 4.7 1.0 1.0 
AUG 41. 7 0.0 5.2 5.4 1.0 1.0 
SEPT 36.6 0.1 7.1 7.5 1.1 1.2 
OCT 15.9 0.1 16.3 17.0 1.5 1. 7 

C NOV 0.5 0.8 40.3 43.1 2.5 3.6 
DEC 0.2 0.6 33.9 35.8 2.1 2.9 
JAN 0.0 0.0 15.6 15.8 1. 5 1. 6 
FEB 2.1 13.0 12 6. 8 166.2 11.1 28.0 
MAR 0.7 0.0 25.7 26.0 1. 7 1. 7 

YEAR 225.7 14.7 340.9 387.6 28.1 47.5 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(ha) (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 17.55 4 6. 4 8 48.63 79. 72 7.06 20.53 
HAY 13085. 12. 74 2.61 46.69 53.34 2.50 5.38 
PASTURE 5093. 8.17 3.47 12.48 15.93 1. 04 2.54 
INACTIVE 3681. 8.17 3.69 4.81 7. 4 6 0.39 1. 54 
FOREST 56682. 5.14 0.00 5.54 5.54 0.17 0.17 
LOGGING 20. 0.00 47.13 0.00 0.18 0.00 0.08 
BARN YARDS 41. 35.45 0.00 4.26 4. 2 6 0.74 0.74 
RES-imperv 104. 70.37 0.00 0.00 0.85 0.00 0.08 
RES-perv 546. 8.69 0.00 0.00 0.28 0.00 0.04 
COMM-imperv 4 9. 70.37 0.00 0.00 0. 90 0.00 0.10 
COMM-perv 41. 8.69 0.00 0.00 0.02 0.00 0.00 
INDUS-imperv 34. 70.37 0.00 0.00 0.62 0.00 0.07 
INDUS-perv 67. 8.69 0.00 0.00 0.03 0.00 0.01 
GROUNDWATER 134.79 134.79 5.15 5.15 
POINT SOURCE 45. 60 45. 60 9.90 9.90 
SEPTIC SYSTEMS 38.10 38.10 1.11 1.11 

TOTAL 340.89 387.61 28.08 47.45 
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w. Branch Delaware River 4/78-3/82 YEAR 4 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 10.3 2.1 5.0 0.1 5.1 
MAY 13 .0 7.4 8.1 0.5 8.6 
JUNE 8.1 10.4 1. 4 0.0 1. 4 
JULY 7.0 11. 4 0.1 0.0 0.1 
AUG 5.4 8.7 0.0 0.0 0.0 
SEPT 13. 7 5.4 0.0 0.0 0.0 
OCT 13.1 2.9 4.6 0.2 4.7 
NOV 5.9 0.7 7.3 0.0 7.3 
DEC 8.2 0.1 4.3 1.1 5.5 
JAN 6.6 0.1 4.6 0.4 5.0 
FEB 9.1 0.1 5.9 1. 5 7.4 
MAR 9.0 0.7 10.7 1. 8 12.5 
---------------------------------------------------------------
YEAR 109.4 50.0 52.0 5.7 57.7 

EROSION SEDIMENT DIS .NITR TOT .NITR DIS.PHOS TOT.PHOS 
----(1000 Mg)---- ------------(Mg)------------------

APR 28.0 0.0 23.5 23.9 1. 6 1. 7 
MAY 55.8 0.4 39.3 40.8 2.3 2.9 
JUNE 15.4 0.0 9.3 9.4 1.1 1.1 
JULY 20.1 0.0 4.6 4.8 0.9 1.0 
AUG 12.7 0.0 4.3 4.5 0.9 0.9 
SEPT 43.2 0.0 4.6 4.9 1.0 1.0 

(- OCT 10.5 0.2 23.0 23.8 1. 6 1. 9 
NOV 2.4 0.0 2 9. 5 29. 7 1. 7 1. 7 
DEC 0.5 3. 6 32. 0 43.2 2.2 7.0 
JAN 0. 0 0.7 30.6 32.9 2.6 3.5 
FEB 0.0 4.3 51. 9 65 .1 4.5 10.1 
MAR 0.7 3.1 82.0 91. 6 6.7 10.7 

YEAR 189.3 12.3 334.7 374. 4 27 .2 43.5 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(ha) (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 14.66 38.98 44.57 70.64 6.60 17.89 
HAY 13085. 10.52 2.19 38.54 44.12 2.06 4.48 
PASTURE 5093. 6.48 2.91 9.90 12.79 0.82 2.08 
INACTIVE 3681. 6.48 3.10 3.81 6.04 0.31 1.27 
FOREST 56682. 3. 67 0.00 3.95 3.95 0.12 0.12 
LOGGING 20. 0.00 39.52 0.00 0.15 0.00 0.07 
BARN YARDS 41. 31. 05 0.00 3.73 3.73 0.65 0.65 
RES-imperv 104. 68.27 0.00 0.00 0.87 0.00 0.09 
RES-perv 546. 6. 96 0.00 0.00 0.30 0.00 0.04 
COMM-imperv 49. 68.27 0.00 0.00 0.92 0.00 0.10 
COMM-perv 41. 6. 96 0.00 0.00 0.02 0.00 0.00 
INDUS-imperv 34. 68.27 0.00 0.00 0.64 0.00 0.07 
INDUS-perv 67. 6. 96 0.00 0.00 0.04 0.00 0.01 
GROUNDWATER 146.50 146.50 5.60 5.60 
POINT SOURCE 45.60 45.60 9.90 9.90 
SEPTIC SYSTEMS 38.10 38.10 1.11 1.11 

TOTAL 334.70 374.40 27.18 43.49 
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Calculation Details 
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This appendix provides details for the computation of GWLF input parameters 
requiring multiple steps. 

Curve Number 
The curve number must be developed within an Arc View project named iepa_prepro.apr, 
which contains all of the necessary extensions except Spatial Analyst. The Spatial 
Analyst extension of Arc View must be available for this calculation. 

1. Add the landuse and STATSGO shapefiles and the landuse grid to the View. 
Open the attribute table for the STATSGO shapefile. 

2. Add the attribute tables lookup.dbf and statsgoc.dbf to the project. The 
lookup table is common to any soiljlanduse combination, but the STATSGO 
table must reflect the area for which the curve number is being calculated. In 
the statsgoc.dbf table, the field comppct identifies the percentage of each soil 
type in a map unit. This field is a string field and must be converted to a 
number field. 

3. 

4. 

5. 

6. 
7. 

To convert the string field to a number field: add a new number field to the 
statsgoc.dbf attribute table named comppct2, and fill it with the values of the 
field comppct (to fill a number field with values from a string field, the 
calculation should read "comppct.AsNumber"). Delete the field comppct. 
Create a new number field, comppct, and fill it with the values of comppct2. 
Delete the field commct2. The comppct field now exists as a number field. 
From the CRWR-PrePro menu, select "Soil Group Percentages". When 
prompted, input statsgo.dbf for the map unit table and statsgoc.dbf for the 
component table. The script will automatically create an output table, 
muidjoin.dbf, listing the percentage of each hydrologic soil group in each 
map unit. 
From the CRWR-PrePro menu, select "Curve Number Grid". When 
prompted, select the STATSGO shapefile as the soils theme, the landuse 
shapefile as the landuse theme, lookup.dbf as the lookup table, muidjoin.dbf 
as the table with the soil group percentages, and set the analysis extent and 
the cell size to the land use grid. The curve number grid can take between 2 
and 15 minutes to compute depending on the computer speed and size of the 
basin. 
Save the temporary curve number grid as a permanent grid named CN__grid. 
To average the curve number grid over the land use shapefile polygons, select 
"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-1 lists the curve numbers for each landuse in the Kinkaid Lake Watershed. 

Table E-1 Curve Numbers in Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Row-Crop 82.1 81.9 77.5 83.1 
Small Grains 80.1 77.7 75.2 79.8 
Rural Grassland 68.7 68.6 61.7 72.5 
Urban Grassland 74.2 --- --- ---

Deciduous1 59.4 62.2 65.5 65 
Deciduous2 66.2 82.2 89.4 62.1 
Coniferous 61.1 63.6 60.3 ---

C 
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Cattle Feedlot 74.2 --- --- 73.9 
Open Water 99.8 100 99.9 100 
Shallow Marsh 99.6 89.5 --- 100 
Deep Marsh 100 --- --- 100 
Forested Wetland 100 100 100 99.7 
Shallow Water Wetland 100 94.6 100 98.8 
Barren Land 100 --- --- ---
Hioh Densitv 90.1 --- --- ---

Medium Density 81.2 --- --- ---

Soil Erodibility Factor (K) 
The K factor is developed in Arc View and Excel. 

1. In Arc View, add the attribute tables statsgoc.dbf and statsgol.dbf to the Table 
list. Join the statsgoc.dbf table to the statsgol.dbf table by field muidsegnum. 
This appends the percentage of each soil type to the soils in each layer. 
Export the joined table as a .dbf named statsgo_kf.dbf. 

1. Open the table statsgo_kf.dbf in Excel. Remove all fields except muid, 
layemum, kffact, kfact, and comppct. 

2. Sort the entire table by layemum then by muid. This promotes all soils in layer 
1 to the top of the spreadsheet. 

3. Remove all records for soils below layer 1. 
4. Ensure the sum of the comppct field for each muid is equal to 100. 
5. In a new column labeled product, multiply kffact by comppct and divide by 100 

for each record. If the value in the kffact field is zero, use the value in the kfact 
field 

6. In a new column labeled kffact_r (revised), sum product over each muid to 
obtain the revised K factor for each muid. 

7. Copy the kffact_r column and use the "Paste Special/Values" option to paste 
the column into the layernum column. This is done so that the kffact_r values 
will be retained when the statsgo_kf.dbf table is saved and used again in 
ArcView. 

8. Delete all columns except for muid and kffact_r. Delete any rows without a 
value in the kffact_r field. 

9. Save the table. 
10. In Arc View, add the table statsgo_kf.dbf, the STATSGO shapefile in UTM 16 

projection, and the landuse grid. Join the statsgo_kf.dbf table to the 
statsgo.dbf table by muid. This attaches the average K factor to each muid in 
statsgo.dbf. 

11. Set the analysis extent and cell size to the land use grid. 
12. Convert the SATSGO shapefile to a grid using the kffact_r field as the grid 

value. 
13. To average the K factor grid over the land use shapefile polygons, select 

"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-2 presents the resulting K-factors associated with each land use and used in the 
GWLF program. 

Table E-2 Wei hied K factors for the Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
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Row Croo 0.39 0.39 0.37 0.40 
Small Grains 0.39 0.38 0.37 0.39 
Urban Grassland 0.41 --- --- ---
Rural Grassland 0.39 0.39 0.37 0.39 
Deciduous1 0.38 0.37 0.37 0.37 
Deciduous2 0.39 0.37 0.37 0.38 

Topographic Factor (LS) 
The topographic factor is calculated from a series of equations presented below. 

L = (N72.6t 
m = B/(1+B) 
B = (sin0/0.0896) / (3.0(sin0)0

·• + 0.56) 
0 = arctan(slope/100) 

S = 10.8sin0 + 0.03 where slope:". 9% 
S = 16.8sin0- 0.50 where slope> 9% 

Computation of the LS factor is done in the Arc View project iepa_prepro.apr. 
1. In Arc View, add the Digital Elevation Model (DEM) to the View 
2. Set the analysis extent and cell size to the DEM. 
3. Select "Fill Sinks" from the CRWR-PrePro menu to fill sinks in the DEM. 

4. 

5. 

6. 

7. 

Save the temporary grid as a permanent grid named Fill_grid. 
Open the script "New _Slope" from the project window, and press the 
"Run" button to compute percent slopes from the filled DEM. Save the 
temporary grid as a permanent grid named Slope_grid. 
Select "Flow Direction" from the CRWR-PrePro menu to derive the 
direction of flow through each grid cell. Save the temporary grid as a 
permanent grid named Fdr_grid. 
Compute the theta grid (in radians) with the map calculator. 

Map Cale. Statement: (([slope_grid] / 100)).Atan 
Save Map Cale 1 as a permanent grid named Tlteta_grid. 

Compute the S grid with the map calculator and a succession of 
calcula lions 

Map Cale. 1: ([slope_grid] <= 9) 
Output: 1 in cells where slope is less or equal to 9; zero 
elsewhere 

Map Cale. 2: ((([theta_grid].Sin) * 10.8) + 0.03) 
Output: S-value computed for slopes <= 9 in all cells 

Map Cale. 3: ([Map Calculation 2 * [Map Calculation 1]) 
Output: Correct S-value in cells with slope <= 9; zero 
elsewhere 

Map Cale. 4: ([slope_grid] > 9) 
Output: 1 in cells where slope > 9, zero elsewhere 

Map Cale. 5: ((([theta_grid].Sin) * 16.8) - 0.5) 
Output: S-value computed for slopes > 9 in all cells 

Map Cale. 6: ([Map Calculation 5] * [Map Calculation 4]) 
Output: Correct S-value in cells with slope> 9; zero 
elsewhere 

C 
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8. 

9. 

10. 

11. 

12. 

13. 

Map Cale. 7: ([Map Calculation 3] + [Map Calculation 6]) 
Output: Correct S-value in each cell 

Save Map Calculation 7 as a permanent grid named S_grid. 
Compute the Beta grid with the map calculator. 

Map Cale. 1: (([theta_grid].Sin) / 0.0896) / 
((([theta_grid].Sin).Pow( 0.8)) * 3.0 + 0.56) 

Save Map Calculation 1 as a permanent grid named Beta_grid. 
Compute the M grid with the map calculator. 

Map Cale. 1: ([beta_grid] / ([beta_grid] + 1)) 
Save Map Calculation 1 as permanent grid named M_grid. 

Compute the flow length (Lambda) grid with the map calculator and a 
succession of calculations 

Map Cale. 1: ([fdr] = 1 OR [fdr] = 4 OR [fdr] = 16 OF [fdr] = 64) 
Output: 1 in cells flowing in cardinal direction and O in 
other cells 

Map Cale. 2: ([Map Calculation 1] * 30.8875) 
{30.885 = cell length} 
Output: 30.885 in cells flowing in cardinal direction and 0 
in others. 

Map Cale. 3: ([Map Calculation 2] = 0) 
Output: 0 in cells flowing in cardinal direction and 1 in 
others 

Map Cale. 4: ([Map Calculation 3] * 43.682) 
{43.682= length across cell diagonal} 
Output: 43.682 in cells flowing in non-cardinal direction, 0 
in others. 

Map Cale. 5: ([Map Calculation 4] + [Map Calculation 2]) 
Output: correct flow lengths in each cell - 30.885 in 
cardinal, 43.682 in others 

Map Cale. 6: ([Map Calculation 5] * 100 / 2.54 / 12 
Output: flow length grid in feet 

Save Map Calculation 6 as a permanent grid named Lambda_grid 
Compute the L with the map calculator. 

Map Cale. Statement: ([lambda_grid] / 72.6).Pow( [m_grid]) 
Save Map Calculation 1 as a permanent grid named L_grid. 

Compute the LS grid with the map calculator. 
Map Cale. Statement: ([L-grid] * [S_gridl) 
Save Map Calculation 1 as a permanent grid named LS_grid. 

To average the LS grid over the landuse shapefile polygons, select 
"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-3 presents the resulting LS factors for each rural land use used in GWLF. 

a e - eia te T bl E 3W. h d LS factors for the Kinkaid Lake Watershe d 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Row Crop 0.891 1.163 2.105 0.597 
Small Grains 0.879 0.793 0.584 0.614 
Urban Grassland 0.358 --- --- ---
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Rural Grassland 1.023 0.819 1.242 0.797 
Deciduous1 1.886 2.554 2.890 2.086 
Deciduous2 0.931 1.297 2.311 1.571 

In the following discussions, fields in bold type represent calculations in Excel. Fields in 
non-bold type are input fields. 

Cropping Management Factor (C factor) 
The C factor is calculated in Excel. C factors were selected for each crop by tillage 
practice and crop rotation from the table provided by the Jackson County NRCS office 
included as Appendix F. The Jackson County NRCS office also provided an estimate of 
the percentage of each crop rotation across the Kinkaid Lake Watershed. The 
spreadsheet used to calculate a weighted c-factor for corn, soybeans, and small grains is 
shown at the end of this appendix. The values in the Table 1 of the spreadsheet are a 
weighted average of values from columns C and F. This weighted average allows the 
influence of crop rotations to be included in the c-factors for the Kinkaid Lake 
Watershed. The values in the Table 1 are then weighted by the percentage of each tillage 
practice in Table 2 to determine a single c-factor for corn, soybeans, and small grains. 

The weighted C factor for each crop is then appended to the table of Cropland Data 
Layer land uses and areas in the Kinkaid Lake watershed. Table E-4 shows the Cropland 
Data Layer land use areas, and C factors. C factors for land uses other than corn, 
soybean, and small grains were obtained from the table included as Appendix F. 

Table E-4 Cropland Data Layer C factors for Kinkaid Lake Watershed 
Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 

Landuse C-factor C-factor C-factor C-factor 
Hiah Densitv --- --- --- ---
Medium Density --- --- --- ---

Row Croo 0.14 0.11 0.12 0.14 
Small Grains 0.13 0.13 0.13 0.13 
Urban Grassland 0.02 --- --- ---
Rural Grassland 0.02 0.02 0.02 0.02 
Deciduous 0.003 0.003 0.003 0.003 
Deciduous 0.003 0.003 0.003 0.003 
Coniferous 0.003 0.003 0.003 ---

The landuse classes in GWLF are represented by the Critical Trends Land Assessment 
classes rather than the Cropland Data Layer classes, so an area-weighted average was 
used to calculate the C factor coefficients for "Row Crop" and "Small Grains" in the 
Critical Trends Land Assessment land use file. Table E-5 shows the Critical Trends Land 
Assessment land use classes and the calculated C factor coefficients. The coefficient for 
"Row Crop" was calculated with an area-weighed average of the C factors for corn, 
soybeans, and half of the double-cropped WW /SB area in the Cropland Data Layer. The 
coefficient for "Small Grains" was calculated with an area-weighted average of the C 
factors for winter wheat, other small grains and hay, and half of double-cropped 
WW /SB area from the Cropland Data Layer. 
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Table E~5 C Factors by Critical Trends Assessment Landuse 
Classes in the Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Row Crop 0.14 0.11 0.12 0.14 
Small Grains 0.13 0.13 0.13 0.13 
Urban Grassland 0.02 -- --- ---
Rural Grassland 0.02 0.02 0.02 0.02 
Deciduous 0.003 0.003 0.003 0.003 
Coniferous 0.003 0.003 0.003 ---

Evapotranspiration (ET) Cover Coefficient 
The ET cover coefficient was calculated in an Excel spreadsheet. The cover coefficients 
for crops available in the GWLF Manual and the crops listed in the Cropland Data Layer 
landuse file differ. Therefore, crops in the Cropland Data Layer file were summed into 
classes matching the available crop cover coefficients. Table E-6 shows the original and 
adjusted areas for Kinkaid Lake. The adjusted sorghum area is the sum of sorghum and 
other small grains and hay, and the adjusted soybean area represents soybeans plus half 
of the double-cropped WW /SB area. Adjusted area from winter wheat represents 
winter wheat plus half the double-cropped WW /SB area. 

Table E-6 Cropland Data Laver Landuses, Areas and Adjusted Areas 
Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 

Adjusted Adjusted Adjusted Adjusted 
Landuse Area (m2' Area (m2) Area (m2 Area (m2 Area (m2 Area lm2l Area lm2' Area lm2' 
Corn 4802400 4802400 316800 316800 36000 36000 1279800 1279800 
Sorahum --- 4111200 --- 295200 --- 53100 --- 860400 
Sovbeans 4550400 6004800 897300 1093500 86400 96750 1354500 1793700 
Winter Wheat 864900 2319300 96300 292500 19800 30150 117000 556200 
Other Small Grains 
& Hav 4111200 295200 53100 860400 
Double-Cropped 
WW/SB 2908800 392400 20700 878400 
Idle Crooland/ CRP 61200 61200 1800 1800 900 900 16200 16200 
Fallow/ Idle 
Cropland 5445900 5445900 1684800 1684800 151200 151200 2065500 2065500 
Pasture/Grassland/ 
Nonaaricultural 20782800 20782800 3417300 3417300 912600 912600 7005600 7005600 
Woods 42413400 42413400 16074900 16074900 7675200 7675200 11617200 11617200 
Clouds 203400 203400 63900 63900 8100 8100 78300 78300 
Urban 965700 965700 47700 47700 11700 11700 277200 277200 
Water 607500 607500 1380600 1380600 1232100 1232100 4717800 4717800 
Buildings/Homes/ 
Subdivisions 1317600 1317600 92700 92700 37800 37800 325800 325800 
Wetlands 834300 834300 225000 225000 99900 99900 411300 411300 
Total 89869500 89869500 24986700 24986700 10345500 10345500 31005000 31005000 

Table E-7 shows the calculation of a single crop coefficient for each 10% of the growing 
season and for each calendar month. The ET cover coefficients for each crop were 
obtained from page 29 of the GWLF Manual. To create the coefficient for each 10% of 
the growing season, each crop coefficient in colunms B-E was weighted by its 
corresponding area in Table A-8. An average monthly ET coefficient (column G) was 
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calculated from the coefficients in Column F, and then each growing season was 
assigned to a calendar month (Column H). 

Table E-7 Calculation of the Monthly Crop Evapotranspiration Cover Coefficients for 
Subbasin 1 of the Kinkaid Lake Watershed 

A B C D E F G H 
% of Weighted Average 

Growing Field Grain Winter Average ET Monthly ET 
Season Corn Sorohum Wheat Sovbeans Coefficient Coefficient Month 

0 0.45 0.3 1.08 0.3 0.45 0.45 Nov-Aor 

10 0.51 0.4 1.19 0.35 0.52 
20 0.58 0.65 1.29 0.58 0.69 0.61 Mav 

30 0.66 0.9 1.35 1.05 0.95 
40 0.75 1.1 1.4 1.07 1.03 0.99 June 
50 0.85 1.2 1.38 0.94 1.04 1.04 Julv 

60 0.96 1.1 1.36 0.8 0.99 
70 1.08 0.95 1.23 0.66 0.92 0.96 Aunust 

80 1.2 0.8 1.1 0.53 0.86 
90 1.08 0.65 0.75 0.43 0.71 0.78 Seotember 

100 0.7 0.5 0.4 0.36 0.49 
0.45 0.47 October 

Table E-8 shows the calculation of a single area-weighted crop coefficient for each 
month. First, the crop coefficients from Table E-7 were entered into Column B of Table 
E-8. The monthly ET values in Columns C, D, E, F, and G were obtained from the 
GWLF Manual, pages 29 and 30. A monthly cover coefficient for water and wetlands 
was assumed to be 0.75. Finally, a single area-weighted crop coefficient for each month 
was calculated (Column H) from the adjusted areas in Table E-6 and the monthly ET 
cover coefficients in Table E-8. 

Table E-8 Calculation of a Monthly ET Cover Coefficient in Subbasin 1 of the Kinkaid 
Lake Watershed 

A B C D E F G H 
68% 30% Water/ Weighted 

Crop Pasture Forest Urban Urban Wetland Averaae ET 
Aoril 0.45 1.09 0.3 0.32 0.7 0.75 0.58 

Mav 0.61 0.95 1 0.32 0.7 0.75 0.90 

June 0.99 0.83 1 0.32 0.7 0.75 0.94 
July 1.04 0.79 1 0.32 0.7 0.75 0.93 

Auaust 0.96 0.8 1 0.32 0.7 0.75 0.92 

Seotember 0.78 0.91 1 0.32 0.7 0.75 0.92 
October 0.47 0.91 1 0.32 0.7 0.75 0.86 

November 0.45 0.83 0.3 0.32 0.7 0.75 0.50 

December 0.45 0.69 0.3 0.32 0.7 0.75 0.46 

Januarv 0.45 1.16 0.3 0.32 0.7 0.75 0.60 

Februarv 0.45 1.23 0.3 0.32 0.7 0.75 0.62 

March 0.45 1.19 0.3 0.32 0.7 0.75 0.61 

Table E-9 shows the calculated ET cover coefficients for each subbasin in the Kinkaid 
Lake Watershed. 

C 
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Table E~9 ET Cover Coefficients in the Kinkaid Lake Watershed 
Month Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Aoril 0.58 0.50 0.44 0.63 
Mav 0.90 0.94 0.95 0.88 
June 0.94 0.95 0.95 0.90 
Julv 0.93 0.94 0.95 0.89 

Auqust 0.92 0.93 0.94 0.89 
September 0.92 0.94 0.95 0.89 

October 0.86 0.92 0.95 0.85 
November 0.50 0.45 0.42 0.56 
December 0.46 0.42 0.40 0.52 
January 0.60 0.52 0.45 0.66 
Februarv 0.62 0.53 0.46 0.68 

March 0.61 0.52 0.45 0.66 

( 
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Corn-Soybean Rotation 
75% of watershed 

Conventional Till (Spring Plow) 
Corn after Soybean 
Sovbean after Corn* 

Reduced-Till (20% Cover) 
Corn after Soybean 
Sovbean after Corn• 

Mulch-Till (30% cover) 

Corn after Soybean 
Sovbean after Corn* 

No-Till (70%130% Cover) 
Corn after Soybean 

Sovbean after Corn* 

*Assumed Drilled 

(' 

C 

0.3 
0.25 

0.35 
0.17 

0.32 
0.15 

0.16 
0.06 

D E 

Corn-Soybean-Wheat Rotation 
25% of watershed 

Conventional Till (Spring Plow) 
Corn after Wheat0 

Soybean after Corn* 

Wheat after Soybean# 
Reduced-Tiff (20% Cover) 

Corn after Wheat0 

Soybean after Corn• 
Wheat after Soybean# 

Mulch-Till (30% cover) 
Com after Wheatu 
Soybean after Corn* 

Wheat after Soybean# 
No-Till (70%130% Cover) 

Corn after Wheat° 
Soybean after Corn* 

Wheat after Soybean# 

*Assumed Drilled 
**Used Corn after Small Grain 

#Used Small Grain after Soybean 

F 

0.25 
0.25 
0.15 

0.21 
0.17 
0.13 

0.18 
0.15 
0.12 

0.05 
0.06 
0.09 

n 

G H J 

Table 1 - C-factors Weighted by Percent of Crop Rotation in 
the Watershed 

Tillage Practice Corn Sovbeans Small Grains 
Conventional Till 0.29 0.25 0.15 
Reduced Till 0.32 0.17 0.13 
Mulch-Till 0.29 0.15 0.12 
No-Till 0.13 0.06 0.09 

·--·- - . ···- - . ·--··--. -· -- ··- -- .... ······-· -··- . --·-·· 
Tillaae Practice Corn Sovbeans 
Conventional Till 20% 0% 
Reduced Till 15% 10% 
Mulch-Till 15% 5% 
No-Till 50% 85% 

C-factors Weighted by Percent of Each Tilla 
I Corn I Soybeans 

0.21 I o.oa 

Small Grains 
20% 
50% 
10% 
20% 

e Practice 
Small Grains 

0.13 

ed 
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Appendix F 
Crop Management "C" Factor Values for 

Rainfall E.I. Distribution Curve #19 
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1. Values in 
following: 
3 tons/ac. 

. ' 

Foatnotes_f_or "C" Fecto_[ Tables 

this table are based en high level management \rl.th yields equal to or exceeding tbe 
_corn - 100 bu/ac; soybeans - 40 bu/ac; wheat - 45 bu/ac; oats - 60 bu/ac; -meadow 
For 11uadiU111 l.evel -.,magement 1111ltiply factors by 1.2. . . 

z. Valu~s for chisel and disk systeas are for fall pr:j.mary tillage and two secondary tillage operations 
prior to planting. For primary tillage in the spring and ridge planting up and d~ hill lltlltiply 
values by the_appropria~e factor: E.I. ·eurve 14-.9; E.I. Curve 16-.6; E.I.lCurve -J;> For ridge 
planting on the ntour rouitiply values by the appropriate factor: E.I. Curve 14-.7; E.I. Curve 
16-.6; E.I. urve 19-.S. (these factors are 'in addition to the appropriate "P" factor.} Ridge 
planting is applicable ~oly for row cr-0ps following row crops. 

J. Percentages appLy only to crops follo~ing soybeans,· 

-1(4- Values are l:lased on sod 'or a grass-legume '•~tore cons:!,at:l.lig of at least ·50%--grass and has been 
established at least one full growing season. If meadow stand is prillarily ieg1111e, multiply factor 
by 1.2. 

5. Use wide row factors-for row widths greater than _zo inches and drill 'factors for=zo inches and less. 

6. The smne factors are appli.,;.ble for both·siaatl grain with and ":!,thout meadow seedings. 

'1:· · Factors for Disk and·No-Ull are·for the til1age syste- v.Lth no residue on surface after planting. 

RLD:tm:6/7 

·). 
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Appendix G 
Metalimnion Charts 
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H.1 BATHTUB Sensitivity 

This appendix provides the BATHTUB output files for the soil phosphorus sensitivity analysis. 
For each modeled year, the BATHTUB model was run with soil phosphorus values of 440 ppm and 
660 ppm. The output concentrations from BATHTUB were not calibrated so that the raw model 
results could be compared. 

C 
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C 

BATHTUB Output for 1994 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE: Kinkaid 1994 - Sed 440 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

MG/M3 135. 4 .29 
MG/M3 52.1 .56 

M . 4 . 72 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

MG/M3 36.8 .73 
MG/M3 24.3 .44 

M 1. 3 . 67 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

88.9 . 48 1. 52 1. 44 1. 56 .75 
50.7 .59 1. 03 .05 .08 .03 

. 5 .67 .98 -.02 -.06 -.02 
1381. 7 .47 .00 .00 .00 .00 

108.0 . 45 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

49.8 .45 .74 -.41 -1.13 -.35 
17.5 .65 1. 39 .75 .95 .42 
1. 7 .66 .77 -.38 -.91 -.27 

566.7 . 41 .00 .00 .00 .00 
30.5 . 43 .00 .00 .00 .00 

-------------------------------------------------------------------------
SEGMENT: 3 Lower Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 .46 30.4 . 45 .73 -.69 -1.17 -.49 
CHL-A MG/M3 23.4 .44 13. 0 .64 1. 80 1. 32 1. 69 .76 
SECCHI M 1. 6 .59 2.5 . 86 .64 -.76 -1. 59 -.43 
ORGANIC N MG/M3 . 0 .00 460.1 .38 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 21. 0 .54 .00 .00 .00 .00 

-------------------------------------------------------------------------
SEGMENT: 4 Near Dam 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19.1 . 52 
SECCHI M 1. 9 . 65 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 . 00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

16.2 . 46 
5.9 .72 
4.4 1. 98 

297.7 .38 
8.3 1. 65 

ESTIMATED 
MEAN CV 

1. 55 .83 1. 64 .63 
3.24 2.24 3.39 1.32 

.43 -1. 30 -3.01 -. 40 

.00 .00 .00 .00 

.00 .00 .00 .00 

T STATISTICS 
RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36. 7 .48 31. 0 .45 1.18 .35 . 63 .26 
CHL-A MG/M3 23.6 .50 13.1 . 54 1. 81 1. 18 1. 71 .80 
SECCHI M 1. 6 . 64 3.3 1. 56 . 4 9 -1. 10 -2.52 -.42 
ORGANIC N MG/M3 . 0 .00 467.5 .36 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 23.1 .61 .00 .00 .00 .00 
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CASE: Kinkaid 1994 - Sect 440 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAIN AGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 

----------------------------------------------------------------------------
1 1 Subbasin 1 90.100 32.800 .000E+00 .000 .364 
2 1 Subbasin 2 25.100 10.000 .000E+00 .000 .398 
3 1 Subbasin 3 10.400 4.700 .000E+00 .000 .452 
4 1 Subbasin 4 31.100 15.400 .000E+00 .000 . 495 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10.555 .446E+0l .200 1.110 
TRIBUTARY INFLOW 156.700 62.900 .000E+00 .000 .401 
***TOTAL INFLOW 166.209 73.455 .446E+0l .029 .442 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 .049 .394 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 .049 .394 
***EVAPORATION .000 8.007 .577E+0l .300 .000 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL p 

----- LOADING ---- --- VARIANCE --- CONC EXPORT 
ID T LOCATION KG/YR % II I KG/YR**2 % II I CV MG/M3 KG/KM2 
-------------------------------------------------------------------------------

1 1 Subbasin 1 3899.9 67. 4 .000E+00 . 0 .000 118. 9 43.3 
2 1 Subbasin 2 600.0 10.4 .000E+00 . 0 .000 60.0 23.9 
3 1 Subbasin 3 198.8 3.4 .000E+00 .0 .000 42.3 19.1 
4 1 Subbasin 4 802.3 13.9 .000E+00 . 0 .000 52.1 25.8 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4.9 .203E+05 100.0 .500 27 .0 30.0 
TRIBUTARY INFLOW 5501.1 95.1 .000E+00 . 0 .000 87.5 35.1 
***TOTAL INFLOW 5786.3 100.0 .203E+05 100.0 .025 78.8 34.8 
ADVECTIVE OUTFLOW 1062.1 18.4 .236E+06 1158. 9 .457 16.2 6.4 
***TOTAL OUTFLOW 1062.1 18.4 .236E+06 1158. 9 .457 16. 2 6.4 
***RETENTION 4724.2 81. 6 .249E+06 1223.5 .106 . 0 . 0 

HYDRAULIC -------------- TOTAL P --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6.88 1.9902 36.7 .8252 1. 2118 .8164 

C 

C 
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1994 - Constant Sediment Phosphorus Concentration of 616 mg/kg 

CASE: Kinkaid 1994 - No Calibration 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

l OBSERVED WATER QUALITY ERROR ONLY 
2 ~ ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 ~ OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

l 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 135.4 . 29 105.9 . 48 1. 28 . 84 .91 . 44 
CHL-A MG/M3 52.l .56 58.7 .57 .89 -.21 -.34 -.15 
SECCHI M . 4 . 72 . 4 .60 1.07 .10 . 26 .08 
ORGANIC N MG/M3 . 0 .OD 1564.9 . 4 6 .00 .00 .OD .00 
TP-ORTHO-P MG/M3 . 0 .OD 122.3 . 43 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO l 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 36.8 .73 56.2 .45 . 65 -.58 -1. 57 -.49 
CHL-A MG/M3 24.3 . 44 18.8 . 63 1. 29 .58 .74 .33 
SECCHI M 1.3 . 67 1. 6 . 60 .82 -.30 -. 71 -.22 
ORGANIC N MG/M3 . D .00 597.1 .42 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 32.9 .42 .00 .00 .OD .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 .46 33.1 . 45 .67 -.87 -1. 48 -. 62 
CHL-A MG/M3 23.4 .44 14.0 .63 1. 67 1.16 1. 49 . 67 
SECCHI M 1. 6 .59 2.3 .80 .68 -.66 -1. 39 -.39 
ORGANIC N MG/M3 . 0 .00 482.0 .39 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 22.7 .52 .00 .00 .OD .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 17. 9 . 46 1.41 . 64 1.28 .49 
CHL-A MG/M3 19.1 . 52 6.7 . 72 2.84 1. 99 3.02 1.17 
SECCHI M 1. 9 . 65 4.0 1. 84 .47 -1.17 -2.70 -.39 
ORGANIC N MG/M3 . 0 .00 316.4 .40 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 9.8 1. 4 7 .00 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 36.7 .48 35.0 .45 1.05 .10 .17 .07 
CHL-A MG/M3 23.6 .50 14.6 .53 1. 61 . 95 1. 39 .66 
SECCHI M 1. 6 . 64 3.0 1. 44 .54 -.97 -2.23 -.40 
ORGANIC N MG/M3 . 0 . 00 503.4 .36 .00 .DO .DO .00 
TP-ORTHO-P MG/M3 . 0 . 00 25.9 .58 .00 .00 .00 .00 
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CASE: Kinkaid 1994 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 32.800 .OOOE+OO .000 .364 
2 1 Subbasin 2 25.100 10.000 .OOOE+OO .ODO .398 
3 1 Subbasin 3 10.400 4.700 .OOOE+D0 .ODO . 452 
4 1 Subbasin 4 31.100 15.400 .OOOE+OO .ODO . 4 95 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10.555 .446E+Ol 
TRIBUTARY INFLOW 156.700 62.900 .OOOE+OO 
***TOTAL INFLOW 166.209 73.455 .446E+Ol 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 
***TOTAL OUTFLOW 166.209 65.448 .102E+D2 
***EVAPORATION .ODO 8.007 . 577E+D1 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

IDT LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

4798.6 67.7 .OOOE+OO .0 
700.0 9.9 .OOOE+OO . 0 
198.8 2.8 .OOOE+OO . 0 

1102. 6 15.6 .OOOE+OO . 0 

.200 

.ODO 

. 029 

. 04 9 

. 04 9 

.300 

CV 

.000 

.000 

.000 

.000 

1.110 
.401 
.442 
.394 
.394 
.ODO 

CONC EXPORT 
MG/M3 KG/KM2 

146. 3 53.3 
70.0 27.9 
42.3 19.1 
71. 6 35.5 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4. 0 .203E+05 100.0 .500 27.0 30.0 
TRIBUTARY INFLOW 6800.1 96.0 .OOOE+OO . 0 .000 108.1 43.4 
***TOTAL INFLOW 7085.4 100.0 .203E+05 100.0 . 020 96. 5 42.6 
ADVECTIVE OUTFLOW 1170.7 16.5 .286E+06 1405.4 .457 17.9 7.0 
***TOTAL OUTFLOW 1170. 7 16.5 .286E+06 1405.4 .457 17.9 7.0 
***RETENTION 5914.7 83.5 .300E+06 14 72. 9 .093 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6.88 1.9902 36.7 .6739 1.4839 .8348 

C 

C 
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BATHTUB Output for 1997 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE: Kinkaid 1997 - Sect 400 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 129.6 .56 96 .1 .45 1. 35 .53 1.11 . 41 
CHL-A MG/M3 48.9 .57 19.5 .49 2.51 1. 62 2.66 1.23 
SECCHI M . 3 .34 . 4 .45 .79 -.70 -.85 -.42 
ORGANIC N MG/M3 . 0 .00 769.3 .25 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 83.6 .33 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 47.0 .45 .95 -.23 -.19 -.10 
CHL-A MG/M3 27.5 .38 16.3 . 4 9 1. 68 1. 35 1.50 .84 
SECCHI M . 9 .26 1. 2 .42 . 7 5 -1.11 -1.03 -.59 
ORGANIC N MG/M3 .0 .00 561. 2 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 34.9 .39 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 . 26 28.6 .45 . 95 -.19 - .19 -.10 
CHL-A MG/M3 19.4 .45 8.7 .53 2.22 1. 79 2.31 1.16 
SECCHI M 1.1 .26 1. 7 . 4 6 . 69 -1. 40 -1. 30 -.69 
ORGANIC N MG/M3 . 0 .00 385.4 .28 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 20.6 .42 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1. 09 16.7 .45 2.54 .85 3.47 .79 
CHL-A MG/M3 13.2 .40 5.1 .59 2.57 2.39 2.73 1. 34 
SECCHI M 1. 3 .30 1. 8 .44 .74 -1. 03 -1. 09 -.57 
ORGANIC N MG/M3 . 0 .00 307.2 .24 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 15.4 . 4 6 .00 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 .75 31.1 .45 1. 55 .59 1. 64 .50 
CHL-A MG/M3 19.9 .44 9.0 . 4 7 2.21 1. 82 2.30 1. 23 
SECCHI M 1.1 .29 1.5 .34 .73 -1.08 -1.11 -.70 
ORGANIC N MG/M3 . 0 .00 406.4 . 26 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 25.8 .34 .00 .00 .00 .00 
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CASE: Kinkaid 1997 - Sect 400 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 36.500 .OOOE+OO .000 .405 
2 1 Subbasin 2 25.100 10.900 .OOOE+OO .000 .434 
3 1 Subbasin 3 10.400 5.100 .OOOE+OO .000 . 4 90 
4 1 Subbasin 4 31.100 16.600 .OOOE+OO .000 .534 

----------------------------------------------------------------------------
PRECIPITATION 9.509 11.886 .565E+Ol 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO 
***TOTAL INFLOW 166.209 80. 98 6 .565E+Ol 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 
***TOTAL OUTFLOW 166.209 72. 980 .114E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

4898.3 68.2 .OOOE+OO . 0 
698.7 9.7 .OOOE+OO . 0 
199.9 2.8 .OOOE+OO . 0 

1097.3 15.3 .OOOE+OO . 0 

.200 

.000 

. 02 9 

. 04 6 

. 04 6 

.300 

CV 

.000 

.000 

.000 

.000 

1. 250 
.441 
. 487 
.439 
.439 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

134 .2 54.4 
64.1 27 .8 
39.2 19. 2 
66.1 35.3 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4.0 .203E+05 100.0 .500 24.0 30.0 
TRIBUTARY INFLOW 6894.2 96.0 .OOOE+OO .0 .000 99.8 44.0 
***TOTAL INFLOW 7179.4 100.0 .203E+05 100.0 . 020 88.7 43.2 
ADVECTIVE OUTFLOW 1220.4 17.0 .307E+06 1511.3 .454 16.7 7.3 
***TOTAL OUTFLOW 1220.4 17.0 .307E+06 1511.3 .454 16.7 7.3 
***RETENTION 5959.0 83.0 .320E+06 1575.0 .095 .0 . 0 

HYDRAULIC -------------- TOTAL P --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
7. 67 1.8016 48.3 .8848 1.1303 .8300 

~-

\__ 



R01182

C 

1997 - Constant Sediment Phosphorus Concentration o/616 mg/kg 

CASE: Kinkaid 1997 - No Calibration 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 

MG/M3 129.6 .56 
MG/M3 48.9 .57 

M . 3 .34 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

ESTIMATED 
MEAN CV RATIO 

110.9 . 45 1.17 
21.0 .47 2.33 

.4 . 44 .80 
803.8 .24 .00 
86.3 .31 .00 

ESTIMATED 
MEAN CV RATIO 

T STATISTICS 
1 2 3 

.28 .58 .22 
1. 49 2.45 1.14 
-.66 -.81 -.41 

.00 .00 .00 

.00 .00 .00 

T STATISTICS 
1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 53.7 .45 .83 -.82 -.69 -.37 
CHL-A MG/M3 27.5 .38 18.0 . 4 7 1. 53 1.10 1. 22 .70 
SECCHI M . 9 .26 1.2 . 40 . 7 9 -.93 -.86 -.51 
ORGANIC N MG/M3 . 0 .00 599.0 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 37. 9 .38 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 . 26 32. 0 . 45 .85 -. 63 -.61 -.31 
CHL-A MG/M3 19.4 .45 9.6 . 51 2.02 1. 58 2.03 1. 04 
SECCHI M 1.1 .26 1. 6 .44 . 72 -1. 26 -1. 18 -.64 
ORGANIC N MG/M3 . 0 .00 405.3 . 28 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 22.2 .40 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1. 09 
CHL-A MG/M3 13.2 . 40 
SECCHI M 1. 3 .30 
ORGANIC N MG/M3 .o .00 
TP-ORTHO-P MG/M3 .o .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

18.5 .45 2.30 . 76 3.10 .70 
5.7 .57 2.31 2.12 2.42 1. 20 
1. 7 . 43 . 7 6 -.94 -1.00 -.54 

320.3 .25 .00 .00 .00 .00 
16.5 .45 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 48. 3 .75 35.2 . 45 1. 37 .42 1. 18 .36 
CHL-A MG/M3 19.9 .44 9.9 . 45 2.01 1. 60 2.02 1.11 
SECCHI M 1.1 .29 1.5 .33 . 7 6 -.98 -1.00 -.64 
ORGANIC N MG/M3 . 0 .00 427.0 . 26 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 27.4 .34 .00 .00 .00 .00 
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CASE: Kinkaid 1997 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 36.500 .OOOE+OO .000 .405 
2 1 Subbasin 2 25.100 10.900 .OOOE+OO .000 .434 
3 1 Subbasin 3 10.400 5.100 .OOOE+OO .000 .490 
4 1 Subbasin 4 31.100 16.600 .OOOE+OO .000 .534 

----------------------------------------------------------------------------
PRECIPITATION 9.509 11.886 .565E+Ol 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO 
***TOTAL INFLOW 166.209 80.986 .565E+Ol 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 
***TOTAL OUTFLOW 166.209 72.980 .114E+02 
***EVAPORATION .000 8.007 . 577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

5898.4 65.7 .OOOE+OO . 0 
1097.6 12.2 .OOOE+OO . 0 

299.9 3.3 .OOOE+OO . 0 
1397.7 15.6 .OOOE+OO .0 

.200 

.000 

.029 

.046 

.046 

.300 

CV 

.000 

.000 

.000 

.000 

1. 250 
.441 
.487 
.439 
.439 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

161. 6 65.5 
100.7 43.7 
58.8 28.8 
84.2 44.9 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 3.2 .203E+05 100.0 .500 24.0 30.0 
TRIBUTARY INFLOW 8693.6 96. 8 .OOOE+OO . 0 .000 125.8 55.5 
***TOTAL INFLOW 8978.9 100.0 .203E+05 100.0 .016 ll0.9 54.0 
ADVECTIVE OUTFLOW 1348.7 15.0 .375E+06 1844.8 .454 18.5 8.1 
***TOTAL OUTFLOW 1348.7 15.0 .375E+06 1844.8 .454 18.5 8.1 
***RETENTION 7630.2 85.0 .389E+06 1911.5 .082 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
7. 67 1. 8016 48.3 .7074 1.4135 . 84 98 

C 

C 
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BATHTUB Output for 2000 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE: Kinkaid 2000 - Sect 440 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

l OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 54.8 .33 
MG/M3 38.0 .40 

M . 3 .12 
MG/M3 . 0 .OD 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

124.0 .45 
21. 4 .35 

. 4 .21 
790.8 .23 

80.1 . 23 

ESTIMATED 
MEAN CV 

. 44 -2. 4 6 -3.04 -1. 4 6 
1. 78 1. 44 1. 66 1.08 

.86 -1. 26 -.55 -.63 

.00 .00 .OD .00 

.00 .OD .00 .00 

T STATISTICS 
RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 21. 2 .10 57.9 .45 .37 -10.36 -3.74 -2 .17 
CHL-A MG/M3 16.4 .40 13. 8 . 44 1.18 .43 . 49 .29 
SECCHI M . 9 .34 1.0 .35 .94 -.18 -.22 -.13 
ORGANIC N MG/M3 . 0 .DO 521. 9 .27 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 36.0 .31 .00 .00 .00 .00 
-------------------------------------------------------------------------
SEGMENT: 3 Lower Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 . 07 35.4 . 45 .35 -14.58 -3.90 -2.30 
CHL-A MG/M3 12.6 .38 11.1 . 4 7 1.14 .33 .37 .21 
SECCHI M 1. 4 .29 1.5 .35 .95 -.19 - . 20 -.12 
ORGANIC N MG/M3 . 0 .00 440.7 . 29 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 25.1 .39 .00 .OD .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 
CHL-A MG/M3 18.4 1. 24 
SECCHI M 1. 8 .24 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

21. 8 .45 1. 33 .25 1.05 .23 
8.8 .72 2.08 .59 2 .12, .51 
3.1 1. 94 .57 -2.32 -1. 98 -.28 

365.7 . 45 .00 .00 .00 .00 
14.0 1.39 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27.4 . 77 39.6 . 45 .69 -.48 -1. 37 -.41 
CHL-A MG/M3 18.9 .87 11.2 .53 1. 69 .60 1. 51 .52 
SECCHI M 1. 4 .26 2.2 1. 57 .65 -1. 70 -1. 56 -.28 
ORGANIC N MG/M3 . 0 .OD 443.3 .33 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 25.6 . 56 .00 .00 .00 .00 
-------------------------------------------------------------------------
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CASE: Kinkaid 2000 - Sect 440 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 38.000 .OOOE+OO .000 .422 
2 1 Subbasin 2 25.100 11. 300 .OOOE+OO .000 .450 
3 1 Subbasin 3 10.400 5.300 .OOOE+OO .000 .510 
4 1 Subbasin 4 31.100 17.400 .OOOE+OO .000 .559 

----------------------------------------------------------------------------
PRECIPITATION 9.509 12.267 .602E+Ol 
TRIBUTARY INFLOW 156.700 72. 000 .OOOE+OO 
***TOTAL INFLOW 166.209 84.267 .602E+Ol 
ADVECTIVE OUTFLOW 166.209 76.260 .118E+02 
***TOTAL OUTFLOW 166.209 76.260 .118E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

7311. 2 64. 7 .OOOE+OO . 0 
1200.1 10.6 .OOOE+OO . 0 

4 99. 8 4.4 .OOOE+OO . 0 
2002.7 17.7 .OOOE+OO . 0 

.200 

.000 

.029 

.045 

.045 

.300 

CV 

.000 

.000 

.000 

.000 

1. 290 
.459 
.507 
.459 
.459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

192.4 81.1 
106.2 47.8 

94.3 48.1 
115 .1 64.4 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 2.5 .203E+05 100.0 .500 23.3 30.0 
TRIBUTARY INFLOW 11013.8 97.5 .OOOE+OO . 0 .000 153.0 70.3 
***TOTAL INFLOW 11299.1 100.0 .203E+05 100.0 .013 134.1 68.0 
ADVECTIVE OUTFLOW 1665.9 14. 7 .570E+06 2802.5 .453 21. 8 10.0 
***TOTAL OUTFLOW 1665.9 14.7 .570E+06 2802.5 .453 21. 8 10.0 
***RETENTION 9633.2 85.3 .584E+06 2870.2 .079 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
8. 02 1.5738 27 .4 .2907 3.4400 . 852 6 

C 

l 
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2000 - Constant Sediment Phosphorus Concentration of 616 mg/kg 

CASE: Kinkaid 2000 - No Calibration 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 54.8 .33 144.4 .45 .38 -2.92 -3.60 -1. 73 
CHL-A MG/M3 38.0 .40 22.7 .34 1. 68 1. 29 1. 49 .99 
SECCHI M . 3 .12 . 4 . 21 .87 -1. 15 -.51 -.58 
ORGANIC N MG/M3 . 0 .00 820.7 . 23 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 82.4 . 23 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 21.2 .10 65.2 .45 .33 -11.58 -4.18 -2.43 
CHL-A MG/M3 16.4 .40 14.8 .43 1.11 . 26 .30 .18 
SECCHI M . 9 .34 1.0 .34 . 96 -.11 -.14 -.08 
ORGANIC N MG/M3 . 0 .00 543.4 .27 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 37.7 .30 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 38.8 .45 .32 -15.84 -4.24 -2.50 
CHL-A MG/M3 12.6 . 38 11. 9 . 46 1.06 .15 .17 .10 
SECCHI M 1. 4 .29 1. 4 .34 .98 -.09 -.09 -.06 
ORGANIC N MG/M3 . 0 .00 459.3 . 29 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 26.6 .38 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 
CHL-A MG/M3 18.4 1.24 
SECCHI M 1.8 .24 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

24.3 . 45 1. 20 .16 . 66 .15 
10.1 . 74 1. 81 .48 1. 72 .41 
2.8 1. 7 9 .63 -1.91 -1. 63 -.25 

395.9 . 48 .00 .00 .00 .00 
16.4 1. 27 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27.4 .77 44.6 . 45 .61 -.63 -1. 81 -.54 
CHL-A MG/M3 18.9 .87 12.4 .53 1. 53 . 4 9 1. 22 .42 
SECCHI M 1. 4 .26 2 .1 1. 42 .70 -1. 38 -1. 27 -.24 
ORGANIC N MG/M3 .0 . 00 470.1 .35 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 . 00 27.7 .56 .00 .00 .00 .00 
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CASE: Kinkaid 2000 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 38.000 .OOOE+OO .000 .422 
2 1 Subbasin 2 25.100 11. 300 .OOOE+OO .000 .450 
3 1 Subbasin 3 10.400 5.300 .OOOE+OO .000 .510 
4 1 Subbasin 4 31.100 17.400 .OOOE+OO .000 .559 

----------------------------------------------------------------------------
PRECIPITATION 9.509 12.267 .602E+Ol 
TRIBUTARY INFLOW 156.700 72.000 .OOOE+OO 
***TOTAL INFLOW 166.209 84.267 .602E+Ol 
ADVECTIVE OUTFLOW 166.209 76.260 .118E+02 
***TOTAL OUTFLOW 166.209 76.260 . 118E+02 
***EVAPORATION .000 8.007 .577E+01 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(1) 

9013.6 63. 9 .OOOE+OO . 0 
1600.1 11. 3 .OOOE+OO . 0 

600.0 4.3 .OOOE+OO . 0 
2603.0 18.5 .OOOE+OO . 0 

.200 

.000 

.029 

.045 

.045 

.300 

CV 

.000 

.000 

.000 

.000 

1. 2 90 
.459 
.507 
.459 
.459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

237.2 100.0 
141.6 63.7 
113.2 57.7 
149.6 83.7 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 2.0 .203E+05 100.0 .500 23.3 30.0 
TRIBUTARY INFLOW 13816.7 98.0 .OOOE+OO . 0 .000 191.9 88.2 
***TOTAL INFLOW 14101.9 100.0 .203E+05 100.0 .010 167.3 84.8 
ADVECTIVE OUTFLOW 1850.4 13.1 .702E+06 3452.5 . 453 24.3 11.1 
***TOTAL OUTFLOW 1850.4 13.1 .702E+06 3452.5 .453 24.3 11.1 
***RETENTION\ 12251.5 8 6. 9 .717E+06 3523.1 .069 . 0 .0 

HYDRAULIC -------------- TOTAL P --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
8.02 1.5738 27.4 . 232 9 4.2933 .8688 

C 

l 
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BATHTUB Output for 1994 Reduction Analysis 
CASE: Kinkaid 1994 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 135.4 .29 
MG/M3 52.1 .56 

M . 4 .72 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

48.9 .46 2.77 3.48 3. 79 1. 87 
18.2 . 67 2.86 1. 89 3.04 1. 21 

. 7 1. 32 . 62 -.67 -1. 71 -.32 
641. 3 .54 .00 .00 .00 .00 
50.2 1. 04 .00 .OD .OD .DO 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 36.8 .73 
MG/M3 24.3 .44 

M 1. 3 . 67 
MG/M3 . D .DO 
MG/M3 . 0 .00 

3 Lower Pool 
OBSERVED 

MEAN CV 

21. 6 .45 1. 71 .73 1. 99 . 62 
13.1 . 74 1. 86 1. 40 1. 79 . 72 

2 .1 .91 . 63 -.70 -1. 65 -.41 
466.5 . 43 .DO .OD .00 .OD 

22.7 . 56 .00 .OD .OD .DO 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 . 4 6 15.6 . 45 1. 42 .77 1. 31 .55 
CHL-A MG/M3 23.4 . 44 13.3 . 71 1. 75 1.27 1. 62 .67 
SECCHI M 1.6 .59 2.4 .88 . 65 - . 7 3 -1.53 -.41 
ORGANIC N MG/M3 .o .00 467 .1 . 44 .00 .00 .DO .00 
TP-ORTHO-P MG/M3 . 0 .00 21. 5 . 64 .00 .00 .DO .OD 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19.1 .52 
SECCHI M 1. 9 .65 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . D .DO 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

20.2 . 45 1. 25 .42 .83 .32 
16.6 . 67 1.16 .28 .42 .17 

2.0 .68 .93 -.10 -.24 -.07 
540.5 .45 .00 .DO .OD .DO 

27. 3 .60 .00 .DO .OD .DO 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36. 7 .48 22.3 . 45 1. 64 1. 03 1.85 .75 
CHL-A MG/M3 23.6 .50 15.6 .61 1. 52 .83 1.20 .53 
SECCHI M 1.6 . 64 2.0 .56 . 81 -.32 -.74 -.24 
ORGANIC N MG/M3 . D .OD 524.9 .41 .DO .OD .DO .OD 
TP-ORTHO-P MG/M3 . D .OD 27.6 .59 .DO .DO .OD .DO 

C 
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CASE: Kinkaid 1994 - Reduced 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 32.800 .OOOE+OO .000 .364 
2 1 Subbasin 2 25.100 10.000 .OOOE+OO .000 .398 
3 1 Subbasin 3 10.400 4.700 .OOOE+OO .000 .452 
4 1 Subbasin 4 31.100 15.400 .OOOE+OO .000 .495 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10.555 .446E+Ol 
TRIBUTARY INFLOW 156.700 62.900 .OOOE+OO 
***TOTAL INFLOW 166.209 73.455 .446E+Ol 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 
***EVAPORATION .000 8.007 . 577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

1390.7 37.8 .OOOE+OO . 0 
700.0 19.0 .OOOE+OO . 0 
198.8 5.4 .OOOE+OO . 0 

ll02. 6 30.0 .OOOE+OO . 0 

.200 

.000 

.029 

.049 

.049 

.300 

CV 

.000 

.000 

.000 

.000 

CONC 
MG/M3 

42.4 
70.0 
42.3 
71. 6 

l.llO 
.401 
.442 
.394 
.394 
.000 

EXPORT 
KG/KM2 

15.4 
27.9 
19.1 
35.5 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 7.8 .203E+05 100.0 .500 27.0 30.0 
TRIBUTARY INFLOW 3392.2 92.2 .OOOE+OO .0 .000 53.9 21. 6 
***TOTAL INFLOW 3677.4 100.0 .203E+05 100.0 .039 50.1 22.1 
ADVECTIVE OUTFLOW 1321. 9 35.9 .358E+06 1758.8 .453 20.2 8.0 
***TOTAL OUTFLOW 1321.9 35.9 .358E+06 1758.8 .453 20.2 8.0 
***RETENTION 2355.6 64 .1 .368E+06 1808.5 .258 . 0 .0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6.88 1.9902 36.7 1.2984 .7702 .6405 
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BATHTUB Output for 1997 Reduction Analysis 
CASE: Kinkaid 1997 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

l OBSERVED WATER QUALITY ERROR ONLY 
2 ~ ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 ~ OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 129.6 .56 50.0 .45 2.59 1. 68 3.54 1. 32 
CHL-A MG/M3 48.9 .57 24.5 .57 2.00 1. 21 2.00 .86 
SECCHI M . 3 .34 . 4 .42 . 82 -.57 -.69 -.36 
ORGANIC N MG/M3 . 0 .DO 884.5 .33 .00 .OD .DO .OD 
TP-ORTHO-P MG/M3 . 0 .OD 92. 6 .33 .OD .OD .OD .OD 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 
CHL-A MG/M3 27.5 .38 
SECCHI M . 9 .26 
ORGANIC N MG/M3 . 0 .OD 
TP-ORTHO-P MG/M3 . 0 .OD 

SEGMENT: 3 Lower Pool 
OBSERVED 

VARIABLE MEAN CV 

27.1 .45 
18.2 .57 
1.1 . 43 

602.8 .39 
38.2 . 4 6 

ESTIMATED 
MEAN CV 

1. 65 2.20 1. 86 .99 
1. 51 1.08 1.19 .60 

.79 -.91 -.84 -.47 

.OD .DO .OD .OD 

.OD .OD .OD .OD 

T STATISTICS 
RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 .26 19.2 . 45 1. 41 1. 32 1. 29 .66 
CHL-A MG/M3 19.4 .45 12.0 .58 1. 61 1. 07 1. 38 .65 
SECCHI M 1.1 . 26 1. 5 .42 .79 -.91 -.85 -.48 
ORGANIC N MG/M3 . 0 .DO 460.5 .35 .DO .OD .OD .OD 
TP-ORTHO-P MG/M3 . 0 .OD 26.5 .46 .OD .OD .OD .OD 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1. 09 
CHL-A MG/M3 13.2 .40 
SECCHI M 1. 3 .30 
ORGANIC N MG/M3 . 0 .OD 
TP-ORTHO-P MG/M3 . 0 .OD 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

33.6 . 45 1. 27 .22 .88 .20 
11. 9 .48 1.11 .25 .29 .16 
1. 4 .34 . 96 -.14 -.15 -.09 

4 62. 4 .30 .OD .OD .OD .OD 
27. 6 .38 .OD .OD .OD .OD 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 . 75 31. 7 . 45 1. 52 .56 1. 57 .48 
CHL-A MG/M3 19.9 . 44 14.2 . 4 9 1. 40 .77 .98 .51 
SECCHI M 1.1 .29 1. 2 . 29 .90 -.38 -.39 -.27 
ORGANIC N MG/M3 . 0 .OD 525.3 .32 .00 .OD .OD .OD 
TP-ORTHO-P MG/M3 . 0 .OD 35.1 .38 .OD .OD .DO .OD 

C 
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C 

CASE: Kinkaid 1997 - Reduced 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 36.500 .OOOE+OO .000 .405 
2 1 Subbasin 2 25.100 10.900 .OOOE+OO .000 .434 
3 1 Subbasin 3 10.400 5.100 .OOOE+OO .000 .490 
4 1 Subbasin 4 31.100 16.600 .OOOE+OO .000 .534 

----------------------------------------------------------------------------
PRECIPITATION 9.509 11.886 .565E+Ol .200 1. 250 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO .000 .441 
***TOTAL INFLOW 166.209 80.986 .565E+Ol .029 .487 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 .046 .439 
***TOTAL OUTFLOW 166.209 72.980 .114E+02 .046 .439 
***EVAPORATION .000 8.007 .577E+Ol .300 .000 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL p 

----- LOADING ---- --- VARIANCE --- CONC EXPORT 
ID T LOCATION KG/YR % {I) KG/YR**2 % ( I) CV MG/M3 KG/KM2 

-------------------------------------------------------------------------------
1 1 Subbasin 1 1770.3 36.5 .OOOE+OO . 0 .000 48.5 19.6 
2 1 Subbasin 2 1097.6 22.6 .OOOE+OO . 0 .000 100.7 43.7 
3 1 Subbasin 3 299.9 6.2 .OOOE+OO . 0 .000 58.8 28.8 
4 1 Subbasin 4 1397. 7 28.8 .OOOE+OO . 0 .000 84.2 44.9 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 5.9 .203E+05 100.0 .500 24.0 30.0 
TRIBUTARY INFLOW 4565.5 94.1 .OOOE+OO . 0 .000 66.1 29.1 
***TOTAL INFLOW 4850.8 100.0 .203E+05 100.0 .029 59.9 29.2 
ADVECTIVE OUTFLOW 2449.5 50.5 .123E+07 6028.8 . 452 33.6 14.7 
***TOTAL OUTFLOW 2449.5 50.5 .123E+07 6028.8 . 452 33.6 14.7 
***RETENTION 2401.2 49.5 .123E+07 6053.7 . 4 62 .0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
7. 67 1. 8016 48.3 1.3095 .7637 .4950 
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BATHTUB Output for 2000 Reduction Analysis 
CASE: Kinkaid 2000 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 - ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 - OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 54.B .33 49.4 .45 1.11 .31 .38 .18 
CHL-A MG/M3 38.0 .40 24.1 .48 1. 58 1.14 1. 32 .73 
SECCHI M . 3 .12 . 4 .22 .BB -1. 04 -.46 -.50 
ORGANIC N MG/M3 . D .OD 853.1 .32 .OD .OD .DO .OD 
TP-ORTHO-P MG/M3 . D .OD 85.0 . 28 .DO .DO .DO .DO 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 21. 2 .10 27.1 . 45 .78 -2.54 -.92 -.53 
CHL-A MG/M3 16.4 .40 15.5 .55 1. 06 .14 .16 .08 
SECCHI M . 9 .34 1.0 .36 .98 -.06 -.07 -.04 
ORGANIC N MG/M3 . D .OD 560.0 .35 .DO .OD .DO .DO 
TP-ORTHO-P MG/M3 . D .OD 39.0 .39 .OD .OD .DO .OD 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 17. 5 . 45 . 71 -4.75 -1. 27 -.75 
CHL-A MG/M3 12.6 .38 11. 4 .58 1.11 .27 .30 .15 
SECCHI M 1. 4 .29 1. 5 .37 . 96 -.15 - .16 -.09 
ORGANIC N MG/M3 . D .OD 446.9 .35 .OD .DO .DO .DO 
TP-ORTHO-P MG/M3 . D .OD 25.6 .47 .OD .OD .OD .DO 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 23.5 .45 1. 23 .18 .78 .17 
CHL-A MG/M3 18.4 1. 24 19.1 . 71 . 96 -.03 -.11 -. 03 
SECCHI M 1.8 .24 1. 7 . 76 1. 03 .13 .11 .04 
ORGANIC N MG/M3 . D .DO 600.3 . 48 .DO .DO .DO .OD 
TP-ORTHO-P MG/M3 .0 .DO 32. 3 .58 .DO .DO .OD .DO 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27 .4 .77 25.6 . 45 1. 07 .09 .25 . OB 
CHL-A MG/M3 18.9 .87 17.7 .59 1.07 .07 .18 .06 
SECCHI M 1.4 . 26 1. 4 .57 1. 01 .04 . 04 .02 
ORGANIC N MG/M3 . D .OD 592.3 .40 .DO .DO .OD .OD 
TP-ORTHO-P MG/M3 . D . DO 37.2 . 46 .OD .00 .00 .DO 

C 
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CASE: Kinkaid 2000 - Reduced 
GROSS WATER BALANCE: 

DRAINAGE AREA 
ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

KM2 

90.100 
25.100 
10.400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

38.000 .OOOE+OO .000 
11.300 .OOOE+OO .000 

5.300 .OOOE+OO .000 
17.400 .OOOE+OO .000 

RUNOFF 
M/YR 

.422 

.450 

.510 

.559 
----------------------------------------------------------------------------
PRECIPITATION 9.509 12. 2 67 .602E+Ol 
TRIBUTARY INFLOW 156.700 72. 000 .OOOE+OO 
***TOTAL INFLOW 166.209 84. 2 67 .602E+Ol 
ADVECTIVE OUTFLOW 166.209 76.260 . ll8E+02 
***TOTAL OUTFLOW 166.209 7 6. 2 60 . ll8E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) 

5407.4 51. 5 .OOOE+OO . 0 
1600.1 15.2 .OOOE+OO . 0 

600.0 5.7 .OOOE+OO . 0 
2603.0 24.8 .OOOE+OO . 0 

.200 

.000 

. 029 

.045 

.045 

.300 

CV 

.000 

.000 

.000 

.000 

1. 290 
.459 
.507 
.459 
.459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

142.3 60.0 
141. 6 63.7 
ll3 .2 57.7 
14 9. 6 83.7 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 2.7 .203E+05 100.0 .500 23.3 30.0 
TRIBUTARY INFLOW 10210.5 97. 3 .OOOE+OO .0 .000 141.8 65.2 
***TOTAL INFLOW 10495.8 100.0 .203E+05 100.0 .014 124.6 63.1 
ADVECTIVE OUTFLOW 1794. 7 17.1 . 659E+06 3236.4 . 452 23.5 10.8 
***TOTAL OUTFLOW 1794.7 17 .1 .659E+06 3236.4 .452 23.5 10.8 
***RETENTION 8701.0 82.9 .673E+06 3305.8 .094 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
8. 02 1.5738 27.4 .3129 3.1954 .8290 
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AppendixJ 
Monte Carlo Analyses 

C 

C 
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C J.1 Monte Carlo Analyses 
This appendix contains results of the Monte Carlo analyses for manganese and 
sulfates in the Big Muddy River #1 Watershed. Each analysis generates 10,000 
random numbers which can be obtained electronically. 
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IEPA 
Watershed Load Reductions 
7115/2002 

Monte Carlo Simulations using @RISK 3.5 

Watershed: 

Manganese 

Cc (Mn) 
Cd (Mn) 

N12 

1 mg/L 
#NAME? mg/L 

Percent Reduction 

PR = Max{ 0, (1-Cc/Cd)) 

PR (Mn) #NAME? 

After Monte-Carlo Simulation: 

Big Muddy River #1 

- Water quality criterion 
- Randomly generated pollutant source 

concentration based on the observed data 

Percent reduction at the 99th percentile Percent reduction at the 99.9th percentile 

PR99 (Mn) 51.1 % percent PR99.9 (Mn) 66.8% percent 

Long Term Average Long Term Average 
L TA = allowable L TA source concentration in mg/L LTA = allowable LTA source concentration in mg/L 

mean 0.6 mg/L mean 0.6 mg/L 

LTA =mean• (1 - PR99) LTA =mean• (1 - PR99.9) 

LTA (Mn) 0.291 mg/L LTA (Mn) 0.198 mg/L 

CDM 
AppendixJ-Monte Carlo Simulalion2.xls, 'N12' 

C 

C 
1 of 4 
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IEPA 
Watershed Load Reductions 
7/15/2002 

Monte Carlo Simulations using @RISK 3.5 

Watershed: N12 Big Muddy River #1 

Cc (Sulfate) 
Cd (Sulfate) 

500 mg/L 
#NAME? mg/L 

- Water quality criterion 
- Randomly generated pollutant source concentration base on the observed data 

Percent Reduction 

PR = Max{ 0, (1-Cc/Cd)} 

PR (Sulfate) #NAME? 

After Monte-Carlo Simulation: 

Percent reduction at the 99th percentile Percent reduction at the 99.9th percentile 

PR99 (Sulfate) 36.2% percent PR99.9 (Sulfate) 58.0% percent 

Long Term Average Long Term Average 
L TA= allowable L TA source concentration in mg/L LTA:;; allowable LTA source concentration in mg/L 

mean 246.9 mg/L mean 246.9 mg/L 

L TA= mean• (1 - PR99) LTA = mean• (1 - PR99.9) 

L TA (Sulfate) 157.576 mg/L LTA (Sulfate) 103.660 mg/L 

CDM 
AppendixJ-Monte Carlo Simulation2.xls, 'N12' 2 of 4 
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AppendixK 
Rating Curve for Depth 

C 
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Depth Rating Curve for the Big Muddy River 
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Appendix L 
Streeter-Phelps Analyses 

C 
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Big Muddy Segment N12 Watershed 
Aeration Coefficient Summary 

Location 
N12 
N12 

Definitions 
D 

Do 
ka 
ka 
X 

u 
Lo 
c. 
C 
H 
T 
Q 

Date DO observed BOD @ DO Observed 
7/24/2000 7.9 7.3 
9/6/2000 4.7 7.2 

DO Deficit = DO at saturation minus observed DO 
Initial DO deficit 
Reaeration rate 

BOD5 decay rate 
Distance downstream of discharge 
Stream velocity 
Initial BOD5 at x=O 
DO at saturation 
Observed DO 
Stream depth 
Stream temperature 
Stream/low 

·"\ I . 

Ka rro DO observed Ka at DO-6 mg/L 
45.4 11.05 
3.2 11.53 
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DONE 

D 

mg_/L 

Used Q from USGS Derived Flows and H calculated from Q. Kd is temp corrected and Ka is calibrated. 

0.376206 
0.375403 

N12_072400 

·· Do 
mg_/L 

4 

20°C @T 
k, 

1/da:,, 
0.519612 

k, 
1/da:,, 
45.4 

kd 
1/da:,, 

0.364011 

X 

ft 
5280 

u 
ft/s 
1.1 

n. 

Lo 
mg_/L 
7.3 

c. 
mg_/L 
8.3 

X 

C 

mg_/L 
7.9 

y 
25 
30 

H 

ft 
8.8 

T 
oc 

25.1 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.4 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.3 mg/L 

Q 

cfs 
2060 

12.4 

8.4 
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DONE Used Q from USGS Derived Flows and H calculated from Q. 

20°c @T 
D Do k, k, kd X 

mg/L mg/L 1/day 1/day 1/day ft 
2.276206 4 0.519612 11.04779 0.364011 5280 
2.276206 

N12_072400 (2) 

1/'\, 

Used Ka and Kd from N12 9/6/00. 

u 
ft/s 
1.1 

Lo 
mMJL 
7.3 

c, 
mMJL 
8.3 

X 

C 

mf!_/L 
6 

y 
25 
30 

H 
ft 

8.8 

T 
oc 

25.1 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.4 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.3 mg/L 

Q 

cfs 
2060 

12.4 

8.4 
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DONE Using Depth and Q Determined from Habitat Survey. Kd is temp corrected and Ka is calibrated. 

20°c @T 
D Do ka ka kd X u Lo c, 

mg/L mg/L 1/day 1/day 1/day ft ft/s mg/L mg/L 

3.513029 4 1.065987 3.2 0.458047 5280 1.1 7.2 8.2 

3.503937 

N12_090600 

0 

X 

C 

mg_/L 
4.7 

y 
25 
30 

H 

ft 
5.4 

T 
oc 

25.5 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.3 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.2 mg/L 

Q 

cfs 
400 

12.4 

8.4 
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('· /\ . . 

DONE Using Depth and Q Determined from Habitat Survey. Kd is temp corrected and Ka is calibrated. 

20°c @T 
D Do k. ka kd X u Lo c, 

mg/L mg/L 1/day 1/day 1/day ft ft/s mg/L mg/L 

2.213029 4 1.065987 11.52703 0.458047 5280 1.1 7.2 8.2 

2.213029 

N12_090600 (2) 

X 

C 

m.9./L 
6 

y 
25 
30 

H 

ft 
5.4 

T 
oc 

25.5 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.3 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.2 mg/L 

Q 

cfs 
400 

12.4 

8.4 
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AppendixM 
Error Analyses 

C 

C 
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M.1 Monte Carlo Analysis Development and Results 
This appendix provides the results of the Monte-Carlo DO error analysis. The analysis 
was run on the range of possible values for the BOD5 decay rate coefficient (kd) and the 
reaeration rate coefficient (k,). The Monte-Carlo program requires a distribution of k, 
and kd values. For each DO sample date, a triangle distribution was chosen to analyze 
the Big Muddy River segment N12 since data for this site was extremely limited. 

Each DO sample date was evaluated separately using @RISK, which is a Microsoft® 
Excel Add-in for the Monte-Carlo analysis. The @RISK analysis package performed 
10,000 iterations to determine the range of possible DO predictions over 10,000 
combinations of randomly selected k, and kd values. 

A triangular distribution assumes that the values of a given data set are most often at or 
near the mode and linearly distributed to the minimum and maximum values. The 
minimum is the smallest concentration of the sample data set. The maximum value is 
the largest sample in the sample data set. The mode is the value that is most likely to be 
observed in a long time series of sample data. Water quality data were not available to 
determine the actual k, and kd, so the estimated values discussed in Section 10.3 and 
shown in Table 10-3 were used as the mode for each sample date. 

In order to define a more appropriate distribution than triangular, more data needs to be 
collected. In the absence of any drift, or non-random error, 10 samples can be used to 
define a distribution. As the data set increases, so does the ability to define an 
appropriate distribution, such a lognormal, normal, etc. The number of samples needed 
to define the true data distribution depends upon the severity of the drift. 

The Monte Carlo simulation was run using 10,000 iterations with the triangular 
distribution. For each iteration, a DO concentration is randomly generated according to 
random sampling of the triangular distribution of k, and kd. The output of the Monte­
Carlo simulation is a population of 10,000 DO concentrations that could be observed 
across the literature range of k, and kd values. Statistics were performed on the Monte­
Carlo output to determine the 95th and 99.9th percentile confidence intervals. A 
confidence interval means that the stated percent of the simulated concentrations fall 
within the low and high concentrations of the interval. 

This appendix shows the set-up for the Monte-Carlo simulation for each segment 
sample date, a summary of the output, and the 95th and 99.9th percentile confidence 
intervals for each sample date. 
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Row3 

Column A 
D 

ml!/L 
=F3-G3 

Column B 
D, 

mg/L 
4 

Column C 
X 

ft 
5280 

Column D Column E 
u L, 

ft/s mg/L 
1.1 7.3 

Column F Column G Column H Column I ColumnJ 
D, DOobs Q 

mg/L m~/L els Ka Kd 
8.3 7.9 2060 •RiskTriang(0.01,45.4,100 =RiskTriang(0.02,0.364,3.4) 

DO= =$F$3-(($B$3'EXP((-$1$3'$C$3)/($D$3'86400)))+($E$3'$J$3/($1$3-$J$3))'(EXP(-$J$3'$C$3/($D$3'86400))-EXP(-$1$3'$C$3/($D$3'86400)))) 

Summary of Monte Carlo Results 

DO Ka Kd 
Minimum= 3.7 0.7 0.0 
Maximum= 8.2 99.0 3.4 95th Percent Confidence Interval 

Mean= 7.6 48.7 1.3 6.3 8.9 
Std Deviation = 0.6 20.6 0.8 
Variance= 0.4 422.6 0.6 99.9th Percent Confidence Interval 

Skewness= -2.2 0.1 0.6 5.5 9.7 
Kurtosis= 8.4 2.4 2.4 
Errors Calculated = 0.0 0.0 0.0 
Mode= 7.4 39.2 2.0 

N12_072400 
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Column A Column B Column C Column D Column E Column F Column G Column H Column I Column J 

D Do X u Lo D, DOobs Q 

mg/L mg/L ft fl/s mg/L mg/L mg/L cfs Ka Kd 

Row3 =F3-G3 4 5280 1,0 7.2 8.2 4.7 5.38 =RiskTriang(0.01,3,100) =RiskTriang(0.02,0.458,3.4) 

DO= =$F$3-(($8$3.EXP((-$1$3·$c$3)/($D$3·86400)))+($E$3·$J$3/($1$3-$J$3))·(EXP(-$J$3·$c$3/($D$3•s5400))-EXP(-$l$3·$c$3/($D$3·86400)))) 

Summary of Monte Carlo Results 

DO Ka Kd 
Minimum= 3.3 0.2 0.0 
Maximum= 8.2 99.7 3.4 95th Percent Confidence Interval 

Mean= 6.9 34.4 1.3 4.7 9.1 
Std Deviation = 1.1 23.3 0.7 
Variance= 1.3 542.5 0.6 99.9th Percent Confidence Interval 
Skewness= -0.9 0.6 0.5 3.1 10.6 
Kurtosis= 2.7 2.4 2.4 
Errors Calculated = a.a a.a 0.0 
Mode= 6.4 44.1 0.7 

N12_090600 
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IEPA 
pH TMDL 
9/12/2002 

Watershed 

Big Muddy River 

Additional Notes: 

Segment 

N12 

TDS 95 
Ionic 

percentile 
Strength (µ) 

(ma/L) 
1194 0.02985 

- Activity Correction factor computed from Figure 5 (KOEP 2001) 
- TDS 95 percentile is computed from observed data 

Watershed Segment 
Area 3 yr-Flow 

(milesA2) (cfs) 

Big Muddy River N12 2169 16,425.55 

Additional Notes: 
1) 3-yr flow calculated by the Log Normal Distribution 

!~ 

Activity 
Correction Fact 

or 
0.9 

Max H+ Ion Max H+ Ion 
Loading@ Loading@ 
pH of 6.5 pH of 6.5 
'"Ida"' !lbs/davl 
14,198.25 31.30 

2) Max H+ concentration @ pH of 6.5 is determined by relationship in Qvsloading_g (6.5) 

Actual H+ 
Ion 

Loading 
ln/davl 
4,751.91 

3) Actual H+ concentration for Big Muddy @ 3 yr flow is determined by relationship in Qvsloading_g (N 12) 

CDM 
AppendixO-pHAnalyses.xls, 'TMDL_Catcs' 

/\ 

Actual H+ Reduction in 
Ion H+lon 

Loading Loading 
!lbs/davl !lbs/davl 

10.48 (20.83) 
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IEPA 
pH TMDL 
911212002 

Water Quality pH Standard = 
Activity CorrectionFactor (N12) =; 

N12 
Max Ion Max Ion 

Flow (els) Loading Loading 
loldavl (lbs/davl 

0 0.00 0.000 
500 432.22 0.953 
1000 864.45 1.906 
1500 1296.67 2.859 
2000 1728.89 3.811 
2500 2161.12 4.764 
3000 2593.34 5.717 
3500 3025.56 6.670 
4000 3457.78 7.623 
4500 3890.01 8.576 
5000 4322.23 9.529 
5500 4754.45 10.482 
6000 5186.68 11.434 
6500 5618.90 12.387 
7000 6051.12 13.340 
7500 6483.35 14.293 
8000 6915.57 15.246 
8500 7347.79 16.199 
9000 7780.02 17.152 
9500 8212.24 18.105 
10000 8644.46 19.057 
10500 9076.68 20.010 
11000 9508.91 20.963 
11500 9941.13 21.916 
12000 10373.35 22.869 
12500 10805.58 23.822 
13000 11237.80 24.775 
13500 11670.02 25.728 
14000 12102.25 26.680 
14500 12534.47 27.633 
15000 12966.69 28.586 
15500 13398.92 29.539 
16000 13831.14 30.492 
16500 14263.36 31.445 
17000 14695.58 32.398 
17500 15127.81 33.351 
18000 15560.03 34.303 
18500 15992.25 35.256 
19000 16424.48 36.209 
19500 16856.70 37.162 
20000 17288.92 38.115 
20500 17721.15 39.068 
21000 18153.37 40.021 
21500 18585.59 40.974 
22000 19017.82 41.926 
22500 19450.04 42.879 
23000 19882.26 43.832 
23500 20314.48 44.785 
24000 20746.71 45.738 
24500 21178.93 46.691 
25000 21611.15 47.644 

CDM 
Appond,xO-pHAnalyses xis, 'Data' 

6.5 
0.9 * based upon the TDS concentrations observed in the watershed 

C 
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Calculated Flow vs. Maximum H+ Ion Loading 
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Responsiveness Summary 

This responsiveness summary responds to substantive questions and comments received 
during the public comment period from January 23, 2004 to March 29, 2004 postmarked, 
including those from the February 26, 2004 public meeting discussed below. 

What is a TMDL? 

A Total Maximum Daily Load (TMDL) is the sum of the allowable amount of a pollutant 
that a water body can receive from all contributing sources and still meet water quality 
standards or designated uses. The Big Muddy River TMDL report contains a plan 
detailing the actions necessary to reduce pollutant loads to the impaired water bodies and 
ensure compliance with applicable water quality standards. The Illinois EPA implements 
the TMDL program in accordance with Section 303(d) of the federal Clean Water Act 
and regulations thereunder. 

Background 

The watershed targeted for TMDL development is Big Muddy River (ILNl2), which 
originates in Jefferson County, Illinois. The watershed encompasses an area of 
approximately 200 square miles. Land use in the watershed is predominately forestland 
followed by rural grassland and agricultural land uses. TMDLs developed for impaired 
water bodies in the Big Muddy River watershed include Big Muddy River segment Nl2 
and Kinkaid Lake (RNC). In the 2002 Section 303(d) List, Big Muddy River (Nl2) was 
listed as impaired for manganese, sulfates, pH, low dissolved oxygen (DO), and total 
suspended solids (TSS). Kinkaid Lake was listed as impaired for pH, mercury, and 
siltation. The Clean Water Act and USEP A regulations require that states develop 
TMDLs for waters on the Section 303( d) List. Illinois EPA is currently developing 
TMDLs for pollutants that have numeric water quality standards. Therefore, TMDLs 
were only developed for the following: Big Muddy River (Nl2): manganese, sulfates, 
pH, and DO; Kinkaid Lake (RNC): pH. While the impairment caused by mercury is 
acknowledged, a TMDL will not be developed for it at this time. The Illinois EPA 
contracted with Camp Dresser & McKee (COM) to prepare a TMDL report for the Big 
Muddy River watershed. 

Public Meetings 

Public meetings were held in the city of Springfield on June 5, 200 I and in the city of 
Murphysboro on December 12, 2001 and February 26, 2004. The Illinois EPA provided 
public notice for the February 26, 2004 meeting by placing display ads in the Southern 
Illinoisan on January 27, 2004, and the Carbondale Times and The Spokesman on 
January 25, 2004. This notice gave the date, time, location, and purpose of the meeting. 
The notice also provided references to obtain additional information about this specific 
site, the TMDL Program and other related issues. Approximately 50 individuals and 
organizations were also sent the public notice by first class mail. The draft TMDL 
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Report was available for review at the Murphysboro Township office and also on the 
Agency' s web page at http://www.epa.state.il.us/water/tmdl . 

The final public meeting started at 6:00 p.m. on Thursday, February 26, 2004. It was 
attended by approximately 36 people and concluded at 7:25 p.m. with the meeting record 
remaining open until midnight, March 29, 2004. 
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Questions and Comments 

1. If Kinkaid Lake was listed only for sediment, why were nutrients addressed in the 
TMDL? 

Response: The 2002 303(d) List shows Kinkaid Lake being impaired for pH, 
mercury, and siltation. As discussed in the report, mercury was not addressed in 
this TMDL report. Since siltation does not have a numeric water quality standard, 
a TMDL was not developed for it. A TMDL was developed for pH since it has a 
numeric water quality standard. During the analysis, an attempt was made to link 
pH swings to algal blooms that occur in the lake. These algal blooms are a result of 
increased phosphorus levels within the lake. Therefore, a reduction in phosphorus 
loading to the lake should help control algal blooms, which in turn should help 
stabilize pH levels. 

2. Only three samples for pH violated the standards. Was this TMDL done just to 
address these few excursions? 

Response: Yes. Any violation of the water quality standard can place that water 
body on the 303(d) List, for which TMDLs must be developed. Since numeric water 
quality standards exist for pH, a TMDL was developed for Kinkaid Lake. 

3. Why was station RNC-4 high in phosphorus but didn't violate the pH standard? Did 
the phosphorus from RNC-4 get distributed throughout the rest of the lake? 

Response: Phosphorus entering a lake is transported throughout the lake. RNC-4 is 
at the upper reaches of the reservoir. The phosphorus that was transported to other 
areas of the reservoir from RNC-4 could cause algal blooms and associated pH 
violations. 

4. When will TMDLs be developed for the listed causes without standards? 

Response: TMDLs are currently only conducted for listed causes for which a water 
quality standard exists. Pending development of appropriate water quality 
standards, as may be proposed by the Agency or others and adopted by the Illinois 
Pollution Control Board, we will continue to work with watershed planning groups 
and others to identify causes and treat potential sources of impairment. 

5. The GWLF model assumes that all row crop runoff directly enters the lake. That 
assumption is not correct. 

Response: GWLF does not route flow and data were not available for the 
tributaries to Kinkaid Lake. Therefore, calibration in these areas could not be 
completed. The calibration exercise was used to estimate what runoff and associated 
phosphorus concentrations were entering the lake. The GWLF model was selected 
based on the amount of data available for calibration. 
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6. Using the Casey Fork flow gauge for this watershed was not representative for the 
tributary that runs into the lake. A gauge used to be in the upper tributary years ago. 
That data could be used to calculate flow in Kinkaid Lake. 
Response: It is best to utilize more recent flow data that occurred during the time of 
data collection for calibration. Use of the Casey Fork gauge was considered 
conservative because it has a less steep slope than the Kinkaid Lake tributaries. 

7. An NRCS study performed by Roger Windhorn looked at erosion and sedimentation 
rates occurring in Kinkaid Lake watershed. Was that looked at during TMDL 
development? 

Response: Yes this study was part of the Kinkaid Lake Management Plan and was 
evaluated during TMDL development. 

8. Was runoff and erosion from the forestland within the lake watershed considered in 
the model? 

Response: Yes, the contribution of forestland to the phosphorus load was analyzed 
through the GWLF model. According to the analysis, forestland contributes 
approximately 3,212 lbs per year, or 15 percent of the total phosphorus load 
entering the lake. 

9. Assuming that no-till, filter strips, and dry dams are already in place, what else can a 
farmer do to prevent phosphorus loads in the watershed? 

Response: Producers in the watershed are encouraged to use soil testing and 
nutrient management plans to ensure that they are not over-applying fertilizers to 
their fields. The Agency recommends that producers follow fertilizer 
recommendations found in the University of Illinois Agronomy Handbook and 
NRCS 590 Standard. Information pertaining to nutrient management planning and 
programs that provide financial incentives to develop such plans can be found in the 
Implementation Plan of the TMDL report. 

10. A lot of highly erodable land in the watershed has been enrolled in conservation 
programs. About one-third of row crops currently in conservation programs have very 
low P tests. I don't believe the 18 percent reduction in phosphorus through nutrient 
management planning is achievable for this watershed. There has been a lot of 
conservation tillage done in the watershed in the last 20 years, so there may not be as 
much saving in additional conservation tillage practices. 

Response: The consultants did not have access to soil test results from individual 
landowners. The GWLF model was set at a total phosphorus soil concentration of 
660 ppm based on comparison with observed data in the BATHTUB model, as well 
as a sensitivity analysis to confirm that this was within the correct range. The 
report recognizes the high percentage of no-till being practiced in the watershed, 
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and encourages those not currently practicing conventional tillage to consider 
practicing a form of conservation tillage. In the report, the 19 percent reduction in 
phosphorus from conservation tillage practices is based on an average, so that 
reduction may or may not be reached. Likewise, the 20 percent reduction in total 
phosphorus from nutrient management plans is also based on an estimate. The 
report suggests that stakeholders use an adaptive management approach, in that the 
effectiveness of a BMP is estimated after it is incorporated into the watershed. 

11. Why weren't any reductions recommended for internal cycling in the lake? 

Response: Kinkaid Lake is very deep and is less likely to experience internal cycling 
than other shallower lakes in Illinois. The calibration did not indicate that 
phosphorus enriched sediment and cycling were causing impairments. 

12. Is there a correlation between high phosphorus and low DO in the stream? 

Response: There can be, although that correlation was not proved through the 
analysis in this report. High phosphorus loading to the stream can cause algal 
blooms. As the algae dies and decay, the consuming bacteria use oxygen in the 
water, reducing the amount of dissolved oxygen in the stream. For segment N12, we 
believe that low flow and stagnant conditions, as well as possible BOD loads, are 
causing low DO to occur in the stream. As stated in the Implementation Plan, 
further monitoring is required to properly identify these sources. 

13. How often are samples taken for stream segmentN12? 

Response: The station on Segment N12 is part of the Agency's Ambient Water 
Quality Monitoring Network. Water chemistry samples are taken on approximately 
a nine-week rotating schedule, year round. This segment is also sampled by the 
agency every five years through the Intensive Basin Survey, in which water 
chemistry as well as habitat and biological parameters are assessed. 

14. The report doesn't mention that county SW CDs administer the CPP program through 
the Illinois Department of Agriculture. Some of the practices recommended in the 
Implementation Plan could be funded through the CPP program as well. 

Response: Thank you for your comment. This will be incorporated into the final 
version of this report. 

15. The animal management facility mentioned in the report for Kinkaid Lake is being 
closed, with the land being seeded to grass, so the erosion and potential phosphorus load 
contribution from that site won't occur in the future. 

Response: Thank you for your comment. This will be mentioned in the final version 
of this report. 
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16. At what point will the lake be delisted, or the study be completely finalized? 

Response: The lake can be delisted by: 1) having a new assessment show that it is 
no longer impaired, 2) having an approved TMDL developed for the causes for 
which it is listed. The study will be finalized after it is approved by USEP A. Once 
approved, a final version will be printed and made available to the public. 

17. At what point will a determination be made that the voluntary measures listed in the 
Implementation Plan become involuntary? 

Response: At this time, the Agency does not foresee any of the recommended 
actions in the Implementation Plan becoming mandatory for the pollutants 
addressed in this TMDL report. 

18. Would future industry or sewage plant expansion be affected by this TMDL? 

Response: Any new wastewater discharge for the causes identified in this TMDL 
will be affected by the allocations in this report. Appropriate discharge limits for 
those causes will be established prior to permitting. New data will be reviewed at 
that time to confirm the impairment continues. 

19. Has a study been done about dredging the river? 

Response: To the Agency's knowledge, no study has been done for dredging this 
segment of the Big Muddy River. 

20. Who is the contact person at the Agency for lake and stream monitoring? 

Response: Mike Bundren (lake monitoring) and Dave Muir (stream monitoring) 
can be contacted at the Illinois EPA regional office in Marion by calling (618) 993-
7200. 

21. We are confused by the discussion in Section 7.1 of the basis for requiring a 
reduction in phosphorus to achieve the pH TMDL. Only data from stations RNC-1 and 
RNC-3 are presented to support the expected relationship between total phosphorus, 
chlorophyll-a and pH. [Note: we were not able to replicate the consultant's correlation 
between total phosphorus and chlorophyll-a at station RNCI. The data set for RNC-1 
included in Appendix A includes two values that are not shown in figure 8-3: a 
chlorophyll-a value of 58.7 on 8/2/2000 (for which there is a corresponding total 
phosphorus value of 0.009) and a total phosphorus value of 0.654 on 10/22/90. Using 
those values, we calculated an r2 of0.03; substituting the total phosphorus median value 
of0.16, results in an r2 of0.029. We also note that the chlorophyll-a value of58.7 on 
8/2/2000 appears to have been used in Figure 7.1 to demonstrate the expected 
relationship between chlorophyll-a and pH. If that value is eliminated from that analysis, 
the r2 becomes 0.04.] 
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For most stations in the lake and for the lake as a whole ( considering data from all four 
stations), there is no correlation (r2,0.15) between total phosphorus and pH, chlorophyll-a 
and pH or total phosphorus and chlorophyll-a. Moderate correlations exist between total 
phosphorus and chlorophyll-a at station RNC-3 (r2=0.46) and for the entire lake 
(r2=0.37), and between chlorophyll-a and pH at station RNC-1 (r2=0.37). For station 
RNC-4, which has the highest total phosphorus concentrations, but no exceedences of the 
pH standard, there is no correlation between any of the variables (r2</=0.10). 

Response: The relationships presented in Section 7 were intended to confirm that 
there is a relationship between pH and chlorophyll-a in addition to chlorophyll-a 
and phosphorus. These general relationships have been established in literature, 
which suggest that reducing algae (chlorophyll-a) maintains pH and reducing 
phosphorus concentrations reduce algae (chlorophyll-a). Additional data collection 
for Kinkaid Lake may establish the same relationships found in literature. All the 
r2 values are low, and the figures were intended to show general trends and provide 
examples of what has been established through literature. The relationships 
established in literature were used as the basis for the focus of this TMDL - control 
of phosphorus and thereby control of algae (chlorophyll-a) and pH. 

22. We also find the discussion ofloading capacity confusing. The section states that 
load reductions were modeled for RNC-4 because it violates the phosphorus standard (but 
not the pH standard), but then says that the effects of the modeled reductions are only 
shown for stations RNC-1 and RNC-3 because they are the only stations that violated the 
pH standard (RNC-1 never violates the phosphorus standard and at RNC-3 only one 
sample since 1994 has exceeded the standard. At both stations, the mean total 
phosphorus concentration is well below the standard). 

Response: Phosphorus loadings in sub-basins 2, 3 and 4 were less than sub-basin 1. 
Therefore sub-basin 1 and its contributions to station RNC-4 were targeted for 
reductions. Phosphorus flows through the lake as well as settles and can cause algae 
growth in various parts of the lake. Since the largest loads were generated from 
sub-basin 1, it was the focus of the reductions to maintain pH throughout the lake. 

23. The relationships provided in Figures 7-1 through 7-4 are weak, at best. At RNC-1, 
there is no relationship between total phosphorus and chlorophyll-a and only a moderate 
correlation between chlorofhyll-a and pH. There is also no direct correlation between 
total phosphorus and pH (r =0.04). At RNC-3, there is only a moderate correlation 
between total phosphorus and chlorophyll-a and no correlation between chlorophyll-a and 
pH. There is also no direct correlation between total phosphorus and pH (r2=0.0007). 
We also note that the predicted mean total phosphorus values after a 40 percent reduction 
in phosphorus loadings shown in Table 8-3 exceed the mean of the observed values at 
RNC-1 in 1997 and 2000 and at RNC-3 in 2000. 

Response: See response to question 21. 
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24. In Section 9.1.2 Implementation Actions and Management Measures Summary, it is 
not apparent how the "Potential Percent Reductions" values in Table 9-2 were derived. 
For example, what is the basis for the statement in the preceding paragraph, 3rd bullet: 
"Nutrient management (reductions of total phosphorus in sediment by 20 percent)"? No 
citations to the scientific literature are provided, and no data or analysis are presented to 
support this statement. 

Response: This was estimated by the consultant as an initial goal to target for 
nutrient reduction. As nutrient management plans are implemented, the 
effectiveness on reducing phosphorus concentrations can be further assessed against 
this initial target goal. 

25. We were not able to find any results of modeling BMP effectiveness in Appendix C, 
GWLF and BATHTUB input and output files. Table 9-2 shows a potential reduction of 
19% for "tillage practices" without specifying what residue levels would be required to 
achieve that reduction. Conservation tillage systems can result in reductions in sediment­
bound phosphorus roughly proportional to the sediment load reductions. However, 
conservation tillage may also result in increased losses of dissolved phosphorus (Mcissac 
et al, J. Soil and Water Conservation: 50 (4) 383-397 (1995)). 

Response: The tillage practices category listed in Table 10.2 refer to conservation 
tillage practices, and the report has been changed to reflect that. Table 10.6 in the 
report suggests that it would be beneficial for all of the cropland in the watershed to 
have some form of conservation tillage implemented. Section 9.1.1.1 on page 9-2 of 
the report states "Conservation tillage is assumed to include tillage practices that 
preserve at least 30 percent residue cover of the soil after crops are planted." The 
GWLF model took into account those cropland acres in which conservation tillage 
practices, including no-till, have already been implemented. Although conservation 
tillage practices, such as no-till, can result in an increase in dissolved phosphorus 
runoff, the benefits gained from reductions in erosion and particulate phosphorus 
will decrease the loads of total phosphorus as well as sedimentation in the impaired 
water bodies. Mclssaac et al. conclude that "[T]he fate of the dissolved Pin runoff 
from agricultural fields is likely to depend upon the hydrologic context of each 
particular field in question. Dissolved P may be absorbed by vegetation or soils in 
buffer strips, wetlands, riparian zones, or stream banks. Whether elevated levels of 
dissolved P in runoff represents a problem in a watershed depends upon these 
processes. " If we proceed with an iterative approach to BMP installation and 
monitor the results, dissolved and total phosphorus loads can be better understood 
and treated. 

26. Because no data are available on phosphorus in the streams within the watershed, it 
is not possible to determine whether particulate phosphorus or dissolved phosphorus is 
the form of phosphorus that is of greater concern. 

Response: We concur with this statement and have outlined this as a future data 
collection need within a possible monitoring program in the Implementation Plan. 
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In 2003, Kinkaid Lake began a Phase I Clean Lakes Study funded through Illinois 
EPA. A component of this Study is to collect tributary data. Once taken and 
verified, these data can be analyzed to see how it can compliment or enhance the 
TMDL analysis. 

27. We believe that it would be more helpful to producers and providers of technical 
assistance within the watershed to provide more readily understandable information on 
the changes needed to reduce phosphorus loadings. Presenting reductions in terms of soil 
erosion being reduced by tons per acre and targeted C factors would provide producers 
with a specific measurable goal rather than an indefinite "tillage practices". 

Response: The required reductions in soil loss and C-factor were calculated during 
the analysis but not specifically stated in the text of the draft final report. These 
data have since been inserted into the text of the report for the convenience of 
producers and technical service providers. 

28. Estimations of the effectiveness of management practices, such as wetlands or filter 
strips must account for the proportion of the total runoff in the watershed that will be 
transported through and effectively treated by the wetland or filter strip. For example, the 
only water that a filter strip can effectively treat is runoff water that moves through the 
strip as sheet flow. Water in a concentrated flow channel will not be treated. 

Response: Section 9.1.1.2, on page 9-3 of the report states: "To maintain removal 
efficiency, sheet flow should be maintainted and substrate should be monitored to 
assess whether the wetland is operating optimally." It is true that sheet flow should 
be maintained in order for filter strips to properly filter pollutants. This will be 
reflected in the final version of the report. 

29. We noted a significant disagreement between the Agency's contractors on the 
effectiveness of buffer strips and wetlands in removing phosphorus, and even by COM in 
its discussion ofBMP for nutrients in different TMOLs. The TMOL for the Charleston 
Side Channel Reservoir (Section 9.1.4, page 39) used the following values in its 
discussion of measures to achieve the necessary load reductions: 

The combination of the following BMPs result in a reduction of94.6 percent of the total 
phosphorus load to the lake 

• 33.5 percent reduction through aeration, sediment sealing, or system flushing (90 
percent of internal load) 

• 20 percent reductions of external load due to cultural practices (primarily through 
CRP, tillage, and nutrient management practices) 

• 70 percent reduction of external load due to buffer strips 
• 65 percent reduction of external load due to ponds or wetlands 

These values differ greatly from the values used by COM in their discussions of 
implementation of the Washington County Lake TMOL (Section 10.2.3, page 10-12) and 
the Altamont New Reservoir TMOL (Section 9.1.3, page 9.6): 
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Washington 
Altamont New County Lake 

Management Reservoir TMDL TMDL (Table 10- Kinkaid Lake 
Measure (Table 9-2) 4) TMDL (Table 9-2) 

Nutrient Manaqement 17% 11% 14% 
Tillaqe Practices 38% 30% 19% 

Filter Strips* 22% 22% 14% 
Wetland* 5% 40% 25% 

*Literature value utilized for estimation 

We note particularly the great difference in the estimates for the potential reductions from 
wetlands both in the two TMDLs prepared by CDM and the Charleston Side Channel 
Reservoir TMDL. But CDM also has taken contradictory positions on the effectiveness 
of wetlands in the two TMDLs we have reviewed. In the Altamont New Reservoir 
TMDL (Section 9.1, page 9-6), CDM states: "The lower bound of the literature value for 
wetlands (i.e. 5%) was used due to studies that have shown the long-term effectiveness of 
phosphorns removal in wetlands is negligible." But in the Washington County Lake 
TMDL, CDM has used a value of 40%. As quoted by CDM (Altamont New Reservoir 
TMDL, Section 9.1.1, page 9.2 and Washington County Lake TMDL Section 10.2.1.2, 
page I 0.9), "Over the long term, it is generally thought that wetlands are neither sources 
nor sinks ofphosphorns (Kovasic et al. 2000)". We believe that most of the scientific 
literature supports Dr. Kovacic's statement. 

Response: The inconsistencies for potential percent reduction of management 
measures in each report prepared by CDM was done in error and will be corrected 
in the final published reports. The correct values for each management measure are 
shown below. This change does not impact the degree of implementation 
recommended for each watershed. 

Summary of Total Phosphorus Load 
Reductions 

Management Potential Percent 
Measure Reduction 
Nutrient 

Manaqement 10% 

Conservation 
Tillaae Practices 11% 

Filter Strios* 22% 
Wetland* 5% 

*Literature value utilized for estimation 

30. The only site in the watershed actually visited by the project team was the Mt. Joy 
boat ramp, which is in no way representative of the 38,535-acre watershed. 

Response: This was the only area shown in pictures in the report. The team visited 
other areas of the watershed not shown in the report. The extent of the TMDL scope 
for the study did include field investigations. 
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31. The TMDL and the implementation plan are derived from a computer model and not 
from hands-on data collection from the watershed. While this is saving of time and 
money, it may not realistically reflect conditions in the watershed and may not lead to 
practical solutions for the impairments which exist. 

Response: This TMDL was developed based on readily available data. The water 
quality data used in the modeling were based on data collected by Illinois EPA from 
Kinkaid Lake. While the amount of and types of data were lacking in some areas, 
the Implementation Plan suggests practices that are known to control pollutant 
loadings that lead to pH impairment. As the report suggests, an adaptive 
management approach to implementation should be taken, and future monitoring 
will provide more data, which local stakeholders can use for implementation 
decision making. 

32. The Kinkaid watershed is arguably the steepest watershed in Illinois. One-third of 
the watershed is in excess of 15% slope and 25,000 acres are in excess of 5% slope. The 
highest point in the watershed is more than 400 feet above the base of the dam. The 
headwaters of the original creek are 254 feet higher than the base of the dam. 

Response: The slope of this watershed was taken into account during the analysis. 
Slope length and slope steepness are factors used in the USLE equation, which is a 
component of the GWLF model that was used during TMDL development. 

33. Stream flow into the lake was not measured, but was estimated from stream flow at 
Casey Fork (Mt. Vernon). One can question the similarity of the two watersheds. (p. 5-
2) 
Response: Flow data from the Casey Fork watershed were used in the absence of a 
gauge in the Kinkaid Lake watershed. The drainage area ratio method was used to 
estimate flows entering the lake. An explanation of this method can be found in 
Section 5.1.3 of the report. 

34. Average monthly rainfall data were used in the model. While these data are probably 
accurate, there is no accounting for the rate of precipitation. In a steeply sloping 
watershed, three inches of rain falling over three days is entirely different from three 
inches over 2 hours (a heavy rain in the Kinkaid watershed is comparable to flushing a 
toilet). 

Response: TMDLs are supposed to account for all seasonal conditions within a 
watershed, not specific events. Use of monthly precipitation takes into account that 
requirement ofTMDL development. 

35. How was water volume calculated for segment RNC4 (upper lake)? This appears to 
have a major bearing on total phosphorus entering the lake if total Phosphorus= mg 
Phos./L. x water volume. IEP A has not established specific boundaries for the lake 
segment represented by each sampling site, but has assigned a surface area to the lake 
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segments. When these areas were added together, it resulted in their estimate of total 
lake surface area being approximately 50% more than it actually is. (p. 5-15) 

Response: The entire volume of the lake was calculated based on historic depth and 
surface area. Specific segment volumes were not calculated separately. 

36. On p.5-6 and 5-7, it is stated that the correlation between pH and chlorophyll a is 
expected to indicate a direct relationship between the two constituents. In fact Table 5-5 
(p.6) shows that segment RNC4 has some of the lowest pH values for the lake and the 
text indicates no individual samples with a pH impairment. Yet Table 5-7 shows 
segment RNC4 with chlorophyll a levels more than double those of any other portion of 
the lake. The actual data contradicts the hypothesis. 

Response: TMDLs are supposed to account for all seasonal conditions within a 
watershed, not specific events. Use of monthly precipitation takes into account that 
requirement of TMDL development. 

37. On page 5-7, it is stated that these relationships would suggest that controlling 
phosphorus will in turn control pH. Table 5-6 (page 5-7) shows RNC4 with by far the 
highest phosphorus levels for the lake, but Table 5-5 shows that segment to be in 
compliance for pH. In fact it is the sampling segments which are well within the 
standards for Phosphorus that have shown a few individual violations for pH. The actual 
data again disproves the hypothesis. 

Response: See response to question 21. 

38. The computer model assumes that all cropland is immediately adjacent to streams. 
That is definitely not the case in the Kinkaid watershed. 

Response: See response to question 5. 

39. The TMDL report states that there are no terraces in the Kinkaid Watershed. KA WP 
2000 (page 11) reports more than 24,000 linear feet of terraces in the watershed (source­
Jackson County Soil and Water Conservation District). 

Response: This statement has been deleted from the report. 

40. In 1991, 1995, and 1996, the text (page 5-6) reports a total of three individual 
samples slightly below the lower pH limit in the discharge below the spillway. Table 5-
4 (page 5-5) reports a total of 70 samples from this location over a seven year period. In 
1991, 1994, and 2000 the text reports a total of 4 individual samples testing slightly 
above the upper limit for pH in segments RNCI and RNC3. Table 5-4 reports a total of 
77 samples taken from these locations over an 11 year period. Do these data indicate any 
consistent trend toward pH violations? Is it possible to question the accuracy of the 
instrumentation or readings for pH? 
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Response: The data indicate that pH impairments are infrequent, however IEPA 
has determined that 1 violation in a 3 period indicates impairment. All data are 
shown in Appendix A 

41. What is the location of the gauge at which the discharge from the lake was sampled? 
If it is, as we surmise, located at the Highway 149 bridge, that location is approximately 
one mile downstream from the spillway. That portion of the creek has it's own 
watershed and is, at times, actually supplied by the Big Muddy River. 

Resonse: Downstream discharge was not analyzed for the Kinkaid Lake TMDL. 
Water quality data used for TMDL development were taken from the four water 
quality stations located within the lake. 

42. Why does passing over the spillway cause a pH drop of 3 (9.1 in RNC I to 6.1 in the 
"discharge")? 

Response: The only water quality data analyzed for Kinkaid Lake were from 
stations sampled within the lake. No water quality data were analyzed from water 
that passed over the spillway for this TMDL. 

43. A 1983 erosion study of the Kinkaid watershed determined that there was almost 5 
times the amount of sheet and rill erosion from cropland as was determined by the 2000 
study (KA WP 2000, page 40). Some of the decrease in erosion is attributed to 
conversion to conservation tillage on cropland. In addition, land use changes have 
resulted in 1,100 acres of cropland being converted to hay or pasture lands and 2,200 
acres of cropland have been enrolled into CRP and seeded to permanent grass cover. 

Response: The land use coverage used in the modeling was obtained from Illinois 
Department of Natural Resource's Critical Trends Assessment database, and was 
supplemented by the National Agricultural Statistics Service's Cropland Data 
Layer. Cropland taken out of production would be reflected in these data. Current 
tillage practices were obtained from the most recent Soil Transect Survey conducted 
by the Illinois Department of Agriculture. These data were reviewed and verified to 
be applicable to the Kinkaid Lake watershed by local NRCS staff. 

44. The KA WP 2000 erosion study (page 43) reports that sheet and rill erosion from 
cropland accounts for approximately 25% of the sediment delivered annually into 
Kinkaid Lake. Sheet and rill erosion from woodlands and grasslands account for 45% of 
the sediment delivered annually. The remaining sediment delivered annually comes 
from gully, stream bank and shoreline erosion. 

Response: Although gully, stream bank and shoreline erosion are not accounted for 
in GWLF, they do contain as much phosphorus as the other sources. The source of 
phosphorus they do contain is accounted for in the Margin of Safety for the TMDL. 
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45. Sediment from woodlands, grasslands, stream banks and shoreline is not devoid of 
phosphoms even though none has been applied. 

Response: Sediment loading and associated phosphorus loading from woodlands 
and grasslands was accounted for in the model. Loadings from stream banks and 
shoreline erosion would be accounted for in the margin of safety. 

46. On page 4-5, it is stated that phosphoms is commonly released from sediment into 
the water when anoxic conditions exist. There is good potential in the upper lake 
(RNC4) for anoxic conditions to exist, especially during the warm season and especially 
west of Highway 151. Anoxic conditions occur all over the lake below the thermocline. 
How much of the soluble phosphoms in the lake comes from sediment deposited over the 
past 30 years? 

Response: The data do not show that this portion of the lake stratifies so as to cause 
anoxic conditions. Further study would need to occur to determine the amount of 
phosphorus entering the lake via sediment. 

47. The text on page 7-14 states that the model assumes internal cycling is not occurring 
in Kinkaid Lake. The shallow upper end, especially since significant siltation has 
occurred, does indeed qualify as a shallow reservoir. 

Response: See response to 46. 

48. Conservation tillage practices should be continued and encouraged as stated on page 
9-2. Voluntary conversion of cropland into conservation programs should be continued 
and encouraged. Nutrient management is an economical and sensible practice and is 
already probably followed by most farmers. 

Response: The Agency concurs with this statement, and these practices are 
discussed in the report's Implementation Plan. 

49. KA WP 2000 page 30 reports that only 5% of the land adjacent to streams is in 
cropland. This refutes the assumption in the model that all cropland in the watershed is 
immediately adjacent to streams. 81 % of land adjacent to streams is forested for a width 
of at least 200 feet from the stream and 14% is in grassland for a width of at least 200 
feet. 

Response: The model does not assume all cropland is adjacent to streams. It groups 
all land use within a sub-basin together and predicts loading from a given area. A 
detailed model which would require more extensive data than is available for the 
watershed would be needed to account for the spatially varying land use. 

50. The implementation plan appears to assume that storm water mnoffwould flow 
slowly and evenly across the length of the filter strips. In a watershed as steep as 
Kinkaid, this will not be the case. 
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Response: Design of filter strips would have to take into account local conditions. 

51. A map showing the intended location of the filter strips would be helpful. Further 
study may well indicate it would not be possible to filter strip 1900 feet of the two 
streams mentioned without tearing out existing riparian corridor (trees) or existing 
grasslands (some on steeply sloping land). Political considerations have been ignored. 
Much of those two streams are on U.S. Forest Service land. In the past they have not 
been eager to allow such alterations on their lands. 

Response: The total potential length of filter strip installation was based on land 
use coverage used in the GIS analysis. Only land that is farmed to the edge of 
streams were considered as potential locations for filter strips. Land use currently 
in grassland or woodland was not considered, and the agency in no way is 
condoning such land being replaced by filter strips. The installation of filter strips 
is strictly voluntary. We encourage local stakeholders to further study filter strip 
placement in the watershed. 

52. The text states that over the long term wetlands are not thought to have an effect on 
phosphorus entering the lake (page 9.3). Why then is it recommended to construct 134 
acres of wetlands? 

Response: The text states that there are varying results from wetlands. 
Consideration of wetlands would need to take this into account as well as site­
specific design considerations. 

53. Hedging statements such as those at the bottom of page 7-13, pointing out 
deficiencies in data plus lack of on-the-ground experience in the watershed, lead one to 
question the validity of both the TMDL and implementation procedures. There is a 
reasonable possibility that if the implementation plan is completely carried out, the 
TMDL will still not be in compliance. 

Response: This TMDL was developed based on readily available data. We noted in 
the report where data gaps exist, and suggest additional data that could be collected 
to strengthen the correlations attempted in the report. The purpose of the 
Implementation Plan is to suggest practices that may help reduce phosphorus loads 
to the lake, which should help control pH. We recommend using an adaptive 
management approach in concert with future monitoring. Data from future 
monitoring-collected after some BMPs are installed-will determine whether or not 
the lake is fully supporting its designated uses and if and where additional BMPs 
are needed. 

54. Since 1983 many improvements have been made in the watershed and efforts are on­
going to do more. There is also a reasonable probability that if nothing is done to carry 
out the implementation plan, the lake will show compliance (unless, of course, we 
continue to use data from the last century). 
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Response: Land use data, cropping aud tillage practices in the watershed were 
based on the most recent data and verified by county NRCS staff, which would 
reflect improvements made since 1983. Future assessments of Lake Kinkaid will be 
based on future data taken through the Ambient Lake Monitoring Program. These 
monitoring data will be assessed according to methodologies explained in the state's 
305(b) Report. The lake will only show compliance when future data show that it is 
fully supporting all of it's designated uses. 

55. On the basis of the TMDL report, it is difficult to see justification for expenditure of 
public and private funds to create the wetlands and filter strips recommended in the 
implementation plan. 

Response: The report's Implementation Plan recommends that an adaptive 
management approach be taken. Not all of the recommended practices need to be 
installed all at once, but rather interested landowners can voluntarily enroll land in 
programs that provide financial assistance for implementing these practices. 
Landowners are free to install these practices regardless of whether or not a TMDL 
has been developed in their watershed. Filter strips and wetlands are recommended 
based on their ability to reduce the amount of nutrient-laden sediments from 
entering waterways. 

56. Most local citizens perceive sedimentation and siltation to be the major problems at 
Kinkaid Lake. If we continue existing efforts to prevent sedimentation through erosion 
control and to manage siltation, the TMDL as perceived by the EPA will come into 
compliance. 

Response: The goal of the TMDL is for Kinkaid Lake to fully support all of its 
designated uses. Future data assessments will be based on samples taken through 
the Clean Lake Study and the Ambient Lake Monitoring Program. The target for 
this TMDL is based on the numeric standard for pH, which can be achieved by 
reducing phosphorus loads to the lake. Much of this phosphorus enters the lake 
through sediment. By decreasing the amount of sediment entering the lake through 
implementation of the recommended BMPs, the phosphorus loads should decrease 
as well. 

57. The only impairment the contractor addressed in the TMDL was pH due to four 
minor excursions over a ten-year period. The hypothesis used by the consultant is based 
on a hypothesis by Wetzel who asserts that photosynthesis and respiration are major 
influences on pH. That hypothesis would not work in RNC-4 because the light column is 
too short for chlorophyll-a due to the sediment in suspension. I would prefer data from 
Kinkaid Lake be applied to prove their hypothesis before making an assumption based on 
a previous study from another situation and location to suggest a relationship between 
phosphorus and chlorophyll-a to pH in Kinkaid Lake 
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Response: The TMDL takes into account the entire lake column not just segment 
RNC-4. It is likely that the algae activity that could be associated with pH 
impairments occur in different portions of the lake . . In fact, none of the pH 
excursions were measured in RNC-4-there were two each in RNC-1 and RNC-3. 

58. Why did CDM not conclude the paucity of infractions from as large a number of 
samples should remove the impairment concern from Kinakid Lake? Is it a federal 
mandate that once a resource is placed on an impaired list, it cannot be found to be an 
insignificant impairment to warrant removal from the 303( d) List? 

Response: pH is listed as a cause of impairment in lakes when at least one violation 
of the applicable standard for pH (<6.5 or >9.0) occurs during the monitoring year. 
The Clean Water Act mandates that TMDLs should be developed for waters listed 
on the State's 303(d) List. The only way a cause of impairment can be de-listed is if: 
1. a TMDL is developed for that cause; 2. new data show the water body is no longer 
impaired for that cause; or 3. the cause is found to be "pollution" (e.g., flow 
reduction or habitat modification) and not a "pollutant" (e.g., pH). 

59. During the final public meeting, the consultant was provided with a copy of"Kinkaid 
Lake Watershed Investigation" conducted July 11, 2000, by R. D. Windhorn, which 
arrived at figures for deposition of materials from the watershed to Kinkaid Lake. The 
BATHTUB model used the wrong assumption that all materials from crop fields and the 
watershed were deposited directly into Kinkaid Lake. That assumption is not 
scientifically sound and taints the model's findings. Perhaps Mr. Windhorn's data could 
be inserted into the model and the load form the watershed to the lake recalculated for a 
more accurate assessment. 

Response: See response to 49. 

60. Presently, the Kinkaid-Reed's Creek Conservancy District is in the middle ofa Phase 
I Clean Lakes Study that should provide fresh data for a review on the validity and the 
necessity of this impairment at Kinkaid Lake. The new data should be reviewed to 
ascertain if the present condition of Kinkaid Lake warrants the Illinois EPA impairment 
concern. 

Response: We concur with this statement. As new data are taken from the lake, 
through the Clean Lakes Study as well as the Agency's Ambient Lake Monitoring 
Program, the data will be used in future assessments to determine if the lake is 
supporting all of it's designated uses. If not, the most recent data will be assessed to 
determine causes of impairment. The Implementation Plan for this report includes 
a continued monitoring plan and an adaptive management approach for monitoring 
BMP effectiveness. 
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DISTRIBUTION OF RESPONSIVENESS SUMMARY 

Additional copies of this responsiveness summary are available from Mark Britton, 
Illinois EPA Office of Community Relations, phone 217-524-7342 or email 
Mark.Britton@epa.state. ii. us 

ILLINOIS EPA CONTACTS 

TMDL Inquiries ........................ Bruce Yurdin ......................... 217-782-3362 
Legal Questions ......................... Sanjay Sofat .......................... 217-782-5544 
Public Relations ......................... Mark Britton ......................... 217-524-7342 

Questions regarding the public record and access of the exhibits should be directed to 
Hearing Officer Sanjay Sofat, 217-782-5544. 

Written requests can be mailed to: 

Illinois Environmental Protection Agency 
Bureau of Water, Watershed Management Section 
I 021 North Grand Avenue East 
Post Office Box I 927 6 
Springfield, IL 62794-9276 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHE M I CAL AN ALYST S & CO N SULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acid ity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols , Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21407-1 
Pond 1 
10/25/ 19 

RESULT 

7.9 
10 

144 
113 
80 

244 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.0100 
< 0.0100 
< 0.0010 
< 0.0020 
< 0.0020 
< 0.0050 
< 0.0050 

0.372 
< 0.100 

< 0.0060 
0.195 

< 0.0100 
< 0.002 

< 0.0050 
< 0.0050 
< 0.0100 
< 0.0050 
< 0.0200 
< 0.0200 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ___,_/l'--'-Lhtb-'-""'"'"'(!A.,=_,W,=.....,~=;,i:-CLJ<:>""---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
IO 
5 
10 
IO 
5 

0.25 
0.02 
0.01 

0.0100 
0.0100 
0.0010 
0.0020 
0.0020 
0.0050 
0.0050 
0 . 100 
0.100 
0.0060 
0.0100 
0.0100 
0.002 
0.0050 
0.0050 
0.0100 
0.0050 
0.0200 
0.0200 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
245.1 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l I/ 19/19 

Client-BM 
I 0/25/19 

DATE/ 
ANALYST 

10/25/ 19 KR 
10/3 1/19 OG 
10/3 1/19 OG 
10/29/ 19 KR 
10/29/ 19 KR 
11/1/ 19 OG 

10/28/19 KR 
10/28/ 19 KR 

11 /5/ 19 KR 
11/8/ 19 KR 

11/15/19 WA 
11/15/19 WA 
11/ 15/19 WA 
11/15/19 WA 
11 / 15/19WA 
11/15/19 WA 
11/15/19 WA 
11/15/ 19 WA 
11/ 15/19 WA 
11/15/ 19 WA 
11/15/19 WA 
I 1/ 15/19 WA 

11/6/19 AK 
11/15/ 19 WA 
11/15/ 19 WA 
I 1/ 15/ 19 WA 
I 1/15/19 WA 
ll/15/ 19 WA 
11/15/19 WA 



R01242

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, Hlinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEM I C A L A N ALYSTS & CON S ULTAN T S Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DA TE: I 1/ 19/19 
PDL: 21407-2 COMMENT: DRY 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: l 0/25/ I 9 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH * Unit I - 14 4500 B * 
Acidity * mg/L 10 2310 B * 
Alkalinity * mg/L 10 2320 B * 
Sulfate * mg/L 5 4500 E * 
Chloride * mg/L 10 4500 B * 
Hardness * mg/L 10 2340 C * 
Total Suspended Solids * mg/L 5 2540 D * 
Settleable Solids * mL/L 0.25 2540 F * 
Cyanide * mg/L 0.02 335.4 * 
Phenols, Total Recoverable * mg/L 0.01 420.4 * 
Antimony * mg/L 0.0100 200.7 * 
Arsenic * mg/L 0.0100 200.7 * 

C 
Beryllium * mg/L 0.0010 200.7 * 
Cadmium, Total * mg/L 0.0020 200.7 * 
Cadmium, Dissolved * mg/L 0.0020 200.7 * 
Chromium * mg/L 0.0050 200.7 * 
Copper * mg/L 0.0050 200.7 * 
Iron, Total * mg/L 0.100 200.7 * 
Iron, Dissolved * mg/L 0.100 200.7 * 
Lead * mg/L 0.0060 200.7 * 
Manganese, Total * mg/L 0.0100 200.7 * 
Manganese, Dissolved * mg/L 0.0100 200.7 * 
Mercury * mg/L 0.002 245.1 * 
Nickel, Total * mg/L 0.0050 200.7 * 
Nicke l, Dissolved * mg/L 0.0050 200.7 * 
Selenium * mg/L 0.0100 200.7 * 
Silver * mg/L 0.0050 200.7 * 
Thallium * mg/L 0.0200 200.7 * 
Zinc * mg/L 0.0200 200.7 * 

(_ Reviewed By: ---"'A ........ mb.L-.'-'q""''A,,...,_,(""''d""'/4_.....~~-=~-<--



R01243

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, 111inois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (6 18) 983-8208 

CHEM I CAL AN ALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/19 
PDL: 21407-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 10.7 Unit 1 - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 2310 B I 0/31/19 OG 
Alkalinity 176 mg/L 10 2320 B 10/3 1/1900 
Sulfate 40 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 15 mg/L 10 4500 B 10/29/19 KR 
Hardness 180 mg/L 10 2340 C 11 /1/19 OG 
Total Suspended Solids 48 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 ll /5/19KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 · 200.7 11/15/19 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/15/19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11/15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/ 15/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 1.72 mg/L 0.100 200.7 11/ 15/19 WA 
Iron, Dissolved < 0. 100 mg/L 0. 100 200.7 11 /15/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11 /15/19 WA 
Manganese, Total 0.625 mg/L 0.0100 200.7 11/15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/ 15/19 WA 
Mercury < 0.002 mg/L 0.002 245. 1 11 /6/19 AK 
Nickel, Total < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Nickel, Dissolved < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Selenium < 0.0 100 mg/L 0.0 100 200.7 11/ 15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/1 5/19 WA 
Zinc < 0.0200 mg/L 0.0200 200.7 11 / 15/1 9 WA 

(_ 



R01244

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMI CAL ANALYSTS & CONSULTANT S Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/19 
PDL: 2 1407-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: Cl ient-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: 10/25/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 2310 B 10/3 1/ 19 OG 
Alkalinity 136 mg/L 10 2320 B 10/31/19 OG 
Sulfate 93 mg/L 5 4500 E 10/29/19 KR 
Chloride 30 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 300 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids II mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 l l/5/ 19KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11 /15/ 19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 

C 
Beryll ium < 0.0010 mg/L 0.0010 200.7 11/15/19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11/15/19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/1 5/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 0.593 mg/L 0.100 200.7 11/15/19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 0.368 mg/L 0.0 100 200.7 11/15/19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/19 AK 
Nickel, Total < 0.0050 mg/L 0.0050 200.7 l l/15/ 19WA 
Nickel , Dissolved < 0.0050 mg/L 0.0050 200.7 11 /1 5/19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 / 15/1 9 WA 
Thall ium < 0.0200 mg/L 0.0200 200.7 11/15/19 WA 
Zinc 0.0203 mg/L 0.0200 200.7 11/15/19 WA 



R01245

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: W\.Vw.summite1wiro.com 

CLIENT: Mach Mining REPORT DATE: 11 / 19/ 19 
PDL: 21407-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: 10/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 23 10 B 10/31 / 19 OG 
Alka linity 160 mg/L 10 2320 B 10/31 / 19 OG 
Sulfate 60 mg/L 5 4500 E 10/29/19 KR 
Chloride 18 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 276 mg/L 10 2340 C 11/ 1/ 19 OG 
Total Suspended Solids 39 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0 100 200.7 11/15/19 WA 
Arsenic < 0.0100 mg/L 0.0 100 200.7 11/15/19 WA 

C 
Beryllium < 0.00 10 mg/L 0.0010 200.7 11 /15/ 19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11 /15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200 .7 11/15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200 .7 11/15/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 2.48 mg/L 0. 100 200.7 ll /1 5/19WA 
Iron, Dissolved < 0.100 mg/L 0. 100 200.7 11/1 5/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/1 5/19 WA 
Manganese, Total 0.736 mg/L 0.0100 200.7 11/15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/ 19 AK 
N ickel, Total 0.0052 mg/L 0.0050 200.7 11 / 15/ 19 WA 
N ickel, Dissolved < 0.0050 mg/L 0.0050 200.7 11 /15/ 19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 J l/ 15/1 9WA 
Thall ium < 0.0200 mg/L 0.0200 200.7 11/15/1 9 WA 
Zinc 0.0255 mg/L 0.0200 200.7 11 /15/19 WA 



R01246

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

( ' 
West Frankfort, Illinoi 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEM I CA L ANALYSTS & CONSULTANTS Website: w"v,;v.summite1iviro.com 

CLIENT: Mach Mining REPORT DATE: 11/ 19/ 19 
PDL: 21407-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 23 10 B I0/3 1/ 19OG 
Alkalinity 640 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 1,320 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,490 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 340 mg/L 10 2340 C l l/l / 19OG 
Total Suspended Solids 15 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0 .25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0 .02 335.4 1l /5/19KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /8/ 19 KR 
Antimony < 0.0 100 mg/L 0.0100 200.7 11/15/ 19 WA 
Arsenic < 0.0 100 mg/L 0.0100 200.7 11/ 15/ 19 WA 

C 
Beryllium . < 0.0010 mg/L 0.00 10 200.7 11/15/ 19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 l l /15/ 19WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/1 9 WA 
Iron, Total 0.651 mg/L 0.100 200.7 l l/15/ l9WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 ll/15/19WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/1 9 WA 
Manganese, Total 0.0772 mg/L 0.0100 200.7 11/15/1 9 WA 
Manganese, Dissolved < 0.0 100 mg/L 0.0100 200.7 11/15/1 9 WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/ 19 AK 
Nickel, Total 0.0245 mg/L 0.0050 200.7 11/15/19 WA 
Nickel, Dissolved 0.0168 mg/L 0.0050 200.7 ll/15/19WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11/ l5/19WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/15/19 WA 
Zinc 0.0217 mg/L 0.0200 200.7 11/15/ 19 WA 

(_ 



R01247

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, Hlinois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYSTS & CONSU LTAN TS Website: w,vw.summitenviro.com 

CLIENT: Mach M ining REPORT DATE: 11/19/ 19 
POL: 21407-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION ' METHOD DATE/ 
LIMIT ANALYST 

pH 7.5 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 2310 B 10/3 1/ 19 OG 
Alkalinity 4 12 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 1,220 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,350 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 580 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 12 mg/L 5 2540 D I 0/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /5/1 9KR 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/15/19 WA 
Cadmium, Total 0.0089 mg/L 0.0020 200.7 11/15/19 WA 
Cadmium, Dissolved 0.0072 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper 0.0123 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.80 1 mg/L 0.100 200.7 I 1/15/ 19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11 / 15/19 WA 
Manganese, Total 2.05 mg/L 0.0100 200.7 11/15/19 WA 
Manganese, Dissolved 1.82 mg/L 0.0100 200.7 l l/15/19WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/ 19 AK 
N ickel, Total 0.140 mg/L 0.0050 200.7 11/15/19 WA 
Nickel, Dissolved 0.113 mg/L 0.0050 200.7 ll/15/19WA 
Selenium < 0.0100 mg/L 0.0 100 200.7 11/ 15/ 19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 l l/ 15/1 9WA 
Thall ium < 0.0200 mg/L 0.0200 200.7 l l / 15/1 9WA 
Zinc 0.227 mg/L 0.0200 200.7 11/15/1 9 WA 

Reviewed By: _ __..,A--i..Lmiu.-A ..... u€""-'4""'~-'C.£>',,{.,£.1/. ..... ~'""'#-"'-'-"'-~-



R01248

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: ww-.v.summitenviro.coni 

CLIENT: Mach Mining REPORT DATE: 11/19/19 
PDL: 2 1407-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: l 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 6.9 Unit 1 - 14 4500 B 10/25/ 19 KR 
Acidity 26 mg/L 10 23 10 B 10/3 1/ 19 OG 
Alkalinity 3 12 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 1,633 mg/L 5 4500 E 10/29/19 KR 
Chloride 1,5 90 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 980 mg/L 10 2340 C 11/1/1 9 OG 
Total Suspended Solids 9 1 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids I.SO mL/L 0.25 2540 F I 0/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /5/1 9 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11 /15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/ 15/19 WA 

C 
Beryllium < 0.0010 mg/L 0.00 10 200.7 11/15/ 19 WA 
Cadmium, Total 0.0 114 mg/L 0.0020 200.7 ll /1 5/19WA 
Cadmium, Dissolved 0 .0031 mg/L 0.0020 200.7 11 /1 5/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11 /15/19 WA 
Copper 0.0155 mg/L 0.0050 200.7 11/15/19 WA 
Iron, Total 60.3 mg/L 0. 100 200.7 11/15/19 WA 
Iron, Dissolved < 0. 100 mg/L 0.100 200.7 11 /15/1 9 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11 / 15/19 WA 
Manganese, Total 4. 19 mg/L 0.0100 200.7 11/15/ 19 WA 
Manganese, Dissolved 3.6 1 mg/L 0.0100 200.7 11/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245. 1 11 /6/ 19 AK 
N ickel, Total 0.222 mg/L 0.0050 200.7 l l / 15/1 9WA 
N ickel, Dissolved 0. 100 mg/L 0.0050 200.7 11/1 5/1 9 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 l l / 15/1 9WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 /15/19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 /15/19 WA 
Zinc 0.288 mg/L 0.0200 200.7 11/15/19 WA 

Reviewed By: __ //'-"..L..Jnb"-'-"'""--"M.-"-=---""(M'-"'--~""'"-.J'L"'""'---



R01249

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: www.summite1iviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 2 1407-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 2310 B I 0/3 1/ 19 OG 
Alkalinity 484 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 1,600 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,380 mg/L IO 4500 B I 0/29/ 19 KR 
Hardness 400 mg/L 10 2340 C I 1/1/19 OG 
Total Suspended Solids 22 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/19KR 
Phenols, Total Recoverable 0.01 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0 100 mg/L 0.0 100 200.7 11/15/19 WA 
Arsenic < 0.0 100 mg/L 0.0 100 200.7 11/1 5/19 WA 

C 
Beryllium < 0.0010 mg/L 0.00 10 200.7 11/1 5/19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 I 1/15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/1 5/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.647 mg/L 0. 100 200.7 11/15/ 19 WA 
Iron, Dissolved < 0. 100 mg/L 0. 100 200.7 11/15/ 19WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/ 19 WA 
Manganese, Total 0.239 mg/L 0.0 100 200.7 11/15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0 100 200.7 11/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/ 19 AK 
N ickel, Total 0.0488 mg/L 0.0050 200.7 I 1/15/1 9 WA 
N ickel, Dissolved 0.0341 mg/L 0.0050 200.7 I I/1 5/ 19WA 
Selenium 0.01 72 mg/L 0.0100 200.7 11/15/1 9 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11/ 15/1 9 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 ll/15/1 9WA 
Zinc < 0.0200 mg/L 0.0200 200.7 ll/15/1 9WA 

(_ 



R01250

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL AN ALYST S & CONSU LTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCR1PTION 

pH 
Acidi ty 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
21426-1 
Pond 1 
10/30/19 

RESULT 

7.6 
< 10 
116 
100 
56 

240 
9 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.00 1 

< 0.00 I 
< 0.0002 
< 0.0002 

0.002 
0.003 
0.680 
0.063 

< 0.002 
0.052 

< 0.020 
< 0.002 
0.003 
0.002 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __,./l........,m~h.,_o"""a""'''-.Jl""'Ju:/4~✓F..-' eu..o~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LI MIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0 .002 
0 .001 
0.001 

0.0002 
0.0002 
0.00 1 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
245. 1 

3 125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3125 B 

17650 Route 37 
West Frankfort, llli.nois 62896 

Phone ( 61 8) 983-8280 
Fax (618) 983-8208 

Website: wv.11,v.summiteirviro.com 

11/26/ 19 
Grab W2 
Client-BM 
10/30/ l 9 

DATE/ 
ANALYST 

10/30/ 19 KR 
10/3 1/ 19 OG 
10/3 1/19 OG 

11/1/19 KR 
11 / 1/1 9 OG 
11 / 1/19 OG 

10/30/19 OG 
10/30/19 OG 

11/8/19 OG 
11/14/19 KR 
l l/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
l l/25/19 AK 

11 /6/ 19 AK 
11/25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11 /25/19 AK 
I 1/25/19 AK 
11/25/19 AK 



R01251

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

( West Fra,nkforl, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
POL: 2 1426-2 COMMENT: Grab W2 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.2 Unit I· 14 4500 B 10/30/19 KR 
Acidity < 10 mg/L IO 2310 B 10/3 I/19 OG 
Alkal inity 112 mg/L IO 2320 B 10/3 1/19 OG 
Sulfate 350 mg/L 5 4500 E II/I /19KR 
Chloride 52 mg/L IO 4500 B 11/1 / 19 OG 
Hardness 304 mg/L 10 2340 C 11/1/ 19 OG 
Total Suspended Solids 7 mg/L 5 2540 D I 0/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11/14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Arsenic < 0.001 mg/L 0.001 3125 B 11/25/ 19 AK 

C 
Beryll ium < 0.001 mg/L 0 .00 1 3125 B 11/25/19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved 0.0008 mg/L 0.0002 3125 B 11/25/1 9 AK 
Chromium 0.002 mg/L 0.00 1 3125 B 11/25/ 19 AK 
Copper 0.004 mg/L 0.00 1 3 125 B 11/25/ 19 AK 
Iron, Total 0. 195 mg/L 0.050 3 125 B 11/25/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B I 1/25/19 AK 
Manganese, Total 0.376 mg/L 0.020 3 125 B I 1/25/1 9 AK 
Manganese, Dissolved 0.323 mg/L 0.020 3 125 B I 1/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/19 AK 
Nickel, Total 0.023 mg/L 0.001 3 125 B I 1/25/19 AK 
Nickel, Dissolved 0.019 mg/L 0.001 3 125 B I 1/25/19 AK 
Selenium 0.004 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Thal lium < 0.0004 mg/L 0.0004 3 125 B I 1/25/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /25/1 9 AK 



R01252

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frai)kfort, mi.nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: W\,\n,,v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/19 
PDL: 2 1426-3 COMMENT: Grab W2 
SAMPLE ID: Pond 3 SAMPLED BY: C lient-BM 
DATE SAMPLED: 10/30/19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.0 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity < 10 mg/L IO 23 10 B 10/31/19 OG 
Alkalinity 148 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 46 mg/L 5 4500 E 11 /1/19 KR 
Chloride < 10 mg/L IO 4500 B 11 /1 / 19 OG 
Hardness 184 mg/L 10 2340 C 11 / l/19OG 
Total Suspended Solids 5 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.003 mg/L 0.001 3125 B 11/25/ 19 AK 

C Beryllium < 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B ll /25/19AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/ 19 AK 
Chromium 0.001 mg/L 0.001 3125 B 11/25/ 19 AK 
Copper 0.003 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Iron, Total 0.634 mg/L 0.050 3 125 B 11 /25/19 AK 
Iron, Dissolved 0.106 mg/L 0.050 3125 B 11 /25/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B I 1/25/ 19 AK 
Manganese, Total 0.250 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Disso lved 0.025 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/ 19 AK 
Nickel, Total 0.003 mg/L 0.001 3 125 B 11/25/19 AK 
Nickel, Dissolved 0.002 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Selenium < 0.002 mg/L 0 .002 3 125 B I 1/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B I 1/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11 /25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 

Reviewed By: _ ___,,A.......,,m/t-LJ.d.."-'q_""'A""<-'C""''d,A-"~~-"-'-"-~-



R01253

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

C HEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCR1PTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
2 1426-4 
Pond 4 
I 0/30/19 

RESULT 

7.9 
12 
156 
86 
14 

232 
24 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.001 

< 0.00 1 
< 0.0002 
< 0 .0002 

0.002 
0.004 
0.499 
0.067 

< 0.002 
0.085 

< 0.020 
< 0.002 
0.005 
0.003 

< 0.002 
< 0.00 1 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0.001 

0 .0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0 .002 
0 .001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
245.1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 

l 7650 Route 37 
West F rank fort, Illinois 62896 

Phone ( 61 8) 983-8280 
Fax (618) 983-8208 

Website: wv.n.v.summitenviro.corn 

11/26/ 19 
Grab W2 
Client-BM 
10/30/ 19 

DATE/ 
ANALYST 

10/30/ 19 KR 
I 0/31/19 OG 
I 0/3 1/19 OG 

11/1/ 19 KR 
11 / 1/ 19 OG 
ll /l /190G 

I 0/30/ 19 OG 
10/30/19 OG 

11/8/ 19 OG 
11/14/ 19 KR 
11 /25/19 AK 
11 /25/19AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11 /25/ 19 AK 

11/6/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 



R01254

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (618) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/19 
PDL: 21426-5 COMMENT: Grab W2 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B 10/30/19 KR 
Acidity IO mg/L IO 23 10 B 10/3 1/1 9 OG 
Alkal inity 108 mg/L IO 2320 B 10/31/19 OG 
Sulfate 180 mg/L 5 4500 E ll /l / 19KR 
Chloride 32 mg/L IO 4500 B I 1/1 / 19 OG 
Hardness 284 mg/L IO 2340 C 11/1/ 19 OG 
Total Suspended Solids 43 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/1 9 OG 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/8/1 9 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/ 14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B I 1/25/19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B I 1/25/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11/25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11 /25/1 9 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/19 AK 
Chromium 0.002 mg/L 0.00 1 3 125 B 11/25/19 AK 
Copper 0.002 mg/L 0.001 3 125 B 11 /25/19 AK 
Iron, Total 1.575 mg/L 0.050 3 125 B I 1/25/ 19 AK 
Iron, Dissolved 0.321 mg/L 0.050 3 125 B I 1/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 
Manganese, Total 0.296 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0.135 mg/L 0.020 3 125 B I 1/25/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/19 AK 
N ickel, Total 0.004 mg/L 0.001 3 125 B 11/25/ 19 AK 
N ickel , Dissolved 0.003 mg/L 0.001 3 125 B 11/25/19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B I 1/25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B I 1/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B ll /25/19AK 
Zinc < 0.050 mg/L 0.050 3125 B I 1/25/19 AK 

Reviewed By: __ A ........... m ........ b~tJ~-1~-..... [='J~/4~F~·- .......... _-



R01255

SUMMIT 
ENVIRONMENTAL 17650 Route37 

C 
West Frankfort, ]lli.nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (6 18) 983-8208 

CHEM I CAL ANALYS T S & CONSULTAN T S Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 21426-6 COMMENT: Precip/ 

Grab W2 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/28/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.2 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity 16 mg/L 10 23 10 B 10/31/1 9 OG 
Alkalinity 272 mg/L 10 2320 B 10/3 1/19 OG 
Sul fate 1,567 mg/L 5 4500 E 11/1/19 KR 
Chloride 880 mg/L 10 4500 B ll / 1/19 OO 
Hardness 632 mg/L 10 2340 C 11/1 / 19 OG 
Total Suspended Solids 3 1 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 /14/1 9 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 

C Arsenic 0.002 mg/L 0.001 3 125 B 11/25/19 AK 
Beryllium < 0.00 1 mg/L 0.001 3 125 B 11/25/ 19 AK 
Cadmium, Total 0.0073 mg/L 0.0002 3 125 B 11/25/ 19 AK 
Cadmium, Dissolved 0.0073 mg/L 0.0002 3 125 B 11/25/19 AK 
Chromium 0.01 2 mg/L 0.001 3 125 B 11/25/19 AK 
Copper 0.004 mg/L 0.001 3 125 B 11/25/19 AK 
Iron, Tota l 0.704 mg/L 0.050 3125 B l l /25/19AK 
Iron, Dissolved 0.147 mg/L 0.050 3 125 B I 1/25/1 9 AK 
Lead < 0.002 mg/L 0.002 3 125 B I 1/25/ 19 AK 
Manganese, Total 1.749 mg/L 0.020 3 125 B I 1/25/ 19 AK 
Manganese, Dissolved 1.749 mg/L 0.020 3 125 B I 1/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/19 AK 
Nickel, Total 0.096 mg/L 0.001 3 125 B 11/25/1 9 AK 
Nickel, Dissolved 0.094 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.01 9 mg/L 0.002 3 125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 11/25/ 19 AK 
Thallium 0.0004 mg/L 0.0004 3 125 B 11 /25/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 

(_ Reviewed By: _ __.A,_,_,mb~-<-"<M'-"'"'-(u:c'd""A__....F""' =---'""--



R01256

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (618) 983-8208 

CHEM I CAL ANALYSTS & CONSULTANTS Website: w,,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
POL: 2 1426-7 COMMENT: Grab W2 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/30/ 19 DA TE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity 16 mg/L 10 23 10 B 10/31/19 OG 
Alkalinity 392 mg/L 10 2320 B 10/31/19 OG 
Sulfate 967 mg/L 5 4500 E I l/ 1/19 KR 
Chloride 776 mg/L IO 4500 B I l /1 /19 OG 
Hardness 628 mg/L 10 2340 C ll /l / 19OG 
Total Suspended Solids 26 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 I 1/ 14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/25/19 AK 

C 
Betyllium < 0.001 mg/L 0.001 3125 B 11 /25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B I 1/25/1 9 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Chromium 0.006 mg/L 0.001 3125 B I 1/25/19 AK 
Copper 0.004 mg/L 0.001 3125 B 11 /25/1 9 AK 
Iron, Total 0.290 mg/L 0.050 3125 B I 1/25/1 9 AK 
Iron, Dissolved 0.062 mg/L 0.050 3125 B I 1/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B l 1/25/19 AK 
Manganese, Total 0.320 mg/L 0.020 3 125 B 11/25/19 AK 
Manganese, Dissolved 0.128 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245 . 1 ll /6/ 19AK 
Nickel, Total 0.021 mg/L 0.001 3125 B 11/25/19 AK 
Nickel, Dissolved 0.021 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.006 mg/L 0.002 3125 B 11 /25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11/25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 

Reviewed By: --J>.A-,..Z..m .... A ........ o""'A""-<-4(.,..J.,,__/4"-'r ... ·_,,. ..... r __ 



R01257

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 6 I 8) 983-8280 
Fax ( 618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summjte11viro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 21426-8 COMMENT: Grab W2 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 10/30/19 KR 
Acidity I 0 mg/L 10 23 10 B 10/3 1/ 19 OG 
Alkalinity 340 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 967 mg/L 5 4500 E Il/I/19KR 
Chloride 1,516 mg/L 10 4500 B 11 /1/1 9 OG 
Hardness 672 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 25 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11 /25/19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 11 /25/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Cadmium, Total 0 .0002 mg/L 0.0002 3 125 B 11/25/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B I 1/25/ 19 AK 
Chromium 0.007 mg/L 0.001 3 125 B 11/25/ 19 AK 
Copper 0.004 mg/L 0.001 3 125 B 11/25/ 19 AK 
Iron, Total 0.391 mg/L 0.050 3 125 B 11/25/ 19 AK 
Iron, Dissolved 0.103 mg/L 0.050 3 125 B I 1/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 
Manganese, Total 0.417 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0.197 mg/L 0.020 3 125 B 11/25/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/19 AK 
Nickel, Total 0.023 mg/L 0.001 3 125 B 11 /25/19 AK 
Nickel, Dissolved 0.021 mg/L 0.00 1 3125 B 11 /25/ 19 AK 
Selenium 0.009 mg/L 0.002 3125 B 11/25/19 AK 
Silver < 0 .001 mg/L 0.001 3125 B 11/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B ll /25/19AK 

Reviewed By: --& .......... m~b........xd.,_.A~-....,U,,_,_/4...,.r..,,·~r .... ~_ 



R01258

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West FrMkfort, 11li.nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTAN TS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/19 
PDL: 21426-9 COMMENT: Grab W2 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/30/19 KR 
Acidity < 10 mg/L IO 2310 B I 0/3 1/19 OG 
Alkalinity 320 mg/L 10 2320 B 10/3 1/ 19 OG 
Sulfate 1,333 mg/L 5 4500 E l l/l/19KR 
Chloride 834 mg/L 10 4500 B 11/1 / 19 OG 
Hardness 524 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 27 mg/L 5 2540 D I 0/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 11 /25/ 19 AK 

C 
Beryllium < 0 .00 1 mg/L 0.001 3 125 B 11/25/ 19 AK 
Cadmium, Total 0.0005 mg/L 0.0002 3 125 B ll /25/ 19AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/ 19 AK 
Chromium 0.009 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Copper 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 
Iron, Total 0.267 mg/L 0.050 3125 B 11/25/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11 /25/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /25/19 AK 
Manganese, Total 0.351 mg/L 0.020 3125 B 11/25/ 19 AK 
Manganese, Dissolved 0.224 mg/L 0.020 3125 B 11 /25/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/ 19 AK 
Nickel, Total 0.033 mg/L 0.001 3125 B 11/25/ 19 AK 
Nickel, Dissolved 0.026 mg/L 0.001 3 125 B 11 /25/19 AK 
Selenium 0.022 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 11/25/19 AK 
Thall ium 0.0005 mg/L 0.0004 3125 B 11 /25/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/25/19 AK 

Reviewed By: ----LA'-L.Ltn-6.L><O."--'u""-"'---'u),..G.>G.__,,~~-;uo.,___ 



R01259

( 

C 

SUMMIT 
~--,:~....,1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Tota l Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21449-1 
Pond 2 
11/5/ 19 

RESULT 

7.7 
< 10 
36 

540 
26 

610 
39 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.00 I 
< 0 .0002 
< 0 .0002 

0.002 
0.004 
0.354 
0.063 

< 0.002 
0.037 

< 0.020 
< 0.002 
0.006 
0.005 
0.015 

< 0 .001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 

Reviewed By: _ __,,A,._,__,m:..u.d.'b,Lg,..'A:w<:....J(,L.£',U,.I.L.CJ~~-e::u.of.t::=~_ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0.001 

0 .0002 
0.0002 
0.001 
0.001 
0.050 
0 .050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0 .050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 

17650 Route 37 
West FrM kfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summite11viro.com 

11/27 / l 9 
Grab W3 
Client-BM 
11/5/ 19 

DATE/ 
ANALYST 

11 /5/19KR 
11 / 11/19 OG 
11/11/19 OG 
11/11/19 KR 

11/6/ 19 KR 
11/12/19 KR 

11 /7/19 KR 
11/5/ 19KR 
11/ 8/ 19 OG 

11/ 14/ 19 KR 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11 /2 5/ 19 AK 
ll /25/19AK 
11 /20/ 19 AK 
1l /25/19AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
I 1/25/ 19 AK 
11/25/ 19 AK 



R01260

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (618) 983-8208 

CHEMICAL AN ALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/27/19 
PDL: 21451-1 COMMENT: Grab W3 
SAMPLE ID: Pond 1 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/6/ 19 DATE RECEIVED: I I /6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.6 Unit I - 14 4500 B 11/6/19 KR 
Acidity 10 mg/L 10 2310 B 11/ 11 / 19 OG 
Alkalinity 116 mg/L 10 2320 B 11/ 11 / 19 OG 
Sulfate 120 mg/L 5 4500 E ll/1 1/19KR 
Chloride 52 mg/L 10 4500 B l l/l2/ l 9 OG 
Hardness 220 mg/L 10 2340 C 11/12/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11/7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11/22/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11 /25/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11 /25/19 AK 

C 
Beryllium < 0.001 mg/L 0.00 1 3125 B 11/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Chromium 0.002 mg/L 0.001 3 125 B 11/25/ 19 AK 
Copper 0.004 mg/L 0.001 3 125 B 11 /25/ 19 AK 
[ron, Total 0.359 mg/L 0.050 3 125 B 11/25/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11/25/ 19 AK 
Manganese, Total 0.077 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0.044 mg/L 0.020 3125 B 11/25/19 AK 
Mercury < 0.002 mg/L 0.002 245. l 11 /20/ 19 AK 
Nickel, Total 0.002 mg/L 0.001 3125 B I 1/25/19 AK 
N ickel, Dissolved 0.00 1 mg/L 0.001 3125 B 11/25/19 AK 
Selenium 0.0 1 I mg/L 0.002 3125 B 11/25/19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11 /25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B ll /25/19AK 

(_ Reviewed By: -~.& .......... m.L<o&.A~o~A~,_.t..,.)""'-/4~~,,,.-""'""'Z::~-



R01261

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

<: West Frankfort, 1llinois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: w>11,v.summjtenviro .com 

CLIENT: Mach Mining REPORT DATE: 11 /27/ 19 
PDL: 2 145 1-2 COMMENT: Grab W3 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/6/19 DATE RECEIVED: 11/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B l l/6/ 19KR 
Acidity < 10 mg/L 10 2310 B 11 / 11/19 OG 
Alkalinity 108 mg/L 10 2320 B 11 / 11/19 OG 
Sulfate 60 mg/L 5 4500 E 11 / 11/19 KR 
Chloride < 10 mg/L 10 4500 B 11/ 12/19 OG 
Hardness 108 mg/L 10 2340 C 11 / 12/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11/7/ 19KR 
Settleable Solids < 0.25 mL/L 0 .25 2540 F 11/6/ 19 KR 
Cyanide < 0.02 mg/L 0 .02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/22/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B l l /25/19AK 
Arsenic 0.003 mg/L 0 .00 1 3 125 B 11/25/19 AK 

C 
Be1yllium < 0.001 mg/ L 0.00 1 3 125 B 11/25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B ll /25/19AK 
Cadmium, Dissolved < 0 .0002 mg/L 0 .0002 3 125 B 11/25/ 19 AK 
Chromium 0.002 mg/L 0.00 1 3 125 B 11 /25/19 AK 
Copper 0.003 mg/L 0.00 1 3 125 B 11 /25/19 AK 
Iron, Total 0.275 mg/L 0.050 3 125 B 11 /25/ 19 AK 
Iron, Dissolved 0.073 mg/L 0.050 3 125 B 11/25/ 19 AK 
Lead < 0 .002 mg/L 0.002 3 125 B 11/25/19 AK 
Manganese, Total 0.054 mg/ L 0.020 3 125 B 11/25/19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0 .002 mg/ L 0.002 245. 1 11/20/19 AK 
N ickel, Total 0 .002 mg/L 0.00 1 3 125 B 11/25/19 AK 
N ickel, Dissolved 0.002 mg/L 0.00 1 3 125 B 11/25/19 AK 
Selenium 0.009 mg/L 0.002 3125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B l l/25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11/25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 

Reviewed By: -~A-,..z:.m.c..w-bud""/1""'-<....l.(A',{..£./2.:.,.,,r.,,.F.,,.· zu_ __ 



R01262

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

C 
West Frank fort, m i.nois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax ( 6 I 8) 983-8208 

C H EM I CAL ANALYST S & CONSU LTAN TS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/27 / 19 
PDL: 21451-3 COMMENT: Grab W3 
SAMPLE ID: Pond 4 SAMPLED BY: C lient-BM 
DATE SAMPLED: 11/6/ 19 DATE RECEIVED: 11/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B ll /6/ 19KR 
Acidity < 10 mg/L 10 2310 B 11 / 11 / 19 OG 
Alkalinity 100 mg/L 10 2320 B I I/ 11/19 OG 
Sulfate 100 mg/L 5 4500 E 11/11/ 19 KR 
Chloride 36 mg/L 10 4500 B I 1/ 12/ 19 OG 
Hardness 180 mg/L 10 2340 C 11 / 12/ 19 KR 
Total Suspended Solids 5 mg/L 5 2540 D 11/7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F ll/6/ 19KR 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11/22/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B l l /25/19AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/25/19 AK 

C 
Be1yllium < 0.001 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Chromium 0.002 mg/L 0.001 3125 B 11 /25/ 19 AK 
Copper 0.002 mg/L 0.001 3 125 B ll /25/19AK 
Iron, Total 0.249 mg/L 0.050 3125 B 11/25/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3125 B l 1/25/19AK 
Lead < 0.002 mg/L 0.002 3125 B 11/25/19 AK 
Manganese, Total 0.059 mg/L 0.020 3125 B 11/25/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 B 11 /25/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/19 AK 
Nickel, Total 0.004 mg/L 0.00 1 3125 B 11/25/19 AK 
Nickel, Dissolved 0.002 mg/L 0.00 1 3125 B 11/25/19 AK 
Selenium 0.008 mg/L 0.002 3125 B 11 /25/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/25/19 AK 

Reviewed By: -~Llo...,...,rn~'h~M=✓~l< .. ).c.-~ ... q·FL,W,_.__ 



R01263

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frnnkfort, Illinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax ( 6 J 8) 983-8208 

CHEM I CAL ANALYS TS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/27/ 19 
PDL: 21451-4 COMMENT: Grab W3 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/6/ 19 DATE RECEIVED: 11/6/ 19 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8. 1 Unit I - 14 4500 B 11/6/19 KR 
Acidity IO mg/L IO 23 10 B 11 / 11/1 9 OG 
Alkalinity 104 mg/L 10 2320 B 11/ 11/1 9 OG 
Sulfate 145 mg/L 5 4500 E 11/1 1/ 19 KR 
Chloride 34 mg/L 10 4500 B 11/ 12/ 19 OG 
H·ardness 188 mg/L 10 2340 C 11/12/ 19 KR 
Total Suspended Solids 35 mg/L 5 2540 D 11 /7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 I 1/22/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0.00 1 3 125 B 11 /25/1 9 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11/25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11 /25/19 AK 
Cadmium , Dissolved < 0.0002 mg/L 0.0002 3 125 B ll /25/19AK 
Chromium 0.002 mg/L 0.001 3 125 B 11/25/1 9 AK 
Copper 0.002 mg/L 0.00 1 3 125 B 11 /25/1 9AK 
Iron, Total 1.233 mg/L 0.050 3 125 B 11 /25/19AK 
Iron, Dissolved 0.245 mg/L 0.050 3 125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 
Manganese, Total 0.21 3 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0.126 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
N ickel, To tal 0.003 mg/L 0.00 1 3 125 B 11/25/19 AK 
Nickel, Dissolved 0.002 mg/L 0.00 1 3 125 B ll /25/1 9 AK 
Selenium 0.007 mg/L 0.002 3 125 B 11 /25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B I 1/25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 

Reviewed By: __ ,,__,&-1-l'-'m"-'A<-L-00t2a.A.,_, ..... Va..h<..;1.;1¥1=...,',:;z.,........__ 



R01264

SUMMIT 
ENVIRONMENTAL l.7650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. ?hone (618) 983-8280 
Fax. (618) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: www.su111mite1wiro.com 

CLIENT: Mach Mining REPORT DATE: 11/27/19 
PDL: 21451-5 COMMENT: Grab W3 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /6/ 19 DATE RECEIVED: 11/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.6 Unit 1 - 14 4500 B 11/6/19 KR 
Acidity 12 mg/L 10 2310 B 11/ 11 / 19 OG 
Alkalinity 176 mg/L 10 2320 B l l /l l /1 9 OG 
Sulfate 560 mg/L 5 4500 E l l / 11/ 19 KR 
Chloride 248 mg/L IO 4500 B 11/ 12/19 OG 
Hardness 480 mg/L IO 2340 C 11/12/ 19 KR 
Total Suspended Solids 13 mg/L 5 2540 D 1117/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /22/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 11/25/ 19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B I 1/25/19 AK 
Cadmium, Total 0.0014 mg/L 0.0002 3125 B 11 /25/19 AK 
Cadmium, Dissolved 0.0014 mg/L 0.0002 3 125 B 11/25/19 AK 
Chromium 0.004 mg/L 0.001 3125 B 11 /25/ 19 AK 
Copper 0.002 mg/L 0.001 3 125 B 11/25/ 19 AK 
Iron, Total 0.520 mg/L 0.050 3125 B 11 /25/19 AK 
Iron, Dissolved 0.112 mg/L 0.050 3125 B 11 /25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B I 1/25/ 19 AK 
Manganese, Total 0.438 mg/L 0.020 3125 B 11 /25/19 AK 
Manganese, Dissolved 0.390 mg/L 0.020 3 125 B I 1/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 I 1/20/ 19 AK 
Nickel, Total 0.025 mg/L 0.001 3125 B 11 /25/ 19 AK 
Nickel, Di ssolved 0.024 mg/L 0.001 3125 B I 1/25/19 AK 
Selenium 0.009 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.00 1 mg/L 0.001 3125 B ll /25/19AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B I 1/25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 

Reviewed By: -~AO...,..,meud'b""--"""4:.S..<::.....L.<u),..>.<:....J~~-"-<-',,O...__ 



R01265

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, D issolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N icke l, Dissolved 
Selenium 
Silver 
T hallium 
Z inc 

Mach Mining 
2145 1-6 
Pond 7 
11/6/ 19 

RESULT 

7.4 
32 

720 
1,800 
1,600 
980 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.001 
0 .0003 

< 0.0002 
0.010 
0.004 
0.463 
0.112 

< 0.002 
0.404 
0 .394 

< 0.002 
0.011 
0.010 
0 .020 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: - ~Ac....J-am.lz<.L.OO"-""U'-"<--~fd-/4~F.,.·F"-'-'...__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0 .020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4 500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Jl1inois 62896 

Phone (618) 983-8280 

Fax (618) 983-8208 

Website: www.summitenviro.com 

11/27/19 
Grab W3 
Client-BM 
11 /6/19 

DATE/ 
ANALYST 

11/6/ 19 KR 
l l / ll / 19OG 
11/11 / 19 OG 
ll/l l /19KR 
11 /12/ 19 OG 
11/12/19 KR 

11/7/ 19 KR 
11/6/19 KR 
11/8/19 OG 

11 /22/19 KR 
11 /25/19 AK 
11 /25/ 19AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11/25/19AK 
11/25/19 AK 
11 /25/ 19 AK 
11 /20/ 19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 



R01266

( 

C 

SUMMIT 
.:!a,_--==-~-Y// ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL AN ALY STS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thall ium 
Zinc 

Mach Mining 
2145 1-7 
Pond 8 
11/6/ 19 

RESULT 

7.4 
24 

668 
1,867 
1,799 
780 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.001 
0.0003 

< 0.0002 
0.0 10 
0 .004 
0.399 

< 0.050 
< 0.002 
0.374 
0.356 

< 0.002 
0.0 11 
0.010 
0.020 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: -~AC....,...,m<..L>db.L.SoM'-"<<--1-<u),.~~ ... .,,,·=....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
IO 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
245.1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 

17650 Route 37 
West Frankfort, !lli.nois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: wvvw.summitenviro.com 

11/27/ 19 
Grab W3 
Client-BM 
11/6/19 

DATE/ 
ANALYST 

11/6/19 KR 
11 /11/19 OG 
11/ 11/ 19 OG 
11/ 11 / 19 KR 
11 / 12/19 OG 
11/ 12/ 19 KR 

I 1/7/ 19 KR 
11/6/ 19KR 
11/8/19 OG 

11 /22/ 19 KR 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
ll/25/ l9AK 
11 /25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/ 19 AK 
11 /20/ 19 AK 
11/25/ 19 AK 
I 1/25/ 19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11/25/19 AK 



R01267

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Si lver 
T hallium 
Z inc 

Mach M ining 
2145 1-8 
Pond 9 
11/6/ 19 

RESULT 

8.5 
< 10 
432 

1,467 
1,200 
460 
46 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.003 

< 0.00 I 
< 0 .0002 
< 0.0002 

0.008 
0.004 
0.210 

< 0.050 
< 0.002 
0.057 

< 0.020 
< 0.002 
0.013 
0.013 
0.021 

< 0.00 l 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/ L 

Reviewed By: - ~A"'--'-'i'rt.b~~M~~'--'-"U .... ~'-~ ... 91-FL-'""'....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .01 

0.002 
0.00 1 
0.00 1 

0.0002 
0.0002 
0 .001 
0 .001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0 .050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (6 l8) 983-8280 
Fax (6 18) 983-8208 

Website: \.l.<Ww.summitenviro.com 

11/27/19 
Grab W3 
C lient-BM 
11/6/ 19 

DATE/ 
ANALYST 

11 /6/19 KR 
11/ 11 / 19 OG 
11/11/19 OG 
l l/l l / 19KR 
11/12/19 OG 
11 / 12/19 KR 

11/7/19 KR 
11/6/ 19 KR 
11/8/ 19 OG 

11 /22/19 KR 
l l /25/ 19AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/1 9 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/1 9 AK 
11/25/ 19 AK 
11/25/19 AK 
11/20/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 



R01268

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadm ium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
2 1478-1 
Pond 1 
11 / 13/19 

RESULT 

7.1 
< 10 
80 
11 5 
54 
108 
7 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
< 0.001 
< 0.001 

< 0.0002 
< 0.0002 
< 0.001 
< 0.001 
0.260 
0.085 

< 0.002 
< 0.020 
< 0.020 
< 0.002 
< 0 .00 1 
< 0.001 
< 0 .002 
< 0 .001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.00 1 

0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
245. 1 

3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

J 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: ww w.summite nviro.com 

12/3/19 
Grab Wk4 
Client-BM 
11 / 13/19 

DATE/ 
ANALYST 

11/1 3/19 OG 
11 / 19/ 19 KR 
11/19/19 KR 
11/15/19 KR 
11/18/1 9 OG 
I 1/18/19 KR 
11/14/19 KR 
11 / 13/ 19 OG 
11/25/19 OG 

12/3/ 19 KR 
ll /27/ 19AK 
I 1/27/ 19 AK 
I 1/27/19 AK 
I 1/27/ 19 AK 
11/27/19 AK 
11/27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 
11 /27/ 19 AK 
11/27/19 AK 
11 /27/ 19 AK 
11/27/ 19 AK 
I 1/20/19 AK 
I 1/27/19 AK 
11 /27/ 19 AK 
11/27/ 19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 



R01269

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

(· West Frankfort, Jllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (6 18) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
POL: 21478-2 COMMENT: Grab Wk4 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DA TE SAMPLED: 11 /13/19 DATE RECEIVED: 11 / 13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.3 Unit I - 14 4500 B 11/ 13/19 OG 
Acidity < 10 mg/L IO 23 10 B 11/19/ 19 KR 
Alkalinity 100 mg/L 10 2320 B 11/19/ 19 KR 
Sulfate 660 mg/L 5 4500 E 11 / 15/ 19 KR 
Chloride 156 mg/L 10 4500 B 11/ 18/ 19 OG 
Hardness 460 mg/L 10 2340 C 11/18/19 KR 
Total Suspended Solids 17 mg/L 5 2540 D 11/14/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 l l /25/19OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Arsenic < 0.00 I mg/L 0.00 1 3 125 B 11/27/19 AK 

C 
Beryllium < 0.00 I mg/L 0.00 1 3 125 B l l/27/19AK 
Cadmium, Total 0.0008 mg/L 0.0002 3 125 B l l/27/19AK 
Cadmium, Dissolved 0.0008 mg/L 0.0002 3 125 B 11/27/ 19 AK 
Chromium 0.001 mg/L 0.00 1 3 125 B 11/27/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 11/27/19 AK 
Iron, Total 0.164 mg/L 0.050 3 125 B 11/27/ 19 AK 
Iron, Dissolved 0.068 mg/L 0.050 3 125 B 11/27/19AK 
Lead < 0 .002 mg/L 0.002 3 125 B 11/27/19 AK 
Manganese, Total 0.51 1 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved 0.511 mg/L 0.020 3 125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/19 AK 
Nickel, Total < 0.00 I mg/L 0.001 3 125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.00 1 mg/L 0.001 3 125 B 11/27/ 19 AK 
Selenium 0.003 mg/L 0.002 3 125 B 11 /27/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /27/19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 11/27/19 AK 
Zinc < 0.050 · mg/L 0.050 3 125 B ll/27/ l9AK 

Reviewed By: -~A""-L,mA<..LJ.<1""'--"''1A""".,"--'-'u""').'-'~""""'',:;£.£<.....__ 



R01270

( 

C 

(_ 

SUMMIT 
~-~"'¥1ENVIRONMENTAL 

SERVICES, INC. 
CHEM I CAL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel , Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
2 1478-3 
Pond 3 
11113/19 

RESULT 

7.5 
< IO 
64 
63 
12 

104 
5 

< 0.25 
< 0:02 
< 0 .0 1 

< 0.002 
< 0.001 
< 0.001 

< 0.0002 
< 0 .0002 
< 0.00 I 
< 0.001 
0.473 
0.209 

< 0.002 
< 0.020 
< 0.020 
< 0.002 
< 0.001 
< 0.00 l 
< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
IO 
5 
IO 
10 
5 

0.25 
0.02 
0.0 1 

0 .002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0 .00 1 
0.002 
0.00 1 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 R oute 37 
West FnlJlkforl, Illinois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: ww\v.summ itenviro.com 

12/3/ 19 
Grab Wk4 
Client-BM 
l l/ l 3/l 9 

DATE/ 
ANALYST 

l l / 13/ l9OG 
11/19/19 KR 
11 /19/19 KR 
11 /15/ 19 KR 
11 /18/ 19 OG 
I 1/18/19 KR 
I 1/14/19 KR 
11/ 13/ 19 OG 
11/25/1 9 OG 

12/3/19 KR 
l l/27/19 AK 
I 1/27/1 9 AK 
I 1/27/19 AK 
11/27/19 AK 
11 /27/19 AK 
11 /27/19 AK 
11/27/19 AK 
11/27/19 AK 
11/27/1 9 AK 
11/27/19 AK 
11/27/19 AK 
11 /27/ 19 AK 
I 1/20/19 AK 
I 1/27/19 AK 
I 1/27/ 19 AK 
I 1/27/19 AK 
11/27/19 AK 
1 1/27/ 19 AK 
11/27/19 AK 



R01271

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTANTS Website: ·www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 2 1478-4 COMMENT: Grab Wk4 
SAMPLE ID: Pond 4 SAMPLED BY: C lient-BM 
DATE SAMPLED: 11 /13/ 19 DATE RECEIVED: l l/ 13/19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.9 Unit 1 - 14 4500 B 11/13/ 19 OG 
Acidity < 10 mg/L 10 23 lO B 11/ 19/1 9 KR 
Alkalinity 88 mg/L 10 2320 B 11/19/1 9 KR 
Sulfate 107 mg/L 5 4500 E ll/15/19KR 
Chloride 22 mg/L 10 4500 B 11 /18/ 19 OG 
Hardness 168 mg/L 10 2340 C 11/ 18/1 9 KR 
Total Suspended Solids 19 mg/L 5 2540 D 11 / 14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 l l /25/19OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/27/19 AK 
Arsenic < 0.001 mg/L 0.00 1 3 125 B 11/27/19 AK 

C 
Beryll ium < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/27/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B I 1/27/ 19 AK 
Chromium < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Copper 0.0 19 mg/L 0.001 3 125 B 11/27/ 19 AK 
Iron, Total 0.127 mg/L 0.050 3 125 B 11/27/ 19 AK 
Iron, Dissolved 0.058 mg/L 0.050 3125 B 11/27/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11/27/ 19 AK 
Manganese, Total < 0.020 mg/L 0.020 3125 B 11 /27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 B 11/27/ 19AK 
Mercury < 0.002 mg/L 0.002 245 .1 11/20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.00 1 3125 B 11 /27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3125 B 11 /27/ 19 AK 
Selenium < 0.002 mg/L 0.002 3125 B 11 /27/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B I 1/27/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/27/1 9 AK 

C 
Reviewed By: _ ___.,&.._....m'-<Lo<.A..<-'o .... .a:...c:...,CC£'dl..<A~F..,,· OZL.O~-



R01272

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL AN ALYSTS & CON SU LTAN T S Website: W'\'.r,,v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-5 COMMENT: Grab Wk4 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/19 DATE RECEIVED: 11 / 13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 11 /13/ 19 OG 
Acidity < 10 mg/L 10 23 10 B I 1/ 19/19 KR 
Alkalinity 72 mg/L 10 2320 B 11/19/19 KR 
Sulfate 130 mg/L 5 4500 E 11 /15/19 KR 
Chloride 38 mg/L 10 4500 B 11/18/ 19 OG 
Hardness 176 mg/L 10 2340 C 11 /18/ 19 KR 
Total Suspended Solids 19 mg/L 5 2540 D 11 /14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/1900 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0 .002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 

C Beryllium < 0 .00 I mg/L 0.001 3 125 B 11/27/ 19 AK 
Cadmium, Tota l < 0 .0002 mg/L 0.0002 3 125 B 11 /27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11/27/19 AK 
Chromium < 0.001 mg/L 0.001 3 125 B I 1/27/19 AK 
Copper < 0.00 1 mg/L 0.001 3 125 B 11/27/19 AK 
Iron, Total 0 .3 84 mg/L 0.050 3 125 B 11/27/19 AK 
Iron, Dissolved 0 .147 mg/L 0.050 3125 B 11/27/ 19 AK 
Lead < 0.002 mg/L 0 .002 3 125 B 11/27/19 AK 
Manganese, Total 0.139 mg/L 0.020 3 125 B 11/27/19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11/27/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 I 1/20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11/27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/27/19 AK 

(_ 



R01273

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

C 
West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (6 [8) 983-8208 

CHEMICAL AN ALYSTS & CONSULTANTS Website: W\.\",V,summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-6 COMMENT: Grab Wk4 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 11113/ l 9 DATE RECEIVED: 11 / 13/19 

TEST DESCRIPTION RESULT UNITS DETECTION l\1ETHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit l - 14 4500 B 11/13/19 OG 
Acidity < 10 mg/L 10 23 10 B l 1/ 19/ 19 KR 
Alkalin ity 172 mg/L 10 2320 B ll / 19/ 19KR 
Sulfate 760 mg/L 5 4500 E ll/15/19KR 
Chloride 526 mg/L 10 4500 B 11/18/19 OG 
Hardness 420 mg/L 10 2340 C 11/18/ 19 KR 
Total Suspended Solids JO mg/L 5 2540 D 11 /14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/1 9 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /27/19 AK 
Arsenic < 0.001 mg/L 0.001 3125 B 11 /27/ 19 AK 

C 
Beryllium < 0.00 I mg/L 0.001 3125 B ll /27/19AK 
Cadmium, Total 0.0007 mg/L 0.0002 3125 B 11 /27/19 AK 
Cadmium, Dissolved 0.0007 mg/L 0.0002 3125 B 11 /27/19 AK 
Chromium 0.007 mg/L 0.001 3125 B 11/27/ 19 AK 
Copper < 0.001 mg/L 0.001 3125 B 11 /27/19 AK 
Iron, Total 0.155 mg/L 0.050 3 125 B 11/27/19 AK 
Iron, Dissolved 0.088 mg/L 0.050 3 125 B 11 /27/1 9 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /27/ 19 AK 
Manganese, Total 0.508 mg/L 0.020 3 125 B 11/27/1 9 AK 
Manganese, Dissolved 0.508 mg/L 0.020 3125 B 11/27/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 I 1/20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.00 1 3125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3125 B 11/27/1 9 AK 
Selenium 0.009 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B l 1/27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /27/1 9 AK 

Reviewed By: --~A .......... m .... A'-'-"'(IA"-"'--' ..... Vcw/2.__...L.,qF,c;Lw'-<--
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c-
SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I C AL ANALYST S & CONSULTANTS 

C 

(_ 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chro mium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
21478-7 
Pond 7 
11 / 13/19 

RESULT 

7.4 
16 

740 
1,933 
1,849 
1,200 

14 
< 0.25 
< 0 .02 
< 0.01 
< 0 .002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.021 
0.045 
1.156 
0.943 

< 0.002 
0.597 
0.597 

< 0.002 
< 0.001 
< 0.001 
0.020 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
m L/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: -~/i..........,M ........ """q.""''A""-~ ..... t"'"',,{"--/4_..,1.."'lF~......_ __ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.00 1 
0.001 
0.0002 
0.0002 
0.001 
0 .001 
0 .050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. I 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Fra nkfort, 111inois 62896 

Phone {6 l 8) 983-8280 
Fax ( 6 I 8) 983-8208 

Website: www.summitenviro.com 

12/3/ 19 
Grab Wk4 
Client-BM 
11 /13/ 19 

DATE/ 
ANALYST 

11/13/19 OG 
11 / 19/19 KR 
11 / 19/ 19 KR 
11/1 5/ 19 KR 
11 / 18/19 OG 
11/1 8/19 KR 
11/14/ 19 KR 
11 /13/19 OG 
11 /25/19 OG 

12/3/19 KR 
I 1/27/19 AK 
11/27/19 AK 
11/27/19 AK 
11/27/19AK 
I 1/27/19 AK 
11 /27/19 AK 
ll /27/19AK 
11/27119 AK 
l 1/27/19 AK 
I 1/27/19 AK 
11/27/19 AK 
11/27/19AK 
11/20/19 AK 
11/27/19 AK 
ll /27/19AK 
l l/27/19AK 
11/27/ 19 AK 
11 /27/19 AK 
11/27/ 19 AK 



R01275

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, minois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSU LTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-8 COMMENT: Grab Wk4 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/1 3/ 19 DATE RECEIVED: 11/1 3/19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.0 Unit I - 14 4500 B 11 /13/ 19 OG 
Acidity < 10 mg/L 10 2310 B 11 / 19/ 19 KR 
Alkalinity 630 mg/L 10 2320 B 11 / 19/19 KR 
Sulfate 1,700 mg/L 5 4500 E 11/15/1 9 KR 
Chloride 1,500 mg/L 10 4500 B 11 / 18/19 OG 
Hardness 760 mg/L 10 2340 C 11 /18/19 KR 
Total Suspended Solids 14 mg/L 5 2540 D 11 /14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /1 3/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/1900 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/3/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11 /27/19 AK 
Arsenic 0.001 mg/L 0.001 3 125 B 11 /27/ 19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B 11/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B l l/27/19AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /27/19 AK 
Chromium 0.014 mg/L 0.001 3 125 B 11/27/19AK 
Copper 0.072 mg/L 0.001 3 125 B l l/27/19AK 
Iron, Total 0.149 mg/L 0.050 3 125 B 11 /27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/27/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /27/19 AK 
Manganese, Total 0.416 mg/L 0.020 3 125 B 11 /27/19 AK 
Manganese, Dissolved 0.416 mg/L 0.020 3 125 B l l/27/19AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/19 AK 
Nickel, Total < 0.001 mg/L 0.001 3 125 B 11 /27/19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3 125 B 11/27/19AK 
Selenium 0.016 mg/L 0.002 3 125 B ll /27/ 19 AK 
Silver < 0 .001 mg/L 0.001 3 125 B 11 /27/19AK 
Thal lium < 0.0004 mg/L 0.0004 3 125 B 11 /27/19 AK 
Zinc < 0 .050 mg/L 0.050 3 125 B 11 /27/ 19 AK 



R01276

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, 11linois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMICA L ANALYSTS & CONSULTANTS Website : www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ I 9 
PDL: 2 1478-9 COMMENT: Grab Wk4 
SAMPLE ID: Pond 9 SAMPLED BY: C lient-BM 
DATE SAMPLED: 11/13/ 19 DATE RECEIVED: 11/13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 8 I 1/ 13/ 19 OG 
Acidity < 10 mg/L 10 23 10 8 11/19/19 KR 
Alkalinity 440 mg/L 10 2320 8 11/19/19 KR 
Sulfate 1,500 mg/L 5 4500 E 11/15/ 19 KR 
Chloride 1,250 mg/L 10 4500 8 11 / 18/ 19 OG 
Hardness 360 mg/L 10 2340 C 11/18/19 KR 
Total Suspended Solids 16 mg/L 5 2540 D 11/14/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/ 13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 8 l 1/27/19 AK 
Arsenic < 0.001 mg/L 0.001 3 125 8 11/27/19 AK 

C Beryllium < 0.001 mg/L 0.001 3 125 8 11/27/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 8 I l/27/ 19 AK 
Cadmium, D issolved < 0.0002 mg/L 0.0002 3 125 8 11 /27/ 19 AK 
Chromium 0.010 mg/L 0.001 3 125 8 11/27/ 19 AK 
Copper 0.008 mg/L 0.001 3 125 8 11/27/19 AK 
Iron, Total < 0 .050 mg/L 0.050 3 125 8 11/27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 11/27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 8 11 /27/ 19 AK 
Manganese, Total < 0.020 mg/L 0.020 3 125 8 11/27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 8 11/27/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 I 1/20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.00 1 3125 8 11/27/19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3125 8 11 /27/19 AK 
Selenium 0.0 16 mg/L 0.002 3 125 8 11/27/19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 8 11/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 8 11 /27/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 8 11/27/19 AK 

Reviewed By: __ .,</..__...m ....... A;.LX,Ma.,<-1.,,</J,..h'-'-""r ... ·~r._.. _ _ 
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( 

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverab le 
Antimony 
Arsenic 
Be1yllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thall ium 
Zinc 

Mach Mining 
2 1505-1 
Pond l 
11/20/19 

RESULT 

7.9 
< 10 
68 
120 
60 
120 
8 

< 0.25 
< 0.02 
< 0.01 
< 0.002 
0.001 

< 0.00 1 
< 0.0002 
< 0.0002 

0.002 
< 0.001 
0.808 
0.197 

< 0.002 
0. 12 1 
0.057 

< 0.002 
0.003 
0.003 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.00 1 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
31 25 B 
245 .1 

3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6l8) 983-8280 
Fax (618) 983-8208 

Website: ww\v.summitenviro.com 

12/6/19 
Grab W5 
Client-BM 
11/20/ 19 

DATE/ 
ANALYST 

11/20/19 KR 
11/22/19 KR 
11/22/19 KR 
11/25/ 19 KR 
11/21/19 KR 
11/21 / 19 KR 
11/21 / 19 KR 
11/21/ 19 KR 
11/25/19 OG 

12/5/ 19 KR 
12/2/19 AK 
12/2/1 9 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/1 9 AK 
12/2/1 9 AK 
12/6/ 19 AK 
12/2/1 9 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 



R01278

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, 111inois 62896 ( SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEM I CAL AN ALYSTS & CONSULTANTS Website: \.vWw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/19 
PDL: 2 1505-2 COMMENT: Grab W5 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DA TE SAMPLED: 11/20/19 DATE RECEIVED: 11/20/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.7 Unit I - 14 4500 B 11/20/19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/19 KR 
Alkalinity 100 mg/L 10 2320 B 11/22/ 19 KR 
Sulfate 590 mg/L 5 4500 E I 1/25/19 KR 
Chloride 172 mg/L 10 4500 B 11/21 / 19 KR 
Hardness 550 mg/L 10 2340 C 11/21/ 19 KR 
Total Suspended Solids 5 mg/L 5 2540 D 11/2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/1 9 OG 
Phenols, Tota l Recoverable < 0.01 mg/L 0.0 1 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/1 9 AK 
Arsenic 0.00 1 mg/L 0.001 3125 B 12/2/19 AK 

C 
Beryll ium < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Cadmium, Total 0.00 13 mg/L 0.0002 3125 B 12/2/ 19 AK 
Cadmium, Dissolved 0.00 13 mg/L 0.0002 3125 B 12/2/1 9 AK 
Chromium 0.002 mg/L 0.00 1 3 125 B 12/2/19 AK 
Copper 0.005 mg/L 0.00 1 3125 B 12/2/19 AK 
Iron, Total 0.218 mg/L 0.050 3125 B 12/2/19 AK 
Iron, Dissolved 0.104 mg/L 0.050 3125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Manganese, Total 0.64 1 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.64 1 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. l 12/6/19 AK 
Nickel, Total 0.029 mg/L 0.001 3125 B 12/2/ 19 AK 
Nickel, Dissolved 0.029 mg/L 0.001 3 125 B 12/2/19 AK 
Selenium 0.006 mg/L 0.002 3 125 B 12/2/ 19 AK 
Silver < 0.00 1 mg/L 0.001 3125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/19 AK 

(_ Reviewed By: -~A.........,mLLM>'.b""-"'M'-"<"--'-<(M"""-'~"""".F-<-'<'"'--
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SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/19 
PDL: 21505-3 COMMENT: Grab W5 
SAMPLE ID: Pond 3 SAMPLED BY: C lient-BM 
DATE SAMPLED: l l/20/ 19 DATE RECEIVED: 11 /20/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 11/20/19 KR 
Acidity < 10 mg/L 10 2310 B 11 /22/19 KR 
Alkalinity 44 mg/L 10 2320 B 11/22/19 KR 
Sulfate 68 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 16 mg/L IO 4500 B 11/21 / 19 KR 
Hardness 104 mg/L 10 2340 C 11 /21/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11 /21 / 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 12/2/ 19 AK 

C 
Beryll ium < 0.001 mg/L 0.001 3125 B 12/2/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 12/2/ 19 AK 
Chromium < 0.001 mg/L 0.00 1 3125 B 12/2/ 19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Iron, Total 0.548 mg/L 0.050 3 125 B 12/2/ 19 AK 
Iron, Dissolved 0.262 mg/L 0.050 3 125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Manganese, Total 0. 185 mg/L 0.020 3 125 B 12/2/ 19 AK 
Manganese, Dissolved 0. 146 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/ 19 AK 
Nickel, Total 0.003 mg/L 0.001 3 125 B 12/2/19 AK 
Nickel, Dissolved 0.002 mg/L 0.001 3 125 B 12/2/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/ 19 AK 



R01280

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

( West Frankfort, 1llinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALY STS & CONSULTAN TS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-4 COMMENT: Grab W5 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/ 19 DATE RECEIVED: 11 /20/19 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 11/20/ 19 KR 
Acidity < 10 mg/L 10 23 10 B 11 /22/19 KR 
Alkalinity 68 mg/L 10 2320 B 11/22/19 KR 
Sul fate 11 7 mg/L 5 4500 E 11 /25/ 19 KR 
Chloride 24 mg/L 10 4500 B I 1/21/19 KR 
Hardness 176 mg/L 10 2340 C 11 /2 1/19 KR 
Total Suspended Solids 11 mg/L 5 2540 D 11 /2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /2 1/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Arsenic 0.00 1 mg/L 0.001 3 125 B 12/2/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Chromium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Copper < 0.00 1 mg/L 0.001 3 125 B 12/2/19 AK 
Iron, Total 0.327 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0.118 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/19 AK 
Manganese, Total 0.101 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.040 mg/L 0.020 3 125 B 12/2/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/ 19 AK 
Nickel, Total 0.005 mg/L 0.00 1 3125 B 12/2/19 AK 
Nickel, Dissolved 0.005 mg/L 0.001 3125 B 12/2/19 AK 
Selenium < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Silver < 0.00 1 mg/L 0.001 3125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/19 AK 

Reviewed By: __ .... A.L,L<m'-'<A'""-""u"""'--.... UC>o,),.::...C~ ... .,,,·,:::.c..,......__ 



R01281

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULT AN TS Website : www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-5 COMMENT: Grab W5 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DA TE SAMPLED: 11/20/19 DATE RECEIVED: 11 /20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.7 Unit I - 14 4500 8 11/20/19 KR 
Acidity < IO mg/L 10 23 10 8 11/22/ 19 KR 
Alkalinity 68 mg/L 10 2320 B 11/22/19 KR 
Sulfate 135 mg/L 5 4500 E 11 /25/19 KR 
Chloride 38 mg/L 10 4500 8 11/21/19 KR 
Hardness 172 mg/L 10 2340 C l l/21/19KR 
Total Suspended Solids 20 mg/L 5 2540 D 11/21/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /21/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.0 1 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 8 12/2/19 AK 
Arsenic 0.001 mg/L 0.001 3 125 8 12/2/ 19 AK 

C 
Beryl lium < 0.00 I mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 8 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 8 12/2/ 19 AK 
Chromium 0.00 1 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Copper < 0.00 1 mg/L 0.001 3125 B 12/2/19 AK 
Iron, Total 0.754 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0.241 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 8 12/2/19 AK 
Manganese, Total 0.226 mg/L 0.020 3 125 B 12/2/ 19 AK 
Manganese, Dissolved 0.131 mg/L 0.020 3 125 B 12/2/1 9 AK 
Mercury < 0.002 mg/L 0.002 245 .1 12/6/19 AK 
Nickel, Total 0.003 mg/L 0.001 3 125 B 12/2/ 19 AK 
Nickel, Dissolved 0.003 mg/L 0.00 1 3 125 B 12/2/1 9 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 12/2/1 9 AK 
Silver < 0.001 mg/L 0.00 1 3125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/ 19 AK 

Reviewed By: _ __.A,._,_.m:.L<d'b""-""M'-"'<:C....U:(MJ.£..J~~-e:.u..o'-<--



R01282

SUMMIT 
ENVIRONMENTAL I 7650 Route 37 

C West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (6l 8) 983-8208 

CHEMIC AL AN ALYST S & CONSULTANTS Website: www.summite nviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-6 COMMENT: Grab W5 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/ 19 DATE RECEIVED: 11/20/19 

TEST DESCRIPTION RESULT UNITS DETECTfON METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 11/20/ 19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/ 19 KR 
Alkalin ity 132 mg/L 10 2320 B 11/22/19 KR 
Sulfate 933 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 605 mg/L 10 4500 B 11/2 1/19 KR 
Hardness 372 mg/L 10 2340 C 11/2 1/19 KR 
Total Suspended Solids 8 mg/L 5 2540 D 11/21/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21 / 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 12/5/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Arsenic 0.002 mg/L 0.00 1 3125 B 12/2/19 AK 

C Beryllium < 0.001 mg/L 0.00 1 3125 B 12/2/19 AK 
Cadmium, Total 0.0010 mg/L 0.0002 3125 B 12/2/ 19 AK 
Cadm ium, Dissolved 0.0009 mg/L 0.0002 3125 B 12/2/ 19 AK 
Chromium 0.006 mg/L 0.00 1 3125 B 12/2/ 19 AK 
Copper 0.012 mg/L 0.00 1 3125 B 12/2/19 AK 
Iron, Total 0.302 mg/L 0.050 3 125 B 12/2/ 19 AK 
Iron, Dissolved 0.071 mg/L 0.050 3125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Manganese, Total 0.675 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.629 mg/L 0.020 3125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/1 9 AK 
Nickel, Total 0.032 mg/L 0.001 3 125 B 12/2/ 19 AK 
Nickel, Dissolved 0.028 mg/L 0.001 3 125 B 12/2/ 19 AK 
Selenium 0.0 16 mg/L 0.002 3 125 B 12/2/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/1 9 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/1 9 AK 

(_ Reviewed By: _ ___..A,._,_.m,6'"""'""-""M"""J'--'-"l("",/4_._..F". =--<--



R01283

C 

SUMMIT 
~--,::~~'"¥// ENVIRONMENTAL 

SERVICES, INC. 
CHEMI C AL AN ALYSTS & CON SU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2 1505-7 
Pond 7 
11/20/19 

RESULT 

7.7 
10 

556 
1,800 
1,719 
740 
12 

Phenols, Total Recoverable 
Antimony 

< 0.25 
< 0 .02 
< 0.01 

< 0.002 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel , Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0 .003 
< 0.001 

< 0.0002 
< 0.0002 

0.012 
< 0.001 
0.750 
0.223 

< 0.002 
0.558 
0.558 

< 0.002 
0.0 17 
0.0 16 
0.018 

< 0.00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIM IT 

I - 14 
10 
10 
5 
10 
10 
5 

0 .25 
0 .02 
0.0 1 

0 .002 
0.00 1 
0.001 

0.0002 
0.0002 
0.001 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

12/6/ 19 
Grab W5 
Cl ient-BM 
11/20/ 19 

DATE/ 
ANALYST 

11 /20/ 19 KR 
11 /22/ 19 KR 
11/22/ 19 KR 
11/25/19 KR 
I 1/21/19 KR 
11 /21/19 KR 
11 /2 1/19 KR 
11/2 1/19 KR 
11/25/19 OG 

12/5/19 KR 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/6/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/1 9 AK 



R01284

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL AN ALYSTS & CONSULTANT S 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 

Mach Mining 
2 1505-8 
Pond 8 
11/20/19 

RESULT 

7.4 
18 

640 
2,000 
1,969 
800 
14 

Phenols, Total Recoverab le 
Antimony 

< 0.25 
< 0.02 
< 0.01 
< 0.002 

Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

0.004 
< 0.00 1 

< 0.0002 
< 0.0002 

0.015 
< 0.00 1 

1.919 
0.366 

< 0.002 
0.569 
0.566 

< 0.002 
0.014 
0.012 
0.024 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ ...,A...__._111 .... A ........ u"'""-.... U""'1/✓.'-~ ... q·µ,.<-r...,._ 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.001 
0 .0004 
0 .050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 

17650 Route 37 
West Fra.nkfort, rninois 62896 

Phone (6 18) 983-8280 
Fax (618) 983-8208 

Website: w"vw.summitenviro.com 

12/6/ 19 
Grab W5 
Client-BM 
11/20/ 19 

DATE/ 
ANALYST 

11/20/19 KR 
11/22/19 KR 
11 /22/19 KR 
11 /25/ 19 KR 
11 /21 /1 9 KR 
11 /2 1/19 KR 
11 /21 / 19 KR 
11/21/19 KR 
I 1/25/19 OG 

12/5/ 19 KR 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/6/19 AK 
12/2/1 9 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 



R01285

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax ( 618) 983-8208 

CHEMI CAL AN ALYSTS & CONSULTANTS Website : ww.v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/19 
PDL: 21505-9 COMMENT: Grab W5 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/ 19 DATE RECEIVED: 11/20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 11/20/19 KR 
Acidity < 10 mg/L 10 2310 B 11 /22/ 19 KR 
Alkalinity 480 mg/L 10 2320 B 11/22/19 KR 
Sulfate 1,733 mg/L 5 4500 E 11/25/ 19KR 
Chloride 1,530 mg/L 10 4500 B 11/21/19 KR 
Hardness 3 10 mg/L 10 2340 C 11/21/19 KR 
Total Suspended Solids 18 mg/L 5 2540 D l l /21/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony 0.003 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.004 mg/L 0.00 1 3125 B 12/2/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.00 1 3125 B 12/2/ 19 AK 
Cadmium, Total 0.0002 mg/L 0.0002 3125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Chrom ium 0.013 mg/L 0.00 1 3125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/2/ 19 AK 
Iron, Total 0.385 mg/L 0.050 3125 B 12/2/1 9 AK 
Iron, Dissolved 0.166 mg/L 0.050 3125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Manganese, Total 0.091 mg/L 0.020 3125 B 12/2/19 AK 
Manganese, Dissolved 0.048 mg/L 0.020 3125 B 12/2/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/ 19 AK 
Nickel, Total 0.022 mg/L 0.001 3125 B 12/2/1 9 AK 
Nickel, Dissolved 0.020 mg/L 0.001 3 125 B 12/2/ 19 AK 
Selenium 0.027 mg/L 0.002 3 125 B 12/2/1 9 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 12/2/1 9 AK 
Thall ium < 0.0004 mg/L 0.0004 3125 B 12/2/1 9 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/ 19 AK 

(_ 



R01286

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DA TE SAMPLED: 

Mach Mining 
21533-1 
Pond 2 
11/26/ 19 

TEST DESCRJPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Pheno ls, Total Recoverable 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

7.6 
< 10 
120 
867 
250 
800 
8 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.002 

< 0.001 
0.0022 
0.00 17 
0.005 
0.013 
0.063 

< 0.050 
< 0.002 
0.711 
0.219 

< 0.002 
0.048 
0.031 
0.008 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ ...cA>..L.LmAL>d.o'-'q"""'A,,""'-"{""'',(-<-/4.....,,L....,~""-="'---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIM IT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

l 7650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

Website: w"vw.summitenviro.com 

12/II/L9 
WI makeup 
C lient-JP 
11 /26/ 19 

DATE/ 
ANALYST 

11/26/ 19 OG 
12/2/ 19 OG 
12/2/ 19 OG 

I 1/26/19 KR 
12/3/19 KR 
12/2/ l9OG 
12/3/19 KR 

11/26/19 OG 
12/1 0/ 19 KR 
12/1 0/19 KR 

12/5/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/19 AK 
l2/5/ l9 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/6/ 19 AK 
12/5/ 19 AK 
12/5/1 9 AK 
12/5/19 AK 
12/5/1 9 AK 
12/5/ 19 AK 
12/5/19 AK 



R01287

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: W\.VW.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/ 16/ 19 
PDL: 21550- l COMMENT: Grab W6 
SAMPLE ID: Pond I SAMPLED BY: Client-BM 
DA TE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/ 19 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 12/6/19 KR 
Acidity 10 mg/L 10 23 10 B 12/9/ 19 OG 
Alkalinity 92 mg/L 10 2320 B 12/9/19 OG 
Sulfate 82 mg/L 5 4500 E 12/9/19 OG 
Chloride 34 mg/L 10 4500 B 12/6/19 KR 
Hardness 100 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 29 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/1 1/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/10/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/10/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/ 10/ 19 AK 

C 
Beryllium < 0.00 I mg/L 0.00 1 3 125 B 12/ 10/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/10/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/10/ 19 AK 
Chromium 0.004 mg/L 0.00 1 3 125 B 12/ 10/19 AK 
Copper < 0.00 1 mg/L 0.001 3125 B 12/ 10/19 AK 
Iron, Total 1.897 mg/L 0.050 3125 B 12/10/1 9 AK 
Iron, Dissolved 0.253 mg/L 0.050 3 125 B 12/1 0/19 AK 
Lead 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Manganese, Total 0.121 mg/L 0.020 3125 B 12/1 0/19 AK 
Manganese, Dissolved 0.074 mg/L 0.020 3125 B 12/1 0/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/13/ 19 AK 
N ickel, Total < 0.00 I mg/L 0.001 3125 B 12/1 0/19 AK 
N ickel, Dissolved < 0.00 I mg/L 0.001 3125 B 12/1 0/19 AK 
Selenium 0.002 mg/L 0.002 3125 B 12/10/19 AK 
Silver < 0.00 I mg/L 0.001 3 125 B 12/10/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/10/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/ 10/ 19 AK 



R01288

( 

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYS T S & CONSULTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
21550-2 
Pond 2 
12/6/ 19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadm ium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
S ilver 
Thallium 
Z inc 

7.3 
14 
72 

640 
175 
608 

9 
< 0.25 
< 0.02 
< 0.01 

< 0.002 
< 0.001 
< 0.001 
0.0039 
0.0038 
0.004 

< 0.001 
0.421 
0.1 49 

< 0.002 
1. 185 
1.185 

< 0.002 
0.074 
0.074 
0.016 

< 0.001 
< 0.0004 

0.059 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ Ac....L.tn.e<.LS.<.""'-"''14"-'"'--..... u""),.'-~ .... .,,·,:;,,.,......._ __ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 
0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
245. 1 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summilenv iro.com 

12/16/ l 9 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/19 OG 
12/6/ 19 KR 
12/6/ 19 KR 
12/9/19 OG 
12/6/19 KR 

12/ 11/19 KR 
12/10/19 KR 
12/10/19 AK 
12/10/19 AK 
12/ 10/ 19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/1 0/19 AK 
12/10/19 AK 
12/10/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/ 13/ 19 AK 
12/ 10/19 AK 
12/ 10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 



R01289

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

( West Fra.nkfort, 111inois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: w\.vw.summiteuviro.com 

CLIENT: Mach Mining REPORT DATE: 12/16/19 
PDL: 21550-3 COMMENT: Grab W6 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.3 Unit I - 14 4500 B 12/6/19 KR 
Acidity < 10 mg/L 10 2310 B 12/9/ 19 OG 
Alkalinity 52 mg/L 10 2320 B 12/9/19 OG 
Sulfate 41 mg/L 5 4500 E 12/9/19 OG 
Chloride < 10 mg/L 10 4500 B 12/6/19 KR 
Hardness 64 mg/L 10 2340 C 12/6/ 19 KR 
Total Suspended Solids 23 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/1 1/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/10/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/10/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/ 10/ 19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B 12/10/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/10/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/10/19AK 
Chromium 0.004 mg/L 0.001 3 125 B 12/ 10/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/ 10/19 AK 
Iron, Total 2.247 mg/L 0.050 3 125 B 12/ 10/ 19 AK 
Iron, Dissolved 0.324 mg/L 0.050 3 125 B 12/10/19 AK 
Lead 0.002 mg/L 0.002 3 125 B 12/ 10/19 AK 
Manganese, Total 0.1 23 mg/L 0.020 3 125 B 12/ 10/ 19 AK 
Manganese, Dissolved 0. 103 mg/L 0.020 3 125 B 12/ 10/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/13/ 19 AK 
N ickel, Total < 0.00 I mg/L 0.001 3 125 B 12/10/19 AK 
Nickel , Dissolved < 0.001 mg/L 0.001 3 125 B 12/10/19 AK 
Selenium < 0.002 mg/L 0.002 3125 B 12/ 10/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/10/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/10/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/10/ 19 AK 



R01290

C 

C 

C 

SUMMIT 
,,.__..._, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL AN ALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
21550-4 
Pond 4 
12/6/ 19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel , Dissolved 
Selenium 
Silver 
T hallium 
Z inc 

7.5 
14 
128 
95 
18 

236 
I 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.001 

< 0.001 
< 0 .0002 
< 0 .0002 

0.002 
< 0 .001 
0.612 
0. 15 I 

< 0.002 
0.750 
0.736 

< 0.002 
< 0.001 
< 0.001 
< 0.002 
< 0.001 

< 0.0004 
< 0 .050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .01 
0.002 
0.001 
0.001 

0.0002 
0.0002 
0 .001 
0.001 
0.050 
0 .050 
0.002 
0.020 
0.020 
0.002 
0.001 
0 .001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankforl, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summite1wiro.com 

12/16/ 19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
AN ALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/ 19 OG 
12/9/ 19 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/1 9 OG 
12/6/19 KR 

12/ 11 /19 KR 
12/ 10/ 19 KR 
12/ 10/ 19 AK 
12/1 0/ 19 AK 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/1 9 AK 
12/1 0/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 13/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/1 9 AK 
12/1 0/19 AK 
12/10/ 19 AK 



R01291

( 

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
POL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
2 1550-5 
Pond 5 
12/6/19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
T hallium 
Zinc 

7.8 
12 
80 
90 
20 
148 
30 

< 0.25 
< O.G2 
< 0.01 

< 0.002 
0.00 1 

< 0 .00 1 
< 0.0002 
< 0.0002 

0.003 
< 0.001 

1.666 
0.349 

< 0.002 
0. 174 
0. 149 

< 0.002 
< 0.001 
< 0.001 
< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __./l.......,.n,~ALJq .... 12,..,'--'(_..,Jc..:./4..;.c.,,c.,.¥'=..,· :zL.<~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
IO 
5 
10 
10 
5 

0 .25 
0.02 
0 .01 
0.002 
0.00 1 
0.00 1 

0.0002 
0.0002 
0.00 1 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.00 1 

0 .0004 
0.050 

METHOD 

4500 B 
2310 8 
2320 8 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 8 
3 125 B 
3 125 8 
3 125 B 
245 .I 

3 125 B 
3 125 B 
3 125 B 
3 125 8 
3 125 B 
3125 8 

l 7650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

I 2/ 16/19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/19 OG 
12/6/1 9 KR 
12/6/ 19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/ 11 / 19 KR 
12/10/19 KR 
12/10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/10/1 9 AK 
12/ 10/ 19 AK 
12/1 0/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/13/ 19 AK 
12/ 10/1 9 AK 
12/1 0/1 9 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 



R01292

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANT S 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21550-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.8 Unit I - 14 4500 B 
Acidity 14 mg/L IO 23 10 B 
Alkalinity 120 mg/L 10 2320 B 
Sulfate 780 mg/L 5 4500 E 
Chloride 6 10 mg/L 10 4500 B 
Hardness 550 mg/L 10 2340 C 
Total Suspended Solids < 5 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, To tal Recoverab le < 0.01 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3 125 B 
Arsenic 0.002 mg/L 0.00 1 3 125 B 
Beryllium < 0.001 mg/L 0.001 3125 B 
Cadmium, Total 0.0065 mg/L 0.0002 3 125 B 
Cadmium, Dissolved 0.0060 mg/L 0.0002 3 125 B 
Chromium 0.006 mg/L 0.001 3 125 B 
Copper < 0.001 mg/L 0.001 3 125 B 
Iron, Total 0.364 mg/L 0.050 3125 B 
Iron, Dissolved 0. 128 mg/L 0.050 3 125 B 
Lead < 0.002 mg/L 0.002 3 125 B 
Manganese, Total 1.734 mg/L 0.020 3 125 B 
Manganese, Dissolved 1.603 mg/L 0.020 3 125 B 
Mercury < 0.002 mg/L 0.002 245. 1 
Nickel, Total 0.106 mg/L 0.001 3125 B 
Nickel, Dissolved 0.103 mg/L 0.001 3125 B 
Selenium 0.022 mg/L 0.002 3 125 B 
Silver < 0.00 1 mg/L 0.001 3 125 B 
Thall ium < 0.0004 mg/L 0.0004 3125 B 
Zinc 0.095 mg/L 0.050 3 125 B 

Reviewed By: _ ___..A~m.,,,_,._b"-'l/""'A'""',...,,(,aJ.,,_/2,;,c,,,,.,F¥' :z.ut..--

J 7650 Route 37 
West Fra.nkfort, lllinois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/ l 6/ l 9 
Grab W6 
Cl ient-BM 
12/6/19 

DATE/ 
ANALYST 

I 2/6/ 19 KR 
12/9/19 OG 
12/9/19 OG 
12/9/ 19 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/ 19 OG 
12/6/19 KR 

12/11/ 19 KR 
12/ 10/19 KR 
12/10/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/1 9 AK 
12/ 10/19 AK 
12/1 0/19 AK 
12/10/19 AK 
12/1 0/19 AK 
12/1 0/19 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 13/ 19 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
I 2/10/19 AK 
12/1 0/ 19 AK 
12/1 0/19 AK 
12/ 10/19 AK 



R01293

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEM I CAL AN ALYS TS & CONSULTANTS Website: v.rww.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/16/ l 9 
POL: 21550-7 COMMENT: Grab W6 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DA TE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B 12/6/19 KR 
Acidity 20 mg/L 10 23 10 B 12/9/19 OG 
Alkalinity 472 mg/L 10 2320 B 12/9/ 19 OG 
Sulfate 1,220 mg/L 5 4500 E 12/9/19 OG 
Chloride I, 150 mg/L 10 4500 B 12/6/19 KR 
Hardness 680 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 12 mg/L 5 2540 D 12/9/19 OG 
Settleab le Solids < 0.25 mL/L 0.25 2540 F 12/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/ 11/19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/10/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Arsenic 0.003 mg/L 0.001 3125 B 12/10/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B 12/10/19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3 125 B 12/ 10/19 AK 
Cadmium, Dissolved 0.0009 mg/L 0.0002 3 125 B 12/10/19 AK 
Chromium 0.014 mg/L 0.001 3125 B 12/10/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/10/19 AK 
Iron, Total 0.909 mg/L 0.050 3 125 B 12/10/19 AK 
Iron, Dissolved 0.538 mg/L 0.050 3125 B 12/10/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/ 10/ 19 AK 
Manganese, Total 0.776 mg/L 0.020 3125 B 12/ 10/19 AK 
Manganese, Dissolved 0.776 mg/L 0.020 3 125 B 12/ 10/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/ 13/ 19 AK 
Nickel , Total 0.023 mg/L 0.001 3 125 B 12/ 10/19 AK 
N ickel , Dissolved 0.021 mg/L 0.001 3125 B 12/10/19 AK 
Selenium 0.020 mg/L 0.002 3 125 B 12/ 10/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/10/19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 12/10/19 AK 
Zinc 0.217 mg/L 0.050 3 125 B 12/10/19 AK 

Reviewed By: --4L..,J..jm<.<4,,Cb,.,L.l<,04u..,,__...,.U,._,/2"""'¥1= ... ·.,..........__ 



R01294

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website : www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/16/ 19 
PDL: 21550-8 COMMENT: Grab W6 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/19 DATE RECEIVED: 12/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.0 Unit I - 14 4500 B 12/6/19 KR 
Acidity 18 mg/L 10 23 10 B 12/9/19 OG 
Alkalinity 428 mg/L 10 2320 B 12/9/ 19 OG 
Sulfate 940 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 1,000 mg/L 10 4500 B 12/6/19 KR 
Hardness 6 10 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 14 mg/L 5 2540 D 12/9/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/11/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/10/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Arsenic 0.003 mg/L 0.001 3 125 B 12/10/ 19 AK 

C 
Beryllium < 0.00 1 mg/L 0.00 1 3 125 B 12/10/19 AK 
Cadmium, Total 0.0010 mg/L 0.0002 3 125 B 12/1 0/19 AK 
Cadmium, Dissolved 0.0010 mg/L 0.0002 3 125 B 12/ 10/ 19 AK 
Chromium 0.012 mg/L 0.001 3 125 B 12/10/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/ 10/19 AK 
Iron, Total 0.505 mg/L 0.050 3 125 B 12/10/19 AK 
Iron, Dissolved 0.3 11 mg/L 0.050 3 125 B 12/10/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Manganese, Total 0.694 mg/L 0.020 3 125 B 12/ 10/19 AK 
Manganese, Dissolved 0.694 mg/L 0.020 3 125 B 12/10/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 l 2/13/19AK 
Nickel, Total 0.024 mg/L 0.001 3 125 B 12/10/19 AK 
Nickel, Dissolved 0.024 mg/L 0.00 I 3 125 B 12/ 10/ 19 AK 
Selenium 0.016 mg/L 0.002 3 125 B 12/10/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/1 0/ 19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 12/10/19 AK 
Zinc 0.185 mg/L 0.050 3 125 B 12/ 10/19 AK 

Reviewed By: __ .... //....,....m ........ A .... a""',1'""',_._(,,,.',{.<..,),;,..F~· ,,.,_._~ _ 



R01295

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYST S & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/16/19 
PDL: 2 1550-9 COMMENT: Grab W6 
SAMPLE ID: Pond 9 SAMPLED BY: Cl ient-BM 
DATE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 12/6/ 19 KR 
Acidity < 10 mg/L IO 2310 B 12/9/1 9 OG 
Alkali nity 352 mg/L IO 2320 B 12/9/1 9 OG 
Sulfate 1,000 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 1,000 mg/L IO 4500 B 12/6/ 19 KR 
Hardness 450 mg/L IO 2340 C 12/6/ 19 KR 
Total Suspended Solids 29 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/19 KR 
Cyanide < 0.02 mg/L O.Q2 335.4 12/11/19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/10/19 KR 
Antimony 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Arsenic 0.003 mg/L 0.001 3 125 B 12/ 10/19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B 12/10/19 AK 
Cadmium, Total 0.0019 mg/L 0.0002 3 125 B 12/10/19 AK 
Cadmium, Dissolved 0.0019 mg/L 0.0002 3 125 B 12/ 10/19 AK 
Chromium 0.010 mg/L 0.00 1 3125 B 12/ 10/19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/10/19 AK 
Iron, Total 0.513 mg/L 0.050 3125 B 12/10/19 AK 
Iron, Dissolved 0.103 mg/L 0.050 3 125 B 12/10/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/ 10/ 19 AK 
Manganese, Total 0.661 mg/L 0.020 3125 B 12/10/ 19 AK 
Manganese, Dissolved 0.661 mg/L 0.020 3125 B 12/10/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/ 13/19 AK 
Nickel, Total 0.048 mg/L 0.001 3125 B 12/ 10/ 19 AK 
Nickel, Dissolved 0.048 mg/L 0.001 3125 B 12/1 0/19 AK 
Selenium 0.027 mg/L 0.002 3 125 B 12/10/19 AK 
Silver < 0.001 mg/L 0.001 3125 B 12/ 10/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/ 10/ 19 AK_ 
Zinc < 0.050 mg/L 0.050 3 125 B 12/ 10/19 AK 

(_ Reviewed By: _ _ .....,,&4..-:m:.q.c,6.,_,o .... -1:u,~C~J...£/4~F"'. ~--



R01296

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, I11inois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (618) 983-8208 

CHEMICAL AN ALYSTS & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 / 19/19 
PDL: 21406-1 COMMENT: 
SAMPLE ID: 417 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L IO 2310 B 10/31 / 19 OG 
Alkalinity 644 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 1,220 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,250 mg/L 10 4500 B 10/29/19 KR 
Hardness 344 mg/L 10 2340 C 11 /1/19 OG 
Total Suspended Solids 28 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Ammonia 1.99 mg/L 0.02 45008,F 10/29/ 19 KR 
Total Phosphorus 0.13 mg/L 0.05 365.4 10/29/ 19 KR 
Total Nitrogen 2.8 mg/L (as N) 1.0 351.2 / 353.2 10/29/19 KR 

Total Kjeldahl N itrogen 2.3 mg/L (as N) 0.5 35 1.2 10/29/19 KR 

C Total Nitrate-Nitrite 0.5 mg/L (as N) 0.5 353 .2 10/29/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/ 19KR 
Phenols, Total Recoverable 0.01 mg/L 0.01 420.4 11/4/19 KR 
Antimony < 0.0100 mg/L 0.0 100 200.7 11/12/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/12/ 19 WA 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/12/19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11/12/1 9 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 l l /12/1 9WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/12/19 WA 
Iron, Total 0.650 mg/L 0. 100 200.7 11/12/1 9 WA 
Iron, Dissolved 0.300 mg/L 0. 100 200.7 11/15/1 9 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/1 2/ 19 WA 
Manganese, Total 0.0590 mg/L 0.0100 200.7 11/ 12/ 19 WA 
Manganese, Dissolved 0.0504 mg/L 0.0100 200.7 11/15/19 WA 
Mercury < 0.002 mg/L 0.002 245 .1 ll /6/ 19AK 
Nickel, Total 0.0278 mg/L 0.0050 200.7 11/12/19 WA 
Nickel, Dissolved 0.0192 mg/L 0.0050 200.7 11/15/19 WA 
Selenium 0.0128 mg/L 0.0100 200.7 11/12/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 / 12/19 WA 
Thallium < 0 .0200 mg/L 0.0200 200.7 11 / 12/19 WA 
Zinc < 0.0200 mg/L 0.0200 200.7 11/12/19 WA 

(_ 



R01297

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL AN ALYSTS & CONSULTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total N itrogen 

Total Kjeldahl Nitrogen 
Total Nitrate-Nitrite 

Cyanide 

Mach Mining 
21437-1 
417 
11 / l / 19 

RESULT 

8.2 
< 10 
596 

1,633 
1,300 
280 
28 

< 0.25 
2.10 
0.10 
3.1 
2.6 
0.5 

Phenols, Total Recoverable 
Antimony 

< 0.02 
< 0.01 
0.005 
0.004 Arsenic 

Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

< 0.001 
0.0002 

< 0.0002 
0.0 1 I 
0.012 
0. 153 

< 0.050 
< 0.002 
0.054 
0.043 

< 0.002 
0.015 
0.013 
0.0 19 

< 0.001 
< 0.0004 
< 0.050 

UNlTS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: ,,(/tnbM.c W~ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.05 
1.0 
0.5 
0.5 

0.02 
0.01 
0.002 
0.001 
0.001 
0.0002 
0.0002 
0.001 
0.00 1 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
4500B,F 
365.4 

351.2 / 353 .2 
35 1.2 
353.2 
335.4 
420.4 

3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
245. 1 

3125 B 
3 125 B 
3 125 B 
3125 B 
31 25 B 
3125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.sum111ite11viro.com 

11/26/19 
Grab W2 
Client-BM 
11/1/19 

DATE/ 
ANALYST 

11/1/19 KR 
ll /4/19OG 
11/4/19 OG 
11/5/ 19 KR 
11 /6/ 19 KR 
ll /5/ l9KR 
11 /4/19 OG 
l l/1/19KR 
11/4/19 KR 
ll /4/ 19KR 
11/4/19 KR 
I 1/4/19 KR 
11/4/19 KR 
11/5/19 KR 
11 /8/19 KR 

11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11 /25/19AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
ll /25/ 19 AK 
I 1/25/19 AK 
I 1/25/ 19 AK 
11 /25/19 AK 
ll /6/ 19AK 

I 1/25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
ll/25/ l9AK 



R01298

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

( West Fi'ankfort, Il1i.nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTA NT S Website: 'i','\>Vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/27/ 19 
PDL: 21457-1 COMMENT: Grab W3 
SAMPLE ID: 417 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/7/ 19 DATE RECEIVED: 11/7/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 11/7/19 KR 
Acidity < IO mg/L 10 2310 8 11 /11/19 OG 
Alkalinity 584 mg/L JO 2320 8 ll /l l/19OG 
Sulfate 1,367 mg/L 5 4500 E 11/11/19 KR 
Chloride 1,350 mg/L 10 4500B I 1/ 12/ 19 OG 
Hardness 260 mg/L 10 2340 C 11 / 12/19 KR 
Total Suspended Solids 32 mg/L 5 2540 D 11 / 12/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/7/19 KR 
Ammonia 2.01 mg/L 0.02 45008,F 11/8/ 19 KR 
Total Phosphorus 0.07 mg/L 0.05 365.4 ll / 13/19KR 
Total Nitrogen 3.5 mg/L (as N) 1.0 351.2 I 353.2 11 /13/ 19 KR 

Total Kjeldahl Nitrogen 3.0 mg/L (as N) 0.5 35 1.2 11/13/ 19 KR 

C 
Total Nitrate-Nitrite 0.5 mg/L (as N) 0.5 353.2 11/13/19 KR 

Cyanide < 0.02 mg/L 0.02 335.4 I 1/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/22/19 KR 
Antimony 0.003 mg/L 0.002 3 125 B 11 /25/19 AK 
Arsenic 0.003 mg/L 0.001 3 125 8 11 /25/19 AK 
Beryllium < 0.001 mg/L 0.001 3 125 8 11 /25/19AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 8 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Chromium 0.009 mg/L 0.00 1 3125 8 11 /25/19 AK 
Copper 0.003 mg/L 0.001 3125 8 11/25/19 AK 
Iron, Total 0.107 mg/L 0.050 3 125 8 II /25/19AK 
Iron, Dissolved < 0.050 mg/L 0.050 3125 8 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 8 11 /25/ 19 AK 
Manganese, Total 0.037 mg/L 0.020 3125 8 11/25/19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 8 11 /25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
Nickel, Total 0.008 mg/L 0.001 3125 8 11 /25/19 AK 
Nickel, Dissolved 0.007 mg/L 0.001 31 25 8 11/25/ 19 AK 
Selenium 0.022 mg/L 0.002 3125 8 11 /25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 8 11/25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 8 11 /25/ 19 AK 
Zinc < 0 .050 mg/L 0.050 3 125 8 11 /25/19AK 

Reviewed By: _ __.A~m.6.Ll<L"-'U""'""''-'(,""'',v,"'-"u""'F='l='I'' =""'---



R01299

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West FranMort, lllinois 62896 

SERVICES, INC. Phone ( 6 J 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYS TS & CONSULTAN TS Website: w.v .. v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 2 1479- 1 COMMENT: Grab Wk4 
SAMPLE ID: 4 17 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 / 13/19 DATE RECEIVED: 11/ 13/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 11 /13/ 19 OG 
Acidity < 10 mg/L 10 2310 B ll / 19/19KR 
Alkalin ity 530 mg/L 10 2320 B 11/ 19/19 KR 
Sulfate 1,567 mg/L 5 4500 E l l / 15/19KR 
Chloride 1,799 mg/L 10 4500 B 11/ 18/19 OG 
Hardness 1,000 mg/L 10 2340 C 11/18/ 19 KR 
Total Suspended Solids 21 mg/L 5 2540 D I 1/14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/13/19 OG 
Ammonia 1.78 mg/L 0.02 45008,F I 1/14/19 KR 
Total Phosphorus 0.06 mg/L 0.05 365.4 11 /13/19 KR 
Total Nitrogen 3.0 mg/L (as N) 1.0 351.2 / 353 .2 I 1/13/ 19 KR 

Total Kjeldahl Nitrogen 2.5 mg/L (as N) 0.5 351.2 11/13/19 KR 

C Total Nitrate-Nitrite 0.5 mg/L (as N) 0.5 353.2 11/13/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.0 1 420.4 12/3/19 KR 
Antimony 0.002 mg/L 0.002 3125 B ll /27/19AK 
Arsenic 0.002 mg/L 0.00 1 3 125 B 11 /27/19 AK 
Beryllium < 0.001 mg/L 0.00 1 3 125 B 11 /27/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B I 1/27/19 AK 
Chromium 0.0 14 mg/L 0.001 3 125 B 11/27/ 19 AK 
Copper 0.025 mg/L 0.001 3 125 B 11/27/19 AK 
Iron, Total 0.399 mg/L 0.050 3 125 B 11/27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/27/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B I 1/27/19 AK 
Manganese, Total < 0.020 mg/L 0.020 3125 B l l/27/19AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/19 AK 
Nickel, Total < 0.00 I mg/L 0.00 1 3125 B 11 /27/ 19 AK 
Nickel, D issolved < 0.00 1 mg/L 0.00 1 3125 B 11/27/ 19 AK 
Selenium 0.019 mg/L 0.002 3125 B 11 /27/19 AK 
Silver < 0.001 mg/L 0.00 1 3125 B I 1/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 31 25 B I 1/27/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /27/19 AK 

(_ 



R01300

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total Nitrogen 
Total Kj eldahl Nitrogen 
Total Nitrate-Nitrite 

Cyanide 

Mach Mining 
21506-1 
4 17 
11/20/19 

RESULT 

8.5 
< 10 
520 

1,833 
1,570 
380 
49 

< 0.25 
1.93 

< 0.05 
2.8 
2.3 
0.5 

Phenols, Total Recoverable 
Antimony 

< 0.02 
< 0.01 
0.004 
0.004 Arsenic 

Beryll ium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

< 0.00 1 
0.0003 

< 0.0002 
0.011 

< 0.00 1 
1.405 

< 0.050 
< 0.002 
0.076 
0.036 

< 0.002 
0.016 
0.014 
0.023 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ___.A,._.__.MCLl<l."'--""u'-'"'--(""''d'""',),.-'~"""""· "'"""'"'--

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .05 
1.0 
0.5 
0.5 
0.02 
0.01 

0.002 
0.001 
0.001 
0.0002 
0.0002 
0.001 
0.00 I 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 

4500B,F 
365.4 

351.2 / 353.2 
351.2 
353.2 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245. 1 

3125 B 
3125 B 
31 25 B 
3 125 B 
3 125 B 
3125 B 

J 7650 Route 37 
West Frankfort, 1l1inois 62896 

Phone (61 8) 983-8280 
Fax ( 618) 983-8208 

Website: ww,v.summitenviro.com 

12/6/19 
Grab WS 
Client-BM 
11/20/19 

DATE/ 
ANALYST 

11 /20/19 KR 
11 /22/19 KR 
11/22/19 KR 
ll /25/19KR 
l \/21/19KR 
11 /21/ 19 KR 
11 /21 / 19 KR 
11/21 / 19 KR 
11 /27/19 KR 
11/27/ 19 KR 
11 /27/19 KR 
11/27/19 KR 
11/27/ 19 KR 
11/25/19 OG 

12/5/ 19 KR 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/1 9 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/6/1 9 AK 
12/2/1 9 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 



R01301

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM ICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sul fate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total N itrogen 

Total Kjeldahl Nitrogen 
Total Nitrate-N itrite 

Cyanide 

Mach Mining 
21551-1 
417 
12/6/ 19 

RESULT 

8.5 
< 10 
604 

1,280 
1,250 
360 
29 

< 0.25 
1.04 

< 0.05 
3.0 
2.5 
0.5 

Phenols, Total Recoverable 
Antimony 

< 0.02 
< 0.01 
0.005 
0.004 Arsenic 

Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

< 0.001 
0.0004 
0.0003 
0.0 13 

< 0.001 
0.392 
0.072 

< 0.002 
0 .145 
0.145 

< 0.002 
0.014 
0 .014 
0.027 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: ___ 4__..m ...... A~o...,4,.,_,....,C""'J,L./4""""¥7=""' """"---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.05 
1.0 
0.5 
0.5 
0.02 
0.0 1 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0 .020 
0.002 
0 .001 
0.001 
0.002 
0 .001 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 

45008,F 
365.4 

35 1.2 / 353.2 
351.2 
353.2 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245.1 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: \,v,vw.summitenviro.com 

12/ l 6/ l 9 
Grab W6 
Cl ient-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/19 OG 
12/9/19 OG 
12/9/ 19 OG 
12/6/19 KR 
12/6/ 19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/ 10/19 KR 
12/10/19 KR 
12/1 0/19 KR 
12/1 0/19 KR 
12/10/19 KR 
12/ 11/19 KR 
12/10/19 KR 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/1 9 AK 
12/10/19 AK 
12/1 0/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/ 13/19 AK 
12/ 10/ 19 AK 
12/ 10/19AK 
12/10/19 AK 
12/1 0/19 AK 
12/1 0/19 AK 
12/1 0/ 19 AK 



R01302

SUMMIT 
( -,-~,;~I ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 4.44 11g/L 0.500 1631 E 

C 

Reviewed and Authorized By: Atn-6:flA,, ~~ 
Amber Wright, L~roryDirector 

(_ Page 1 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 



R01303

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.783 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn,6/lA, ~~ 
Amber Wright, Lafu;rnryDirector 

Page 2 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01304

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: I /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.65 11g/L 0.5 00 1631 E 

Reviewed and Authorized By: Anu§:u ~~ 
Amber Wright, Laboraryllirector 

Page 3 of II 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01305

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

T EST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.963 11g/L 0.500 1631 E 

Reviewed and Authorized By: AMu ~~ · 
Amber Wright, Laboraryllirector 

Page 4 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in ful l without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
AN ALYST 

1/13/20 WA 



R01306

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DA TE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.57 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn,6f2A_,, ~~ 
Amber Wright, Lai;;raryllirector 

Page 5 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 

l'/650 Route .fl 
West Frankfort, Tllinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01307

SUMMIT 
( ~~~~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 qg/L 0.500 1631 E 

C 

Reviewed and Authorized By: Atn6,vi, ~~ 
Amber Wright, Lai;;raryllirector 

Page 6 of 11 

*These results relate only to the samples as recei ved. 
*This report shall not be reproduced except in foll without the approval of SES. 

I /6::>0 Route J'/ 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
l/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01308

( 

C 

L 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21634-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.09 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn-6:tlA., ~~ 
Amber Wright, Labtm1ryDirector 

Page 7 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

1 /6)0 Koute .3 / 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1 /14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 



R01309

C 

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21634-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.974 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AmAu ~r-
Amber Wright, Lab~r oryDirector 

Page 8 of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

l'/6:,0 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: wv1w.surnrnitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01310

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: l/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.29 11g/L 0.500 1631 E 

Reviewed and Authorized By: At11.bM, U/4~ 
Amber Wright, Laboratyii;ector 

Page 9 of 11 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in fu ll without the approval of SES . 

l /6::>0 koute J / 

West Frankfort, Illinois 62896 
Phone (618) 983-8280 

Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 



R01311

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.86 11g/L 0.500 1631 E 

Reviewed and Authorized By: AMd& U/2~ 
Amber Wright, Laboratyl)irector 

Page IO of 11 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

I /6':J0 Koute 31 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: wv,w.summitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01312

( 

C 

(_ 

CHEMICAL ANALYST S & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g!L 0.500 1631 E 

Reviewed and Authorized By: --~A~tttb~~~~-ll/4~~==..a·,-...=~-­
Amber Wright, Labor~rector 

Page 11 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

176)0 Route 3) 

West Frankfort, Tll inois 62896 
Phone (618) 983-8280 

Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R01313

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21579-1 
SAMPLE ID: Mach 
DATE SAMPLED: 12/ 16/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: --4+-'m~b-'-"d'-""4..._, .... Ua...</4'-"-'"'✓r=..,,.· --

I /6j0 Route J/ 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client-CS 
12/16/ 19 

DATE/ 
ANALYST 

12/23/ 19 AK 



R01314

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21589-1 
SAMPLE ID: Mach 2 
DATE SAMPLED: l 2/ 18/ 1 9 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: ----"A'-LL'Jn6'-"""--=QA.,=-->UA"'-"'--=~,:;;;-µ..=""--

176:30 Route 3 7 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summilenviro.com 

12/30/19 

Client-CS 
12/19/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R01315

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21589-2 
SAMPLE ID: Mach 3 
DATE SAMPLED: 12/ 19/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

1 /6:::,0 Route J'/ 
West Frankfort, lllinois 62896 

Phone (6 18) 983-8280 
Fax (618) 983-8208 

Website: wv1w.summitenviro.com 

12/30/19 

C lient-CS 
12/19/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R01316

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-1 
SAMPLE ID: Pond I 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRlPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.109 mg/L 0.050 3 125 B 

Reviewed By: -~/l~fftb~~IZA.,"'-"'-"""W,=-=~-· ~-

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax. ( 6 I 8) 983-8208 

Website: www.summitenviro.com 

J 2/30/ 19 

Client 
12/20/19 

DATE/ 
ANALYST 

12/27/19 AK 



R01317

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1603-2 
SAMPLE ID: Pond 2 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Jron, Dissolved < 0.050 mg/L 0.050 3125 B 

I "/650 Route J'/ 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01318

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1603-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.222 mg/L 0.050 3125 B 

Reviewed By: _ ____,_//.,_._,_htb~_,,01..,"-"'---"(M-""--'~~-.L.>C>o"----

17650 Route 3 7 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient 
12/20/19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R01319

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 I 603-4 
SAMPLE ID: Pond 4 
DATE SAMPLED: 12/20/19 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
UMlT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed By: -~A~111-b~=~~~~~='--i!·'--'-="-

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/19 

DATE/ 
ANALYST 

12/27/19 AK 



R01320

( 
SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1603-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 12/20/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

L Reviewed By: -~/l~tnb'-'-""''---'~=--"'W.-=.....,~=-,;,-.--<-=><'---

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01321

C 

C 

l 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.082 mg/L 0.050 3 125 B 

Reviewed By: _ ____,_,&-'---'-"-m-bc=>C.-=~'-=-'uJ."-"'--"'~,:;;;-µ=>oc....-

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R01322

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-7 
SAMPLE ID: Pond 7 
DA TE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

lrnn, Dissolved 0.174 mg/L 0.050 3 125 B 

Reviewed By: -~A~M~=~=--(M'-""--~=c;;,· '-'-="'--

17650 Koute 37 
West Frankfort, Illinois 62896 

Phone (6 18) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R01323

SUMMIT 

C -.-~~~I ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21603-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 12/20/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed By: - ---=A..uM'--'-""'"'-'~==-...... W.'-=-'~=~· =<--

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DAT E/ 
ANALYST 

12/27/ 19 AK 



R01324

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-9 
SAMPLE ID: Pond 9 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed By: -~/l"'--'-'-m,b"-"""'-=M.-c.=.._""'-W.=-=~:;;-~""---

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R01325

( 

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-10 
SAMPLE ID: Mach 4 (4 17) 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: --~A~m,6-'-""''-'M.,"'-=-~(M-=---..a~~-L=-><'---

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient 
12/20/19 

DATE/ 
ANALYST 

12/27/19 AK 



R01326

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-1 
SAMPLE ID: Pond I 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.139 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
I 2/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01327

SUMMIT 

C ~~-~~' ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21614-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 12/23/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed By: _....,/l""-'--'-m-b..<..::><:C-"(l-1.,"'-=-=W,.=----~~-'""°"''--

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01328

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/23/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.250 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ l 9 

DATE/ 
ANALYST 

12/27/19 AK 



R01329

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
POL: 2 1614-4 
SAMPLE ID: Pond 4 
DATE SAMPLED: 12/23/19 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
Ll MIT 

Iron, Dissolved 0.123 mg/L 0.050 3 125 B 

17650 Route 3'/ 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R01330

SUMMIT 
( --=-~~~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1614-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 12/23/19 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.107 mg/L 0.050 3 125 B 

C 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01331

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMlT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed By: ---'--'A.......,____,chlb-=-=M..-=---W.c.-=_~=""· ="'--

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

C lient-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01332

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-7 
SAMPLE ID: Pond 7 
DATE SAMPLED: 12/23/ 19 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNJTS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.114 mg/L 0.050 3 125 B 

Reviewed By: - -----"A,.__._,_,htb=='2A..-=---iu)."-=--=~e:;;,-=""--

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01333

SUMMIT 
( --.-~~~ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1614-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 12/23/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 

C 

(_ Reviewed By: //tn-6:Q.A.,, W~ 

17650Route37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\Vw.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R01334

SUMMIT 
( ~~~~' ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21614-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DA TE SAMPLED: 12/23/ 19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed By: _ _,/l'-'---'--Lt@-'-"""''""M,,"-=--"'-(M=--..,~~- '"""""'---

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (6 I 8) 983-8280 
fax (618) 983-8208 

Website: www.summitenviro.com 

l /2/20 

C lient-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R01335

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-10 
SAMPLE ID: Mach 4 (417) 
DATE SAMPLED: 12/23/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNJTS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/2/20 

C lient-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R01336

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 2 1625-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AtrrA:Q,/4, ~~ 
Amber Wright, Laboraryllirector 

Page I of 10 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1 /7 /20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01337

SUMMIT 
( -,-~~~ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECT ION METHOD 
LIMIT 

Iron, Dissolved < 0 .050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: A hfh(lA, (~~ 
Amber\Vrighi:Lai,;rnryllirector 

Page 2 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01338

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 31 25 B 

Reviewed a_nd Authorized By: Am-6:u ~~ 
Amber Wright, Lilioraryl}irector 

Page 3 of 10 

*These results rela te only to the samples as rece ived. 
*Th is report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01339

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21625-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,,f/tnbll/4, W~ 
Amber Wright, LaboraryDirector 

Page 4 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01340

( 

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn-6,/lA,, ~~ 
Amber Wright, Labor~rector 

Page 5 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 18) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01341

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am-6-flA, ~~ 
Amber Wright, LalmrnryDirector 

Page 6 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approva l of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01342

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION l\.1ETHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Amb((A,, ~~ 
Amber Wright, Laboraryllirector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/7/20 

Cl ient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01343

SUMMIT 
( ~=--~-.... /, ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Atrt-6:QA.., ~~ 
Amber Wright, Laboraryllirector 

(_ Page 8 of 10 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01344

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1625-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn6:M..-~~ 
Amber Wright, Labontry[}irector 

Page 9 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01345

( 

C 

SUMMIT 
~~~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1625-10 COMMENT: 
SAMPLE ID: Mach 6 (4 17) SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: _ _ ,.,_A .... Jn6LL><>""--""«--~~W.~'ud-· ~±-~-­
Amber Wright, Labtff~rector 

Page 10 of 10 

*These results relate only to the samples as received. 
*Th is repon shall not be reproduced except in full without the approval o f SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

C lient 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R01346

SUMMIT 
( --,-~,:f~l ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.362 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Atnlzu W~ 
Amber Wright, L~rory0irector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/1 0/20 AK 



R01347

SUMMIT 

C --c-~~~1 ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION tvlETHOD 
LIMIT 

Iron, Dissolved < 0 .050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Awa ~~ 
Amber Wright, Labotoryl)irector 

Page 2 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01348

C 

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Iron, Dissolved 0 .573 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atnbu ~~ 
Amber Wright, LaboratryDirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 l 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

l/l0/20 AK 



R01349

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION tv!ETHOD 
LIMIT 

Iron, Dissolved 0.126 mg/L 0.050 3125 B 

Reviewed and Authorized By: &hu,u W~ 
Amber Wright, LaboraryDir"ector 

Page 4 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01350

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMlT 

Iron, Dissolved 0.179 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am,6u ~~ 
Amber Wright, LaboratryDirector 

Page S of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01351

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21630-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.200 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am.-6:u ~~ 
Amber Wright, L;;i;;;raryllirector 

Page 6 of 10 

*These resul ts relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Websi te: www.summitenviro.com 

1/1 3/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01352

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCR1PTION RESU LT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: A;n6,QA,, ~~ 
Amber Wright, Laboraryllirector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone(6 18)983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/13/20 

C lient 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01353

SUMMIT 
( ~~=:::...,.·'WI ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: AmA,M,, W~ 
Amber Wright, Laborn ryllirector 

Page 8 of IO 

*These results relate only to the samples as rece ived 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 618) 983-8208 

Website: www.summitenviro.com 

I/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/1 0/20 AK 



R01354

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0 .050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: ,llJ.n6u ~~ 
Amber Wright, LaboratryDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/1 3/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R01355

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-10 COMMENT: 
SAMPLE ID: Mach 7 (417) SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn6u ~~ 
Amber Wright, Laborntryl)irector 

Page 10 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l /13/20 

Client 
1/3/20 

DATE/ 
AN ALYST 

1/1 0/20 AK 



R01356

( 

C 

(_ 

SUMMIT 
~~-~~1ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.400 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am/2flk I.J/4~ 
Amber Wright, Labor~>ryDirector 

Page I of 10 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R01357

( 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 633-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.085 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Am/211& ()/4~ 
Amber Wright, Labor~y Director 

Page 2 of 10 

*These resul ts relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

l/1 7/20AK 



R01358

( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMlT 

Iron, Dissolved 0.730 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AMO& ()},,£ 
Amber Wright, LilitoryDirector 

Page 3 of 10 

*These resulls rela1e only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\'l'W.summitenviro.com 

1/17/20 

Client 
1/6/20 
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SUMMIT 
( ::b-... -==-~ ..... /1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.280 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: ./bnbVk ~~ 
Amber Wright, LalmrnryDirector 
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*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 
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SUMMIT 
( ~~=-__ ...,./1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

lron, Dissolved 0.299 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: AmAe& u~~ 
Amber Wright, Laboraryllirector 
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*These results relate only to the samples as received. 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTlON METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6:u ~~ 
Amber Wright, Laboraryfilrector 
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*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: AmbM,, (j/4/~ 
Amber Wright, Labor ~irector 
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*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am-6u w~ 
Amber Wright, Laboraryl}irector 
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*These results relate only to the samples as received 
*This repon shall not be reproduced except in full without the approval of SES 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: I /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIM IT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: .6/mbM, (j/4~ 
Amber Wright, LaboratyDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
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(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0 .050 mg/L 0.050 3125 B 

Reviewed and Authorized By: __ __.,d_.....,__.m:DJ..A.L.Jou:ALL...4l-"'-,1.c...},,:..t.../""'.dr:-.,FI-L......_ __ 

AmberWright,Labnrat6fyoirector 
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*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Min ing REPORT DATE: 
PDL: 21658-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.247 mg/L 0.050 3125 B 

Reviewed and Authorized By : AJn6.u l(/4~ 
Amber Wright, Labo toryDirector 
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*These results re late only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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C 

SUMMIT 
ENVIRONMEN'l½L 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1658-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: .t<lmbd& (j/4-fo 
Amber Wright, LabororyDirector 
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*These results relate only lo the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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(_ 

SUMMIT 
~-c~~1ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.595 mg/L 0.050 3 125 B 

Reviewed and Authorized By: 6/.m.6.oA u.J~ 
Amtm·Wrigbt, L~bo tori Director 
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*These results relate only to the samples as received. 
*This report shall not be reproduced except in fu ll without the approval of SES. 
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C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1658-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.118 mg/L 0.050 3125 B 

Reviewed and Authorized By: A m.,b-QA,, (~~ 
Amb;Wriglrt, L~bor~rector 

Page 4 of 10 

*These results relate only to the samples as recei ved 
*This report shall not be reproduced except in full without the approval of SES. 
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West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/17/20 

C lient 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R01370

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1658-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNlTS DETECTION METHOD 
LlMIT 

Iron, Dissolved 0.265 mg/L 0.050 3125 B 

Reviewed and Authorized By: AmAM, l</2~ 
Amber Wright, Laborary llirector 
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*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 
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(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6:u ll/4~ 
Amber Wright, Laborary Director 

Page 6 of 10 

*These results relate only 10 the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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SUMMIT 
( ~-r-=-~·Y/ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Atn.6a& ll/4~ 
Amber Wright, LaboratyDirector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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SUMMIT 
~~~~ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: AtnA-u w~ 
Amber Wright, Labor ~y Director 

Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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SUMMIT 
( ~-,:c=-~-Y// ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTlON RESULT UNITS DETECTION METHOD 
LlMIT 

Iron, Dissolved < 0.050 rng/L 0.050 3 125 B 

C 

Reviewed and Authorized By: 6bnbi21!, (j./4~ 
Amber Wright, Labora~rector 
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*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 
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SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1658-1 0 COMMENT: 
SAMPLE ID: Cell 4 17 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: -~Ll~m~:b~(l.-'A,.,~(~'d~),.~,u"'9/~~~-­
Amber Wright, Labo;doryoirector 

Page l0oflO 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 
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TO: 
CC: 
FROM: 
DATE: 
JOB NO.: 
RE: 

James Plumley 
Clayton Cross 

MEMORANDUM 

John Michael Com, P.E. (TN) 
Janua·ry 17, 2020 
192590 
Updated CORMIX Model Results 

optimizing 
resources I water, air, earth 

.AquAeTer previously submitted a mixing zone report detailing the conceptual diffuser 
design for the proposed diffuser on the Big Muddy River. At that time, we utilized the data 
available to us from the USGS Plumfield gage for the channel geometry. An additional 
consideration for the diffuser design was the amount of debris carried by the River. During one 
of our reconnaissance trips on the stream, we could not access the current location from the USGS 
gage site due to a log jam. For that reason, we wanted to keep the ports as low as possible to 
reduce the possibilities of log strikes, both from the standpoint of reducing the risk of damage to 
the ports and to reduce the risk of logjams forming at the diffuser. 

Prior to the Public Comment Period, Mr. Scott Thwaite of the Illinois Environmental 
Protection Agency (IEPA) requested that we revise the modeling to reduce bottom attachment. 

MODEL RESULTS 

The model results are shown in Table l. The changes made to the model will be discussed 
in further detail in the section following this one. For most cases, Case l maximum flow being 
the exception, the distances required to achieve the necessary dispersion of 3:1,.0: 1 were shorter 
than those reported in the Mixing Zone Report. The Case 1 maximum flow scenario required 
approximately _ten feet further downstream to meet 34: l. For all cases, the cross-sectional area of 
the plume.(s) was(were) less than 25% of the cross-sectional area of the River. 

In looking that the independent calculations, the plume from each port is expected to be 
stable. This means that the plumes will emanate from the port and expand outward in a bell-shaped 
geometry. This is important to keep in mind since CORMIX uses rectangular shapes for all model 
subsections after the initial jet zone. 
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Table 1. Model Results 

. SCENARIO RIVER FLOW ACTIVE PORT(S) TOTAL 
(cfs) DISCHARGE 

(gpm) 

Case 1, Min.· 30 Port 1 102 
Case 1, Max. >=116 Port 1 '396 

Case 2, Min. 117 Ports 1 & 2 396 
Case 2, Max. >=233 Ports 1 & 2 793 
Case 3, Min. 234 Ports 1, 2, &.3 793 
Case 3, Max. >=440 Ports 1, 2, & 3 1,499 
Case 4, Min. 441 Ports 1, 2, 3, & 4 1,499 
Case 4, Max. >=906 Ports 1, 2, 3, & 4 3,085 
Case 5, Min. 907 .· Ports 1, 2, 3, 4, & 5 3,085 

Case 5, Max. >=1,734 Ports 1, 2; 3, 4, & 5 5,905 

SCENARIO ACTIVE PORT(S) ACUTE ZONE ORIGINAL 'REVISED 
DISTANCE PREDICTED .·PREDICTED 

TOTAL TOTAL 
(ft) MIXING MIXING 

ZONE ZONE 
DISTANCE DISTANCE 

(ft) (ft) 

Case 1, Min. Port 1 7.1 50 35 
Case 1, Max. Port 1 5.8 37 47 
Case 2, Min. Ports 1 & 2 4.4 36.6 36.6 
Case 2, Max. Ports 1 & 2 6.9 88 88 
Case 3, Min. Ports 1, 2, & 3 11.2 46 46 
Case 3, Max. Ports 1, 2, & 3 9.3 116 116 
Case 4, Min.' Ports 1, 2, 3, & 4 13.9 176 176 
Case 4, Max. Ports l, 2, 3, & 4 11.4 147 147 
Case 5, Min. Ports 1, 2, 3, 4, & 5 18.2 231.8 
Case 5, Max. Ports 1, 2, 3, 4, & 5 14.5 251 
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The results for each case will be discussed in more detail belo~, along with prov_iding the 
graphics of the plan and profile views of the plume(s) for each Case. 

Case 1 - 1st Port Only 

Case I incorporates the minimum allowable flow based on the lowest_projected flow for 
the Big Muddy River at the proposed diffuser location. Only the first port will be discharging 
during this condition. The discharge during this condition is I 02 gallons per minute, which is a 
small fraction of the flow in the Big Muddy River. The additional volumetric flow during this 
case should not affect water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 1. The 
plan and profile for the maximum discharge condition under Case I are provided in Figure 2. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 1 Plan and Profile of the Model for Case 1- Minimum Flow Condition 
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Figure 2. Plan and Profile of the Mod.el for Case 1 - Maximum Flow Condition 
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· CASE 1-- MAXIMUM DISCHARGE-·· 
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These two scenarios represent the minimum and maximum flow conditions for Port 1 when 
only the first port is discharging. This occurs at lower River fl~~s. The water quality criteria will 
be met at all flow conditions. For each of these cases, the plumes are less than 4% of the cross­
sectional area. 

·case 2 - is• and 2nd Ports Discharging 

Case 2 begins at the maximum discharge for Case 1. Once the flow condition is met, the 
discharge is .converted from the _maximum discharge through Port 1 to equal discharges through 
Ports_ 1 and 2. · .In other words, the flows through Ports 1 and 2 at the Case -2 minimum flow 
condition are equivalent to the maximum discharge from Port 1 at Case 1. · As with Case 1, the 
·discharge during this condition is a small fraction of the flow in the Big Muddy River. The 
· additional volumetric flow during this case should not affect water levels at the ·diffuser location 
or _in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 3. The 
plan and profile for the maximum discharge condition under· Case 2 are prov~ded in Figure 4. The. 
profile picture appears as one li~e since the ports are.equal. The water quality c·riteria for chloride 
is met in a very short distance downstream for both of these iterations. For the minimum flow 
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condition, the plumes remain separate. For the maximum flow condition, the plumes merge near 
the point of meeting the water quality criteria. 

J . 

Figure 3. Plan and Profile of the Model for Case 2 - Minimum Flow Condition 
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CASE 2 - MINIMUM DISCHARGE 
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CASE 2 - MAXIMUM DISCHARGE 
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The water quality criteria will be met at all flow conditions for.C~se 2. ·For each of these 
scenarios, the plumes are less than 3% of the cross-sectional area. The calculation of the cross­
sectional a~ea accounts for both plumes at the point of meeting the water_ quality standard. 

Case 3 ~ 1st, 2nd and 3rd · Ports Discharging 

Case 3 begins at the maximum discharge for Case 2. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports 1 and 2 to discharges through 
Ports 1, 2 and 3. In other word_~, the flows through Ports 1; 2 and 3 at the Case 3 minimum flow 
condition are equivalent to the maximum discharge from Ports 1 · and 2 at Case 2. As with Case 2, 
the discharge during this condition is a small fraction of the flow in -the Big Muddy ~ver. The 

. additional volumetric flow during this case should not affect water levels at _the diffuser location 
or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 5. The 
plan and profile for the maximum discharge condition under Case 3 are provided in Figure 6. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 5. Plan and Profile of the Model for <;:ase 3 - Minimum Flow Condition 
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Figure 6. Plan and-Profile of the Model for Case 3 - Maximum Flow Condition 
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CASE 3 - MAXIMUM DISCHARGE 
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The water quality criteria will be met at all flow· conditions for Case 3. For each of these 
scenarios, the plumes are le·ss than 6% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 
distances downstream. Ports 1 and 2 have been predicted to have the shortest distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port. 

Case 4 - t st, 2nd, 3rd and 4th Ports Discharging 

Case 4 begins at the maximum discharge for Case 3. Once the flow condition is met, the 
discharge is converted from the maximum discharge_ through Ports 1, 2 and 3 to discharges throu&h 
Ports 1, 2, 3 and 4. In other words, the flows through Ports 1, 2, 3 and 4 at the Case 4 minlmum 
fiow condition are equivalent to the maximum discharge from Ports 1, 2, and 3 at Case 3. As with 
the ·previous cases, the disch~rge during this co~dition is· a small fraction of the flow in the Big 
Muddy River. The acJditional volumetric flow during this case should not affect water levels at 
the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 7: The 
plan and profile for the maximum discharge condition under Case 4 are provided in Figure 8. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

J 
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Figure 7. Pl~!!_ a~d_ Profile of the ~odel for <;ase 4 - Mini!llum Flow Condition 
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Figure 8. Plan and Profile of the Model for Case 4 - Maximum Flow Condition 
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The water quality criteria will be met at all flow conditions for Case 4. For each of these 
scenarios, the plumes are less than 8% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 
distances downstream. Ports 1 and 2 have been predicted to have the shortest distances'. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port at the distance met by the respective port. 

Case 5 - is1, 2nd, 3rd, 4th and 5th Ports Discharging 

Case 5 begins at the maximum discharge for Case 4. Once the flow condition is met, the 
. discharge· is converted from the. maximum discharge through Ports 1, 2, 3 and 4 to discharges 

through Ports 1, 2, 3, 4 and 5. In other words, the flows through Ports 1, 2, 3, 4 and 5 at the Case 
5 minimum flow condition are equivalent to the maximum discharge from Ports 1, 2, 3 and 4 at 
Case 4. As with the previous cases, the discharge during this condition is a small fraction of the 
flow in the Big Muddy River. The additional volumetric flow during this case should not affect 
water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 9. The 
plan and profile for· the maximum discharge condition under Case 5 are provided in Figure l 0. 
The water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 9. Plan and Profile of the Model for Case 5 - Minimum Flow Condition 
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The "Yater quality criteria will be met at all flow conditions for Case 5. For each of these 

scenarios, the plumes are less than 8% of the cross-sectional area. Due to the staggered and 

unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 

distances downstream. Ports 1 · and 2 have been predicted to ,have th~ shortest distances. For those 

cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 

cross-sectio!}al areas for each port at the distance met by the respective port. · 

It is noted that the apparent bottom interaction for Port 5 at its minimum discharge 

condition is an artifact of CORMIX's mod~les. The .plume is predicted to extend higher at this 

point than when the centerline is projected at its maximum height. 

UPDATES TO THE MODEL 

As part of the project, Homer & Shifrin's design includes a tran~ect of the proposed diffuser 

location. An excerpt of this transect is shown in Figure 11. The following data were derived for 

each of the model cases. · The transect was treated as a trapezoid. For modeling purposes, 

CORMIX utilizes rectangular dimensions. The cross-sectional area of the trapezoid was translated 

to a rectangle for the model by keeping the height constant, then determining the width of the 

model rectangle. The dimensions for the River for the various cases are shown i.n Table 2. 
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Figure 11. Transect at Proposed Diffuser Location, Excerpt from Horner & Shifrin Design 
documents 
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Table 2. Transect Dimensions 

CASE FLOW WATER AREA 
CONDITION COLUMN 

HEIGHT 
(ft) (ft2) 

Case 1 Minimum 6.6 376 

Maximum 9.2 605 

Case2 Minimum 9.2 605 

Maximum 11.4 807 

Case 3 Minimum 11.4 807 

Maximum 12.5 903 

Case4 Minimum 12.5 903 

Maximum 14.9 1159 

Case 5 Minimum 14.9 1159 

Maximum· 14.9 1159 
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If you should have questions or comments concerning our assessment,· please call us at 
(615) 373-8532 or by ~AX at (615) 373-8512 or by.e-mail at jmcom@aguaeter.com. 
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... 

MACl-lNl.CXl 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Tim~ of Fortran run: 

MA(HABIGAMUDDYARIVER 
tASEAl~-APORTAlANORMALAFLOW 

- cormix\sim\MACl-lNl.cxl 
01/13/20--21:45:52 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS. = 17.37 AS = 
HA 

. UA 
uw 

= 
= 

2.01 HD = 
.287 F = 

34.91 QA = 
2.01 

.076 USTAR = 
. 2198E-02 .. 

10.02 ICHREG= 2 

.2801E-01 
= 2.000 UWSTAR= 

Uniform density envjronment 
-STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK =- LEFT DISTB = 8.00 
00. = .076 A0 = .005 H0 
THETA = 30.00 SIGMA= :00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 = .3746E-01 J0 
Associated length scales (meters) 
LQ = .-07 LM = 1.95 Lm 

Lmp· 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R = , 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111. 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 2.01 1 
111111111111111111111111111111111111111111 

.56 

= .1307E-01 
=-.1463E+00 

= ._0000E+00 

=-.1913E-02 

= .67 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 

Page 1 

-1.0 

.08 
99999.00 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC1-1Nl.CX1 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

8.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DI$CHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE .MODULE 

S C 
1.0 .-100E+04 

B 
.04 

BEGIN CORJET. (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motiori in strong·crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= 
LE .32 XE = .28 .YE = .00 ZE = 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.28 .00 .72 1.0 .100E+04 .04 
.48 · .00 .82 1.6 .640E+03 .07 
.68 .00 .90 2.3 .433E+03 .09 
.90 .00 .98 3.1 .321E+03 .12 

1.11 .00 1.05 3.9 .256E+03 .14 
1.33 .00 1.10 4.7 .212E+03 .16 
1.55 .00 1.15 5.5 .183E+03 .18 
1. 77 .00 1.19 6.2 .161E+03' .19 
2.-00 .00 1.23 6.9 .144E+03 .21 
2.22 .00 . 1.26 7.6 · .132E+03 .22 
·2.44 .00 1.28 8.2 .122E+03 .23 
2.67 ... ea ... -1.31 8-. 8 · · .114E+03 .24 

-2.89· .00 1.32 9.3·• .107E+03 .25 
3.12 .00 1.34 9.9 .101E+03 .26 

Page 2 
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3.34 
3.57 
3.79 
4.02 

Maximum jet 
4.24 
4.47 
4.69 
4.92 
5~15 
5.37 
5.59 
5.82 
6.04 
6.27 
6.49 
6.72 
6.94 
7.16 
7.39 
7.61 
7.84 
8.06 
8.28 
8.51 
8.73 
8.95 
9.17 
9.39 
9.62 
9.84 

10.07 
10.29 
10:.52 
10.74 
10.96 
11.18 
11.40 

.00 

.00 

.00 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00. 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
·.00. 
.00 
.00 
.00 

1.35 
1.36 
1.36 
1.3'6 

has been 
1.36 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 
1. 29 
1.27 
1.25 
1.23 
.1.21 
1.18 
i.16 
1.13 
1.11 
1.08 
1.05 
1.02 

.99 

.96 

.93 

.90 

.87 
·.84 
.81 
.78 
.74 
.71 
.68 
.65 
.62 
.58 

Cumulative travel time= 

MACl-lNl.CXl 
10. 3 · . 970E+02 
10.7 .931E+02 
11.1 .899E+02 
11.5 .872E+02 

reached. 
11.8 .. 848E+02 
12.2 .823E+02 
12.6 .796E+02 
13.0 .769E+02 
13.5 .,742E+02 
14.0 .715E+02 
14.5 .689E+02 
15.1 .662E+02 
15.7 .637E+02 
16.4 .. 611E+02 
17.0 .588E+02 
17.7 .564E+02 
18.5 .542E+02 
19. 2 • -521E+02 
20. 0 . 50·0E+02 
20.8 .480E+02 
21.7 .461E+02 
22.5 .444E+02 
23.4 .427E+02 
24.3 .411E+02 
25.3 .396E+02 
26.2 .381E+02 
27.2 .368E+02 
28.2 .355E+02 
29.2 .342E+02 
30.2 .331E+02 
31.3 ·.319E+02 
32.4 .309E+02 
33.5 .299E+02 
34.6 · .289E+02 
35 .. 7 . 280E+02 
36.8 .271E+02 
38.0 .263E+02 

22. sec 

.27 

.28 

.28 

.29 

.. 30 
.30 
.31 
.31 
.32 
.33 
.34 
. 34, 
.35 
.36 
.37 
.38 
.39 
.40 
.41 
.42 
.43 
.43 
.44 

· .45 · 
.46 . 
.47 
.48 
.49 
.50 
.51 
.52 
.53 
.54 
.55 
.56 
·.57 
.58 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: .LAYER BOUNDARY/TERMINAL LAYER APPROACH. 

--Controlvol-ume inflow: 
X Y Z 

11.40 .00 .58 
S C 

38.0 .263E+02 

Page 3 
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.58 
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MACl-lNl.CXl 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary·(Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
10.82 .00 .00 38.0 .263E+02 .00 
11.00 .00 .00 38.0 .263E+02 .76 
11.17 .00 .00 38.0 .263E+02 .. 90' 
11.35 .00 . . 00 38.0 .263E+02 1.00 
11.52 .00 .00 39.0 .256E+02 1.06 
11.70 .00 .00 43.8 .228E+02 1.11 
11.87 .00 .00 50.5 .198E+02 1.15 
12.04 .00 .00 56.6 .177E+02 1.18 
12.22 .00 .00 60.8 .164E+02 1.20 
12.39 .00 .00 63.1 .159E+02 1.21 
12.57 .00 .00 .64.5 .155E+02 1.21 

~umulative travel time = 26. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.. 00 
.38 
.54 
:66 
.77 
.86 
.94 

1.01 
1.08 
1 .. 15 
1.21. 

· BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) · 
ZL = lower plume .boundary (Z-co9rdinate) 
S = hydrodynamic average (bulk) dilution 

if any) 

zu 
.00 
.76 
.90 

1.00 · 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu 

12.57 .00· .00 64.5 .155E+02 1.21 1.21 1.21 
13.33 .00 .00 66.1 .151E+02 1.15 1.31- 1.15 
14.10 .00 .00 67.6 .148E+02 1.10 1.40 1.10 
14.86 .00 .00 69.0 .145E+02 1.05 1.49 1.05 
15.63 .00 .00 70.4 .142E+02 1.01 1.58 1.01 
16.39 .00 .00 71.8 .139E+02 .98 1.67 .98 
-17 .15- .00 .-00- · 73.2 · .137E+02 .. .95 1. 75 .95 
17.92 . 00 .00 74.6 .134E+02 .93 1.83 .93 
18.68 .00 .00· 76.0 .132E+02 .91 1.91 .91 

Page 4 

ZL 
.00 
.00 
.00 
._00 
.00 
.00 
.00 
.00 · 
.00 
.00 
.00 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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MAC1-1N1.CX1 
19.45 .00 .. 00 77.5 .129E+02 .89 1.99 .89 .00 
20.21 .00 .00 78.9 .127E+02 .87 2.06 .87 .00 
20.98 .00 .00 80.4 .124E+02 .86 2.14 .86 .00 
21. 74 .00 .00 81.9 .122E+02 .84 2.21 .84 .00 
22.50 .00 .00 83.5 .120E+02 .83 2.28 .83 .00 
23.27 .00 .00 85.1 .117E+02 .82 2.35 .82 .00 
24.03 .00 .00 86.8 .115E+02 .81 2.42 .81 .00 
24.80 .00 .00 88.4 .113E+02 .81 2.49 .81 .00 
25.56 .00 • 00 90.2 .111E+02 .80 .2.56 .80 .00 . 
26.33 .00 .00 92.0 .109E+02 .80 2.63 .80 .00 
27.09 .00 .00 93.8 .107E+02 .79 2.70 .79 .00 
27.85 .00 .00 95.7 .104E+02 .79 2.76 .79 .00 
28.6:2 .00 .00 97.6 .102E+02 .79 2.83 .79 .00 
29.38 .00 .00 99.6 .100E+02 .78 2.89 .78 .00 
30 .15 . .00 .00 101.7 .983E+01 .78 2.95 .78 .00 
30.91 .00 .00 103.8 .963E+01 .78 3.02 .78 .·00 
31.68 .00 .00 106.0 .943E+01 .78 3.08 .78 .00 
32.44 .00 .00 108.3 . 924E+01 . .78 3.14 .78 .00 
33.20 .00 .00 110.6 .904E+01 .79 3.20 .79 .00 
33.97 .00 .00 112.9 .885E+01 .79 3·.26 .79 .00 
34.73 .00 .00 115:4 .867E+01 .79 3.32 .79 .00 
35.50 .00 .00 117.9 .848E+01 .79 3.38 .79 .00 
36.26 .00 .00 120.5 .830E+01 .80 3.44 .80 .00 
37.03 .00 .00 123.1 .812E;+01 .80 3.50 .80 .00 
37.79 .00 .00 125.8 .795E+01 .81 3.55 .81 .00 
38.55 .00 .00 128.6 .778E+01 .81 3.61 .81 .00 
39.32 .00 .00 131.5 .761E+01 .82 3.67 .. 82 .00 
40.08 .00 .00 134.4 .744E+01 .82 3.73 .82 .00 
40.85 .00 .00 137.4 .728E+01 .83 3.78 .83 .00 
41.61 .00 .00 140.5 .712E+01 .83 3.84 .83 .00 
42.38 .00 .00 143.6 .696E+01 .84 3·.89 .84 ~00 
43.14 .00 .00 146.9 .681E+01 .85 3.95 .85 .00 
43.90 .00 .00 150.2 .666E+01 .85 4.00· .85 ~00 
44.67 .00 .00 153.6 .651E+01 .86 4.06 .86 .00 · 
45.43 .00 .00 157.0 .637E+01 .87 4.11 .87 .00 
46.20 .00 .00 160.6 .623E+01 .88 4.16 .88 .00 
46.96 .00 .00 164.2 .609E+01 .89 4.21 .89 .00 
47.73 .00 .00 167.9 .596E+01 .90 4.27 .90 .00 
48.49 .00 .00 171.7 .582E+01 .90 4.32 .90 .00 
49.25 .. 00 .00 175.6 .570E+01 .91 4.37 .91 .00 
50.02 .00 .00 179.5 .557E+01 .92 4.42 .92 .00 
50.78 .00 . .00 183.6 .545E+01 .93 4.47 .93 .0.0 

Cumulative travel time = 159. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-- . ·---·- -··--- - -·-·- -·-·--·--·--·•-·- - -- - - -- - - --- - - - - -- - - - --- - --·- - - - - - -- - -- - - - - - -- ---- - - - -- - -

-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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MACl-lNl.CXl 

Vertical diffusivity (initial value) = 
Horizontal diffusi~ity (initial value)= 

Profile definitions: 

.113E-01 m"2/s 

.282E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46~) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d~*sqrt(pi/2) (46%) half-width, 
.measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, ii any) 

Pl_ume Stage 1 
X 

50.78 
53.64 
56.50 
59.35 
62.21 
65.07 
67.92 
70.78 
73".64 

-76.49 
79.35 
82.21 
85 .. 07 
87.92 
90.78 
93.64 
96.49. 
99.35 

102.21 
105.06 
107.92 

· 110; 78. 
113.64 

(not 
y 
.00 · 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

bank attached): 
Z S C 
.00 183.6 .5.45E+01 
.'00 193.9 .516E+01 
.00 204.9 .488E+01 
.00 216.4 .462E+01 
.00 228.5 .438E+01 
.00 241.2 .415E+01 
.00 254.6 .393E+01 
.00 268.6 .372E+01 
.00 283.2 .353E+01 
.00 298.5 .335E+01 
.00 314.3 .318E+01 
.00 330.8 .302E+01 
.00 347.8 .288E+01 
.00 365.4 .274E+01 
.00 383.5 .261E+01 
.00. 402.0 ,249E+01 
.00 421.1 .237E+01 
.00 440.6 .. 227E+01 
.00 460.4 .217E+01 
.00 480.7 .. 208E+01 
.00 501.3 .. 199E+01 
.00·- 1 522:2 .192E+01 
.00· 543.3 .184E+01 

Plume interacts with SURFACE. 

BV 
.93 
.97 

1·.00 
1.03 
1.07 
1.11 
1.15 
1.-20 
1.24 
1.29 
1.33 
1.38 
1.43 
1.48' 
1.54 
1.59 
1.64 
1. 70· 
1..75 
1.81 
1.86 
1.92 
1.97 

BH 
4.47 
4.57 
4.67 
4.76 
4.85 
4.94 · 
5.03 . 
5.12 
5.20 
5.29 
5.37 
5.45 
5.53 
5.61 
5.69 
5.76 
5.84 
5.91 
5.99 
6.06 
6.13 
6.20 
6.27 

zu 
.93 
.97 

1.00 
1.03 . 

· 1.07 
1.11 
1.15 
1.20 
1.24 
1.29 
1.33 
1.38 
1.43 
1.48 
1.54 
1.59 
1.64 
1. 70 
1. 75 
1.81 
1.86 
1.92 
1.97 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this· 
prediction interval. 
-116.49 .00 
119.35 .00 
122.21 .00 
125.06 .00 
127.92 .00 
130. 78 .00 

.00 

.00 

.00 

.00 

.00 

.00 

560.1 
566.2 
572.2 
578.2 
-584.1 
589.9 

.179E+01 

.177E+01 

.175E+01 

.173E+01 

.171E+01 

2.01 
2.01 
2.01 
2.01 
2:01 

.170E+01 . 2.01 

Page 6 

6.34 
6.41 
6.48 
6.55 
6.62 
6.68 

2_.01 
2.01 
2.01 
2.01 
·2.01 
. 2.01 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 
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. . . . 

MACl-lNl.CXl 
133.63 .00 .00 595.7 .168Et01 2.01 6.75 2.01 .00 
136.49 .00 .00 601.4 .166E+01 2.01 6.81 2.01 .00 
139.35 .00 .00 607.1 .165E+01 2.01 6.88 .2.01 .00 
142.21 .00 .00 612.7 .163E+01 2.01 6.94 2.01 .. 00 
145.06 .00 .00 618.3 .162E+01 2.01 7.00 2.01 .00 
147.92 .00 .00 623.8 .160E+01 2.01 7.07 2.01 .00 
150.78 .00 I .00 629.3 .. 159E+01 2.01 7.13 2.01 .00 
153.63 .00 .00 634.7 .158E+01 2.01 7.19 2.01 .00 
156.49 .00 .00 640.1 .156E+01 2.01 7.25 2;01 .00 
159.35 .00 .00 645.4 .155E+01 2.01 7.31 2.01 .00 
162.20 .00 .00 650.7 .154E+01 2.01 7.37 . 2.01 .00 
165.06 .00 .00 655.9 .152E+01 2.01 7.43 2.01 .00 
167.92 .00 .00 661.1 .151E+01 2.01 7.49 2.0i .00 
170.77 .00 .0.0 666.3 .150E+01 2.01 7.55 2.01 .00 
173.63 .00 .00 671.4 .149E+01 2.01 7.61 2.01 .00 
176.49 .00 .00 676.5 .·148E+01 2.01 7.66 2.01 .00 
179.35 .00 .00 681.5 .147E+01 2.01 7.72 2.01 .00 
182.20 .00 .00 686.6' .146E+01 2.01 7.78 2.01 .00 
185.06 .00 .00 691.5 .145E+01 2.01 7.83 2.01 .00 
187.92 .00 .00 696.5 .144E+01 2.01 7.89 2.01 .00 
190.77 .00 .00 701.4 .143E+01 2.01 7.94 2.01 .00 
193.63 .00· .00 706.2 .142E+01 2.01 8.00 2.01 .00 

Cumulative travel time = 656. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
193.63 8.00 .00 706.2 .142E+01· 2.01 16.00 2.01 .00 
209.76 8.00 .00 713.1 .140E+01 2.01 16.15 2.01 .00 
225.89 8.00 .00 719.8 .139E+01 2.01 16.31 2.01 .00 
242.01 · 8.00 .00 726.5 .138E+01 2.01 16.46 2.01 .00 
258.14 8.00 .00 733.1 .136E+01 2.01 16.61 2.01 .00 
274.27 8.00 .00 739.7 .135E+01 2.01 16.76 2.01 .00 
290.39 8.00 .00 746.2 .134E+01 2.01 16.91 2.01 .00. 
306.52 8.00 .00 ·752. 7 .133E+01 2.01 17.05 2.01 .00 
322.65 8.00 .00 759.1 .132E+01 2.01 17.20 2.01 .00 
338.78 8.00 .00 765.4 .131E+01 2.01 17.34 2.01 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 342.14 m. 
354.90 8.00 .00 771.7 .130E+01 2.01 17.37 2.01 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
371.03 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
387.16 8.00 .00 .. 766.7 .130E+01 2.01 17.37 2.01 .00 
403.29 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
419.41 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
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MACl-lNl.CXl 
43·5, 54 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
451.67 8.00 · .00 766.7 .130E+01 2.01 17.37 2.01 .00 
467.80 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
483.92 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
500.05 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
516.18 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
532.31 8.00 .00 766.7 .130E+01 2.01 17.37 4.01 .00 
548.43 8.00 · .00 766.7 · .130E+01 2.01 17.37 2.01 .00 
564.56 8.00. .00 766.7 .130E+01 2.01 17~ 37. 2.01 .00 
580.69· 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
596.82 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
612.94 8.00 .00 766.7 ;130E+01 2.01 17.37 2.01 .00 
629.07 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
645.20 8.00 .00 766.7 .130E+01 2.01 17,37· 2.01 .00 
661.32 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
677.45 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
693.58 8.00 .00 766.7 .130E+01 i.01 17.37 2.01 .00 
709.71 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
725.83 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
741.96 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
758.09 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
774.2i 8.00 .00 766.7 .130E+01 . 2.01 17.37 2.01 .00 
790.34 8.00 .00 766.7 .-130E+01 2.01 17.37 2.01 .00 
806.47 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 ·.00 
822.60 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
838.73 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
854.85 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
870.98 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .. 00 
887.11 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
903.24 8.00 .00 766.7 .130E+01 2.01 .17.37 2.01 .00 
919.36 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
935.49 8.00 .00 766. 7. .130E+01 2.01 17.37 2.01 · .00 
951. 62 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
967.74 8.00 .00 766,7. .130E+01 2.01 17.37 2.01 .00 
983.87 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 

1000.00 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
Cumulative travel time= '3462. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 

- ·1111111111111111111111111111H:11;!;11111111111111111111111111111111111111111111 
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MACl-lXl.CXl 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: · Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site .name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MA(HABIGAMUDDYARIVER 
CASEAlA_APORTAlAMAXIMUMAFLOW 
cormix\sim\MACl-lXl.cxl 
01/13/20--21:41:13 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 20.06 AS· = 56.17 QA 
HA = 2.80 HD = 2.80 
UA = .396 F = .068 USTAR 
uw = 2°.000 UWSTAR= .2198E:..02 
Uniform de~sity environment 
STRCND= u RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.00 
00 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .025 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= ·PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0. = .2502E-01 M0 = .1373E+00 J0 
Associated length scales (meters) 
LQ. = .07 LM = 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 13.85 

FLOW CLAS.SIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 2.80 1 
111111111111111111111111111111111111111111 

= 22.24 

= .3656E-01 

= .56 

= .2502E-01 
=-;1463E+00 

= .0000E+00 

=-.3662E-02 

= .94 
= 99999.00 

ICHREG= 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0· 

MACl-lXl.CXl 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN.MOD101: DISCHARGE MODULE 

X 
. 00 

y . 
.00 

z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

BEGIN CORJET (~OD110}: JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong cr.ossflow. 

Zone of flow establishment: THETAE= 28.68 
LE = .34 XE = .29 YE = .00 

Profile definitions: 
B = Gaussian 1/e (37%} half-width, normal to trajectory 
s = hydrodynamic centerline dilution 

-SIGMAE= 
ZE = 

C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.29 .00 .73 1.0 .100E+04 .04 
.71 .00 .94 2.3 .434E+03 .09 

1.15 .00 1.11 3.9 .255E+03 .15 
1.60 .00 1.25 5.7 .176E+03 .19 
2.05 .00 1.37 7.4 .135E+03 .24 
2.52 . 00 1.47 . 9.1 .110E+03 .28 
2.98 .00 1.55 10.7 .932E+02 .31 
3.45 .00 1.62 12.3 .813E+02 .34' 
3.92 .00 1.68. 13.8 .727E+02 .36 
4.39 .00 1.74 15.1 .660E+02 .39 
4.86 .00 1. 78 16.4 .609E+02 .41 
5.33 .00 1.81 17.6 .567E+02 .43 
5.80 .00 1.85 18.8 .533E+02 .44 
6.28 .00 1.87 19.8 .505E+02 .46 
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6.74 
7.22 
7.69 
8.17 
8.63 

Maximum jet 
9.11 
9.58 

10.06 
10.52 
11.00 
11.47. 
11.95 
12.41 
12.89 
13.36 
13.83 
14.30 
14.78 
15.24 
15.72 
16.18 
16.66 
17.13 
17.60 
18.07 
18.54 
19.01 
19.49 
19.95 
20.43 
20.89 
21.37 
21.83 
22.31 
22.77 
23.25 
23.72 

_.00 
.00 
.00 
.00 
.00 

height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

MACl-lXl.CXl 
1.89 
1.91 
1.92 
1.92 
1.93 

20.8 .482E+02 .47 
21.7 .462E+02 .48 
22.5 .445E+02 .50 
23.2 .431E+02 .51 
23.9 .419E+02 .51 

has been reached. 
1.93 24.5 .408E+02 
1.92 25.2 .397E+02 
1.92 25.9 .386E+02 
1.91 26.7 .375E+02 
1.89 27.5 .363E+02 
1.88 28.4 .352E+02 
1.86 29.4 .340E+02 
1.84 30.4 .329E+02 
1.81 31.~ .318E+02 
1.79 32.6 .307E+02 
1.76 33.8 .296E+02 
1.73 35.0 .286E+02 
1.70 36.3 .276E+02 
1.67 · 37.6 .266E+02 
1.63 38.9 .257E+02 
1.60 40.3 .248E+02 
1.56 . 41.8 .239E+02 
1.52 43.2 .231E+02 
1.48 44.8 .223E+02 
1.44 46.3 .216E+02 
1.40 47.9 .209E+02 
1.36 49.5 .202E+02 
1.32 51.2 .195E+02 
1.28 52.9 .189E+02 
1.23 54.6 .183E+02 
1.19 56.3 .178E+02 
1.15 58.1 .172E+02 
1.10 59.9 .167E+02 
1.06 61.7 .. 162E+02 
1.01 63.6 .157E+02 

.97 . 65.5 .153E+02 

.93 67.3 .149E+02 

.52 

.53 

.54 

.55 

. 56 . · 

.57 

.58 

.59 

.60 

.62 

.63 

.64 

.66 

.67 

.68 

.70 

.71 
· . 72 

.74 

.75 

. 77 

.78 

.80 

.81 

.82 

.84 

.85 

.87 

.88 

.90 

.91 

.92 
Cumulative travel time= 37. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

· · ·· · ·Control-vo·l:ume inflow: 
X Y Z 

23.72 .00 .93 
S C 

67.3 .149E+02 

Page 3 

B 
.92 



R01404

MACl-lXl.CXl 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic.average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
22.79 .00 .00 67.3 .149E+02 .00 
23.07 .00 .00 67.3 .149E+02 1.20 
23.·35 .00 .00 67.3 .149E+02 1.42 
23.62 .00 .00 67.3 .149E+02 1.56 
23.90 .00 .00 69.2 .145E+02 1.67 
24.18 .00 .00 77.8 .129E+02 1. 74 
24.46 .00 .00 89.6 .112E+.02 1.80 
24.73 .00 .00 100.4 .996E+01 1.85 
25.01 .00 .00 107.8 .927E+01 1.88 
25.29 .00 .00 111.9 .894E-+:01 1.90 
25.56 .00 .00 114.5 .874E+01 1.90 

Cumulative travel time = 41. sec 

END.OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of N~AR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.60 
.85 

1.04 
1.20 
1.34 
1.47 
1.59 
.1. 70 
1.80 
1.90 

BH-= top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic aver~ge (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y z s C BV BH 

25.56 .00 .00 114.5 .874E+01 1.90 1.90 
26.01 .00 .00 115.4 .867E+01 1.88 1.94 
26.46 .00 .00 116.3 .860E+01 1.86 1.98 
26.90 .00 .00 117.2 .853E+01 1.83 2.02 
27.35 .00 .00 118.1 .847E+01 L82 2.06 
27.80 .00 .00 119.0 .840E+01 1.80 2.09 
28.24-· .00. .00 -119 .·9- .834E+01 1. 78 2.13 
28.69 .00 .00 120.8 .828E+01 1. 76 2.17 
29.13 .00 .00 121.8 .821E+01 1. 75 2.20 
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if any) 

zu ZL 
.00 .00 

1.20 .00 
1.42 .00 
1.56 .00 
1.67 .00 
1.74 .00 
1.80 .00 
1.85 .00 
1.88 .00 
1.90 .00 
1.90 .00 

if any) 

zu ZL 
1.90 .00 
1.88 .00 
1.86 .00 
1.83 .00 
1.82 .00 
1.80 .00 
1.78 .00 
1. 76 .00 
1. 75 .00 



R01405

MACl-lXl.CXl 
29.58 .00 .00 122. 7 . . 815E+01 1. 73 2.24 1. 73 .00 
30.03 .00 .00 123.6 .809E+01 1. 72 2.28 1.72 .00 
30.47 .00 .00 124.6 .803E+01 1. 70 2.31 1. 70 .00 
30.92 .00 .00 125.5 .797E+01 1.69 2.35 1.69 .00 
31.36 .00 .00 126.5 .791E+01 1.68 2.38 1.68 .00 
31.81 · .00 .00 127.4 .785E+01 1.67 2.42 1.67 .00 
32.26 .00 .00 128.4 .779E+01 1.65 2.45 1.65 .00 
32.70 .00 .00 129.4 .773E+01 1.64 2.49 1.64 .00 
33·.15 .00 .00 130.4 .767E+01 1.63 2.52 1.63 .00 
33.59 .00 .00 131.3 .761E+01 1.62 2.55 1.62 .00 
34.04 .00 .00 . 132.4 .756E+01 1.62 2.59 1.62 .00 
34.49 .00 .00 133.4 .750E+01 1.61 2.62 . 1.61 .00 
34.93 .00 .00 134.4 .744E+01 1.60 2.65 1.60 .00 
35.38 .00· .00 135.4 .738E+01 1.59 2.69 1.59 .00 
35.82 .00 .00 136.5 .733E+01 1.58 2.72 1.58 .00 
36.27 .00 .00 137 .5 .727E+01 1.58 2.75 i.58 .00 
36.72 .00 .00 138.6 .721E+01 1.57 2.79 1.57 .00 
37.16 .00 .00 139.7 .716E+01 1.57 2.82 1.57 .00 
37.61 .00 .00 140.8 .710E+01 1.56 2.85 1.56 .00 
38.06 .00 .00 141.9 .705E+01 1.56 2.88 1.56 .00 
38.50 .00 .00 143.0 .699E+01 1.55 2.91 1. 55 .. 00 
38.95 .00 .00 144.1 .694E+01 1.55 2.95 1.55 · .00 
39.39 .00 .00 145.3 .688E+01 1.54 2.98 1.54 .00 
39.84 .00 .00 146.4 .683E+01 1.54 3.01 1.54 .00 
40.29 .00 .00 147.6 .677E+01 1.53 3.04 1.53 .00 
40.73 .00 .00 148.8 .672E+01 1.53 3.07 1.53 .00 
41.18 .00 .00 150.0 .667E+01 1.53 3.10 1.53 .00 
41.62 .00 .00 151.2 .661E+01 1.53 3.13 1.53 .00 
42.07 .00 .00 152.4 .656E+01 1.52 3.16 1.52 .00 
42.52 .00 .00 153.7 .651E+01 1.52 3.-19 1.52 .00 · 
42.96 .00 .00 154.9 .645E+01 1.52 3.22 1.52 .00 
43.41 .00 .00 156.2 .640E+01 1.52 3.25 1. 52 .00 
43.85 .00 .00 157.5 .635E+01 1.52 3.28 1.52 .00 
44.3<;, .00 .00 · 158.8 .630E+01 1.51 3.31 1.51 .00 
44.75 .00 · .00 160.1 .625E+01 1.51 3.34 1.51 .00 
45.19 .00 .00 161.4 .619E+01 1.51 3.37 1.51 .00 
45.64 .00 .00 162.8 .614E+01 L51 3.40 1.51 .00 
46.09 .00 .00 164.1 .609E+01 1.51 3.43 1.51 .00 
46.53 .00 .00 165.5 .604E+01 1.51 3.46 1.51 .00 
46.98 .00 .00 166.9 .599E+01 1.51 3.49 1.51 .00 
47.42 .00 .00 168.3 .594E+01 1.51 3.52 1.51 .00 
47.87 .00 .00 169.8 . 589E+01 · 1.51 3.55 1.51 .00 

Cumulative travel time = 98. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-·- ---·-·--·-·· ·--·--·---·-- -·- - -·-- - - - - -- - - - -- - - - - - - - - - -- - - - - - - - - - - -- - - - -- - - -- --- - - -·- - - -
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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MAC1-1Xl.CX1 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.205E-01 m"2/s 

.512E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thick~ess, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%)· half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline co·ncentration (includes reaction effects, if any) 

Plume Stage 1 
X 

47.87 
52.18 
56.49 
60.80 
65.10 
69.41 
73.72 
78.03 
82.34 
86.65 
90.96 

-95.26 
99.57 

103.88 
108.19 
112.50 
116.81 

(not 
y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached): 
z s 
.00 169.8 
.00 187 .. 4 
.00 205.8 
.00 224.9 
.00 244.8· 
.00 265.6 
.00 287.3 
.00 309.9 
.00 333.3 
.00 357.7 
.00 382.8 
.00 408.7 
.00 435.3 
.00 462.5 
.00 490.4 

· .00 518.8 
.00 547.8 

Plume interacts with SURFACE. 

C 
.589E+01 
.534E+01 
.486E+01 
.445E+01 
.409E+01 
.37.7E+01 
.348E+01 
.323E+01 
.300E+01 
.280E+01 
.261E+01 
.245E+01 
.230E+01 
.216E+01 
.204E+01 
.193E+01 
.183E+01 

BV 
1.51 
1.56 
1.62 
1.68 
1.75 
1.82 
1.89 
1.97 
2.04 
2.12 
2.21 
2.29 
2.37 
2.46 
2.55 
2.63 
2.72 

BH 
3.55 
3.78 
4.01 
4.22 
4.42 
4.62 
4.80 
4.98 
5.15 
5.32 
5.48 
5.64 
5.79 
5.94 
6.09 
6.23 
6.37 

zu 
1.51 
1.56 
1.62 
1.68 
1. 75 
1.82 
1.89" 
1.97 
2.04 
2.12 
2.21 
2.29 

·2.37 
2.46 
2·.55 
2.63 
2.72 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this. 
prediction interval. 
121.12 .00 
125.42 .00 
129.73 .00 
134.04 
138.35 
142.66 
146.97 
151.28 
155.58 
159.89 
164.20 
168.51 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 . 

.00 

.00 

.00 

.00 

.00 

576.4 .173E+01 
588.2 .170E+01 
599.8 .167E+01 
611.1 .164E+01 
622. 3 ·.161E+01 
633.2 .158E+01 
644.0 .155E+01 
654.5 .153E+01 
664.9 .150E+01 
675.2 .148E+01 
685.3 .146E+01 
·695. 2 .144E+01 
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2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

6.50 
6.64 
6. 77_ 
6.90 
7.02 
7.14 
7.27 
7.39 
7.50 
7.62 
7.73 
7.84 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.8_0 

· 2.80 
2.80 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 . 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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MACl-lXl.CXl 
172.82 .00 .00 705.1 .142E+01 2.80 7.95 2.80 .00 
177.13 :00 .00 714.7 .140E+01 2.80 8.06 2.80 .00 
181.43 .00 .00 724.3 .138E+01 2.80 8.17 2.80 .00 
185.74 .00 .00 733.7 .136E+01 2.80 8.28 2.80 .00 
190.05 .00 .00 743.0 .135E+01 2.80 8.38 2.80 .00 
194.36 .00 .00 752.2 .133E+01 2.80 8.49 2.80 .00 
198.67 .00 .00 761.3 .131E+01 2.80 8.59 2.80 .00 
202.98 .00 :00 770.2 .130E+01 2.80 8.69 2.80 .00 · 
207.29 .00 .00 779.1 .128E+01 2.80 8.79 2.80 .00 
211.59 .00 .00 787.9 .127E+01 2.80 8.89 2.80 .00 
215.90 .00 .00 796.5 .126E+01 2.80 8.99 2.80 .00 
220.21 .00 .00 805.1 .124E+01 2.80 9.08 2.80 .00 
224.52 .00 .00 813.6 .123E+01 2.80 9.18 2.80 .00 · 
228.83 .00 .00 822.0 .122E+01 2.,80 9.27 2.80 .00 
233.14 .00 .00 830.3 .120E+01 2.80 9.37 2.80 .00 
2~7.45 .00 .00 838.5 .119E+01 2.80 9.46 2.80 .00 
241. 75 .00 .00 846.7 .:118E+01 2.80 9.55 2.80 · .00, 
246.06 .00 .00 854.7 .117E+01 2.80 9.64 2.80 .00 
250.37 .00 .00 862.7 .116E+01 2.80 9.73 2.80 .00 
254.68 .00 .00 870.7 .115E+01 2.80 9.82 2.80 .00 
258.99 .00 .00 878.5 .114E+01 2.80 9.91 2.80 .00 
263.30 .00 .00 886.3 .113E+01 2.80 10.00 2.80 .00 

Cumulative travel time = 641. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
263.30 10.00. .00 886.3 .113E+01 · 2.80 20.00 2.80 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 269.22 m. 
278.03 10.00 .00 892.9 .112E+01 2.80 20.06 2.80 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible.far-field ·decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
292.77 10.00 .00 889.0 .112E+01· 2.80 20.06 2.80 .00 
307.50 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
322.23 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
336.97 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
351. 70 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
366.44 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
381.17 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
395.90 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
410.64 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
425.37 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
440.11 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
454.84 10.00 .00 889.0 .112E+01 2.80 20.06 2·.80 .00 
469.57 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 

Page 7 



R01408

MACl-lXl.CXl 
484.31 10.00 .00 889.0 .112E+01 2.80 20.~6 2.80 .00 
499.04 10.00 .~0 889.0 .112E+01 2.80 20.06 2.80 .00 
513.78 10.·00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
528.51 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
543.24 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
557.98 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
572.71 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
587.45 "10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
602.18 . 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
616.91 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
631.65 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
646.38 10.00 .00· 889.0 . 112E+01 2.80 20.06 2.80 .00 . 
661.12 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
675.85 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
690.59 10.00 .00. 889.0 .112E+01 2.80 20.06 2.80 .00 
705.32 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
720.05 10.00 .00 889.0 .112E+01 2.·80 20.06 2.80 .00 
734.79 10.00 .00 889.0 .112E+01 2.80 20.06' · 2.80 .00 
749.52 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
764.26 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00· 
778.99 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
793.72 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
808.46 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
823.19 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
837.93 10.00 .00 · 889.0 .112E+01 2.80 20.06 2.80 .00 
852.66 10.00 .00 889.0 .112E+01 2.80 20.0!5 2.80 .00 
867.39 10;00 .00 889.0 .112E+01 2.80 20~06 2.80 .00 
882.13 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
896.86 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
911.60 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
926.33 10.00 .00 889.0 .112E+01 2.80 20.06 ·2.80 .00 
941.06 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
955.80 10.00 .00. 889.0 .112E+01 2.80 20.06 2.80 .00 
970.53 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
985.27 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 -~·00 

1000.00 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
Cumulative travel time = 2499. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 

··11111111111111111111111111111111111111111111111111111111111111111111111111111 
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MAC2-1N1.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

. CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

---------------------------------------------- ------------------------------

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA2A_APORTA1ANORMALAFLOW 
cormix\sim\MAC2-1Nl.cx1 
01/13/20--21:36:05 

ENVIRONMENT PARAMETERS {metric units) 
Bounded section . . 

BS = 20.06 AS 
HA 
UA 
uw 

= 
= 

2.80 HD 
.396 F 

= 
= 

56.17 QA 
2.80 

= 

.068 USTAR = 

22.24 ICHREG= 2 

.3656E-01 
= 2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK .- LEFT DISTB = 10.00 
00 = .076 A0 = .005 H0 
THETA= 30-.00 SIGMA= .00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 'GP0 
c0 = .2000E+01 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 = .3746E-01 J0 
Associated length scales (meters) 
LQ = .07 LM = 1.95 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R = 7.23 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 2.80 1 
111111111111111111111111111111111111111111 

= .56 

= .1307E-01 
=-.1463E+00 

= .0000E+00 

=-.1913E-02 

= .49 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF iNTEREST PARAMETERS 
C0 = .2000E+01 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC2-1N1.CX1 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the .bottom and below the center of the port: 

10.00 m from the LEFT· bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis point~ upward. 

NSTEP = 50 display intervals per module 
. . ------------------------------------------------------------------.-----------

BEGIN MOD101: DISCHARGE MODULE 

x. 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 .. 200E+01 

B 
.04 

BEGIN CORJET ·(MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.47 
LE = .30 XE = .26 YE = .00 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerlirie concentration (includes reaction effects, 

X y z s C B 
.00 .00 .56 1.0 .200E+01 .04 
.26 .00 . 71 . 1.~ .200E+01 .04 
.51 .00 .82 1.8 .112E+01 .07 
.77 .00 .91 2.8 .719E+00 .10 

1.04 .00 .98 3.8 .527E+00 .13. 
1.30 .00 1.04 4.8 .420E+00 .15 
1.58 .00 1.09 5.7 .352E+00 .17 
1.85 .00 1.13 6.5 .306E+00 .18 
2.12 .00 1.16 7.3 .272E+00 .20 
2.40 .00 1.19 8.1 .248E+00 .21 
2.67 .00 1.21 8.8 .228E+00 .22 
2.95 .00 1.23 9.4 .213E+00 .23 
3.23 .00- 1.24 9.9 .201E+00 .24 
3.50 .00 1.25 10.4 .191E+00 .24 
3.78 .00. 1.26 10.9 .183E+00 .25 
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4.05 .00· 1.26 11.3 .177E+00 .26 
4.33 .00 1.26 11.7 .171E+00 .26 

Maximum jet height has been reached. 
4.60 . 00 1.26 12.0 . .166E+00 .27 
4.88 .00 1.26 12.4 .161E+00 .27 
5.16 .00 1.26 12.8 .156E+00 .28 
5.43 .00 1.25 13.3 .150E+00 .28 
5.71 .00 1.24 13.8 ~145E+00 .29 
5.99 .00 1.23 14.4 .139E+00 .29 
6.26 · .00 1.21 14.9 .134E+00 .30 
6.54 .00 1.20 15.6 .128E+00 .31 
6.81 .00 1.18 16.2 .123E+00 .32 
7.09 .00 1.16 16.9 .118E+00 .32 
7.36 .00 1.14 17.6 .113E+00 .33 
7.64 .00 1.12 18.4 .109E+00 .34 
7.91 .00 1.10 19.2 .104E+00 .35 
8.19 .00 1.08 20.0 .100E+00 .36 
8.46 .00 1.06 20.8 .960E-01 .36 
8.74 .00 1.03 21. 7 .922E-01 .37 
9.01 .00. 1.01 22.6 .886E-01 .38 
9.29 .00 .98 23.5 .851E-01 .39 
9.56 .00 .96 24.4 .818E-01 .40 
9.84 .00 .93 25.4 .788E-01 .41 

10.11 .00 .91 26.4 .758E-01 .41 
10.39 .00 .88' 27.4 .731E-01 .42 
10.66 · .00 .86 28.4 .705E-01 .43 
10.94 .00 .83 29.4 .680E-·01 .44 
11.21 .00 .80 30.5 .656E-01 .45 
11.49 .00 .78 31.5 .634E.:.01 .46 

. 11. 76 .00 .75 32.6 .613E-01 .47 
12.04 .00 .72 33.7 .593E-01 .47 
12.31 .00 .69 34.9 .574E-01 .48 
12.58 .00 .67 36.0 .556E-01 .49 
12.86 .00 .64 37.1 .539E-01 .50 
13.13 .00 .61 38.3 .522E-01 .51 
13.41 .00 · .59 39.5 .507E-01 .52 
13.68 .00 .56 40.6 .492E-01 .52 
13.96 .00 .53 41.8 .. 478E-01 .53 

Cumulative travel time = 23. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------

.BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

···Control- ·voi-ume inflow: 
X y z s C B 

13.96 .00 .53 41.8 .478E-01 .53 
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Profile definitions: 
BV =top-hat.thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower_plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
13.42 .00 .00 41.8 .478E-01 .00 
13.58 .00 .00 41.8 .478E-01 .68 
i3.74 .00 .00 41.8 .478E-01 .81 
13.90 .00 .00 41.8 .478E-01 .89 
14.06 .00 .00 43.0 ·.465E-01 .95 
14.22 .00 .00 48.3 .414E-01 .99 
14.3'8 .00 .00 55.7 .359E-01 1.03 
14.54 .00 .00 62.4 ;321E-01 ·1.05 
14.70- .00 .00 67.0 .299E-01 1.07 
14.8,6 .00 .. 00 ·69.5 .288E-.01 1.08 
15.02 .-00 .00 . 71.1 .281E-01 1.08 

Cumulative travel time = 26. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION {NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.34 
.48 
.59 
.69 
.77 
.84 
.91 
.97 

1.03 
1.08 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

if any) 

zu 
.00 
.68 
.81 
.89 
.95 
·.99 

1.03 
1.05 
1.07 
1.,08 
1.08 

C = average (bulk) c6ncentration (includes reaction effects, if any) 

Plume Stage 1 {hot bank attached): 
X y z s C BV BH zu 

15.02 .00 .00 71.1 .281E-0l 1.08 1.08 1.08 
15.22 .00 .00 71.5 .280E-01 1.07 1.10 1.07 
15.42 .00 .00 72.0 .278E-01 1.06 1.12 1.06 
15.61 .00 .00 72.4 .276E-01 1.06 1.13 1.06 
15.81 .00 .00 72.9 .274E-01 1.05 1.15 1.05' 

-16.01 .00 .00 73.3 .273E-01 1.04 1.16 1.04 
16.21- .00 .... 00 ---73.8 .-271E-01 1.03 1.18 1.03 
16.40 .00 .00 74.2 .270E-01 1.02 1.20 1.02 
16.60 .00 .00 74.7 .268E-01 1.02 1.21 1.02 
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ZL 
.00 
.00 
.00 
.00 
;00 
.00 
.00 
.00 
.00 
.00 
.00 

ZL 
.00 

· .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 



R01413

MAC2-1Nl.CX1 
16.80 .00 .00 75.1 .266E-01 1.01 1.23 1.01 .00 
17.00 .00 .00 75.6 .265E-01 1.00 1.24 1.00 .00 
17.20 .00 .00 76.0 .263E-01 1.00 1.26 1.00 .00 
17.39 .00 .00 76.5 .262E-0i .99 1.27 .99 .00 
17.59 .00 .00 76.9 .260E-01 .98 1.29 .98 .00 
17.79 .00 .00 77.4 .258E-01 .98 1.31 .98 .00 
17.99 .00 .00 77.9 .257E-01 .97 1.32 .97 .00: 
18.18 .00 .00 78:3 .255E-01 .97 1.34 .97 .00 
18.38 .00 .00 78.8 .254E-01 .96 1.35 .96 .00 
18.58 .00 .00 79.3 .252E-01 .96 1.37 .96 .00 
18.78 .00 .00 79.8 ·. 251E-01 .95 1.38 .95 .00 
18.98 .00 .00 80.2 .249E-01 .95 1.39 .95 .00 
19.17 .00 .00 80.7 .248E-01 .95 1.41 .95 .00 
19.37 .00 .00 81.2 .246E-01 .94 1.42 .94 .00 
19.57 .00 .00 81. 7 .245E-01 .94 1.44 .94 .00 
19. 77 .00 .00 82.2 .243E-01 .93 1.45 .93 .00 
19.96 .00 .00 82.7 .242E-01 .93 1.47 .93 .00 
20.16 .00 .00 83.2 .240E-01 .93 1.48 .93 .00 
20.36 .00 .00 83.7 .239E-0i .92 1.50 .92 .00 
20.56 .00 .00 84.3 .237E-01 .92 1.51 .92 .00 
20.76 .00 .00 84.8 .236E-01 .92 1.52 .92 .00 
20.95 .00 .00 85.3 .234E-01 .92 1.54 .92 .00 
21.15 .00 .00 85.8 .233E-01 .91 1.55 .91 .00 
21.35 .00 .00 86.4 .232E-01 .91 1.57 .91 .00 
21.55 .00 .00 86.9 .230E-01 .91 1.58 .91 .00 
21. 74 .00 .00 87.4 .229E-01 .91 1.59 · .91 .00 
21.94 .00 .00 88.0 .227E-01 .90 1.61 .90 .00 
22.14 .00 .00 88.6 .226E-01 .90 1.62 .90 .00 
22.34 .00 .00 89.1 .224E-01 .90 1.63 .90 .00 
22.53 .00 .00 89.7 .223E-01 .90 1.65 .90 .00 
22.73 .00 .00 90.2 .222E-01 .90 1.66 .90 .00 
22.93 .00 .00 90.8 .220E-01 .89 1.67 .89 .00 
23.13 .00 .00 91.4 .219E-01 .89 1.69 .89 .00 
23.33 .00 .00 92.0 . 217E·-01 .89 1-.70 .89 .00 
23.52 .00 .00 92.6 .216E-01 .89 1.71 .89 .00 
23.72 .00 .00 93.2 .215E-01 .89 1. 73 .89 .00 
23.92 .00 .00 93.8 .213E-01 .89 1. 74 .89 .00 
24.12 .00 .00 94.4 .212E-01 .89 1. 75 . .89 .00 
24.31 .00 .00 95.0 . 211E-01 .89 1.77 .89 .00 
24.51 .00 .00 95.6 . 209E-01- .89 1. 78 .89 .00 
24.71 .00 .00 96.2 .208E-01 .89 1. 79 .89 .00 
24.91 .00 .00 96.9 .206E-01 .88 1.81 .88 .00 

Cumulative travel time= 51. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
- - - - - -·-·-·- -·-·- -·-- , __ . ___ - -·- -- - -- ·--·-·-. -- - - -- --·-- - - - - -- - - - - - - ----- - - -- - - - --- --·- -- --
------------------------------------------------. ----------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.205E-01 m"_2/s 

.512E-01 m"2/s 

BV = Gaussi~n s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1-(not bank attached): 
X Y Z S 

24.91 .00 .09 96.9 
29.67 .00 .00 126.8 
34.44 .00 .00 155.7 
3~.20 .00 .00 185.6 
43.97 .00 .00 217.6 

C 
;206E-01 
.158E-01 
.128E-01 
.108E-01 
.919E-02 

48.73 .00 .00 · 252.5 .792E-02 
53.50 .00 .00 291.0 · .687E-02 
58.26 .00 .00 333.2 .600E-02 
63.03 .00 .00 379.2 .527E-02 
67.79 .00 .00 428.8 .466E-02 
72.56 .00 .00 481.9 .415E-02 
77;32 .00 .00 537.9 .372E-02-
82.09 .00 .00 596.6 .335E-02 
86.85 .00 .00 657.6 
91.62 .00. .00 720.4 
96.38 .00 .00 784.7 

101.15 .00 .00 850.4 
105.91 .00 .00 917.2 

.304E-02 

.278E-02 

.255E-02 

.235E-02 

.218E-02 
110.68 .00 .00 984.9 .203E-02 

BV 
.88 
.92 
.96 

1.02 

1.16 
1.25 
1.34 
1.45 
1.56 
1.67 
1.79 
1.91 
2.04 
2.16 
2.28 
2·,40 
2.52 
2.63 

115.44 .00 · .00 1053.4 .190E-02 2.75 
Plume interacts with SURFACE. 

BH 
1.81 
2.28 
2.67 
3.01 
3.32 
3.60 
3.86 
4.10 
4.33 
4.55 
4·, 75 
4.95 
5.15 
5.33 
5.51 
5.68 
5.85 

-6:01 
6.17-
6.33 

zu 
.88 
.92 
.96 

1.02 
1.08 
1.16 
1.25 
1.34 
1.45 
1.56 
1.67 
1. 79 
1.91· 
2.04 
2.16 
2.28 
2.40 
2.52 
2.63 
2.75 

The passive diffusion plum~ becomes VERTICALLY FULLY MIXED within this 
prediction interval. 
120.21 .00 
124.97 .00 
129.74 .00 
134.50 .00 
139.27 .00 
144.03 .00 
148 .-80 · · . 00-.- . · 

· 153.56 .00 
158.33 .00 

.00 1099.1 

.00 1124.2 

.00 1148. 7 

.00 1172.7 

.00 1196.2 

.00 1219.3 

.00 1241. 9 

.00 1264.1 

.00 1286.0 

.182E-02 

. 178E-02 

.174E-02 

.171E-02 

.167E-02 

.164E-02 

.161E-02 

.158E-02 

.156E-02 
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2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.·80 
2.80 
2:80 

6.48 
6.63 . 
6.77 
6.91 
7.05 
7.19 
7.32 
7.45 
7. 58-

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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163.09 .00 .00 1307.4 .153E-:02 2.80 7.71 2.80 .00 
167.86 .00 .00 1328.6 .151E-02 2.80 7.83 2.80 .00 
172.62 .00 .00 1349 .4 .148E-02 2.80 7.95 2.80 .00 
177.39 .00 .00 1369.9 .146E-02 2:80 . 8.07 2.80 .00 
182.15 .00 .00 1390.1 .i44E-02 2.80 8.19 2.80 .00 
186.92 .00 .00 1409.9 .142E-02 2.80 8.31 2.80 .00 
191.68 .00 .00 1429.6 .140E-02 2.80 8.42 2.80 .00 
196.45 .00 .00 1448.9 .138E-02 2.80 8.54 2.80 .00 
201.21 .00 .00 1468.0 .136E-02 2.80 8.65 2.80 .00 
205.98 .00 .00 1486.9 .135E-02 2.80 8.76 2.80 .00 
210.74 .00 .00 1505.5 .133E-02 2.80 8.87 2.80 · .00 
215.51 .00 .00 1523.9 .131E-02 2.80 8.98 2.80 .00 
220.27 .00 .00 1542.0 .130E-02 2.80 9.09 2.80 .00 
225.04 .00 .00 1560.0 .128E-02· 2.80 9.19 2·.80 .00 
229.80 .00 .00 1577.8 .127E-02 2.80 9.30 2.80 .00 
234.57 .00 .00 1595.3 .1.25E-02 2.80 9.40 2.80 .00 
239.33 .00 .00 1612.7 .124E-02 2.80 9.50 2.80 .00 
244.10 .00 .00 1629.9 .123E-02 2.80 9.61 2.80 .00 
248:86 ~00 .00 1646.9 .121E-02 2.80 9.71 2.80 .00 
253.63 .00 .00 1663.7 .120E-02 2.80 9.80 2.80 .00. 
258.39 .00 ·.00 1680.3 .119E-02 2.80 9.90 2.80 .00 
263.16 .00 .00 1696.8 .118E-02 2.80 10.00 2.80 .00 

Cumulative travel time= 652. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z S· C BV. BH zu ZL 
263.16 10.00 .00 1696.8 .118E-02 2.80 20.00 2.80 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over trie channel 
·width during the current prediction interval. 

The x-coordinate of bank attachment is 269.07 m. 
277.89 10.00 .00 1709.5 .117E-02 2.80 20.06 2.80 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction . 
292.63 10.00 .00 1701. 9 . 118E'-02 2.80 20.06 2.80 .00 
307.37 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
322.10 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
336.84 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
351. 58 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
·366.31 10.00 .00 1701. 9 .118E-.02 2.80 20.06 2.80 .00 
381.05 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.8~ .00 
395.79 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
410.52 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
425.26 10.00 .00 1701,. 9 .118E-02 2.80 20.06 2.80 .00 
440.00 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 ·.00 
454.73 10.00. .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
469.47 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
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484.21 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
498.95 10.00 .00 1701.9 .118E-02. 2.80 20.06 2.80 .00 
513.68 10.00 .00 1701.9 . 118E-02 2.80 20.06 2.80 .00 . 
528.42 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
543.16 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
557.89 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
572.63 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
587.37 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
602.10 10:00 .00. 1701.9 .118E-02 2.80 20.06 2.80. .00 
616.84 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
631.58 10.00 .00 1701._9 .118E-02 2.80 20.06 2.80 .00 
646.31 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
661.05 10 .. 00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
675.79 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
690.52 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
705.26 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
720.00 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
734.74 10.00 .00 1701.9 .118E-02 2.80 20.06. 2.80 .00 
749.47 10.00 .00 1701. 9 ·.118E-02 2.80 20.06 2.80 .00 
764.21 10.00 ·.00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
778.95 10.00 .00 1701.9 .i18E-02 2.80 20.06 2.80 .00 
793.68 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 · .00 
808.42 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
823 .16- 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
837.89 10.0e .e0 1701. 9 .118E-02 2.80 20.06 2.80 .00 
852.63 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
867.37 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
882.10 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
896.84 10.00 • 00 1701. 9 . .118E-02 2.80 20.06 2.80 .00 
911.58 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00· 
926.31 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
941.05 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80· .00 
955.79 10.00 .00 1701. 9 .118E-02 2.80 20.06 . 2.80 .00 
970.53 10.00 .00 1701. 9 .118E-02 2.80 20.06 2°.80 .00 
985.26 10.00 .00 1701. 9 .118E-02 2.80 20·.06 2.80 .00 

1000.00 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
Cumulative travel time = 2512. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 

.. 11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM. 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

. . 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA2A_APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC2-1Xl.cxl 
01/13/20--20:50:38 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 20.06 AS = 69 .. 61 QA = 19.98 ICHREG= 2 
HA = 3.47 HD = 3.47 
UA = .287 F = .064 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units). 
BANK = LEFT DISTB = 10.00 
D0 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .025 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
C0 = .1013E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 = .1373E+00 J0 
Associated length scales (meters) 
LQ = .07 LM = 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 19.11 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl} = NH4 1 
1 Applicable layer dept~ HS= 3.47 1 
111111111111111111111111111111111111111111 

= .2557E-01 

= .56 

= .2502E-01 
=-.1463E+00 

= .0000E+00 

=-.3662E-02 SIGNJ0= 

= 1.29 Lb = 
= 99999.00 Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1013E+04 CUNITS= PPM 
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N.TOX = 0 
NSTD = 0 
REGMZ = 0 

MAC2-1Xl.CX1 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and .below the center of the port: 

10.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

. y . 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 . 101E+04 

B 
.04 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flo~ establishment! THETAE= 29.04 SIGMAE= 
LE = . 35 XE = .30 YE = .00 ZE = 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 

.S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects; if any) 

X 
.00 
.30 
.65 

1.00 
1.37 
1. 74 
2.11 
2.49 
2.87 
3.25 
3.65 
4.03 
4.41 
4.81 
5.20 

y 

.00 

.00 

.00 · 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00· 

z 
.56 
.74 
.91 

1.08 
1.22 
1.35 
1.46 
1.56 
1.65 
1. 73 
1. 79 
1.85 
1.90 
1.95 
1.98 

S C 
1.0 .101E+04 
1. 0 .101E+04 
2.0 .510E+03 
3.2 .315E+03 
4.6 .222E+03 
5.9 .171E+03 
7.3 .138E+03 
8.8 .116E+03 

10.1 .100E+03 
11.4 .885E+02 
12.8 .794E+02 
14.0 .. 724E+02 
15.2 .669E+02 
16.3 .622E+02 
17.3 .584E+02 
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B 
.04 
.04 
.08 
.13 
.17 
.22 
.25 
.29 
.32 
.35 
.38 
.41 
.43 
.45 
.47 

.00 

.74 

• 
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5.60 .00 2.01 18.4 .552E+02 .49 
5.98 .00 2.04 19.3 .526E+02 .51 
6.37, .00 2.06 20.1 .503E+02 .52 
6.77 .00 2.08 21.0 .484E+02 .53 
7.16 .00 2.09 21. 7 .467E+02 .55 
7.54 .00 2.10 22.4 .453E+02 .56 
7.94 .00 2.10 23.0 .441E+02 .57 

Maximum jet height has been reached. 
. 8.33 .00 2.10 23.6 .430E+02 .58 
8.72 .00. 2.09 24.2 .418E+02 .59 
9.12 .00 2.09 24.9 .406E+02 .60 
9.51 .00 2.07 25.7 .395E+02 .61 
9.89 .00 2.06 26.5 .383E+02 .62 

10.29 .00 2.04 27.4 .371E+02 .63 
10.68 .00. 2.02 28.3 .359E+02 .64 
11.08 .00 1.99 29.2 .347E+02 .66 
11.46 .00 1.97 30.2 .335E+02 .67 
11.85 .00 1.9,4 31.3 .324E+02 .69 
12.25 .00 1.90 32.4 .312E+02 .70 
12.64 .00 1.87 33·.6 .302E+02 .71 
13.02 .00 1.83 34.8 .291E+02 .73 
13.42 .00 1. 79 36.1 .281E+02 .75 
13.80 .00 1.75 37.4 .271E+02 .76 
14.19 .00 1. 71 38.7 .262E+02 .78 
14.59 · .00 1.67 40.1 .253E+02 .79 
14.97 .00 1.62 41.5 .244E+02 .81 
15 .·37 .00 1.57 43.0 .236E+02 .83 
15.75 .00 1.53 44.5 .·228E+02 .84 
16;14 .00 1.48 46.0 .220E+02 .86 
16.54 .00 1.43 47.6 .213E+02 .88 
16.92 .00 1.38 49.2 .206E+02 .89 
17.30 .00 1.33 50.9 .199E+02 .91 
17.70 .00 1.28 52.6 .193E+02 .93 
18.08 .00 1.23 54.3 . . 187E+02 .94 
18.47 .00 1.17 56.0 .181E+02 .96 
18. 86. .00 1.12 57.8 .175E+02 .98 
19.25 .00 1.07 59.6 .170E+02 .99 
19.63 .00 1.01 61.4 .165E+02 1.01 

Cumulative travel time= 35. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y· z s C B 

19.63 .00 1.01 61.4 .165E+02 1.01 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
18.62 .00 .00 61.4 · .165E+02 .00 
18.92 .00 .00 61.4 .165E+02 1.34 
19.23 .00 .00 61.4 .165E+02 1.59 
19.53 .00 .00 61.4 .165E+02 1. 75 
19.83 .00 .00 63.1 .161E+02 1.87 
20.14 .00 .00 70.9 .143E+02 1.96 
20.44· .00 ·.00 81. 7 .124E+02 2.02 
20.74 .00 .00 91.6 .111E+02 2.07 
21.05 . .00 .00 98.4 .103E+02 2.11 

· 21. 35 .00 .00 102.0 .993E+01 2.13 
21.66 .0,0 .00 104.4 .971E+01 2.13 

Cumulative travel time = 42. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.67 
.95 

1-.17 
1.35 
1.51 
1.65 
1. 78 
1.91 
2.02 
2.13 

BH = top-hat nalf-width, measured horizontally in Y-direction 
ZU = upper plume boundary. (Z-coordinate) . 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y z s C BV BH 

21.66 .00 .00 104.4 .971E+01 2.13 2.13 
23.59 .00 .00 107.9 .939E+01 1.97 2.39 
25.53 .00 .00 111.1 .912E+01 1.84 2.63 
27.47 .00 .00 114.1 .888E+01 1.74 2.86 
29.40 .00 .00 117.1 .865E+01 1.66 3.08 
31.34 .00 .00 120.1 .844E+01 1.59 3.29 
33.28 . 00 . 00 .. 123 .0 . .824E+01 1.53 3.50 
35.22 .00 .00 125.9 .805E+01 1.48 3.70 
37.15 .00 .00 128.9 .786E+01 1.44 3.89 
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if any) 

zu ZL 
.00 .00 

1.34 .00 
1.59 .00 
1. 75 .00 
·l.87 .00 
1.96 .00 
2.02 .00 
2.07 .00 
2.11 .00 
2.13 .00. 
2.13 .00 

if any) 

zu ZL 
2.13 .00 
1.97 .00 
1.·84 .00 
1. 74 .00 
1.66 · .00 
1.59 .00 
1. 53 .00 
1.48. .00 
1.44 .00 

_J 
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39.09 .00 .00 132.0 .768E+01 1.41 4.08 1.41 .00 
41.03 .00 .00 135.t .750E+01 1.38 4.27 1.38 .00 
42.96 .00 .00 138.3 .733E+01 1.35 4.45 1.35 .00 
44.90 .00 .00 141.6 . .716E+01 1.33 4.63 1.33 .00 
46.84 .00 .00 145.0 .699E+01 1.32 4.81 1.32 .00 
48.78 .00 .00 148.5 .682E+01 1.30 4.98 1.30 .00 
50.71 .00 .00 152.2 .666E+01 1.29 5.15 1.29 .00 
52.65 .00 .00 156._0 .650E+01 1.28 5.31 1.28 .00 
54.59 .00 .00 159.9 .634E+01 1.27 5.48 1.27 .00 
56.53 .00 .00 163.9 .618E+01 1.27 5.64 1.27 .00 
58.46 .00 .00 168.1 .603E+01 1.26 5.80 1.26 .00 
60.40 .00 .00 172.5 .587E+01 1.26 5.95 1.26 .00 
62.34 .00 .00 177.0 .572E+01 1.26 6.11 1.26 .00 
64.27 .00 .00 181.7 .558E+01 1.27 6.26 1.27 .00 
66.21 .00 .00 186.6 .543E+01 1.27 6.41 1.27 .00 
68.15 .00 .00 191.6 .529E+01 1.27 6.56 · 1.27 .00 
70.09 .00 .00 196.8 .515E+01 1.28 6. 71· 1.28 .00 
72.02 .00 .00 202.1 .501E+01 1.29 6.85 1.29 .00 
73.96 · .00 .00 207.7 .488E+.01 1.29 7.00 1.29 .00 
75.90 .00 .00 213.4 .475E+01 1.30 7.14 1.30 .00 
77.84· .00 .00 219.3 .462E+01 1.31 7.28 1.31 .00 
79.77 .00 .00 225.5 .449E+01. 1.32 7.42 1.32 .00 
81.71 .00 .00 231.8 .437E+01 1.34 7.56 1.34 .00 
83.65 .00 .00 238.3 .425E+01 1.35 7.70 1.35 .00 
85.58 .00 .00 245.0 .414E+_01 1.36 7.84 1.36 .00 
87.52 .00 .00 251.9 .402E+01 1.38 7.97 1.38 .00 
89.46 .00 .00 259.0 .391E+01 1.39 8.11 1.39 .00 
91.40 .00 .00 266.3 .381E+01 1.41 8.24 1.41 .00 
93.33 .00 .00 273.8 .370E+01 1.43 8.37 1.43 .00 
95.27 .00 .00 281. 5 · .360E+01 1.44 8.50 1.44 .00 
97.21 .00 .00 289.4 .350E+01 1.46 8.63 1.46 .00 
99.15 .00 .00 297.6 .341E+01 1.48 8.76 1.48 .00 

101.08 .00 .00 306.0 .331E+01 1.50 8.89 1.50 .00 
103.02 .00 .00 314.5 .322E+01 1.52 9.02 1.52 .00 
104:96 .00 .00 323.4 .. 313E+01 1.54 9.14 1.54 .00 
106.89 .00 .00 332.4 .305E+01 1.56 9.27 1.56 .00 
108.83 .00 .00 341.6 . 297E+01 · 1.59 9.39 1.59 .00 
110.77 .00 .00 351.1 .289E+01 1.61 9.51 1.61 .00 
112.71 .00 .00 360.8 .281E+01 1.63 9.64 1.63 .00 
114.64 .00 .00 370.8 .273E+01 1.66 9.76 · 1.66 .00 
116.58 .00 .00 380.9 .266E+01 1.68 9.88 1.68 .00 
118.52 .00 .00 391.3 .259E+01 1. 71 10.00 1. 71 .00 

Cumulative travel time= 379. sec 

---------------------------------------------------------------------·---------
· Plume·is·A~TACHED to LEFT. bank/shore. 

Plume width is now determined from LEFT bank/shore. 
' 
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Plume ·Stage 2·(bank attached): 

X y z s C BV BH zu ZL 
118.52 10.00 .00 391.3 .259E+01 1. 71 20.00 · 1. 71 .00 
118.54 10.00 .00 391.4 .259E+01 1. 71 20.00 1. 71 .00 
118.56 10.00 .00 391.5 .259E+01 1. 71 20.00 1. 71 .00 
118.58 10.00 .00 391.6 .259E+01 1. 71 20·.00. 1. 71 .00 
118.60 10.00 .00 391.7 .259E+01 1.71 20.00 1. 71 .00 
118.61 10.00 ;00 391.8 .259E+01 1. 71 20.01 ·1. 71 .00 
118.63 10.00 .00 391.9 .259E+01 1. 71 20.01 1. 71 .00 
118.65 10.00 .00 392.0 .258E+01 1. 71 20.01 1. 71 .00 
118.67 10.00 .00 392.1 .258E+01 1. 71 20.01 1. 71 .00 • i 

118.69 10.00· .00 392.2 .258E+01 1. 71 20.01 1. 71 .00 I 

118.71 10.00 .00 392.3 .258E+01 1. 71 20.01 1. 71 .00 
118.73 10.00 .00 392.4 .258E+01 1. 71 20.01 1. 71 .00 
118.75 10.00 .00 392.5 .258E+01 1. 71 20.01 1. 71 :00 
'118. 77 10.00 .00 392.6 .258E+01 1. 71 20.02 1. 71 .00 
118.79 10.00 .00 392.7 .258E+01 1. 71 20.02 1. 71 .00 
118.81 10.00 .00 392.8 .258E+01 1. 71 20.02 1. 71 .00 
118.83 10.00 .00 392.9 .258E+01 1. 71 20.02 1. 71 .00 
118.85 10.00 .00 393.0 ;258E+01 1. 71 20.02 1. 71 .00 
118.87 10.00 .00 393.1 .25?E+01 1. 71 20.02 1. 71 .00 
118.89 10.00 .00 393.2 .258E+01 1. 71 20.02 1. 71 · .00 
118.91 10.00 .00 393.3 .258E+01 1. 71 20.02 1. 71 .00 
118.93 1°0.00 .00 393.4 .258E+01 1. 71 20.03 1.·71 .00 
118.95 10.00 .00 393.5 .258E+01 1. 71 20._03 1.71 .00 
118.97 10.00 .00 393.6 .257E+01 1. 71 20.03 1. 71 .00 
118.98 10.00 .00 393.7 .257E+01 1. 71 20.03 1. 71 .00 
119.00 10.00 .00 393.8 .257E+01 1. 71 20.03 1. 71 .00 
119.02 10.00· .00 . 393.9 .257E+01 1.71 20.03 1.71 .00 
119.04 10.00 .00 394.0 .257E+01 1. 7i 20.03 1. 71 .00 
119.06 ·10.00 .00 394.1 .257E+01 1. 71 20.03 1. 71 .00 
119.08 10.00 .00 394.2 .257E+01 1. 72 20.03 1. 72 .00 
119.10 10.00 .00 394.3 .257E+01 1. 72 20.04 1. 72 .00 
119.12 . 10.00 .00 394.4 .257E+01 1. 72 20.04 1. 72 .00 
119.14 10.00 .00 394.5 .257E+01 1. 72 20.04 · 1. 72 .00 
119.16 10.00 .00 394.6 .257E+01 1. 72 20.04 1. 72 .00 
119.18 10.00 .00 394.7 • 257E+01 · 1. 72 20.04 1. 72 .00 
119.20 10.00 .00 394.8 .257E+~l 1. 72 20.04 1. 72 .00 
119.22 10.00 .00 394.9 .257E+01 1. 72 20.04 1.72 .00 
119.24 10.00 .00 395.0 .257E+01 1. 72 . 20.04 1. 72 .00 
119.26 10.00 .00 395.1 .256E+01 1. i2 20.05 1. 72 .00 
119.28 10.00 .. 00 395.2 .256E+01 1. 72 20.05 1. 72 .00 
119.30 10.00 .00 395.3 .256E+01 1. 72 20.05 1. 72 .00 
119.32 10.00 .00 395.4 .256E+01 1.72 20.05 1. 72 .00 
119.34 10.00 .00 395.5 .256E+01 1. 72 20.05 1.72 .00 
119.35·. 10.00 .. · .00 395.6 .256E+01 1.72 20.05 1. 72 .00 
119.37 10.00 .00 395.7 .256E+01 1. 72 20.05 1. 72 .00 
119.39 10.00 · .00 395.8 .256E+01 1. 72 20.05 1. 72 .00 
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119.41 10.00 .00 395.9 .256E+01 1. 72 20.06 1. 72 .00 
119A3 10.00 .00 396.0 .256E+01 1. 72 20.06 1. 72 .00 
119.45 10.00 .00 396.1 .256E+01 1. 72 20.06 1. 72 .00 
119.47 10.00 .00 396.2 .256E+01 1. 72 20.06 1. 72 .00 
119.49 10.00 .00 396.3 .256E+01 1. 72 20.06 1. 72 .00 

Cumulative travel time = 383. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

-:178E-01 ml\2/s 
A44E-01- ml\2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically· 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z~coordinate) 
S = hydrodynamic centerline dilution 
c = centerline concentration (includes reaction effects; if any) · 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu 

119.49 10.00 .00 396.3 .256E+01 1. 72 20.06 1. 72 
137. 10· 10.00 .00 440.4 .230E+01 1.91 20.06 1.91 
154.71 10.00 .00 488.8 . . 207E+01 2.12 20.06 2.12 
172.32 10.00 .00 541.0 .187E+01 2.35 20.06 2.35 
189.93 10.00 .00 596.4 .170E+01 2.59 20.06 2.59 
207.54 10.00 ·.00 654.1 .155E+01 2.84 20.06 2.84 
225.15 10.00 .00 · 713.5 .142E+01 3.10 20.06 3.10 
242.76 10.00 .00 773.8 .131E+01 3.36 20.06 3.36 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
260.37 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
277.98 10.00 .00 798.5 .127E+01 3.47 
295.59 10.00 .00 798.5 .127E+01 3.47 
313.20 le.00- -.-00, · 798.-5 .127E+01 3.47 
330.81 10.00 .00 798.5 .127E+01 3.47 
348.42 10.0.0 .00 798.5 .127E+01 3.47 
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20.06 
20.06 
20.06·· 
20.06 
20.06 

3.47 
3.47 
3.47· 
3.47 
3.47 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00-

.00 

.00 

.00 
- .00 

.00 

.00 
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366.03 10.00 .. 00 798.5 .127E+01 3.47 20.06 3.47 .00 
383.64 10.00 .00 · 798.5 .127E+01 3.47 20.06 3.47 .00 
401.25 10 .. 00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
418.86 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
436.47 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
454.08 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
471.69 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
489.30 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
506.91 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
524.53 10.00 .00 798.5 .127E+01 3.47 20.06 ~.47 .00 
542.1.i 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .• 00 
559.75 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
577.36 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
594.97 10.00 .00 798.5 .127E+01 3.-47 20.06 3.47 .00 
612.58 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
630.19 10.00 .00 798.5 .127E+01 3.47 20.'06 3.47 .00 
647.80 10.00 .00 798.5 ~127E+01 3.47 20.06 3.47 .00 
665.41 10.00 ·.00 798.5 .127E+01 3.47 20.06 3.47 .00 
683.02 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
700.63 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
718.24 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 

.735.85 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
753.46 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
771.07 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
788.68 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
806.29 10.00 .• 00 798.5 .127E+01 3.47 20.06 3.47 .00 
823.90 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
841. 51 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
859.12 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
876.73 10.00 .00 798.5 .127E+0i .3.47 20.06 3.47 .00 
894.34 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
911.95 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
929.56 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
947.17 10.00. .00 798.5 .127E+01 3.47 20.06 3.47 .00 
964.78 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
982.39 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 

1000.00 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
Cumulative travel time = 3447. sec 

Simulation limit based on. maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

-----------------------------------------------------------------·-----------
-----------------------------------------------------------------------------

· ··CORMIXl: Submel"ged,·Single- Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: s.ubsystem version: 
Submerged Single Port Discharges. CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MachABigAMuddyARiver 
CASEA3A_APORTA1ANORMALAFLOW 
cormix\sim\MAC3-1Nl.cxl 
01/13/20--19:49:39 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 21.58 AS = 74.88 QA 
HA = 3.47 HD = ·3.47 
UA = .287 F = .064 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB =. 10.70 
00 = .076 A0 = .005 H0 
THETA·= 30.00 SIGMA= .00 
U0 ·- 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 -KO 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 = .3746E-01 J0 
Associated length scales (meters) 
LQ = .07 LM = 1.95 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 - 27.14 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 3.47 1 
111111111111111111111111111111111111111111 

= 21.49 

.2557E-01 

= .56 

= .1307E-01 
=-.1463E+00 

= .0000E+00 

=-.1913E-02 

= .67 
= 99999.00 

ICHREG= 

SIGNJ0= 

· Lb = 
Lbp = 

MIXING ZONE/ .TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
c0· = .1000E+04 (UNITS= PPM 
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2 

-1.0 

.08 
99999.00 
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MAC3-1Nl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of.the port: 

10.70 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward'. 

NSTEP = 50 display intervals per_ module 

--------------- --~----------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.. 00 

y 
.00 

z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

'BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD.MIXING REGION 

. Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 
LE = .32 XE = .28 YE = .00 

Profile definitions: 

SIGMAE= 
ZE = 

B = Gaussian 1/e (37%) half-width, normal to trajectory. 
s = hydrodynamic centerline dilution 
C = ceriterline concent~ation (includes reaction effects, if·any) 

X y z .s C B 
.00 .00 .56 1.0 .100E+04 .04 
.28 .00 .72 1.0 .100E+04 .04 
.48 .00 .82 1.6 .640E+03 .07 
.68 .00 .90 2.3 .433E+03 .09 
.90 .00 .98 3.1 .321E+03 · .12 

1.11 .00 1.05 3.9 · . 256E+03 .14 
1.33 .00 1.10 4.7 .212E+03 .16 
1.55 .00 1.15 5.5 .183E+03 .18 
1. 77 .00 1.19 6.2 .161E+03 .19 
2.00 ·.00 1.23 6.9 .144E+03 .21 
2.22 .00 1.26 7.6 .132E+03 .22 
2.44 .00 1.28 8.2 .122E+03 .23 
2.67 .00 - 1.31 8.8 .114E+03 .24 
2.89 .00 1.32 9.3 .107E+03 .25 
3.12 .00 1.34 9.9 .101E+03 .26 
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3.34 .00 1.35 10.3 .970E+02 .27 
3.57 .00 1.36 10.7 .931E+02 .28 
3.79 .00 1.36 11.1 .899E+02 .28 
4.02 .-00 1.36 11.5 .872E+02 .29 

Maximum jet height has been reached. 
4.24 .00 1.36 11.8 .848E+02 .30 
4.47 .00 1.36 12.2 .823E+02 .30 
4.69 .00 1.35 12.6 .796E+02 .31 
4.92 .00 1.34 13.0 .769E+02 .31 
5.15 .00 1.33 13.5 .742E+02 .32 
5.37 .00 1.32- 14.0 .715E+02 .33 
5.59 .00 1.31 14.5 .689E+02 .34 
5.82 .00 1.29 15.1 .662E+02 .34 
6.04 .00. . 1.27 15.7 .637E+02 .35 
6.27 .00 1.25 16.4 .611E+02 .36 
6.49 .00 1.23 17.0 .588E+02 .37 
6.72 .00 1.21 17.7 .564E+02 .38 
6.94 .00 1.18 18.5 .542E+02 .39 
7.16 .00 1.16 19.2 .521E+02 .40 
7.39 . .00 1.13 20.0 .500E+02 .41 
7.61 .00 1.11 20.8 .480E+02 :42 
7.84 .00 1.08 21. 7 .461E+02 .43 
8.06 .00 1.05. 22.5 .444E+02 .43 
8.28 .00 1.02 23.4 .427E+02 .44 
8.51 .00 .99 24.3 .411E+02 .45 
8. 73. .00 .96 25.3 .396E+02 .46 
8.95 .00 .93 26.2 .381E+02 .47 
9.17 .00 .90 27.2 .368E+02 .48 
9.39 .00 .87 28.2 .355E+02· .49 
9.62 .00 .84 29.2 .342E+02 .50 . 
9.84 .00 .81 . 30.2 .331E+02 .51 

10.07 .00 .78 31. 3 .319E+02 .52 
10.29 .00 .74 32.4 .309E+02 .53 
10.52 .00 .71 33.5 .299E+02 .54 
10.74 .00 .68 34.6. .289E+02 .55 
10.96 .00 .65 35.7 .280E+02 .56 
11.18 .00 .62 36.8 .271E+02 .57 
·11.40 .00 .58 38.0 .263E+02 .58 

Cumulative travel time= 22. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume i·nf.low: 
·x y z s C B 

11.40 .00 .58 38.0 .263E+02 .58 
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Profile definitions: 
BV = top~hat thickness,-measured vertically 
BH = top-hat half~width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
10;82 .00 .00 38.0 .263E+02 .00 
11.00 .00 .. 00 38.0 .263E+02 .76 
11.17 .00 .00 38.0" .263E+02 .90 
11.35 .00 .00 38.0 .263E+02 1.00 
11.52 .00 - .. 00 39.0 .256E+02 1.06 
11.70 .00 .00 43.8 .228E+02, 1.11 
11.87 .00 .00 50.5 .198E+02 1.15 
12.04 .00 .00 56.6 .177E+02 1.18 
12.22 .00 .00 60.8 .164E+02 1.20 
12.39 · .00 .00 63.1 .159E+02 1.21 
12.57 .00 .00 64.5 .155E+02 1.21 

Cumulative travel time = 26. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.38 
.54 
.66 
.77 
.86 
.94 

1.01 
1.08 
1.15 
1.21 

BH = top-hat half-width, measured horizontally in Y-directiol') 
zu = upper plume boundary (Z-coordinate) 
ZL· = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (~ulk) concentr~tion (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y z s C BV BH 

12.57 .00 .00 64.5 .155E+02 1.21 1.-21 
13.56 .00 .00 66.4 .151E+02 1.13 1.34 
14.56 .00 .00 68.2 .147E+02 1.07 1.46 
15.55 .00 .00 69.9 .143E+02 1.01 1.57 
16.55 .00 .00 71.6 .140E+02 .97 1.68 
17.54 .00 .00 73.3 .137E+02 .93 1. 79 

·18.53 ·. .00 .00 74.9 .. 134E+02 .90 1.89 
19.53 .00 .00 76.6 .131E+02 .87 1.99 
20.52 .00 .00 78.2 .128E+02 .85 2.09 

Page 4 

I 
• I 

if any) 

. zu ZL 
.00 .00 
.76 .00· 
.90 .00 

1.00 .00 
1.06 .00 
1.11 -.00 
1.15 .00· 
1.18 .00 
1.20 .00 
1.21. .00 
1.21 .00 

if any) 

zu ZL 
1.21 .00 
1.13 .00 
1.07 .00 
1.01 .00 

.Q7 .00 

.93 .00 

.90 .00 

.87 .00 

.85 .00 



R01429

MAC3-1Nl.CX1 
21.52 .00 .00 79.9 .125E+02 .83 2.19 .83 .00 
22.51 .00 .00 81. 7 .122E+02 .81 2.28 .81 .00 
23.51 .00 .00 83.4 .120E+02 .80 2.38 .80 ~00 
24.50 .00 .00 85.2 .117E+02 .79 2.47 .79 .00 
25.49 .00 .00 87.1 .115E+02 .78 . 2.56 .78 .00 
26.49 .00 .00 89.1 .112E+02 .77 2.64 .77 .00 
27.48 .00 .00 91.0 .110E+02 .76 2.73 .76 .00 
28.48 .00 .00 93.1 .107E+02 .75 2.82 .75 .00 
29.47. .00 .00 95.2 .105E+02 .75 2.90 .75 .. 00 
30.46 .00 .00 97.4 .103E+02 .74 2.98 .74 .00 
31.46 .00 .00 99.7 .100E+02 .74 3.06 .74 .00 
32.45 .00 .00 102.0 .980E+01 .74 3.14 • 74 .00 
33.45 .00 .00 104.5· .957E+01 .74 3.22 .74 .00 
34.44 •. 00 .00 107.0 .935E+01 .74 3.30 .74 .00 
35.44 .00 .00 109.5 .913E+01 .74 3.38 .74 .00 
36.43 .00 .00 112.2 .·891E+01 .74 3.45 .74 .00 
37.42 .00 .00 115.0 .870E+01 . 74 3 .• 53 .74 .00 
38.42 .00 .00 117.8 .849E+01 .74 3.60 .74 .00 
39.41 .00 .00 120.8 .828E+01 .75 3.68 .75 .00 
40.41 .00 .00 123.8 .808E+01 .75 3.75 .75 .00 
41.40 .00 .00 126.9 .788E+01 .76 3.82 .76 .00 
42.40 .00 .00 130.1 .769E+01 .76 3·.89 .76 .00· 
43.39 .00 .00 133.4 .749E+01 .77 3.97 .77 .00 
44.38 .00 .00 136.8 .731E+01 .77 4.04 .77 .00 
45.38 .00 .00 140.4 .712E+01 .78 . 4.11 .78 .00 
46.37 .00 .00 144.0 .695E+01 ·.78 4.18 .78 · .00 
47.37 .00 .00 147.7 .677E+01 .79 4.24 .79 .00 
48.36 .00 .00 151.5 .660E+01 .80 4.31 .80 .00 
49.35 .00 .00 155.4 .643E+01 .81 4.38 .81 .00 
50.35 .00 .00 159.4 .627E+01 .82 4.45 .82 .00 
51.34 .00 .00 163.6 .611E+01 .83 4.51 .83 .00 
52.34 .00 .00 167.8· .596E+01 .83 4.58 .83 .00 
53.33 .00 .00 172.2 .581E+01 .84 4.65 .84 .00 
54.33 .00 .00 176.6 .566E+01 .85 4.71 .85 .00 
55.32 .00 .00 181.2 .552E+01 .86 4.78 .86 .00 
56.31 .00 .00 185.9 .538E+01 .87 4.84 .87 .00 
57.31 .00 .00 190.6 .525E+01 .89 4.90 .89 .00 
58. 3·0 .00 .00 195.5 .511E+01 .90 4.97 .90 .00 
59.30 .00 .00 200.6 .499E+01 .91 5.03 .91 .00 
60.29 ~00 .00 205.7 · .486E+01 .92 5.09 .92 .00 
61.29 .00 .00 211.0 .474E+01 .93 5.16 .93 .00 
62.28 .00 .00 216.3 .462E+01 .94 5.22 .94 .00 

Cumulative travel time = 199. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
·-·- ---- -·- ---·-- -- - - - -·- -- - -·-·-·-·-·-·-·-·- - --·- -·- - - - - - - - - -- -·- --- -- -·- --- - - - - - - - - -- -- -·- - - -
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.178E-01 m"2/s 

.444E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
c· = centerline concentration (includes reaction effects,. if any) 

Plume Stage 
X 

62.28 
65.87 
69.47 
73.06 
76.66 
80.25 
83.84 
87.44 
91.03 
94.63 
98.22 

101.81 · 
105.41 
109.00 
112.60 
116.19 
119.78 
123.38 
126.97 
130.57 
134.16· 
137.75 
141.35 
144.94 
148.54 
152.13 
155.72 
159.32 
162.91 
166. 51-
170.10 
173.69 

1 (not 
y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00· 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached) : 
z s C BV 
.00 216.3 
.00 227.1 
.00 238.3 
.00 249.8 
.00 261. 7 
.00 274.1 
.00 286.9 
.00 300.4 
.00 314.4 
.00 329.1 

.462E+01 .94 

.440E+01 .96 

.420E+01 .98 

.400E+01 1.00 

.382E+01 1.02 

.365E+01 1.04 
• 348E+01 1. 06 
. 333E+01 1. 09 
• 318E+01 . 1.12 
.304E+01 1.14 

.. 00 
.00 
.00 
.00 

.• 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

344. 5 ·. 290E+01 
360.6 .277E+01 
377.5 .265E+01 
395. 2. . 253E+01 
413·. 8 • 242E+01 
433.4 .231E+01 
453.9 .220E+01 
475.4 .210E+01 
498.0 . 201E+01 
521.6 .192E+01 
546.4 .183E+01 
572.2 .175E+01-
599.2 .167E+~l 
627.3 
656.5 
686.9 
718.3 
750.8 
784.4 
819.0 
854.5 
891.0 

.159E+01 

.152E+01 

.146E+01 

.139E+01 

.133E+01 

.127E+01 

.122E+01 

.117E+01 

.112E+01 
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1.17 
1.20 
1.24 
1.27 
1.31 
1.35 
1.39 
1.44 
1.48 
1.53 
1.58 
1.63 
1.68 
1. 74 
1.80 
1.86 
1.92 
1.98 
2.05 
2.11 
2.18 
2.25 

BH 
5.22 
5.38 
5.54 
5.70 
5.85 
6.00 
6.14 
6.28 
6.42 
6.55 
6.68 
6.81 
6.94 
7.06 
7.19 
7.31 
7.43 
7.54 
7.66 
7.77 
7.88 
7.99 
8.10 
8.21 
8.31 
8.42 
8.52 
8.62 
8.72 
8.82 
8.92 
9.02 

zu 
.94 
.96 
.98 

1.00 
1.02 
1.04 
1.06 
1.09 
1.12 
1.14 
1.17 
1.20 
1.24 
1.27 
1.31 
1.35 
1.39 
1.44 
1.48 
1.53 
1.58 
1.63 
1.68 
1.74 
1.80 
1.86 
1.92 
1.98 
2.05 
2.11 
2.18 
2.25 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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177.29 
180.88 
184.48 
·188.07 
191.66 
195.26 
198.85 
202.45 
206.04 
209.63 
213.23 
216.82 
220.42 
224.01 
227.60 
231. 20 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

MAC3-1Nl.CX1 
.00 928.3 .108E+01 2.32 
.00 966.5 .103E+01 2.39 
.00 1005.5 .995E+00 2.46 
.00 1045.2 .957E+00 2.53 
.00 1085.6 .921E+00 2.60 
.00 1126.6 .888E+00 2.68 
.00 1168.2 .856E+00 2.75 
.00 1210.3 .826E+00 2.82 
.00 1253.0 .798E+00 2.90 
.00 1296.2 .772E+00 2.97 
.00 1339.7· .746E+00 3.04 
.00 1383.7 .723E+00 3.12 
.00 1428.0 .700E+00 3.19 
.00 1472.7 .. 679E+00 3.26 
.00 1517.7 .659E+00 3.33 
.00 1562.9 .640E+00 3.40 

Plume interacts with SURFACE. 

9.11 
9.21 
9.30 
9.40 
9.49 
9.58 
9.67 
9.76 
9.85 
9.94 

10.03 
10.11 
10.20 
10.28 
10.37 
10.45 

2.32 
2.39 
2.46 
2.53 
2.60 
2.68 
2.75 
2.82 
2.90 
2.97 
3.04 
3 .12. 
3.19 
3.26 
3.33 
3.40 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

234. 79 .00 
238. 39 .00 
241.98 .00 

.00 1605.7 

.00 1618.3 

.00 1630.7 

.623E+00 

.618E+00 

.613E+00 
Cumulative travel time= 825. sec 

Plume Stage 2 (bank attached): 

3.47 
3.47 
3.47 

10.54 
10.62 
10.70 

3.47 
3.47 
3.47 

.00 

.00 

.00 

.00 

.00 

.00 

.. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00. 

.00 

X Y Z S C BV BH ZU ZL 
241.98 10.70 .00 1630.7 .613E+00 3.47 21.40 3.47 .00 
257.14 10.70 .00 1643.8 .608E+00 3.47 21.57 3.47 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 257.91 m. 
272.30 10.70 .00 1656.7 .604E+00 3.47 21.58 3.47 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
287.46 10.70 .00 1644.4 ·.608E+00 3.47 
302.62 10.70 :00 1644.4 .608E+00 3.47 
317.78 10.70 .00 1644.4 .. 608E+00 3.47 
332.94 10.70 .00 1644.4 .608E+00 3.,47 
348.10 10.70 .00 1644.4 .608E+00 3.47 
363.26 10.70 .00 1644.4 .608E+00 3.47 
378.42 10.70 .00 1644.4 .608E+00 3.47 
393.58 10.70 .00 1644.4 .'608E+00 3.47 
408.74 10.70· .00 1644.4 .608E+00 3.47 
423.90 10.70 .00 1644.4 .608E+00 3.47 
439.07 10.70 .00 1644.4 .608E+00 3.47 
454.23 10.70 .00 1644.4 .608E+00 3.47 

P~ge 7 

21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 
21.58 

3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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469.39 10.70 .00 1644.4 .608E+00. 3.47 21.58 3.47 .• 00 
484.55 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
499.71 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
514.87 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
530.03 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00· 
545 .19 · 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
560.35 10.70 ·.00 1644.4 .608E+00 3.47 21.58 3.47 .00 
575.51 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
590.67 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00. 
605.83 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
620.99 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
636.15 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
651.31 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 " .00 
666.47 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
681.63 10.70 .00 1644.4 .608E+00 3.47 21.58 ·3.47 .00 
696.79 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
711.95 10.70 .00 1644.4 .608E+0~ 3.47 21.58 3.47 .00 
727.11 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 · .00 
742.27 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
757.43 10.70 .00 1644.4 .608E+00 3.47 .· 21.58 3.47 .00 
772.59 10.70 .00 1644.4 .608E+00 3.47 . 21. 58 3.47• .00 
787.75 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
802.91 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
818.08 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
833.24 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
848.40 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
863.56 10.70 .00 1644.4 .608E+00 3.4r 21.58 3.47 .00 
878.72 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .. 00 
893.88 10.70 .00 l,644.4 .• 608E+00 3.47 21.58 3.47 .00 
909.04 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
924.20 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
939.36 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
954.52 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
969.68 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
984.84 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 

1000.00 10 .. 70 .00 1644.4 .608E+00 3.47· 21.58 3.47 .00 
Cumulative travel time= 3464. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
1111111111111111111111111111111111111111111111111111111111111i111111111111111 
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MAC3-1Xl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

------·-----------------------------------------------------------------------
CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA3A_APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC3-1Xl.cxl 
01/13/20--20:00:41 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 30.89 ·rcHREG= 2 
HA = 4.54 HD = 4.54 
UA = .287 F = .. 058 USTAR = .2445E-01 
UW = 2.000 UWSTAR=· .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = ·11.80 
D0 - .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
u0 = 5.487 Q0' = .025 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
c0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 = .1373E+00 ]0 
Associated · 1en_gth scales (meters) 
LQ = .07 LM = 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 19~11. 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl} = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .56 

= .2502E-01 
=-.1463E+00 

= .0000E+00 

=-.3662E-02 

= 1.29 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 
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MAC3-1Xl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0· 
XINT = 1000.00 XMAX = 10e0.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the. bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 
·------------~----------------------------------------------------------------

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.56 

END OF MOD101:· DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

BEGIN CORJET (MOD110)·: JET /PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossfiow. 

Zone.of flow establishment: THETAE= 29.04 SIGMAE= 
LE = . 35 XE = .30 YE = .00 ZE = 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 ~00 .56 1.0 .100E+04 .04 
.30 .00 .74 1.0 .100E+04 .04 
.65 .00 .91 2.0 .503E+03 .08 

1.00 .00 · 1.08 3.2 .311E+03 .13 
1.37 .00 1.22 4.6 .219E+03 .17 
1. 74 .00 1.35 5.9 .168E+03 .22 
2.11 .00 1.46 7.3 .136E+03 .25 
2.49 .00 1.56 8.8 .114E+03 .29 
2.87 .00 1.65 10.1 .988E+02 .32 
3.25 .00 1. 73 11.4 .873E+02 .35 
3.65 .00 1. 7Q 12.8 .783E+02 .38 
4.03 .00 1.85 14.0 .715E+02 .41 

-4.-41 .00 ,,1.90- --15.2 .660E+02 .43 
4.81 .00 1.95 16.3 .614E+02 .45 
5.20 .00 1.98 17.3 .577E+02 .47 
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5.60 .00 2.01 18.4 .545E+02 .49 
5.98 .00 2.04 19.3 .519E+02 .51 
6.37 .00 2 .. 06 20.1 .497E+02 .52 
6.77 .00 2.08 21.0 .477E+02 .53 
7.16 .00 2.09 21. 7 .461E+02 .55 
7.54 .00 2.10 22.4 .447E+02 .56 
7.94 .00 2.10 23.0 .435E+02 .57 

Maximum jet height has been reached. 
8.33 .00 2.10 23.6 .424E+02 .58 
8.72 .00 2.09 24.2 .413E+02 .59 
9.12 .00 2.09 24.9 .401E+02 .60· 
9.51 .00 2.07 25.7 .389E+02 .61 
9.89 .00 2.06 26.5 .378E+02 .62 

10.29 .00 2.04 27.4 .366E+02 .. 63 
10.68 .00 2.02. 28.3 .354E+02 .64 
11.08 .00 1.99 29.2 .342E+02 .66 
11.46 .00 1.97 30.2 .331E+02 .67 
11.85 .00 1.94 31.3 .320E+02 .69 
12.25 .00 1.90 32.4 .308E+02 .70 
12.64 · .00 1.87 33.6 .298E+02 .71 
13.02 .00 1.83 34.8 .287E+02 .73 
13.42 .00 1. 79 36.1 .277E+02 .75 
13.80 .00 1. 75 37.4 .268E+02 .76 
14.19 .00 1. 71 38.7 .258E+02 .78 
14.59 .00 1.67 40.1 .249E+02 .79 
·14.97 .00 1.62 41 .. 5 .241E+02 .81 
15.37 .00 1.57 43.0 .232E+02 .83 
15.75 .00 1.53 44.5 .225E+02 .84 
16.14 . .00 1.48 46.0 .217E+02 .86 
16.54 .. 00 1.43 47.6 .210E+02 .88 
16.92 .00 1.38 49.2 .203E+02 .89 
17.30 .00 1. 33 50.9 .197E+02 .91 
17.70 .00 1.28 52.6 .190E+02 .93 
18.08 .00 1.23 54.3 .184E+02 .94 
18.47 .00 1.17 56.0 .179E+02· .96 
18.86 .00 1.12 57.8 .173E+02 .98 
19.25 .00 1.07 59.6 .168E+02 .99 
19.63 .00 1.01 61.4 .163E+02 1.01 

Cumulative travel time= 35. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

.... cont-rol·volume inflow: 
X y z s C B 

19.63 .00 1.01 61.4 .163E+02 1.01 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic ave~age (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y ·z s C BV 
18.62 .00 .00 61.4 .163E+02 .00 
18.92 .00 .00 61.4 .163E+02 1.34 
19.23 .00 .00 61.4· . . 163E+02 1.59 
19.53 .00 . 00 61.4 .163E+02 1. 75 . 
19.83 .00 .00 63.1 .158E+02 1.87 
20.14 .00 .00 70.9 .141E+02 1.96 
20.44 .00 .00 81. 7 .122E+02 2.02 
20.74 .00 .00 91.6 .109E+02 2_.07 
21.05 .00 .00 98.4 .10_2E+02 2.11 
21.35 .00 .00 102.0· .980E+01 2.13 
21.66 .00 .0.0 104.4 .958E+01 2.13 

Cumulative travel time = 42. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER AP.PROACH 

** End of NEAR~FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.67 
.95 

1.17 
1.35 
1.51 
1.65 
1. 78 
1.91 
2.02 
2.13 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic_ average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y z s C BV BH 

21.66 .00 .00 104.4 .958E+01 2.13 2.13 
23.90 .00 .00 108.3 .923E+01 1.95 2.43 
26.14 .00 .00 111.9 .894E+01 1.81 2.70 
28.38 .00 .00 115.3 .867E+01 1. 70 2.96 
30.62 .00 .00 118.6 .843E+01 1.61 3.21 
32.87 .00 .00 121.8 .821E+01 1.54 3.45 

-35.·11 · .00 .00 125.0 .800E+01 1.48 3.69 
37.35 .00 .00 128.3 .780E+01 1.43 3.91 
39.59 .00 .00 131.6 .760E+01 1.39 4.13 
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if any) 

zu ZL 
.00 .00 

1.34 .00 
1.59 .00 
1. 75 .00 
1.87 .00 
1.96 .00 
2.02 .00 
2.07 .00 
2.lt .00 
2.13 .00 
2.13 .00 

if any) 

zu ZL 
· 2.13 .00 
1.95 .00 
1.81 .00 
1. 70 .00 
1.61 .00 
1.54 .00 
1.48 .00 
1.43 .00 
1.39 .00 
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41.84 .00 .00 135.0 .741E+01 1.35 4.35 1.35 .00 
44.08 .00 .00 138.4 .722E+01 1.32 4.56 1.32 .00 
46.32 .00 .00 142.0 .704E+01 1.30 4.76 1.30 .00 
48.56 .00 .00 145.7 .686E+01 1.28 4.96 1.28 .00 
50.80 .00 .00 149.6 .669E+01 1.26 5.16 1.26 .00 
53.05 .00 .00 153.6 .651E+01 1.25 5.35 1.25 .00 
55.29 .00 .00 157.7 .634E+01 1.24 5.54 1.24 .00 
57.53 .00 .00 162.1 .617E+01 1.23 5.72 1.23 .00 

. 59. 77 .00 .00 166.5 .600E+01 1.23 5.90 1.23 .00 
62.02 .00 .00 171.2 .584E+01 1.23 6.08 1.23 .00 
64.26 .00 .00 176.1 .568E+01 1.23 6.26 1.23 .00 
66.50 .00 .00 181.1 .552E+01 1.23 6.44 1.23 .00 
68.74 .00 ·.00 186.3 .537E+01 1.23 6.61 1. 23 .00 
70.99 .00 .00 191.8 .521E+01 1.23 6.78 1.23 .00 
73.23 .00 .00 197.4 .507E+01 1.24 6.95 1.24 .00 
75.47 .00 .00 203:3 .492E+01 1.25 7 .11 . 1.25 .00 
77. 71 .00 .00 -209.4· .478E+01 1.25 7.28 1.25 .00 
79.95 .00 .00 215.6 .464E+01 1.26 7.44 1.26 .00 
82.20 .00 .00 222.2 .450E+01 1.27 7.60 1.27 .00 
84.44 .00 .00 228.9 .437E+01 1.29 7.76 1.29 .00 
86.68 .00 .00 235.9 .424E+01 1.30 7.92 1.30 .00 
88.92 .00 .00 243.1 .411E+01 1.31 8.07 1.31 .00 
91.17 .00 .00· 250.5 .399E+01 1.33 8.22 1.33 .00 
93.41 .00 .00 258.2 .387E+01 1.34 8.38 1.34 .00 
95.65 .00 .00 266.2 .376E+01 1.36 8.53 1.36 .00 
97.89 .00 .00 274.3 .365E+01 1.38 8.68 1.38 .00 

100.13 .00 .00 282.8 .354E+01 1.40 8.83 1.40 .00 
102.38 .00 .00 291.5 .343E+01 1.42 8.98 1.42 .00 
104.62 .00 .00 300.4 .333E+01 1.44 9.12 1.44 .00 
106.86 .00 .00 309.6 .323E+01 1.46 9.27 1.46 .00 
109.10 .00 .00 319.1 .313E+01 1.48 9.41 1.48 .00 
111.35 .00 .00 328.8 .304E+01 1.50 9.55 1.50 .00 
113.59 .00 .00 338.8 . 295E+01· 1.52 9.70 1.52 .00 
115.83 .00 .00 349.0 .286E+01 1.55 9.84 1.55 .00 
118.07 .00 .00 359.6 .278E+01 1.57 9.98 1.57 .00 
120.32 .00 .00 370.4 .270E+01 1.60 10.11 1.60 .00 
122.56 .00 .00 381.5 .262E+01 1.62 10.25 1.62 .00 
124.80 .00 .00 392.8 .255E+01 1.65 10.39 1.65 .00 
127.04 .00 .00 404.5 .247E+01 1.68 10.53 1.68 .00 
129.28 .00 .00 416.4 .240E+01 1. 70 10.66 1. 70 .00 
131.53 .00 .00 428.6 .233E+01 1. 73 10.·79 1. 73 .00 
133.77 .00 .00 441.1 .227E+01 1. 76 10.93 1.76 .00 

Cumulative travel time = 433. sec 

END OF.MOD141: BUOYANT AMBIENT SPREADING 
- - - -- - - - - - - - ---·-·- -- - - - -- -·-·- -·--·-- -- - -- - - - - - - - - - - - - - - -- - -- - - -·-·- ----- - - . -- --- - - -
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial val~e) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.222E-01 m"2/s 

.555E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer.depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary CZ-coordinate) 
ZL = lower plume boundary (Z-coordinate). 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

133. 77 
134.42 
135.07 
135. 73 
136.38 
137.03 
137.68 
138.34 
138.99 
139.64 
140.29 
140.94 
141.60 
142.25 
142.90 
143.55 
144.21 
144.86 
145.51 
146.16 
146.82 
147.47 
148.12 
148.77 
149.42 
150.08 
150.73 
151.38 
152.03 
152.69 
153.34 
153.99 

(not bank attached): 
Y Z S C. 
.00 .00 441.1 .227E+01 
.00 .00 443.0 .226E+01 
.00 .00 445.0 .225E+01 
. 00 .00 446.9 .224E+01 
.00 .00 448.9 .223E+01 
.00 .00 450.9 .222E+01 
.00 .00 452.9 .221E+01 
.00 .00 454.8 .220E+01 
.00 .00 456.8 .219E+01 
.00 .00 458.9 .218E+01 
.00 .. 00 460.9 .217E+01 
.00 .00 462.9 .216E+01 
.00 .00 465.0 .215E+01 
.00 .00 467.0 .214E+01 
.00 ;00 469.1 .213E+01 
.00 .00 471.1 .212E+01 
.00 .00 473.2 .211E+01 
.00 .00 475.3 .210E+01 
.00 .00 477.4 .209E+01 
.00 .00 479.5 .209E+01 
.00 .00 481.7 .208E+01 
.00 .00 483.8 .207E+01 
. 00 . 00 486. 0· . 206E+01 
.00 .00 488.1 .205E+01 
.00 .00 490.3 .204E+01 
.00 .00 492.5 .203E+01 

·.00 .00 494.6 .202E+01 
.00 .00 496.8 .201E+01 
.00 .00 499.1 .200E+01 
.. 00 .00 501.3 .199E+01 
.00 .00 503.5 .199E+01 
.00 .00 505.7 .198E+01 
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BV 
1. 76 
1. 76 
1. 77 
1. 77 

·1.78 
1. 78 
1. 79 
1. 79 
1.80 
1.80 
1.81 
1.81 
1.82 
1.82 
1.83 
1.83 
1.84 
1.84 
1.85 
1.86 
1.86 
1.87 
1.87 
1.88 
1.88 
1.89. 
1.89 
1.90 
1.90 
1.91 
1.92 
1.92 

BH 
10.93 
10.95 
10.96 
10.98 
11.00 
11.02 
11.04 
11.05 
11.07 
11.09 
11.11 

· 11.13 
11.14 
11.16 
11.18 
11. 20 
11.21 
11.23 
11.25 
11.27 
11.29 
11.30 
11.32 
11.34 
11.36 
11.37 
11.39 
11.41 
11.42 
11.44 
1L46 
11.48 

zu 
1. 76 
1. 76 
1. 77 . 
1. 77 
1. 78 
1. 78 
1. 79 
i.79 
1.80 
1.80 
1.81 
1.81 
1.82 
1.82 
1.83 
1.83 
1.84 
1.84 
1.85 
1.86 
1.86 
1.87 
1.87 
1:88 
1.88 
1.89 
1.89 
1.90 
1.90 
1.91 
1.92 
1.92 

Zl 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00· 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
~00 
.00 
.00 
.00 
.00 
.00 
.00 
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154.64 .00 · .00 508.0 .197E+01 1.93 11.49 1.93 .00 
155.29 0

: .00·· ... .00 510.3 .196E+01 1.93 11. 51 1.93 .00 
155.95 .00, .00 512.5 .195E+01 1.94 11.53 1.94 .00 
156.60 .00 .00 514.8 .194E+01 1.94 11.55 1~94 .00 
157.25 .00 .00 517.1 .193E+01 1.95 11.56 1.95 .00 
157.90 .00 .00 519.4 .193E+01 1.96 11.58 1.96 .00 
158.56 .00 .00 521.8 .192E+01 1.96 11.60 1.96 .00 
159.21 .00 .00 524.1 .191E+01 1.97 11.61 1.97 .00 
159.86 .00 .00 526.4 .190E+01 1.97 11.63 1.97 .00 
160.51 .C:!0 .00 528.8 .189E+01 1.98 11.65 1.98 .00 
161.17 .00 .00 531.2 .188E+01 1.98 11.66 1.98 .00 
161.82 .00 .00 533.5 .187E+01 1.99 11.68 1.99 .00 
162.47 .00 .00 535.9 .187E+01 2.00 11. 70 2.00 ·.00 
163.12 .00 .00 538.3 .186E+01 2.00 11.72 2.00 .00 
163.77 .00 · .00 540.7 .185E+01 2.01 11. 73 2.01 .00 
164.43 .00 .00 543.2 .184E+01 2.02 11. 75 2.02 .00 
165.08 .00 .00 545.6 .183E+01 2.02 11. 77 2.02 .00 
165.73 .00 .00 548.1 .182E+01 2.03 11. 78 2.03 .00 
166.38 .00 .00 550.5 .182E+01 2.03 11.80 2.03 .00 

Cumulative travel time = 546. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y .z s C BV BH zu ZL. 
166.38 11.80 .00 550.5 .182E+01 2.03 23.60 2.03 .00 

The_ passive diffusion plume becomes LATERALLY FULLY MIXED over.the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 174.95 m. 
183.06 11.80 .00 601.1 .166E+01 2.20 23.71 2.20 .00 
199.73 11.80 .00 647.8 ·.154E+01 2.38 23.71 2.38 .00 
216.40 11.80 .00 700.8 .143E+01 2.58 23.71 2.58 .00 
233.07 11.80 .00 757.2 .132E+01 2.78 23.71 2.78 .00 
249.75 11.80 .00 816.5 .122E+01 3.00 23.71 3.00 .00 
266.42 11.80 .00 878.4 .114E+01 3.23 23.71 3.23 .00 
283.09 11.80 .00 942.4 .106E+01 3.47 23.71 3.47 .00 
299.76 11.80 .00 1007.9 . 992E+00 3. 71 . 23.71 3.71 .00. 
316.43 11.80 .00 1074.5 .931E+00 3.95 23.71 3.95 .00 
333.11 11.80 .00 1141.8 .876E+00 4.20 23.71 4.20 .00 
349.78 11.80 .00 1209.4 .827E+00 4.45 23.71 4.45 .00 

Plume interacts with SURFACE. 
T~e passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval~ 
366 .. 45 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

··-N0-FURTtiER ·CHANGES with· downstream direction.· 
383.12 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54· .00 
399.80 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
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416.47 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
433.14 11.80 .00 1234.7 .810E+00 4.54 '23.71 4.54 .00 
449.81 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
466.49 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
483.16 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
499.83 11.80 .00. 1234.7 .810E+00 4.54 23.71 4.54 .00 
516.50 11.80 .00 1234.-7 .810E+00 4.54 23.71 4,.54 .00 
533.18 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
549.85 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 ~00 
566.52 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
583.19 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
599.86 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
616.54 11.80 .00 1234.7 .810E+00 '4.54 23.71 4.54 .00· 
633.21 11.80 .00 1234.7 .810E+~0 4.54 23.71 ,4.54 .00 
649.88 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
666. 55· 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00· 
683.23 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
699.90 11.80 .00 1234:7 .810E+00 4·.54 23.71 4.54 .00 
716.57 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
733.24 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
749.92 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
766.59 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54. .00 
783.26 11.80 .00 1234.7 ~810E+00 4.54 23.71 4.54 .00. 
799.93 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
816.60 11.80 .. 00 1234.7 .810E+00 4.54 23.71 4.54 .00 
833.28 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
849.95 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
866.62 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
883.29 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
899.97 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
916.64 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
933.31 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
949.98 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
966.66 11.80 .00 1234.7 .810E+00 4·.54 23.71 4.54 .00. 
983.33 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 

1000.00 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
Cumulative travel time= 3448. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11.11111111111111111111111111111111l:U1111111111111111111111111111111111111111 
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MAC3-3Nl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MachABigAMuddyARiver · 
CaseA3A_APortA3ANormalAFlow 
cormix\sim\MAC3-3Nl.cxl 
01/13/20--19:37:08 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 21.58 AS = 74.88 QA 
HA - 3.47 ·Ho· = . 3.47 

= 21.49 ICHREG= 2· 

. · UA = .287 F = .064 USTAR = .2557E-01 
UW = 2.000 UWSTAR= .2198E-02 
Uni for'm density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.70 
D0 = 
THETA= 
U0 = 
RHO0 = 
C0 = 

.102 A0 = .008 H0 
30.00 SIGMA= .00· 

2;866 Q0 = .023 
1013.3900 DRHO0·=-.1490E+02 GP0 
.1000E+04 CUNITS= PPM 

!POLL = 1 . KS ':' . 0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2324E-01 M0 
Associated length scales 
LQ = .09 LM 

NON-DIMENSIONAL PARAMETERS 

= . 6659E-01 ·J0 
(meters) 
= 2.25 Lm· 

Lmp 

FR0 = 23.50 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 3.47 1 
111111111111111111111111111111111111111111 

= • 55 

= • 2324E -.01 
=-.1463E+00 

= .0000E+00 

=-~3400E~02 SIGNJ0= -1.0 

= .90 Lb· = .14· 
= 99999.00 .Lbp. = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC3-3Nl.CX1· 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10~70 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points ·upward. 

NSTEP = 50 display intervals pe~module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
·.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

· BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume ~ransition·motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 
LE = .43 XE = .37 YE = .00 

Profile definitions: 
B = Gaussian l/e.(37%) half-width, nor·mal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.37 .00 .76 1.0 . 100E+04 .05 . 
.57 .00 .86 1.4 .720E+03 .08 
.78 .00 .95 1.9 .516E+03 ~10 
.99 .00 1.03 2.5 .398E+03 .13 

1.21 .00 .1.11 3.1 .320E+03 .15 
1.42 .00 1.17 3.7 .270E+03. .18 
1.64 .00 1.23 4.3 .233E+03 .20 
1.87 .00 1.28 4.9 .205E+03 .22 
2.09 .00 · 1.32 5.4 .184E+03. .23 
2.31 .00 1.36 6.0 :168E+03 .25 
2.53 .00 1-.40 6.5 .155E+03 .26 
2.77 .00 1.42 7.0 .144E+03 .28 
2.99 .00 1.45 7.4 .135E+03 .29 
3.21 .00 1.47 7.8 .128E+03 .30 
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R01443

MAC3-3Nl.CX1 
3 . .45 .00 1.49 8.2 .121E+03 .31 
3.67 .00 1.50 8.6 .116E+03 .32 
3.90 .00 1.51 8.9 .112E+03 .33 
4.13 .00 1.52 9.3 .108E+03 .34 
4.35 .00 1.52 9.5 .105E+03 .34 

Maximum jet height has been reached. 
4.58 • 00 1.52 9.8 . .102E+03 .35 
4.80 .00 1.52 10.1 .994E+02 .36 
5.04. .00 1.-51 10.4 .964E+02 .36 
5.26 .00 1.50 10.7 .935E+02 .37 
5.49 .00 1.49 11.0 .905E+02 .. 38 
5. 72 · .00 1.48 · 11.4 .874E+02 .39 

. 5.94 .00 1.46 11.8 .844E+02 .39 
6.17 .00 1.45 12.3 .815E+02 .40 
6.39 .00 1.43 12.7 .786E+02 .41 
6.62 .00 1.41 13.2 .756E+02 .42 
6.85 .00 1.38 13. 7 .728E+02 ♦-43 

7.07 .00 1!36 · 14.3 .701E+02 .44 
7.30 .00 1.33 14.8 .674E+02 .45 
7.53 .00 1.30 15.4 .649E+02 .46 
7.75 .00 1.27 16.0 .625E+02 .47 
7.98 · .00 1.24 16.6 .601E+02 .49 
8.20 .00 1.21 17.3 .578E+02 .50 
8.43 .00 1.18 17.9 .557E+02 .51 
8.65 .00 1.15 18-.6 .537E+02 .52 
8.88 .00· 1.11 19.4 · . 517E+02 .53 
9.10 .00 1.08 20.1 .498E+02 · .54 
9.32 .• 00 1.04 20.8 .481E+02 .55 
9.56 .00 1.01 21.6 .463E+02 .• 56 
9.78 . 00 · .. 97 22.4 .447E+02 . .58 

· 10.00 .00 .93 23.1 .432E+02 .59 
10.23 .00 ._90 24.0 .417E+02 .60 
10.45 .00 .86 24.8 .403E+02 .61 
10.67 · .. 00 .82 25.6 .390E+02 .62 
10.89 .00 .79' '26.5 .378E+02 .63 . 

. 11.13 .00 .75 27.4 .365E+02 • 65· 
11.35 .00 .71 28.2 .354E+02 .66 
11.57 .00 .67 29.1 .343E+02 .67 

Cumulative travel time = 20. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
--------------------------------------------------------------------.---------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Co"ritrol volume inflow: 
X y z s C B 

11.57 .00 ~67 29.1 .343E+02 .67 
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MAC3-3Nl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary· (Z-c9ordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamit a~eraie (bulk) dilution 
( = average (bulk) concentration (includes reaction effects, if any) 

X y z· s C BV BH zu 
10.90 .00 .00 29.1 .343E+02 .00 .00 .00 
li.10 · .. 00 .00 29.1 .343E+02 .89 .45 .89 
1L30 .00 .00 29.1 .343E+02 i .. 06 .63 1.06 
11.50 .00 .00 29.1 .343E+02 1.16 .78 1.16 
11. 70 .00 .00 29.9 .334E+02 1.24 .90 1.24 
11.90 .00 .00 33.6 .297E+02 1.30 1.00 1.30 
12,10 .00 .00 38.8 .258E+02 1.34 1.10 1 :34 
12.30 .00 . 00 43.4 .230E+02 . 1.38 1.18 1.38 
12.51 .00 .00 46.6 .214E+0i 1:40 1.27 1.40 
12.71 .00 .00 48.4. .207E+02 1.41 1.34 1.41 
12.91 .00 .00 49.5 .202E+02 1.42 · 1.42 1.42 

Cumulative travel time = 25_. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of.NEAR-FIELD ~EGION (NFR) ** 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

------------------------------------------------------------------ ·----------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: ' 
BV =· top-hat thickness, measured vertically 
BH = top~hat half-width, measured horizontally in Y-direction-
zu = upper plu·me boundary (Z-coordinate) 
ZL = lowe·r plume boundary (Z-coordinate) 
s = hydrodynamit average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not b~~k attached)·: 
X y z s C BV BH zu ZL 

12.91 .00 .00 49.5 .202E+02 1.42 1.42 1.42 .00 
14.85 .00 .00 52.2 .192E+02 1.24 1. 71 ·. 1.24 .00 
16·.79 .00 .00 54.5 .183E+02 1.11 1.98 1.11 .00 
18.74 .00 .00 56.7 .176E+02 1.03 2.23 1.03 .00 
20.68 .00 .00 58.7 .170E+02 .96 2.47 .96 .00 
22.63 .00 .00 60.8 .164E+02 .91 2.70 .91 .00 
24:57 .00 .00 62.9 .159E+02 .87 2.92 .87 .00 
26.51 .00 .00 65·.0 .154E+02 .84 3.13 .84 .00 
28.46 .00 .00 67.2 .. 149E+02 .81 3.34 .81 .00 
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MAC3-3Nl.CX1 
30.40 .00. .00 69.4 .144E+02 .79 3.54 .79 .00 
32.34 .00 .00 71.8 .139E+02 .78 3;73 .78 .00 
34.29 .00 .00 74.3 .135E+02 .77 3.92 .77 .00 
36.23 .00 · .00 76.9 .130E+02 .. 76 4.10 .76 .00 
38.18 .00 .00 79.7 .126E+02 .75 4,.28 .75 .00 
40.12 .00 .00 82.5 .121E+02 .75 4.46 .75 .00 
42.06 .00 .00 85.6 .117E+02 .75 4.63 .75 .00 
44.01 .00 .00 88.8 .113E+02 .75 4.80 .75 .00 
45.95 .00 .00 92.1 .109E+02 .75 4·.96 .75 .00 · 
47.90 .00 .00 95.7 .105E+02 .76 5.13 .76 .00 
49.84 ·.00 .00 99.4 .101E+02 .76 5.29 .76 . .00 
51.78 .00 .00 -103.3 .~68E+01 ;77 5.45. .77 

. . 
.00 

53.73 .00 .00 107.3 . . 932E+01 .78 5.60 .78 .00 
55.67 .00 .00 111..6 ;896E+01 .78 5.76 .78 .00 
57.61 .00 .00 116.0 .862E+01 .79 5.91 .79 :00 
59.56 .00 · .00 · 120.7 .829E+01 . 81 6.06 .81 .00 . 
61.50 .• 00 . .00 125.5 .797E+01 .82 6.21 .82 .00 
63.45 .00 .00 130.5 . 766.E+01 .83 6.,35 .83 ;00 
65.39 .00 .00 135.8 .737E+01 .85 6.50 .85 .00 
67.33 .00 .00 141.2 .708E+01 • 86 6.64 .86 .. 00 . 
69.28 · .00 .00 146.9 .681E+01 .88 6.78 .88 .00 
71.22 .00 .00 152.8 .655E+01 .89 6.92 .89 .00 
73.17 .00 .00 158.9 .630E+01. .91 7.06 .91 .00 
75.11 .00 .00 165.2 .605E+01 .93 7.20 .93 .0·0 
77.05 .00 .00 171.7 .582E+01 .95 7.34 .95 .00 
79.00 .00 .00 178.5 .560E+01 .97 7.47 . 97. .00 
80.94 .00 .00 . 185.4 .539E+01 .99 7.61 .99 .00 
82.88 .00 .00 192.7 .519E+01 1.01 ·. 7.74 1.01 .00 
84.83 .0~ .00· 200.1 .500E+01 1.03 7.87 1.03 .00 
86.77 .00 .00 207.8 .481E+01 1.05 8.00 1.05 .00 
88.72 .00 .00 215.7 .464E+01 1.07 8.13 1.07 .00 
90.66 .00 .00 223.9 .447E+01 1.10 8.26 1.10 .00 
92.60 .00 .00 232.3 .431E+01 1.12 8.39 1.12 .00 
94.55 .00 .00 ·240.9 .415E+01 1.15 .8.51 L15 .00 
96.49 .00 ..• 00 249.8 .400E+01 1.17 8.64 1.17 .00 
98.43 .00 .00 259.0 .386E+01 1.20 8.76 1.20 .00 

100.38 · .00 .00· 268.3 .373E+01 1.22 8.89 1. 22 .00 
102.32 .00 .00 278.0 .360E+01 1.25 9.01 · 1. 25 - .00 
104.27 .00 .00 287.9 .347E+01 1.28 9.13 1.28 .00 
106.21 .00 .00 · 298.0 .336E+01 1.30 9.25 1.30 .00 
108.15 .00 .00 308.4 .324E+01 1.33 9.37 1.33 .00 
110.10 .00· .'00 319.1 .313E+01 1.36 9.49 1:36 .00 

Cumulative travel time = 363. sec 

END OF MOD141: .BUOYANT AMBIENT SPREADING 
.. 

-----------------------------------------------------------------------------
--------------------------------------------·---------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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MAC3-3Nl.CX1 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.178E-01 m"2/s 

.444E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or ~q~al to layer depth,. if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally-in Y-direction 

ZU upper plume boundary (Z-coordinate) 
ZL = lower plum~ boundarj (Z-coordinate)­
S = hydrodynamic centerline dilution 
C = center line concentr.ation (includes reaction effects, if ~my) 

Plume Stage 1 (not bank attached): 
X Y Z S 

110.10 .00 .00 319.1 
111.10 .00 .00 321.9 
112.1-1 .00 -.00 324.7 
113.11 .00 .00 327.5 
114.12 .00 .00 330.3 
115.13 .00 .00 333 .. 2 
116.13 .00 .00 336.1 
117.14- ~00 .00 339.1 
118.14 .. 00 .00 342.0 
119.15 .00 .00 345.0 
120.15 .00 .00 348.1 
121.16 · . 00 .. 00 351. 1 
122.16 .00 .00 354.2 
123.17 ,00 .00 357.3 
124.17 .00 .00 360.5 
125.18 .00 .00 363.7 
126.18 .00 .00 366.9 
127.19 .00 .00 370.2 
128.20 - .06 ·.00 373.4 
129.20 .00 .00 376.8 
130.21 .00 .00 380~1 
131.21 .00 .00 383.5 
132.22 .00 .00 386.9 
133.22 .00 .00 390.4 
134. 23 .00 .00 393. 9 
135.23 .00 .00 397.4 
136.24 .00 .00 401.0 
137.24 .00 .00 404.6 
138.25 .00 .00 408.2 
139.26 .00 .00 411.8 
140.26 .00 .00 415.5 
141.27 .00 .00 419.3 

C 
.313E+01 
.311E+01 
.308E+01 
.305E+01 
.303E:t-01 
. 300E+01 -

· . 2~8E+01 
· . 295E+01 

.292E+01 

.290E+01 

.287E+01 

.285E+01 

.282E+01 

.280E+01 

.277E+01 

.275E+01 

.273E+01 

.270E+01 

.268E+01 

.265E+01 

BV 
1.36 
1.37 
1.38 · 
1.39 
1.39 
1.40 
1.41 
1.42 
·1.43 
1.44 
1.45 
1.45 
1.46 
1.47 
1.48 
1.49 
1.50 
1.51 
1.52 
1.53 

. 263E+01 · 1. 54 

.261E+01 1.55 

.258E+01 1.56 

.256E+01 1.57 

.254E+01 1.58 

.252E+01 1.59 

.249E+01 1.60 

.247E+01 1.61 

. 245E+01 1. 62 

.243E+01 1.63 

.241E+01 1.64 

.239E+01 1.65 
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BH · 
9.49 
9.52 
9.54 
9.57 
9.59 
9.62 
9.64 
9.67 
9.69 
9.72 
9.75 
9.77 
9.80 
9.82 
9.84 
9.87 
9.89 
9.92 
9.94 
9.97 
9.99 

10.02 
10.04 
10.07 
10.09 
10.11 
10.14 
10.16. 
10.19 
10.21 
10.23 
10.26 

zu 
1.36 
1.37 
1.38 
1.39 
1.39 
1.40 
1.41 
1.42 
1.43 
1.44 
1.45 
1.45 
1.46 -

. 1.47 
1.48 
1.49 
1.50 
1.51 
1.52 
1.53 
1.54 
1.55 
1.56 
1.57 
1.58 
1.59 
1.60· 
1.61 
1.62 
1.63 
1.64 
1.65 

ZL 
.00 
.00 
.00 

· .00. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
:00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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142.27 .00 .00 423.1 .236E+01 1.67 10.28 1.67 .00 

· 143.28 .00 .00 426.9 • 234E+01 1.68 . 10.31 1.68 .00 
144.28 .00 .00 430.7 .232E+01 1.69 10.33 1.69 .00 
145.29 .00 .00 434.6 .230E+01 1. 70 10.35 1. 70 .00 
146.29 .00 .00 ~38.5 .228E+01 1. 71 10.38 1. 71 .00 
147.30 .00 .00 442.5 .226E+01 1. 72 10.40 1. 72 .00 
148.30 .00 .00 446.5 .224E+01 1. 73 10.42 1. 73 .00 
149.31 .00 .00 450.5 .222E+01 1. 75 10.45 1. 75 .00 
150.32 .00 .00 454.6 .220E+01 1.76 10.47 1. 76 .00 
151. 32 .00 .00 458.7 .218E+01 1. 77 10.49 1. 77 .00 
152.33 .00 .·00 . 462.8 .216E+01 1. 78 10.52 1. 78 .00 
153.33 .00 · .00 467.0 .214E+01 1. 79 10.54 1.79 .00 
154.34 .00 .00 471.2 .i12E+01 1.81 10.56 1.81 .00 
155.34 .00 .. 00 475.5 .210E+01 1.82 10.59 1.82 .00 
156.35 .00 .00 479.8 .208E+01 1.83 10.61 1.83 .00 
157.35 .00 .00 484.1 .207E+01 1.84 10.63 1.84 .00 
158.36 .00 .00 488.5 .205E+01 1.86 10.65 1.-86. .00 
159.36- .00 .00 492.9 .203E+01 1.87 10.68 1.87 .00 
160.37 .00 .00 4~7.3 .201E+01 1·.88 10.70 1.88 .00 

Cumulative ·travel time =· 538. sec 

-----------------------------------------.------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
160.37 10.70 .00 497.3 .201E+01 1.88 21.40 1.88 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is. 176.31 m. 
177.16 10.70 .00 . 561.8 .178E+01 2.11 21.58 2.11· .00 
193.96 10.70 .00 626.3 .160E+01 2.35 21.58 2.35 .00 
210·. 75 10:.70 .00 694.5 .144E+01· 2·.61 21.58 2.61 .00 
227.54 10.70 .00 765.0 .131E+01 2.87 21.58 2.87 .00 
244.33 10.70 .00 836.7 .120E+01 3.14 21.58 3.14 .00 
261.13 10.70 .00 908.8 .110E+01 3.41 21;58 3.41 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
277.92 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

Effluent is FULLY MIXED over the entire channel cross-secti~n . 
. Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
294.71 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
311.50 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
328.30 10.70 .00 925.0· .108E+01 3.47 21.58 3.47 .00 
345.09 10.70 .00· 925.0 .108E+01 3.47 21. 58. 3.47 .00 

-361.-88·· 10:70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
378.67 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
395.47 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
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412.26 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
429.05 10.70 .00 925.0 · .108E+01 3.47 21.58 3.47 .00 
445.84 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
462.64 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
479.43 J.0.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

. 496.22 10.70 .00 9·25.0 .108E+01 3.47 21.58 3.47 .00 · 
513.01 10.70 .00 925.0 .10.8E+01 3·_47 21.58 3.47 ·.00 
529.81 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
546.60 10. 70 · .00_ 925.0 .108E+01 3.47 21. 58 · 3.47 .00 
563. 3'9 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
580.19 10.70 .00 925.0 ~108E+01 3.47 21.58 3.47 .00· 
596.98 10.70 .00 925~0 .108E+01. 3.47 21.58 3.47 .00 
613.77 10.70 .00 925.0 .108E+01 3·_47 21.58 3.47 .00 
630.56 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
647.36 10.70 .00 925.0 .108E+01 3-.47 21.58 3.47 .00 
664.15 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
680'.94 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
697.73 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
714.53 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
731.32 10.70 .00 925.0 .108E+01 3.47 21;58 3.47 .00 
748.11 10·. 70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
764.90 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
781.70 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
798.49 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
815.28 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
832.07 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
848.87 10.70 .00 925.0 .108E+01 3.47 21.58· 3.47· .00 
865.66 10.70 .00 · 925.0 . . 108E+01 3.47 21.58 3.47 .00 
882.45 10.70 . 00 925,.0 .108E+01 . 3.47 21.58 3.47 .00 
899.24 10.70 .00 925.0 :108E+01 3.47 21.58 3.47 .00 

. 9°16.04 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
932.83 10.70 .00 925.0 . . 108E+01 3.47 21.58 3.47 .00 
949.62 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
966.42 10.70 .00 925.0 .108E+01 3.47 . 21. 58 3.47 .00 
983.21 10.70 .00 925.0 .108E+01· 3.47 21.58 3.47 .00 

1000.00 10.70 .00 925.0' .108E+01 3.47 21.58 3:47 .00 
Cumulative travel time= 3460. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of ~rediction File 

''!11111:11111111111111111111111111111111111'111111111111111111111111111111111111 

Page 8 



R01449

MAC3-3Xl.CX1 
CORMIXl PREDICTION FILE: 
111111111111111111111111111111111111_111111111,11111111111111111111111111111111 . 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl:: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

. . . -----------------------------------------------------------------------------
CASE DESCRIPTION 
Site name/label:· 
Design·case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDOYARIVER 
CASEA3A_APORTA3AMAXIMUMAFLOW 

· cormix\sim\MAC3-3Xl.cxl 
01/13/20~-19:56:57 

ENVIRONMENT PARAMETERS (metric units) 
•Bounded section 

B$ = 23.71 AS = 107.64 _QA 
HA. = 4.54 HD = 4.54 
UA = .287 F . = .058 USTAR 
uw = 2.000 UWSTAR= . . 2198E.:02 
Uniform density environment 
STRCND= U RHOAM = · 998.4901 

DISCHARGE 
BANK = 
00 = 
THETA = 
U0 = 

. RH00 = 

C0 = 

PARAMETERS ·(metric units) 
LEFT. DISTB = 11.00 

.102 A0 = .008 H0 
30.00 SIGMA=· .00 

5 .487 Q0 = .044 
1013.3900 DRH00 =-.1490E+02 GP0 
. 1000E+04 CUNITS= PPM 

!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 

= 30.89 

= .2445E-01 

= .55 

= .4448E-01 
=- .1463E+00 . 

= .0000E+00 

ICHREG= 2 

Q0 = .4448E-01 M0· = .2441E+00 J0 =-.6510E-02 SIGNJ0= -1.~ 
Associated length scales (meters) 
LQ = .09 LM = 4.30 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
· FR0· = 44.99 R = 19.11 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 1.72 Lb = .28 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0. 
REGMZ = 0 

MAC3-3Xl.CX1 

XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located. at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis ·points ·downstream, v..,axis points to left, z-'axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
. 55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 . 

B 
.05 

------· ----------------------------------------------------------------------

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 29.04 SIGMAE= .00 
LE = .47 XE = .40 YE = .00 ZE = .78 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes re~ction effects, if any) 

x· y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.40 .00 .78 1.0 .1~0E+04 .05 
.75 .00 .97 1. 7 .582E+03 .10 

1.13 .00 1.14 2.7 .375E+03 .15 
1.51 .00 1.31 3.7 .272E+03 .19 
1.88 .. 00 1'.45 4.7 .213E+03 .24 
2.27 .00 1.58 5.8 .173E+03 .28 
2.66 .00 1. 70 6.9 .146E+03 .32 
3.05 .00 1.80 7.9 .126E+03 .36 
3.45 .00 1.89 9.0 .111E+03 .40 
3.85 .00· 1.98 10.0 .997E+02 .43 
4.24 .00 2.05 11.0 .909E+02 .46 
4.65 .00 2.12 12.0 .835E+02 .49 
5.06 .00 2.17 12.9 .775E+02 .51 
5.45 .00 2.22 . 13.8 .726E+02 .54 
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5.86 
6.27 
6.67 
7.08 
7.49 
7.89 
8.30 
8.72 

Maximum· jet 
9.11 
9.53 
9.94 

10.33 
10.75 
11.16 
11.55 
11.97 
12.38 
12.77 
13·.18 
13.60 
13.99 
14.40 
14.81 
15.20 
15.61 
16.02 
16.41 
16.82 
17.23 
17.62 
18·.03_ 
18.44 
18.83 
19:24 
19.65 
20.04 
20.45 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
height 

.00 

.00 

.00· 

.00 

.00 

.00 

.00 

.00 
.• ~0 

.00· 
;·00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
·.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

MAC3_-3Xl. CXl 
2.27 
2.30 
2.33 
2.36 
2.38 
2.39 
2.40 
2.41 

14. 6 . 684E+02 . 56 . 
15.4 .649E+02 .58 
16.1 .619E+02 .60 
16.9 .593E+02 .62 
17.5 .571E+02 .63 
18.1 .552E+02 .65 · 
18.7 .535E+02 .66 

·19.2 .521E+02 .67 
has been reached. 

2.41 19.7 .508E+02 
2.40 20.2. ~495E+02 
2.39 20.8 .482E+02 
2.38 21.3 .468E+02 
2.36 22.0 .455E+02 
2.34 22.7 .441E+02 
2.32 23.4 .. 427E+02 
2;29 24.2 .414E+02 
2.26 25.0 .400E+02 
2.22 25.8 .387E+02 
2.19 26.7 .374E+02 
2.14· 27.7 .361E+02 
2.10 28.6 .349E+02 
2.06 29.7 .337E+02 
2.01 30.7 .326E+02 
1.96 31.8 .315E+02 
1.91 . 32.9 .304E+02 
1.85 · 34.1 .293E+02 

. 1.80 35.2 .284E+02 
1.74 . 36.5 .274E+02 
1.68 37.7 .265E+02 
1.62 39.0 .257E+02 
1.56 40.3 .248E+02 
1.50 41.7 .240E+02 
1.44 43.0 .232E+02 
1.38 44.4 .225E+02 
1.31 45.9 .218E+02 
1.25 47.3 .211E+02 
1.18 48.8 .205E+02 

.68 

.70 

.71 
·. 72 
.73 
.75 
.76 
.78 
.80: 
.81· 
.83 · 
.85 
.86 
.88 
.90 
.92 
.94 
.96 
.98 

1.00 
1.02 
1.04 
1.06 
1.08 
1.10 
1.12 
1.14 

.1.16 
1.18 

Cumulative travel time= 33. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER-BOUNDARY/TERMINAL LAYER APPROACH 

·control volume inflow: 
X Y Z S C B 

20.45 .00 1.18 48.8 .205E+02· 1.18 
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MAC3-3Xl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, meas~red horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C ·BV 
19.27 .00 .00 48.8 .205E+02 .00 
19.62 .00 .00 48.8 .205E+02 1.59 
19.97 .00 .00 48.8 .205E+02 1.89 
20.33 .00 .00· 48.8 .205E+02 2.08 
20.68' ·.00 .00 50.1 .200E+02 2.22 
21.04 .00 .00 56.3 .178E+02 2.32 
21.39 .00 .00 64.9 .154E+02 2.40 
21. 75 .00 .00 72.7 .137E+02 2.46 
22.10 .00 .00 78.1 .128E+02 · 2.50 
22.46· .00 .00 81..0 .123E+02 2.53 
22.81 .. 00 .00 82.9 .121E+02 2.53 

Cumulative travel time = 41. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness., measured vertically 

effects, 

BH 
.00 
.80 

1.13. 
1.39 
1.60 
1. 79 · 
.1.96 
2:12 

· 2. 27. 
2.40 
2.53 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

if any) 

zu 
.00 

1.59 
1.89 
2.08 
2.22 
2.32 
2.40 
2.46 
2.50 
2.53 
2.53 

C = av.erage (bulk) concentration ·(includes reaction effects, if any) 

Plume Stage 1 (not bank attached):· 
X y z s C BV BH. zu 

22.81 .00 .00 82.9 .121E+02 2.53 2;53 2.53 
24.47 .00 .00 85.2 .117E+02 2.36 2.80 2.36 
26.12 .00 ·.00 87.2 .115E+02 2.21 3.05 2.21 
27.77 .00 .00 89.1 .112E+02 2.10 3.30 2.10 
29.43 .00 .00 90.9 .110E+02 2.00 3.53 2.00 

. 31.08 .00 .00 92.7 .108E+02 1.91 3.76 1.91 
32.74 .00 .00 '94.3 .106E+02 1.84 3.98 1:84 
34.39 .. 00 .00 95.9 .104E+02 1. 77 4.19 1. 77 
36.05 .00 .00 97.5 .103E+02 1. 72 4.40 1. 72 
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ZL 
.00 
.00 · 
.00 
.00 
.00 
.00 
.00 
.00 

· .00 
.00 
.00 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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MAC3-3Xl.CX1 
37.70 .00 .00 99.1 .101E+02 1.67 4.61 .1.67 .00 
39.36 . .00 .00 100.6 .994E+01 1.62 4.81 1.62 .00 
41.01 .00 .00 102.2 .979E+01 1.58 5.00 1.58 .00 
42.66 .00 .00 103.7 .964E+01 1.55 5.19 1.55 .00 
44.32 .00 .00 105.3 .950E+01 1.52 5.38 1.52 .00 
45.97 .00· .00 106.8 .936E+01 1.49 5.57 1.49 .00 
47.63 .00 .00 108.4 .923E+01 1.46 5.75 1.46 .00 
49.28 .00 .00 110.0 .909E+01 1.44 5.93 1.44 .00 
50.94 .00 .00 111.6 .896E+01 · 1.42 6.10 · 1.42 .00 
52.59 .~0 .00 113.2 .88JE+01 1.40 6.28 1.40 .00 
54.25 .00 . 00 114.9 .870E+01. 1.38 6.45 1.38 .00 .. 
55.90 .00 .00 116.6 .858E+01 1.37 6.62 1.37 .00 
57.55 .00 .00 118.3 .845E+01 1.35 . 6. 79 . 1.35 .00 
59.21 .00 .00 120.1 .833E+01 1.34 6.95 1.34 .00 
60.86 .00 .00 121.9 .821E+01 1.33 7.11 i.33 .00 
62.52 .00 .00 123.7 .808E+01 1.32 7.28 · 1.32 .00 
64.17 .00 .00 125.6 .796E+01 1.31 7.43 1.31 .00 
65.83 .00 .00 127.5 .784E+01 1.30 7.59 1.30 .00 
67.48 . 00 .00 . 129.4 .773E+01 1.29 7.75 1.29 .00 
69.14 .00 .00 131.4 .761E+01 1.29 7.90 1.29 .00 
70.79 .0·0 .00 133·. 5 .749E+01 1.28 8.06 1.28 .00 
72.44 .00 .00 · 135.6 .738E+01 1.28 8.21 1.28 .00 
74.10 .00 .00 137. 7 · .72~E+01 1.28 8.36. 1.28 .00 
°75.75 .00 .00 139.9 .715E+01 1.27 8.51 1.27 .00 
77.41. .00 .00 142.1 .704E+01 1.27 8.66 1.27 .00 
79.06 ~00 .00 144.4 .693E+01 1.27 8.80 1.27 .00 
80.72 .00 ·.00 146.7 .682E+01. 1.27 8.95 1.27 .00 
82.37 .00 .00 149.1 .671E+01 t.27 9.09 1.27 .00 
84.03 .00 .00 151.6 .660E+01 1.27 9.23 1.27 .00 
85.68 .00 .00 154.0 .649E+01 1.27 9.38 L27 .00 
87.34 .00 .00 156.6 .639E+01 1.28 9.52 1.28 .00 
88.99 .. 00 .00 159.2 .628E+01 1.28 ·. 9.66 1..28 .00 
90.64 .00 .00 161.9 .618E+01 1.28 9.79 1.28 .00 
92.30 .~0 .00 164.6 ·.608E+0.1 1.28 9.93 1.28 · .00 
93.95 .00 .00 167.3 .598E+01 1.-29 10.07 1.29 .00 
95.61 .00 .00 170.2 ·. 588E+01 1.29. 10.20 1.29 .00 
97.26 .00 .00 173.1 .578E+01 1.30 10.34 1.30 .00 
98.92 .00 .00 176.0 .568E+01 1.30 10.47 1.30 .00 

100.57 .00 .00 179.0 .559E+01 1.31 10.61 1.31 .00 
102.23 .00 .00 182.1 .549E+01 1.31 10.74 1.31 .00 
103.88 .00 · .00 185.3 .540E+01 1.32 i0.87 1.32 .00 
105.53 .00 .00 188.4 .531E+01 ·l.33 11.00 1.33 .00 

Cumulative travel time = 329. sec 

-------------------------------------------------------------------·---------
·-p1ume·is ATTACHeo·to LEFT' bank/shore. 

Plume width is now determined from LEFT bank/shore. 
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MAC3-3Xl.CX1 
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
105.53 11.00 .00 188.4 .531E+01 1.33 22.00 1.33 .00 

. 105. 98 11.00 .00 189.2 .528E+01 1.33 22~03 1.33 .00 
106.42 11.00 .00 190.0 .526E+01 1.33 22.07 1.33 .00 

·106.87 11.00 .00· 190.8 .524E+01 1.34 22.10 1.34 .0~ 
107.31 11.00 .00 191.6 .522E+01 1.34 22.14 1.34 .00 
107.76 11.00 .00 192.4 .520E+01 1.34 22.17 1.34 .00 
108.20 · 11.00 .00 193.2 .517E+01 1.35 · 22. 21 1.35 .00 
108.65 11.00 .00 194.1 .515E+01 1. 35 · 22.24 1.35 .00 
109.09 11.00 .00 194.9 . 513E+01 · 1.36 22.28 1.36 .00 
109.53 1L00 .00 195.7 .511E+01 1.36 22.31 1.36 .00 
.109.98 11.00 .00 196.5 .509E+01 1.36 ·22.35 1.36 .00 
110.42 11.00 .00 197.3 .507E+01 1.37 22.38 1.37 .00 
110.87 11.00 .00 198.1 . 505E+01 · 1.37 22.42 1.37 .00 
111.31 11.00 .00 . . 199.0 .503E+01 1.37 22.45 1.37 .00 
111.76 11.00. .00 199.8 .501E+01 1.38 22.49 1.38 .00 
112.20 11.00 .00 200.6 .498E+01 1.38 22.52 1.38 .00 
112.64 11.00 .00 201.4 .496E+01 1.38 22.56 1.38 .00. 
113.09 11.00 . .00 202.3 .494E+01 1.39 22.59 1.39 .00 
113.53 11.00 .00 203.1 .492E+01 1.39 22.62 1.39 ·.00 
1.13.98 11.00 .00· 203.9 .490E+01 1.39 22.66 1.39 .00 
114.42 11.00. .00 204.8 .488E+01 1.40 22.69 1.40 .00 
114.87 11.00 . 00 205.6 .486E+01 1.40 22.73 1.40 . .00 
115.31 11.00 .00 206.5 .484E+01 · 1.41 22.76 1.41 .00 
115.76 11.00 .00 207.3 .482E+01 1.41 22.80 1.41 .00 
116.20 11.00 .00 208,2 .480E+01 1.41 22.83 1.41 .00 
116;64 11.00 .00 209.0 ·.478E+01 1.42. 22.86 ·1.42 .00 
1-17.09. 11.00 .00 209.9 .476E+01 1.42 22:90 1.42 .00 
117.53 11.00 .00 210.7 .475E+01 1.42 22.93 1.42 .00 
117.98 11.00 .00 211.6 .473E+01 1.43 22.97 1.43 .00 
118.42 11.00 .00 212.5 .471E+01 1.43 23.00 1.43 .00 
118.87 11.00 .00 213.3 .469E+01 1.44 23.04 · 1.44 .00 
119.31 11.00 .00 214.2 · .467E+01 1.44 23.07 1.44 .00 
119.76 . 11-.00 .00 215.1 .465E+01 1.44 23.10 1.44 .00 
120.20 11.00 .00 215.9 .463E+01- 1.45 23.14 1.45 .00 
120.64 11.00 .00 216.8 .461E+01 1.45 23.17 1.45 .. 00 
121.09 11.00 .00 217.7 .459E+01 1.45 23.21 1.45 - .00 
121.53 11.00 .00 218.6 .458E+01 1.46 23.24 1.46 .00 
121.98 11.00 .00 219.4 .456E+01 1.46 23.27 1.46 .00 
122.42 11.00 .00 220.3 .454E+01 1.46 23.31 1.46 .00 
122.87 11.00 .00 221.2 .452E+01 1 .. 47 23.34 L47 .00 
123·,31 11.00 .00 222.1 .450E+01 1.47 23.38 1.47 .00 
123.76 11.00 .00· 223.0 .448E+01 1.48 23.41 1.48 .00 
124.20 11.00 .00 223.9 .447E+01 i.48 23.44 1.48 .00 
124.64 · 11.00 .00 224.8 .445E+01 1.48 23.48 1.48 .00 
125.09 11.00 .00 225.7 .443E+01 1.49 23.51 1.49 .00 
125.53 11.00 .00 226.6 .441E+01 ·1.49 23.54 1.49 .00· 
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MAC3-3Xl.CX1 
125.98 11.00 .00 227.5 .440E+01 1.50 23.58 1.50 .00 
126.42 11.00 .00 228.4 .438E+01 1.50 23.61 1.50 .00 
126.87 11.00 .00 229.3 .436E+01 1.50 23.65 1.50 .00 
127.31 11.00 .00 230.2 .434E+01 1.51 23.68 1.51 .00 
127.75 11.00 .00 231.1 .433E+01 1.51 23.71 1.51 .00 

Cumulative travel time = 406. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime . 

. END OF MOD141: BUOYANT AMBIENT SPREADING 
. . . -----------------------------------------------------------------------------

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

;222E-01 m"2/s 
· .555E-01 ml\2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) ·thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussiari s.d.*sqrt(pi/2). (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL·= lower piume boundary (Z-coordinate) 
S = hydrodynamic centerline.dilution 
~ = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
·x Y Z S C 

127.75 
145.20 
162.64 
180.09 
197.53 
214.98 
232.42 
249.87 
267.31 
284.76 
302.20 
319.65 
337.09 
354. 54 
371.98 
389.43 
406.87 

---~24.32 

441.76 
459.21 

11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00· 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

.00. 231.1 · .433E+01 

.00 239.8 .417E+01 
;00 248.9 .402E+01 
.00 258.7 .387E+01 
.00 269.0 .372E+01 
.00 280.1 .357E+01 
.00 "291.8 .343E+01 
.00 304.3 .329E+01 
.00. 317.5 ,315E+01 
.00 331.6 .302E+01 
.00 346.6 .289E+01 
.00 362.4 .276E+01 
.00 379.2 .264E+01 
.00 397.0 .252E+01 
.00 415.7 .241E+01 
.00 435.4 .230E+01 
.00 456.1 .219E+01 

·11. 00· · - - • 00 477. 8 . 209E+01 
11.00 .00 500.4 .200E+01 

· 11.00 .00 524.0 .191E+01 
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BV 
1.51 
1.57 
1.63 
1.69 
1. 76 
1.83 
1.91 
1.99 
2.08 
2.17 
2.26 
2.37 
2.48 
2.59 
2.72 
2.85 
2·. 98 
3.12 
3.27 
3.42 

BH 
23.71 
23.71 
23.71 
23.71 
23. 71 
23. 71 
23. 71 
23.71 
23.71 
23 • .71 
23.71. 
23.71 
23.71 
23.71 
23. 71 
23.71 
23. 71 
23'.71 
23.71 
23.71 

·zu 
1.51 
1.57 
1.63 
1.69 
1. 76 
i.83 
1.91 
1.99 
2.08 
2.17 
2.26 
2.37 
2.48 
2.59 
2.72 
2.85 
2.98 
3.12 
3.27 
3.42 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
~00 
.00 
.00 
-.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 



R01456

476~65 
-494.10 
511.54 
528.99 
546.43 
563.88 

11.00 
11.00 
11.00 
11.00 
11.00 
11.00 · 

MAC3-3Xl.CX1 
.00 548.4 .182E+01 3.58 
.00 573.6 .174E+01 3.75 
.00 599.7 .167E+01 3.92 
. 00 626.4 .. 160E+01 4.09 
.00 653.7 .153E+01 4.27 
.00 681.6 .147E+01 4.45 

Plume interacts with SURFA~E. 

23. 71 
23. 71 
23. 71 
23. 71_ 
23.71 
23.71 

3.58 
3.75 
3.92 
4.09 . 
4.27 
'4.45 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. -

.00 

.00 

.00 

.00 

.00 

.00 

581.32 11.00 .00 694.7 · .144E+01 4.54 23.71 4.54 .00 
Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible.far-field_decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
598.77 11.00 .00 694.7 .144E+01· 4.54 
616.21 11.00 .00 694.7 .144E+01 4.54 
633 .. 66 11.00 .00 694. 7 .144E+01 4. 54 
651.:10 11.00 .00 694.7 .144E+01 4.54 
668.55 11.00 .00 694.7 .144E+01 4.54 
685.99 11.00. .00 694.7 .144E+01 4.54 
703.44 11.00 .00 694.7 .144E+01 4.54 
72.~.88 11.00 .00 6~4.7 .144E+01 4.54 
738.33 11-.00 .00 694.7 .144E+01 4.54 
755.77 11.00 .00. 694.7 .144E+01 4.54· 
773.22 11.00 .00 694.7 .144E+01 4.54 
i90. 66 11. 00 . 00 694. 7 .144E+01 4. 54 
808 .11 11.00 .00 694. 7 .144E+01 4. 54 
825.55 11.00 .00 694.7 .144E+01 4.54 
843.00 11.00 .00 694.7 .144E+01 4.54 
860. 44 1.1. 00 . 00 69.4. 7 . 144E+01 4. 54 
877. 89 11. 00 · . 00 694. 7 . 144E+01 4. 54 
895.33 11.00 .00 694. 7 .144E+01 1 4.54 
912. 78 11. 00 . 00 694. 7 .144E+01 4. 54 
930. 22 11.00 .00 694·. 7 .. 144E+01 4. 54 
947.66 11.00 .00 694.7 .144E+01 4.54 
965 .11 . 11.00 .. 00 694. 7 .144E+01- 4. 54 
-982.55 11.00 .00 6~4.7 .144E+01 · 4.54 

1000.00 11.00 .00 694.7 .144E+01 4.54 
Cumulative travel time= 3441. sec 

23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
'23. 71 
23.71 
23.71 
23.71 
23.71 
23.71 

4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.'54 
4.54 
4.54 

. 4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 
4.54 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF- INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

· ·coRMIXl: Submerged Single Port Discharges End of Predic~ion File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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MAC4-1N1.CX1 
(ORMIXl PREDICTION FILE: 
1111i111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem-version: 
Submerged Single Port Discharges CORMIX_y.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 

-FILE NAME: 
Time of ·Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A_APORTA1ANORMALAFLOW 
cormix\sim\MAC4-1N1.cx1· 
01/13/20--20:12:32 

ENVIRONMENT PARAMETERS 
Bounded section 

(metric units) 

BS = 23.71 AS = 107.64 QA = 30.89 ICHREG= 2 

.2445E-01 
. HA = 4·. 54. HD = . 4.54 

UA = .287 F = .058 USTAR = 
uw = 2.000 UWSTAR= .2198E~02 
Uniform density environment 
STRCND=· U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 = 
THETA= 

.076 A0. -· .005 H0 
30.00. SIGMA= .00 

. U0 = 2.866 Q0 = .013 . 
RH00 
c0 
IPOLL 

= 1013.3900 'DRH00 =-.1490E+02 GP0 
= .1000E+04 CUNITS= PPM. 
= 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 =· .1307E-01 M0 
Associated lengt~ scales 
LQ = .07 LM 

NON-DIMENSIONAL PARAMETERS 

= .3746E-01 J0 
(meters) 
- 1.95 Lm 

Lmp 

FR0 = 27.14 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .56 

= .1307E-01 
=-.1463E+00 

= . 0000E+00 . 

=-.1913E-02 SIGNJ0= -1.0 

= .67 Lb = .08 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION·/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 
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MAC4-1Nl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0· 
XINT ·= 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and .below the center·of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 5_0. display intervals per module 
. . . -----------------------------------------------------------------------------

-----------------------------------------------------------------------------. . 
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

----~-------------------------------------------· ----------------------------
. . --------------------------------------------------- , ________________________ _ 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in stron~ crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00 
LE = .32 XE =. .28 YE = .00 ZE = .72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline conc~ntration (includes reaction effects, .if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.28 .00 .72 1.0 .100E+04 .04 
.48 .00 .82 1.6 .640E+03 .07 
.68 .00 .90 2.3 .433E+03 .09 
.90 .00 .98 3.-1 .321E+03 .12 

1.11 .. 00. 1.05 3.9 .256E+03 .14 
1.33 ._00 1.10 4.7 ·. 212E+03 .16 
1.55 .00 1.15 5.5 .183E+03 .18 
1. 77 .00 1.19 6.2 .161E+03 .19 
2.00 .-00 1.23 6.9 .144E+03 .21 
2.22 .00 1.26 7.6 .132E+03 .22 
2.44 .00 1.28 8.2 .122E+03 .23 
2.67 .00 1.31 ·• 8.8 .11.4E+03 .24 
2.89 .00 1.32 9.3 .107E+03 .25 
3.12 .00 1.34 .9.9 .101E+03 .26 
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3.34 
3.57 
3.79 
4.02 

Maximum jet 
4.24 
4.47 
4.69 
4.92 
5.15 
5.37 
5.59 
5.82 
6.04 
6.27 
6.49 
6.72 
6.94 
7.16 
7.39 
7 ♦ -61 
7.84 
8.06 
8.28 
8.51 
8.73 
8.95 
9.17 
9.39 
9.62 
9.84 

10.07 
10.29 
10.52 
10.74 
10.96 
11.18 
11.40 

.00 

.00 

.00 

.00 
height 

.00 

.00 

.00 

.00 

.00 
.. 00 
.00 
~.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00. 

·.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.35 
1.36 
1.36 
1.36 

has been 
1.36 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 
1.29 
1.27 

. 1.25 
1.23 
1.21 
1.18 · 
1.16 
1.13 
1.11 
1.08 
1.05 
1.02 

.99 

.96 

.93 

.90 

.87 

.84 

.81 

.78 

.74 

.71 

.68 

.65 

.62 

.58 
Cumulative travel time= 

MAC4-1Nl.CX1 
10.3 .970E+02 
10.7 .931E+02 
11.1 .899E+02 
11.5 .872E+02 

reached. 
11.8 .848E+02 
12.2 .823E+02 
12.6 .796E+02 
i3. 0 . 769E+02 . 
13.5 .742E+02 
14.0 .715E+02 
14.5 .689E+02 
15.1 .662E+02 
15.7 .637E+02 
16.4 .611E+02 
17.0 .. 588E+02 

.17.7 .564E+02 
18.5 .542E+02 
19.2 .521E+02 
20.0 ♦-500E+02 
20.8 .480E+02 
21.7 .461E+02 
22.5 .444E+02 
23.4 .427E+02 
24.3 .411E+02 
25.3 .-396E+02 
26.2 .381E+02 
27.2 .368E+02 
28.2 .355E+02 
29.2 .342E+02 
30.2 .331E+02 
31. 3· . 319E+02 
32.4 .309E+02 
33.5 .299E+02 
34.6 .289E+02 

·35_7 .280E+02 
36.8 .271E+02 
38.0 .263E+02 

. -22. sec 

.27 

.28 

.28 

.29 

.30 

.30 · 

.31 

.31 

.32 

. 33 · 

.34 

.34 

.35 

.36 

.37 

.38 

.39 

.40. 

.41 

.42 

.43 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

. 58. 

END OF CORJET (MOD110): JET/PLUME NE~R-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z 

11.40 .00 .58 
S C 

38.0 .263E+02 
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R01460

MAC4-1Nl. CXl 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH =·top-hat half-width, measured horizontally in Y-direction 
zu = upper· plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
10.82 .00 .00 38.0 .263E+02 .00 
11.00 .00 .00 38.0 .263E+02 .76 
11.17 .00· .00 38.0 .263E+02 .90 
11.35 .00 .00 38.0 .263E+0i 1.00 
11.52 .. .00 .00 39.0 .256E+02 1.06 
11. 70 .00 .00 43.8 .228E+02 1.11 
tl.87 .00 .00 50.5 .198E+02 1.15 
12.04 .00 .00 56.6 .177E+02 1.18 
12.22 .00 .00 60.8 .164E+02 1.20 
12.39 .00 .00 63.1 .159E+02 1.21 
12.57 .00 .00 64.5 .155E+02 1.21 

Cumulative travel time = 26. sec 

END OF ·MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.38 
.54 
.66 
.77 
.86 
.94 

1.01 
1.08 
1.15 
1.21 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper pl~me boundary (Z-coordinate) 
ZL = lower.plume boundary (Z-coo,rdinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

Plume Stage 1 (not 
X- y 

12.57 .00 
13. 75 .00 
14.93 .00 
16.11 .00 
17 .29 .00 
18.47 .00 
19.65 -.00 
20.83 .00 
22.01 .00 

bank attached): 
Z S C BV 

· .00 64.5 .155E+02 1.21 
.00 
.00 
.00 
.00 
.00 
:00 
.00 
.00 

66.7 .150E+02 
68.8 .145E+02 
70.7 .141E+02 
72. 6 .. 138E+02 
74.5 .134E+02 
76. 3 .131E+02 ·· 
78. 2 · .128E+02 
80.1 .125E+02 
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1.12 
1.04 

.99 

.94 

.90 
~87 
.84 
.82 

effects, 

BH 
1.21 
1.36 
1.50 
1.63 
1. 76 
1.89 
2.01 
2.12 
2.24 

if any) 

zu · ZL 
.00 .00 
.76 .00 
.90 .00 

1.00 .·00 
1.06 .00 
1.11 .00 
1.15 .00 
L18 .00 
1.20 .00 
1.21 .00 
1.21 .00 

if any) 

zu ZL· 
1.21 .00 
1.12 .00 
1.04 .00 

.99 .00 

.94 .00 

.90 .00 

.87 .00 

.84 .00 

.82 .00 



R01461

MAC4-1Nl.CX1 
23.18 .00 .00 82.0 .122E+02 .80 2.35 .80 ..• 00 
24.36 .00 · .00 84.0 .119E+02 .78 2.46 .78 .00 
25.54 .00 .00 86.0 .116E+02 .76 2.56 .76 .00 
26.72 .00 .00 88.2 .113.E+02 .75 2.67 . 7.5 .00 
27.90 .00 .00 90.3 .111E+02 .74 2.77 .74 .00 
29.08 ·.00 .00 '92.6 .108E+02 .74 2.87 .74 .00 
30;26 .00 .00 94.9 .105E+02 .73 2.96 . 73· .00 
31.44 .00 .00 97.4 .103E+02 .72 3.06 .72 .00 

· 32. 62 .00 .00 99.9 .100E+02 .72 3.16 .72 .00 
33·.80 .00 .00 102.5 .976E+01 .72 3.25 .72 .00 
34.98' .00 .00 105.2 .951E+01 .72 3.34 :72 .00 
36.16 .00 .00 108.0 .926E+01 .72 3.43 .72 .00 
37.34 .00 ~00 110.9 .902E+01 .72 3.52 .72 .00 
38.52 .00 .00 113.9 .878E+01 .72 3.61 .72 .00 
39.70 .00 .00 117.1 .854E+01 .72 3.70 .72 .00 · 
40.88 .00 · .00 120.3 .831E+01 .72 3.79 .72 .00 
42.06 .00 .00 123. 7 . . 809E+01 .73 3.87 .. 73 .00 
43.24 .00 .00 127.1 .787E+01 .73 ·3.96 .73 .00 
44.42 .00 .00 130.7 .765E+01 .74 4.04 .74 .00 
45.60 · .00 .00 134.4 .744E+01 .74 4.12 .74 .00 
46.78 .00 .00 138.3 .723E+01 .75 4.20· .75 .00 
47.96 .00 .00 142.2 .703E+01 .76 4.29 ·• 76 .00 
.49.13 .00 .00 146.3 .683E+01 .76 4.37 .76 .00 
50.31 .00 .00 150.5 .664E+01 .77 4.45 .77 .00 
51.49 .00 .00 154.9 .646E+01 .78 4.52 .78 .00 
52.67· .00 .00 159.4 .628E+01 .79 4.60 .79 .00 
53.85 .00 .00 164.0 .610E+01 .80 4.68 .80 .00 
55·_.03 .00 .00 168.7 .593E+01 .81 4.76 .81 .00 
56.21 .00 .00 173.6 .576E+01 .82 4.83 .82 .00 
57.39 .00 .. 00 178.6 . 560E+01· .83 4.91 .83 .0·0 
58.57 .00 .00 183.8 .544E+01 . 84 4.98 . .84 .00 
59.75 .00 .00 189.1 .529E+01 .85 5.06 .85 .00 
60.93 .00 .00 194.5 .514E+01 .86 5.13 .86 .00 
62.11 .00 .00 200.1 .500E+01 .87 5.21 .87 .00 
63.29 .00 .00 205.8 .486E+01· .89 5.28 .89 .00 

-64.47 .00 .00 211.7 ·.472E+01 :90 5.35 .90 .00 
65.65 .00 .00 217 .7 · .459E+01 .91 5.43 .91 .00 
66.83 .00 · .00 223.8 .447E+01 .93 5 .. 50 .93 .00 
68.01 .00 .00 . 230. 2 .434E+01 .94 5.57 .94 .00 
69.19 .00 .00 236.6 .423E+01 .96 5.64 .96 .00 
70.37 .00 .00 243.2 .411E+01 .97 5.71 .9T .00 
71.55 .00 .00 250.0 .400E+01 .99 5.78 .99 .00· 

Cumulative travel time= 231. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
0 ... ~ .. -· -.. ------------------------------------------------------------.-----------------

-----.------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBI.ENT 
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R01462

MAC4-1Nl.CX1 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

· Profile definitions: 

.222E-01 m"2/s 

.555E-01 m"2/s 

BV = Gaussian s.d~*sqrt(pi/2) (46%) thicknessj measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) h~lf-width, 
· measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concen~ration (includes reaction effects, if any) 

Plume Stage 1 
X 

71.55 
74.43 
77.31 
80.20 
83.08 
85.96 
88.85 
91.73 
94.61 
97.49 

l,00.38 
103.26 
+06.14 
109.03 
111.91 
114.79 
117.68 
120.56 
123.44 

· 126.33 
129.21 
132.09 
134.98 
137.86 
140.74 
143.63 
146.51 
149.39 
152.28 
155.16 
158.04 
160.93 

(riot 
y 
.. 00 
.00 

· .00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 · 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.-~0 
.00 
.00 

bank attached): 
Z S C 
· . 00 250. 0 . 400E+01 
.00 258:8 .386E+01 
.00 267.7 .374E+01 
.00 276.6 .361E+01 
.00 285.7 .350E+01 
.00 294.9 .339E+01 
.00 304.3 .329E+01 
.00· 313.8 .319E+01 
.00 323.5 .309E+01 
.00 333.4 .300E+01 
.00 343.5 .291E+01 
.00 353.9 .. 283E+01 
.00 364.5 .274E+01 
.00 375.3 .266E+01 
.00 386.5 .259E+01 

· .00 398.0 .251E+01 
.00 409.7 .244E+01 
.00 421.9 .237E+01 
.00 434.4 .230E+01 
.00 447.2 .224E+01 
.00 460.5 .217E+01 
.00 474.2 ·.211E+01 
.00 488.3 .205E+01 
.00 502.9 .199E+01 
.00 · 518.0 .193E+01 
.00 533.6 .187E+01 
.00 549.7 .182E+01 
.00 566.3 .177E+01 
.00 583r6 .171E+01 
.00 601.4 .166E+01 
.00 619.8 .161E+01 
.00 638.9 .157E+01 
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BV 
.99 
.99 

1.00 
1.01 
1.02 
1.03 
1.05 
1.06 
1.07 
1.08 
1.10 
1.11 
1.12· 
1.14 
1.16 
1.17 
1.°19 
1.21 
1:23 -
1.25 
1.27 
1.29 
1.31 · 
1.3~ 
1.36 
1.38 
1.41 
1.44 
1.46 
1.49 
1.52 
1.55 

BH 
5.78 
5~93 
6.07 
6.22 
6.36 
6.49 
6.63 
6.76 
6.89 
7.01 
7.14 
7.26 
7.38 
7.49 
7.61 
7.72 
7.84 
7.95 
8.06 
8.17 
8.27 
8.38 
8.48 
8.58 
8.69 
8.79 
8.89 · 
8.98 
9.08 
9.18 
9.27 
9.37· 

zu 
.99 
.99 

· 1.00 
·1.01 
1.02 
1.03· 
1.05 
1.06 
1.07 
1.08 
1.10 
1.11 
1.12 
1.14 
1.16 
1.17 
1.19 
1.21 
1.23 
1.25 
1.27 
1.29 
1.31 
1.33 
1.36 
1.38 
1.41 
1.44 
1.46 
1.49 
1.52 
1.55 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 . 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

· .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
·.00 
.00 
.00 
.00 
.00 
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. . . ... 

MAC4-1Nl. CXl. 
163.81 .00 .00 658.6 .152E+01 1.59 9~46 1. 59· .00 
166.69 .00 .00 679.0 .147E+01 1.62 9.55 1.62 · .00 
169.58 .00 .00 700.1 .143E+01 1.65 9.64 1.65 .00 
172.46 .00 .00 721.9 .139E+01 1.69 · 9. 73 1.69 .00 
175.34 .00 .00 744A .134E+.01 1. 73 9.82 1.73 .00 
178.23 .00 .00 767.7 .130E+01 1. 76 9.91 1. 76 .00 
181.11 .00 .00 791. 7 .126E+01 1.80 10.00 1.80 .00 
183.99 .00 .00 . 816.5 .122E+01 L84 10.09 1.84 ~00 
186.87 ·.00 .00 842.0 .119E+01 1.88 '10.17 1 •. 88 .00 
189.76 .00 .00 868·.4 .115E+01 1.93 10.26 1.93 .00 
192.64 .00 .00 895.5 .112E+01 1.97 ·10.34 1.97 .00· 
195.52 .00 .~0 923.4 ·.108E+01 2.02 10.43 2.02 .00 

·198.41 .00 .00 952.1 .105E+01 2.06 10.51 2.06 .00 
201.29 .00 .00 981.6 .102E+01 2.11 10.59 2.11 .00 
204.17 .00 .00 1011.8 .988E+00 2.16 10.68 2.16 .00 
207.06 .00 .00 1042.9 .959E+00· 2.21 10.76 2.21 .00 
209.94 .00 .00 1074.7 .931E+00 2.26 10.84 2.26 .00 
212.82 .00 . ;00 1107.2 .903E+00 2.31 10.92 2.31 .00 
215.71 .00 .00 1140.5 .877E+00 2.36 11.00 2.36 .00 

Cumulative travel time = 733. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
215.71 11.00 .00 1140.5 .877E+00 2.36 22.00 2.36 .00 
231.39 11.00 .00 1295:5 . . 772E+00. 2.66 22.22 2.66· .00 · 
247.08 11.00 .00 145.9.4. . .685E+00 2.96 22.43 2.96. .00 
-262.76 11.00 .00 1629.4 ·.614E+00 3.28 22.64 3.28 .00 
278.45 .1-1.00 .00 1803.0 .555E+00 3.59 ·22.85 3.59· .00 
294.14 11.00. .00 1978.4 .. 505E+00· 3.91 23.06 3.91 .00 
309.82 11.00 .00 2154.1 .464E+00. 4.22 23.26 4.22 .00 
325.51. 11.00 .00 2329.4 .429E+00 '4.52 23.47 4.52 .00 

Plume interacts with SURFACE. 
The passive diffusion·plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
341.19 11.00 .~0 2359.9 .424E+00 · 4.54 23.67 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interv.al. 

The x-coordinate of bank attachment is 344.33 m. 
356.88 11.00 .00 2379.9 .420E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-sect1on. 
Except for possible far-field decay or rea~tion processes, there are 

NO FURTHER CHANGES with downstream direction. 
372.57 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
388.25 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
403:94· ... 11:00 · ;00 '2363;9 .423E+00· .. 4.54' ·23~71 4.54 .00 
419.62 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
435.31 11.00 .00 2363.9 .423E.+00 4.54 23.71 4.54 .00 
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MAC4-1Nl.CX1 
450.99 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
466.68 11.00. .00 2363.9 .423E+00· 4.54 23.71 ·4.54 .00 
4.82.37 11.00 .00 2363. 9 · .423E+00 4.54 23.71 4.54 .00 
498.05 11.00 .00 2363. 9 .423E+00 4.54. 23,71 4.54 .00 
513.74 11.00 .00 2363 ,·9 .423E+00 4.54 23.71 4.54 .00. 
529.42 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
545.11 11.00 .. 00 2363.9 .423E+00 4.54 23.71 4.54 .00 
560.80 . 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
576.48 11.00 .00· 2363.9 .423E+00 4.54 23.71 4.54 .00 
592.17 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00. 
607.85 11.00 .00 2363.9 .423E+00 4.54 23;71 4.54 .0~ 
623.54 11.00. .00 2363.9 .423E+00 4.54 23.71 4.54 .00 

· 639.23 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
654.91 11.00 .00 2363.9 .423E+00 4.54 23_. 71 4.54 · .00 
670 .. 60 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
686.28 11.00 .00 2363.9 .423E+00 4.54. 23.71 4.54 .00 
701.97 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .. 00 
717.65 11.00 .00 2363.9 .423E+00 · 4.5·4 23.71 4.54 .00 
733.34 11.00 .00 2363.9 .423E+00 4.54 23.71 4;54 .00 
749.03 11.00 .00 2363.9- _-423E+00 4.54 23.71 · 4.54 .00 
764.71 11.00 .00 ·2363. 9 .423E+00 4.54 23.71 4.54 .00 
780.40 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
796.08 11.00 .00 2363.9 .423E+00 4 .. 54 23.71 4.54 .00 
811.77 11.00. .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
827.46 11.00 .00 2363. 9· _-423E+00 4.54 · ·23.71 4.54 .00 
843.14 11.00 .00 2363.9 .423E+00· 4.54 23.71 4.54 .. 00 
858.83 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
874.51 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
890.20 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
905.88 11.00 .00 2363.9 .423E+00 4,·54 23.71 4.54 .00 
921.57 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54· .00 
937.26 11.00 .00 2363.9 .423E+00 4.54 23.71 4,54·· .00 
95i.94 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
.968.63 11.00 .00 2363.9 .423E+00 4.54 23.71 4·,54 .00 
984.31 11.00 .00 2363.9 .423E+00 4.54 . 23. 71 4.54 .00 

1000.00 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54- .00· 
Cumulative travel time = 3465. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
--------------------------------------------------------~--------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111-11111111111·11:111.'11111:111111111111111111111111111111111111 

Page 8 



R01465

MAC4-1Xl.CX1 
CORMIXl PREDICTION ~ILE: 
11111111111111111111111111111111111111i11111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem- version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site .name/label: 
Design case: 
FILE NAME: 

MACHABIGAMUDOYARIVER 
CASEA4A_APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC4-1Xl.cxl 

Time· of Fortran run: . 01/13/20--20:38:34 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA - .354 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND=· U . RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = -LEFT DISTB = 11.00 
00 .076 A0 = .005 H0 
THETA= 30.00 SIGMA= · .00 

.u0 = .s.487 Q0 · = .025 
RH00' = 1013.3900 DRH00 =-.1490E+02 GP0 
C0. = ... 1000E+04 CUN ITS= PPM 
!POLL= i KS = .0000E+00 KO 

units) 

= 38.11 

= .3016E-01 

= • 56 

= .2502E-01 
=-.1463E+00 

= .0000E+00 

ICHREG= 2 

FLUX VARIABLES (met_ric 
Q0. = .2502E-01 M0 
Associated length scales 

= .1373E+00 J0 
(meters) 

=-.3662E-02 SIGNJ0= -1.0 

LQ = .07 LM = 3.73 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.86 R = 15.50 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 

·1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 1.05 Lb = .08 
= .99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 

Page 1 
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MAC4-1Xl.CX1 
NTOX = 0 
NSTD. = 0 
REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 . 

X-Y-Z COORDINATE SYSTEM:. 
ORIGIN is located at _the bottom and below the center of the port: 

11.-00 m from the.LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward .. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04' 

. ~ -----------------------------·------------------------------------------------
. . -----------------------------------------------------------------------------

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

J~t/plume transition motion in strong crossflow. 

Zone of flow establishment: 
LE = .34 XE 

THETAE= 
.30 YE = 

28.82 SIGMAE= 
.00 ZE = 

Profile definitions: 
B -~ Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z. s C B. 
.00 .00 .56 . 1.0 .100E+04 .04 
.30 .00 .73 1.~ .100E+04 .04 
.69 .00 .93 2.2 .457E+03 .09 

1.09 .00 1.10 3;7 .273E+03 .14 
1.51 .00 1.24 · 5.2 .191E+03 .19 
1.93 .00 1.37 6.9 .146E+03 .23 
2~36 .00 1.47 8.4 .118E+03 .27 
2.80 .00 1.56 10.0 .996E+02 .30 
3.23 .00 1.64 11.5. .867E+02 .33 
3.67 .00 1.70 13.0 .772E+02 .36 
4.10 .00 1. 76 14.3 .699E+02 .39 
4.54 .00 1.81- 15.6 .642E+02 .41 
·4,99 · .... '00 1.85 16.8 .595E+02 ·.43 
5.43 .00 1.88 17.9 .557E+02 .45 
5.87 .00 1.91 19.0 .527E+02 .47 

· Page 2 
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MAC4-1Xl.CX1 
6.30 .00 1.94 20.0 .. 501E+02 .48 
6.74 .00 1.96 20.9 .479E+02 .49 
7.19 .00 1.97 21.7 .460E+02 .51 
7.63· .00 1.98 22.5 .445E+02 .52 
8.07 .• 00 1.99 23.2 .431E+0i .53 
8.51 .00 1.99 23.8 .420E+02 .54 

Maximum jet height has been reached. 
8.95 .00 1.99 24.4 .409E+02· .54 
9.40 .00 1.98 25.1 .398E+02 .55 

. 9.84 .00 1.97 25.8 .387E+02 .56 
10.28 .00 1.96 26.6 . 375E+02 · .57 
10.72 .00 1.95 27.5 .364E+02 .58 
11.16 .00 1.93 28 .. 4 .352E+02 .60 
11.61 .00 1.91 29.4 .341E+02 .6i 
12.05 .00 1.89 30.4 .329E+02 .62 
12.49 .00 1.86 31.4 .318E+02 .63 
12.93 .00 1.83 32.6 .307E+02 .65 
13.36 .00 1.80 · 33. 7 .297E+02 .66 
13.81. .00 1. 77 35.0 .286E+02 .67 
14.25 .00 1. 74 36.2 .276E+02. .69 
14.69 .00 1. 70 37.5 .267E+02 .70 
15.13 .00 1.66 38 .. 9 .257E+02 .72 
15.57 .00 · 1.63 40.3 .248E+02· .7~ 
16.01 · .00 1..59 41.7 .2401:+02 .74. 
16.45 .00 1.55 43.2 .232E+02 .76 
16.89 .00 1.50 44.7 .224E+02 .77 
17.33 .00 1.46 46.2 .216E+02 .79 
.17. 76 .00 1.42 47.8 .209E+02 .80 
18.20 .00 1.37 49:4 .202E+02 .82 
18.65 .00 1.33 51.1 .196E+02 .83 
19.09 .00 1.28 52.8 .189E+02 .85 
19.52 .00 1.24 54.5 .184E+02 .87 
19.96 .00 1.19 56.2 .178E+02 .88 
20.40 .00 1.15 58.0 .172E+02 .90 
20.85 .00 1.10 59.8 .167E+02 .91 
21.28 .00 1.05 61.6 .162E+02 .93 
21.72 .00 1.00 63 .. 5 .158E+02 .94 
22.16 .00 .96 . 65.3 .153E+02 .96 . 

Cumulative travel time = 36. ·sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN .MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

22.16 .00 .96 65.3 .153E+02 .96 

Page 3 



R01468

MAC4-1Xl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper piume boundary (Z-coordinate) 
ZL = lower plume poundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 

. c- = average (bulk) concentfation (includes reaction effects, if any) 

X y z s C BV BH zu ZL 
21.20 .00 .00 65.3 .153E+02 .00 .00 .00 .00 
21.49 .00 .00 65.3 .153E+02 1.25 .63 1.25 .00 
21.77 .00 .00 65.3 .153E+0i 1.48 .89 1.48 .00 
22.06 .00 ·.00 65.3 .153E+02· 1.63 1.09 1 .• 63 .00 
22.35 .00 .00 67.1 .149E+02 1. 73 1.25 1. 73 .00 
22.63 .00 .00 75.5 .133E+02 1.82 1.40 1.82 .00 
22;92 .00 .00 87.0 .li5E+02 1.88 1.53 1.88 .00 
23.21 .00 .00 97.4 .103E+02 1.92 1.66 · 1.92 .. 00 

· 23.50 .00 ·.00 104.6 .956E+01 1.96 1. 77 1.96 .00 
23.78 .00 .00 108.5 .921E+01 1.98 1.88 1.98 .00 
24.07 .00 .00 111.1 .900E+01 ·1.98· 1.98 1.98 .00 

Cumulative travel time = 42. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 
. . -----------------------------------------------------------------------------

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141; BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
·zu = upper plume boundary (Z-coordinate) 
ZL = lo~er plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) conc·entration ·(includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu . 

24.07 .00 .00 11i.1 .900E+01 1.98. 1.98 1.98 
25.06 .00 .00. 112.9 .886E+01 1.92 2.08 1.92 

. 26.05 .00 .00 114.6 .873E+01 1.86 2.18 1.86 
27.04 .00 .00 116.3 .860E+01 1.81 2.27 1.81 
28.03 .00 .00 118.0 .847E+01 1. 76 2.37 1. 76 
29.02 .00 .00 119.7 .835E+01 1. 72 2.46 1. 72 
30.01 .00 .00 121.4 .824E+01 1.68 2.55 1.68 
31.00 .00 .00 123.1 .813E+01 1.65 2.64 1.65 
31.99 .00 .00 124.8 .801E+01 1.62 2.72 1.62 

~age_ 4 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

_I 
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. ,: 

32.98 
33.97 
34.96 
35.95 
36.94 
37.93' 
38.92 
39.91 
40.90 

· 41.89 
42.88' 
43.87 
44.86 
45.85 
46.84 
47.83 
48.83 
49.82 
50~81 
·51. 80 
52.79 

'53.78 
54.77 
55. 76 · 
56.75 
57.74 
58.73 
59.72 
60.71 
61.70 
62.69 
63.68 
64.67 
65.66 
66.65 
67.64 
68.63 
69.62 
70.61 
71.60 
72.59 
73.58 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.. 00 
.00 
.00 
.00 
.00 
.00 
.00 
:00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00. 

.00 

.00 

.00 

.00 

.00 
♦-00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00. 

.00. 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
Cumulative travel time= 

MAC4-1Xl.CX1 
126.5 .791E+01 1.59 
128.2 .780E+01 1.57 
130.0 ~770E+01 1.54 
131.7 .759E+01 1.52 
133.5 .749E+01 1.50 
135.3 .739E+01 1.49 
137.2 .729E+01 1.47 
139.1 .719E+01 1.46 
141.0 
142.9 
144.9 
146.9· 
149.0 
151.1 
153.3 
155.5 
157.7 
160.0 

. 709E+01 1.44 

. 700E+01 1.43 

. 690E+01 1.42 
• 68iE+01 . 1. 41 
.671E+01 1.40 
. 662E+01 1. 40 
.652E+01 1.39 
.643E+01 1.38 
.634E+01 ·1.38 
. 625E+01 1. 38 

162.3 .616E+01 
164.7 .607E+01 
167.2 .598E+01 
169.7 .589E+01 
172.2 .. 581E+01 
174.8 .572E+01 
177.4 .564E+01 
180.1 · .555E+01 
182.9 .547E+01. 
185.7 .538E+01 
188.6 .530E+01 
191. 5 . 522E+01· 
194.5 .514E+01 
197.5 .506E+01 
200.6 .498E+01 
203.8 .491E+01. 
207.0 .483E+01 
210.3 .475E+01 
213.7 .468E+01 
217 .·1 .461E+.01 
220.6 .453E+01 
224.1 .446E+01 
227.7 .439E+01 
231.4 .432E+01 

181. sec 

1.37, 
1.37 
1.37 
1.37 

·1.37 
1.37 
1.37 
1.37 
1.37. 
1.37 
1.37 
1.38 
1.38 
1.39 
1.39 
1.39 
1.40 
1'.41 
1.41 
1.42 
1.42 
1.43 
1.44 
1.45 

END OF MOD141: BUOYANT AMBIENT SPREADING 

2.81 
2.89 
2.98 · 
3.06 
3.14 
3.22 
3.30 
3.37 
3.45 
3.53 
3.60 
3.68 
3.75 
3.82 
3.90 
3.97 
4.04 
4.11 
4.18 
4.25 
4.32 
4.38 
4.45 
4.52 
4.59 
4.65 
4.72 
4.78 
4.85 
4.91 
4.98 · 
5.04 
5.10 
5.16 
5.23 
5.29 
5.35 
5.41 
5.47 
5.53 
5.59 
5.65 

1.59 
1.57 
1.54 
1.52 
1;50· 
1.49 
1.47 
1.46 
1.44 
1.43 
1.42 
1.41 
1.40 
1.40 
1.39 
1.38 
1.38 
1.38 
1.37 

. 1.37 
1.37 
1.37 
1.37 
1 ♦-37 

1.37 
1 ♦-37 

1.37 
1.37 
1.37 
1.38 
1.38 
1.39 
1.39 
1.39 
1.40 
1 ♦ -41 
1.41 
1.42 
1.42 
1.43' 
1.44 
1.45 

.00· 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00· 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.·00 
.. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. . .. . . .." .. -----------------------------------------------------------------------------

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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MAC4-1Xl.CX1 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.274E-01 mi\2/s 

.685E-01 mi\2/s 

BV .= Gaussian s_.d.*sqrt(pi/2) (49%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally iri Y-direction 

ZU = upper plume-boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline ·dilution 
C = centerline concentration (includes reaction effects, if any) 

.Plume Stage _1 
X 

73.58 
76.51 
79.44 
82.38 
85.31 
88.24 
91.17 
94.10 
97.03 
99.97 

102.90 
105.83 
108.76 
111.69 
114.62 
117.56 
120.49 
123.42 
126.35 
129.28 
132.21 
135.15 
138.08. 
141.01 
143.94 
146.87 
149.80 
152.73 
155.67 
158.60 
161.53 
164.46 

(not 
y 

.00 

.00 

.00 

.00 

.00 
· .00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached): 
Z - S C 
.00 231.4 .432E+01 
.00 240.4 .416E+01 
.00 249.5 .401E+01 
.00 258.7 .387E+01 
.00 268~1 .373E+01 
.00 277.7 .360E+01 
.00 287.4 .348E+01 
.00 297.4 .336E+01 
.00 307.5 .325E+01 
.00 317.9 .315E+01 
.00 328.6 .. 304E+01-
.00 339.5 .295E+01 
.00 350.7 .285E+01 
.00 362.2 .276E+01 
.00 374.0 .267E+01 
.00 386.2 .259E+01 
.00 398.6 .. 251E+01 
.00 411.5 .243E+01 
.00 424.6 .236E+01 
.00 438.2 .228E+01 
.00 452.1 .221E+01 
.00 466.4 .214E+01 

· .00 481.2 .. 208E+01 
.00 496.3 .201E+01 
.00 511.8 .195E+01 
.00 527.8 ~189E+01 
.00 544.2 .184E+01 
.00 561.1 .178E+01 
.00 578.3 .173E+01 
.00 596.0 .168E+01 
.00 614.2 .163E+01 
.00 632.8 .158E+01 
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BV 
1.45 
1.46 
1.48 
1.50 
1.52 
1.54 
1.56 
1.58 
1.60 
1.-62 
1.65 
1.67 
1. 70 
1. 72 
1. 75 
1. 78. 
1:81 
1.84 
1.88 
1.91 
1.94 
L98 
2.02 
2.05 
2.09 
2.13 
2.17 
2.22 
2.26 
2.30 
2.35 
2.40 

BH 
5.65 
5.81 
5.96 
6.11 
6.25 
6.39 
6.53 
6.66 
6.80 
6.93 
7.05 
7.18 
7.30-
7.42 
7.54 
7.66 
7.77 
7 .• 89 
8.00 
8.11 
8.22 
8.33 

·8.43 
8.54 
8.64 
8.75 
8.85 
8.95 
9·.05 
9.14 
9.24· 
9.34 

zu 
1.45 
1.46 
1.48 
1.50 
1.52 
1.54 
1.56 
1.58 
1.60 

· 1.62 
1.65 
1.67 
1. 70 
1. 72 
1. 75 
1. 78 
1.81 
"1.84 
1.88 
1.91 
1.94 
1.98 
2.02 
2.05 
2.09 
2.13 
2.17 
2.22 
2.26 
2.30 
2.35 
2.40 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 · 
.00 
.00 
.00 
.00 
.00 
.00 
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. . . . 

MAC4-1Xl.CX1 
167.39 .00 .00 651.8 .153E+01 2.44 9.43 2.44 .00 
170.32 .00 .00 671.2 .149E+01 2.49 9.52 2.49 .00 

. 173.26 .00 .00 691.1 .145E+01 2.54 9.62 2.54 .00 
.176.19 .00 .00 711.4 .141E+01 2.59 9.71 2.59 .00 
179.12 .00 .00 732.1 .137E+01 2.64 9.80 2.64 .00 
182.05 .00 .00 753.3 .133E+01 2.69 9.89 2.69 .00 
184.98 .00 .00 774.8 ·.129E+01 2.74 9.98 2.74 .00 
187.91 .00 .00 796.7 .126E+01 2.80 10.07 2.80 .00 
190.85 .00 .00 819;0 .122E+01 2.85 10.16 2.85 .00 
193.78 .00 .00 841 . .7 .119E+01 2.90' 10.25 2.90 .00 
196.71 .00 .00 864.8 .116E+01 2.96' 10.33 2.96 .00 
199.64 .00 .00 888.2 .113E+01 3.01 10.42 3.01. .00 
202.57 .00 .00 911.9 .110E+01 3.07 10.50 3.07 .. 00 
205.50 .00 .00 936.0 .107E+01 3.12 10.59 3.12 .00 
208.44 .00 .00 960.5 .104E+01 3.18 10.67 3.18 .00 
211.37' .00 .00 985.2 .102E+01 · 3.24 10.75 3.24 .00 
214.30 .00 .00 1010.2 .990E+00 3.29 10.84 3.29 .00 
217.23 .00 .00 1035.5 .966E+00 .3.35 i0.92 3.35 .00 
220.16 .00 .00 1061.i .942E+00 3.41 11.00 3.41 .. 00 

Cumulative travel time = 595. sec 

----------------------------· ------------------- -----------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
· 220.16 11.00 .00 1061.1 .942E+00 3.41 22.00 3.41 .00 

235.76 11.00 .00 1167.7 .856E+00 -3. 72 22.21 3.72 .00 
251. 36 · 11.00 .00 1275.4 .784E+00 4.02 22.43 4.02 .00 
266.95 11.00 .00 1383.4 .723E+00 4.32 22.64 · 4~32 .00 

Plume ihteracts with SURFACE. 
The passive diffusion plume becomes VERTICALLY·FULLY MIXED-within this 

prediction interval. 
282.55 11.00 .00 1467.4 .681E+00 4.54 22.85 4.54 .00 
298.15 11.00 .00 1480.7 .675E+00 4.54 23.05 4.54 .00 
313. 74 11.00 .00 1493.8 .669E+00 4.54 23.26 4.54 .00 
329.34 ·11.00 . 00 1506.8 .664E+00 4.54 . 2~.46 4.54 .00· 
344.94 lL.00 .00 1519.8 .658E+00 4.54 23.66 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the c·hannel 
width during the current prediction interval. 

The x-coordinat~ of bank attachment is 348.83 m. 
· 360.53 11.00 .00 1532.6 .653E+00 4.54 23.71 4.54 .00 

Eff~uent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. ' 

376.13 11.00 .00 1523. 0 . . 657E+00 4.54 23.71 4.54 .00 
391.73 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
407 ♦-32 11:00 · .. .00· 1523.0 .657E+00 4.54 '23.71 4.54 .00 
422.92 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
438.52 11.00 .00 1523.0 .657E+00 4.54, 23.71 4.54 .00· 
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454.11 11.00 .00 1523.0 .657E+0·0 4.54 23.71 4.54 .00 
469.71 11.00 .00 1523.0 . . 657E+00 4.54 23.71 4.54 .00 
485.31 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
500.90 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
516.50 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
532.10 -11.00 .00 1523.0 .657E+00 4.54 23.71 4.54. .00 
547.69 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
563.29 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
578.89 -11.00 .00 1523.0 .657E+00 4.54 ·23·. 71 4.54 .00 

, 594.48 11.00· .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
610.08 11.00 .00. 1523.0 .657E+00 4.54 23.71, 4.54 .00 
625.68 11.00 .00 . 1523.0 .657E+00 4.54 23.71 4.54 .00 
641.27 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
656.87 11.00 .00 1523.0 .657E+00 4.54 23.71 4·_54 .00 
672.47 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
688.06 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
703.66 11.00 .00 1523.0 . 657E+00. 4.54 23.71 4.54 .00 
719.26 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
734.85 11.00 .00 1523.0 .657E+00 4.54. 23.71 4.54 .00 
750.45 11.00 ·.00 1523.0 .657E+00 4.54 23.71 4.54 .00· 
766.05 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
781.64 11.00 .00 1523.0 .657E+00 4.54. 23.71 4.54 .00 
797.24 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
812.84 11.00 .00 1523.0 .. 657E+00' 4.54 23.71 4.54 .00 
828.44 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
844.03 11.00 · .00 1523.0 .657E+00 4.54 23.71 4.54. .00 
859.63 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 ·.00 
875.23 11.00 .00 1523.0 . . 657E+00 4.54 23.71 . 4.54 .00 
890.82 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
906.42 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00· 
922.02 11.00· .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
937.61 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
953.21 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
968.81 11.00 .00 1523.0 .657E+00 4.54 23._71 4.54 .00 
984.40 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 

1000.00 11.00 .00 1523.0 .657E+00 4 . .54 23.71 4.54 .00 
Cumulative travel time= 2797. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 

··111 n 1.·111·11.1·11:111"11111111111.1111111111111111111111111111111111111111111111111 
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MAC4-3Nl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING' ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

. Submerged Single Port Discharges CORMIX_v.3.20 __ September_l996 

CASE.DESCRIPTION 
Site name/label: 

. Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A_APORTA3ANORMALAFLOW 
cormix\sim\MAC4-3Nl.cxl 
01/13/20--20:09:41 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 30.89 ICHREG= 2 
HA = 4.54 HO = 4.54 
UA = .287 F = .058 USTAR = .2445E-01 
UW = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

· DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
00 = .102 A0 = .008 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .023 
RH00 = 1013.3900 DRH00 =-.1490E+02 
C0 = .1000E+04 CUNITS= PPM. 
!POLL = 1 KS = .0000E+00 

FLUX VARIABLES (metric units) 

H0 

GP0 

KO 

= • 55 

= .2324E-01 
=-.1463E+00 

= .0000E+00 

Q0 = .2324E-01 M0 = .6659E-01 J0 
(meters) 

=-.3400E-02 SIGNJ0= -1.0 
Associated length scales 
LQ = .09 LM - 2.25 

NON-DIMENSIONAL PARAMETERS 
FR0 = 23.50 R = 9.98 

Lm 
Lmp 

FLOW CLASSIFICATION. 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
t Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= • 90 . Lb 
= 99999 .-00 Lbp 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04. CUNITS= PPM 
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MAC4-3Nl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN i's located at the bottom and below the center of the port: 

11.00 m · from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module · 
----------------~------------------------------------------------------------ . 

. . BEGIN .MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

----------------· -- -------------- .--------·---------------- ·----------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in _strong crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00. 
LE- = .43 XE = .37 YE = .. 00 ZE = .76 

Profile definitions: . .. 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s· = hydrodynamic -centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.37 .00 .76 1.0 .100E+04 .05 
.57 .00 .86 1.4 .720E+03 .08 
.78 .00 .95 1.9 .516E+03 .10 
.99 .00 1.03 2.5 .398E+03 .13 

1.21 .00 1.11 3.1 .320E+03 .15 
1.42 .00 1.17 3.7 .i70E+03 :18 

.1.64 .00 1.23 4.3 .233E+03 .20 
1.87 .00 1.28 4.9 .205E+03 .22 
2.09 .00 1.32 5.4 .184E+03 .23 
2.31 .00 1.36 6.0 .168E+03 .25 
2.53 .00 1.40 6.5 .155E+03 .26 
2: 77 - ,. -.00 1.42 7:0 .i44e+03 · .28 
2.99 .00 1.45 7.4 .135E+03 .29 
3.21 .00· 1.47 7.8 .128E+03 .30 
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3.45 
3.67 
3.90 
4.13 
4.35 

Maximum jet 
.4. 58 
4.80 
5.04 
5.26 
5.49. 
5.72 

·5.94 
6.17 
6.39 
6.62 
6.85 
7.07. 
7.30 
7.53 
7.75 
7.98 
8~20 
8.43 
.8.65 
8.88 
9.10 
9.32 
9.56 
9.78 

10.00 
10.23 
10.45 
10.67 
10.89 
11.13 
11.35 
11.57 

MAC4-3Nl.CX1 
.00 1.49 8.2 .121E+03 .31 
.00 1.50 8.6 .116E+03 .32 
.00 1. 51 8.9 .112E+03 .33 
.00 1.52 9.3 .108E+03 .34 
.00 . 1.52 ·9.5 .105E+03 .34 

height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 · 
.00 
.00 
.00 
.00 
.00 

.. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.. 00 · 
.00 
.00 
.00 
.00. 
.00 
.00 
.00 

has been reached . 
1.52 9.8 .102E+03 
1.52 10.1 .994E+02 
1.51 10.4 .964E+02 
1.50 10.7 .935E+02 
1.49 11.0 .905E+02 
1.48 11.4 .874E+02 
1.46 11.8 .844E+02 
1.45 12.3 .815E+02 
1.43 12.7 .786E+02 
1.41 
1.38 
1.36 
1.33 
1.30 
1.27 
1.24 
1.21 
1.18 · 
1.15 
1.11 
1.08 
1.04 
1.01 

13.2 .756E+02 
13.7 .728E+02 
14.3 .701E+02 
14.8 .674E+02 
15.4 .649E+02 
16.0 .625E+02 
16.6 .601E+02 
17.3 .578E+02 
17.9 .557E+02 
18.6 .537E+02 
19.4 .. 517E+02 
20.1 .498E+02 
20.8 .481E+02 
21.6 .463E+02 

.97 22.4 ·.447E+02 

.93 23.~ .432E+02 

.90 24.0 .417E+02 

.86 24.8 .403E+02 

.82 25.6 .390E+02 
~79 26.5 .378E+02 
.75 27.4 .365E+02 
.71 28.2 .354E+02 
.67 29.1 .343E+02 

.35 

.36 

.36. 

.37 

.38 

.39 

.39 
· .40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

._58 

.59 

.60 

.61 

.62 

.63 

.65 

.66. 

.67 
Cumulative travel time·= 20. sec 

END OF CORJET (MOD110): JET/PLUME .NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control ·volume inflow: 
X Y Z 

11.57 .00 .67 
S C 

29.1 .343E+02 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, mea~ured horizontally in Y-direction 
·zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamfc average (bulk) dilution 
C = average· (bulk) concentration (includes reaction 

X y z· s C BV 
10.90 .00 .00 29.,1 .. 343E+02 .00 
11. i0 .00 .00 29.1 .'343E+02 .89 
11. 30 .00 .00 29.1 · .343E+02 1.06 
11.50 .00 .00 29.1 .343E+02 · 1.16 
11.70 .00 .00 29.9 .334E+02 1.24 
11.90 .00 .00 33.6 .297E+02 1.30 
12.10 .00 .00 38.8 .258E+02 1.34 
12.30 .00 .00 43.4 .230E+02 1.38 
12.51 .00 .00 46.6 .214E+02 1.40 
12.71 .00 .00 48.4 .207E+02 1.41 
12.91 .00 .00 49~5 .202E+02 1.42 

Cumulative travel time = 25. sec 

END OF 'MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD ~EGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically· 

effects, 

BH 
.00 
.45 
.63 
.78 
.90 

1.00 
1.10 
1.18 
1.27 
1.34 
1.42 

BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, 

Plume Stage 1 .(not bank attached): 
X y ·z s C BV BH 

12.91 .00 .00 49.5 .202E+02 1.42 1.42 
15.13· .00 .00 52.5 .190E+02 1.21 1. 75 
17 .36 .00 .00 55.1 .182E+02 1.08 2.06 
19.59 .00 .00 57.4 .174E+02 .99 2.34 
21.82 .00 .00 59.7 .168E+02 .93 2.61 
24.04 .00 .00 61.9 .162E+02 .87 2.86 
26:27 · .00· .00 64.2 .156E+02 .84 3.11 
28.50 .00 .00 66.5 .150E+02 .80 3.34 
30. 73. .00 .00 68.9 .145E+02 .78 3.57 
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if any) 

zu ZL 
.00 .00 
.89 .00 

1.06 .00 
1.16 .00 
1.24 .00 
1.30 .00 
1.34 .00 
1.38 .00 
1.40 .00 
1.41 .00 
1.42 .00 

if any) 

zu ZL 
1.42 . .00 
1.21 .00 
1.08 .00 

.99 .00 

.93 .00 

.87 .00 

.84 .00 

.80 .00. 

.78 .00 
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32.95 .00 .. 00 71.4 .140E+02 .76 3.79 ;76 .00 
35.18 .00 .00 74.1 .135E+02 .75 4.00 .75 .00 
37.41 .00 .00 76.9 .130E+02 .74 4.21 . 74 .00 
39.64 .00 .00 79.8 .125E+02 .73 4.41 .-73 .00 
41.86 .00 .00 82.9 .121E+02 .73 4.61 .73 .00 
44.09 .00 .00 86.2 .116E+02 .73 4.81 .73 · .00 
46.32 .00 .00 89.7 .111E+02 .73 5.00 .73 .00 
48.55 .00 .00 93.4 .107E+02 .73 5.18 .73 .00 
50.77 .00 · .00 97.2 .103E+02 .73 5.37. . 73· .00 
53.00 .00 .00 101.3 .987E+01 .74 5.55 .74 .00 
55.23 .00 .00 105.6 .947E+01 .75 5.72 .75 .00 
57 .. 45 . 00 · .00 . 110.0 .909E+01 .76 . 5. 90. .76 .00 
.59.68 .00 .00 114.8 .871E+01 .77 6.07 • 77 .00 
61.91 .. 00 .00 119.7 ·.835E+01 .78 6.24 .78 .00 . 

64.14 .00 .00 124.9 .801E+01 .79 6.41 .79 .00 
66.36 .00 .00 130.3 .768E+01 .80 6.57 .80 .00 
68.59 .00 .00 135.9 .736E+01 .82 6.74 .82 .00 
70.82 .00 .00 141.8 .705E+01 .83 .6.90 .83 .00 
73.05 .00 .00 147.9 .676E+01 .85 7.·06 .85 .00 
75.27 .00 .00 154.3 .648E+01 .87 7.21 .87 .00 
77.50 .00 .00 160;9 .621E+01 .88 7.37 .88 .00 
79.73 .00 .00 167.8 .596E+01 .90 7.52 .90 .00 
81.96 .00 .00 175.0 .571E+01 .92 7.68 .92 .00 
84.18 .00 .00 182.4 .548E+01 .94· 7.83 .. 94 .00 . 
86.41 .00 .00 190.1 .526E+01 .96 7.98 .96 .00 
88:64 .00 .00 198.1 .505E+01 .99 8.13 · .. 99 .00 
90.87 .00 .00 206.3 .485E+01 1.01 8.27 1.01 .00 
93.09 .00 .00 214.8 .466E+01 1 .. 03 8.42 1.03 .00 
95.32 .00· .00 223.6 .447E+01 1.06 8.56 1.06 .00 
97.55 .00 .00 232.7 .430E+01 1.08 8.71 1.08· .00 

· 99.78 .00· .00 242.0 .413E+01 1.11 8.85 1.11 .00 
102.00 .00 .00 251. 7 .397E+01 1.13 8.99 1.13 .00 
104.23 .00 .00 261.6 .382E+01 1.16 9.13 1.16 .00 
106.46 .00 · .00 271.8 .368E+01 1.19 9.27 1.19 .00 
108.69 .00 .00 .282.4 .354E+01 1.22 9.41 1.22 .00 
110.91 .00 . 00 293;2 .341E+01 1.24 . 9.54 1.24 .00 
113.14 .00 .00 304.3 .329E+01 1.27 9.68 1.27 .00 

. 115.37 .00 .00 ~15.7 .317E+01 1.30. . 9.81 1.30 .00 
117.60 .0.0 .00 327.5 .305E+01 1.33 9.95 1.33 .00 
119.82 .00 .00 339.5 .295E+01 1.36 10.08 1.36 .. 00 
122.05 .00 .00 351 .. 8 · .284E+01 1.39 10.21 1.39 .00 
124.28 .00 .00 364.5 .274E+01 1.43 10.34 1.43 .00 

Cumulative travel time= 412. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------

. BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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MAC4-3Nl.CX1 

Vertical diffusivity (initial value) = 
-Horizontal diffusivity (initial value)= 

Profil~ definitions: 

.222E-01 m"2/s 

.555E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal. to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

124.28 
124.74 
125 .·20 
125.66 
126 .. 12 . 
126.58 
127.04 
127.51 
127.97 
128.43 
128.89 
129.35 
129.81 
130.27 
130.73 
131.19 
131.66 
132.12 
132.58 
133.04 
133. 50 
133.96 
134.42 
134.88 
135.34 
135.81 
136.27 
136. 73 
137.19 
137 .65. 
138.11 
138.57 

(not 
y 

.00 

.00 

.00 

.00 

.00 

.00· 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
~00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

bank attached): 
z s 
.00 364.5 
.00 365.6 
.00 366.8 
.00 367.9 
.00 369.1 
.00 370.2 
.00 371.4 
.00 372.5 
.00 373.7 
.00 374.9 
.00 376.0 
.00 377.2 
.00 378.4 
.0.0 379.6 
.00 380.8 
.00 381.9 
. 00 383.1 
.00 384.3 
.00 385.6 
.00 386.8 
.00 388.0 
.00 389.2 
.00 390.4 
.00 391.6 
.00 392.9 
.00 394.1 
.00 395.4 
.00 396.6 
.00 3_97. 9 
.00 399.1 
.00 400.4 
.00 401.6 

C 
.274E+01 
.274E+01 
.273E+01 
.272E+01 
.27.1E+01· 
.270E+01 
.269E+01· 
.268E+01· 
.268E+01 
.267E+01 
.266E+01 
.265E+01 
.264E+01 
.263E+01 
.263E+01 
.262E+01 
.261E+01 
.260E+01 
.259E+01 
.259E+01 
.258E+01 
.257E+01 
.256E+01 
.255E+01 
.255E+01 
.254E+01 
.253E+01 
.252E+01 
.251E+01 
.251E+01 
.250E+01 
.249E+01 
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BV 
1.43 
1.43 
1.43 
1.43 
1.44 
1.44 
1.44 
1..44 
1.45 
1.45 
1.45 
1.46 
1.46 
1.46 
1.46 
1.47 
1.47 
1.47 
1.47 
1.48 
1.48 
1.48 · 
1.49 
1.49 
1.49 
1.49 
1.50 
1.50 
1.50 
1.51 
1.51 
1.51 

BH 
10.34 
10.36 
10.37 
10.38 
10.40 
10.41' 
10.42 
10.44 
10.45 
10.46 
10.48 
10.49 
10.50 
10.52 
10.53 
10.54 
10.56 . 
10.57 
10.58 
10.60 
10.61 
10.62 
10.64 
10.65 
10.66 
10.68 
10.69 
10.70 
10.72 
10.73 
10.74 
10.76 

zu 
1.43 
1.43 
1.43 
1.43 
1.44 
1.44 
1.44 

·1,44 
1.45 
1.45 
1.45 
1.46 
1.46 
1.46 
1.46 
1.47 
1.47 
1.47 
1.47 
1.48 
1.48 
1.48 
1.49 
1.49 
1.49 
1.49 
1.50 
1.50 
1.50 
1.51 
1.51 
1.51 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 · 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.. 00 
.00 
.00 
.00 
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MAC4-3Nl.CX1 
139.03 .00 .00 402.9 .248E+01 1.51· 10.77 1.51 .00 
139.49 .00 .00 404.2 .247E+01 1.52 10.78 1.52 .00 
139;96 .00 .00 405.5 .247E+01 1.52 10.79 1.52 .00 
140.42 .00 .00 406.7 .246E+01 1.52 10.81 1.52 .00 
140.88 .00 .00 408.0 .i45E+01 1.53 10.82 1.53 .00 
141.34 · .00 .00 409.3 .244E+01 1.53 10.83 1.53 .00 
141.80 .00 .00 410.6 .244E+01 1.53 10.85 1.53 .00 
142.26 .00 .00 411 .. 9 .243E+01 1.54 10.86 1.54 .00 
142.72 .00· .00 413.2 .242E+.01 1.54 10.87 1.·54 ·.00 
143.18 .00 .00 414.5 .241E+01 1.54 10.88 1.54 .00 
143.65 .00 .00 415.8 .240E+01 1.54 10.90 1.54 .00· 
144.11 .00 .00 417.2 .240E+01 1.55 10.91 1.55 .00 
144.57 .00 .00 418.5 .239E+01 1. 55 10.92 1. 55 .00 
145.03· .00 .00 419.8 .238E+01 1.55 10.94 1.55 .00 
145;49 .00 :00 421.2 .237E+01 1.56 10.95 1.56 .. 00 
145.95 .00 .00 422.5 .237E+01 1.56 10.96 1.56 .00 
146.41 .00 .00 423.9 .236E+01 1.56 . 10. 9·7 1.56 .00 
146.87 .00. .00 425.2 .235E+01 1.57 10.99 1.57 .00 
147.33 .00 .00 426.6 .234E+01 1.57 11.00 1.57. .00 

Cumulative travel time = 493. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank. attached): 

X y z s C BV BH zu ZL 

147.33 11.00 · .00 426.6 .234E+01 1.57 22.00 . 1.57 .00 
164.39 1L00 .00 465.4 .215E+01 1.69 22.23 1.69 .00 
181.44 11.00 .00 509.1 .196E+01 1.83 22.47 1.83 .00 
198.49 11.00 .00 558.2· .179E+01· 1.99 22.70 1.99 .00 
215.55 11.00 .00 612.9 .163E+01 2.16 22.92 2.16 .00 
232.60 11.00 · .00 673.4 .148E+01 2.36 23.15 2.36 .00 
249.65 11.00 .00 739.7 .135E+01 2.56 23.37 2.56 .00 
266.71 11.00. .00 811.6 .123E+01 2.79 23.59 2.79 .00 

The passive diffusi9n plume becomes LATERALLY FULLY MIXED over the channel .. 
width during the current prediction interval. 

The x-coordtnate of bank attachment is 276 .. 00 m. 
.283.76 11.00 .00 888.7 . 113E+01 3.02 23. 71 . 3.02 .00 
300.81 11.00 .00 957.3 .104E+01 3.27 23.71 3.27 .00 
317.87 11.00 .00 1031.8 .969E+00 3.52 23.71 3.52 .00 
334.92 11.00 .00 11'37.7 .903E+00 3.78 23.71 3.78 .00 
351.97 11.00 .00 1184.6 .844E+00 4.04 23.71 4.04 .00 
369.03 11.00 .00 1261.9 .792E+00 4.31 23.71 4.31 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within.this 

prediction interval. 
386.08 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 

·~fflo~nt is FULLY ~IXED ove~ the entire channel· crbss-sectjon. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
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403.13 11-.00 . 00 1329.6 . 752E+00 . 4.54 23.71 4.54 .00 
420.19 11.00 .00 1329.6 . 752E+00· 4.54 23.71 4.54 .00 
437.24 11.00 .00 1329.6 . 752E+00. 4.54 23.71 4.54 .00 
454.29 11.00. .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
471. 35 11.00 .00 1329.6 .752E+00 4.54 23.71 4~54 .00 
488.40 11.00 . 00 1329.6 .752E+00 4.54 23.71 4.54 . .00 

-505.45 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
522.51 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
539.56 11.00 .00 · 1329.6 .752E+00 4.54 23.71 · 4.54 · .00 
556.61 11.00 .00. 1329.6 .752E+00 4.54 23.71 4.5'4 .00 
573.67 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
590.72 11.00· .00 1329.6 . 752E+00 4.54 23.71 4.54 .00 . 
607.77 . 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
624.83 11.00 .00 1329.6 .752E+00 4.54 23·. 71 4.54 .00 
641.88 11.00 .00 ·1329.6 ·. 752E+00 4.54 23.71 4.54 .00 
6_58. 93 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
675.99 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
693.04 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
710.09 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
727.15 11.00 .·00. . 1329.6 .752E+00 4.54 . 23. 71 4.54 .00 
744.20. 11.00 .00 132~.6 .752E+00 4.54 23.71 4.54 .00. 
761.25 11.00 ~00· 1329.6 .752E+00· 4.54 23.71 4.54 .00 
778.31 li.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
795.36 11.00 .00 1329.6 .752E+00 4.54 23·. 71 4.54 .00 
812.41 11.00 .00 1329.6 .752E+00 4·.54 · 23.71 4.54 .00 
829.47 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
846.52 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
863.57 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
880.63 11.00 .00 1329.6 .752E+00 4.54. 23.71 4.54 .00 
897.68 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
914.73 11.00 .. 00 1329.6 .752E+00 4.54 23.71 4.54 .00 
931. 79 - 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
948.84 11.00 .00 1329.6 .752E+00 4.54 23.71 4~54 .00 
965.89 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
982.95 11.00 .00. 1329.6 .752E+00 4.54 23.71 4.54 .00 

1000.00 11.00 .00 1329.6 :752E+00 4.54 23.71 4.54 .00 
Cumulative travel time= 3461 .. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMI~l: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

Page 8 



R01481

MAC4-3Xl.CX1. 
CORMtXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 . . 

CORNELL MIXING ZONE EX~ERT SYSTEM 
Subsystem CORMIXl: 
Submerged Single Port Discharges 

Subs~stem ~ersion~ 
CORMIX_v.3.20 __ September~1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A_APORTA3AMAXIMUMAFLOW. 
cormix\sim\MAC4-3Xl.cxl 
01/13/20--20:35:48 

ENVIRONMENT PARAMETERS (metric units) 
·Bounded section 
BS. = 23.71 AS = 107.64 QA = ·38.11 ICHREG= 2 
HA = 4. 54 . HD = 4.54 
UA = .354 F = .. 058 USTAR 
uw = 2.000 UWSTAR= . 2198E-02. 
Un_i form density environment 
STRCND~ U RHOAM = 998.4901 

DISCHARGE PARAMETERS.(metric units) 
BANK = LEFT DISTB = 11.00 
D0 = .102 A0 = .008 H0 
THETA= 30.00 SIGMA= .00 
u0 = 5.487 Q0 . = .044 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0· 
C0 = .1000E+04 CUNITS= PPM 
!POLL= 1 KS = .0000E+00 KD 

· FLUX VARIABLES (metric units) · 
Q0 = .4448E-01 M0 
Associated length scales 
LQ = .. 09 LM 

NON-DIMENSIONAL PARAMETERS 

= .2441E+00 
(meters) 
= 4.30 

FR0 = 44.99 R = 15.50 

Lm 
Lmp 

. FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= . 3016E-01· 

= • 55 

= .4448E-01 
=-.1463E+00 

= .0000E+00 

=~.6510E-02 SIGNJ0= -1.0 

= 1.40 Lb = .15 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF _INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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MAC4-3Xl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM~ 
ORIGIN is located at ih~ bottom and below the center of the port: 

11.00 m from the LEFT· bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
~55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: 
. LE = .46 XE = 

Profile definitions: 

THETAE= 
.40 YE = 

28:82 SIGMAE= 
.00 ZE = 

B = Gaussian 1/e. (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X 
.00 
.40 · 
.79 

1.21 
1.63 
2.07 
2.50 
2.94 
3.38 
3.83 
4.28 
4.73 
5.19 
5.63 
6.09 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
· .00 

.00 

.00 

z 
.55 
.77 
.98 

1.17 
1.33 
L47 
1. 59 
1. 70 
1.80 
1.88 
1.95 
2.02 
2.07 
2.12 
2.16 

S C 
1. 0- .100E+04 
1.0 .100E+04 
1.9 .538E+03 
3.0 .336E+03 
4.1 .242E+03 
5.4 .186E+03 
6.6 .152E+03 
7.8 .128E+03 
9. 0 .111E+03 

10.2 .985E+02 
11.-2 . 890E+02 
12.3 .812E+02 
13.3 :750E+02 
14.3 .701E+02 
15.2 .660E+02 

Page 2 

s 
.05 
.05 
.10 
.16 
.21 
.26 
.30 
.34 
.38 
.41 
.44 
.47 
.49 
.52 
.54 

.00 

.77 
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6.54 
7.00 
7.44 
7.90 
8.35 
8.81 
9.26 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.19 
2.22 
2.24 
2.26 
2.27 
2.28 
2.28 

MAC4-3Xl.CX1 
16.0 .625E+02 .56 
16.8 .596E+02. .57 
17.5 .571E+02 .59 
18.2 .550E+02 .60 
18.8 .532E+02 .62 
19.4 .516E+02 .63 
19.9 .502E+02 .64 

Maximum jet height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

has been reached. 
9.72 

.10.18 
10.62 
11.08 
11.53 
11.99 
12.44 

2.28 20.4 .490E+02 .65 
.66 
.67 
.68 
.70 
.71 
.72 
.74 
.75 
.77 
. 78· 
.80 
.82 
.83 
.85 
.87 
.88 
.90 

2.28 21.0 .477E+02 

. 12.90 
13.34 
13.80 
14.26 
14.71 
15.16 
15.61 

. 16.07 
16.51 
16.97 
17.41 
17.87 
18.32 
18.77 
19.23 
19.-67 
20.13 
20.57 
21.03 
21.47 
21.93 
2_2.37 
22.83 

2.27 
2.26 
2.24 
2.22 
2.20 
2.17 
2.14 
2.11· 
2.07 
2.04 
2.00 
1.96 

. 1.91 
1.87 
1.82 
1. 77 
1. 72 
1.67 
1.62 
1.57 
1.52 
1.46 
1.41 
1. 3.5 
1.29 
1.24 
1.18 
1.12 

Cumulative travel time= 

21.5 .464E+02 
22.2 .451E+02 
22.8 .438E+02 
23.6 .. 424E+02 
24:3 .411E+02 
25.1 .398E+02 
26.0 .385E+02 
26.9 ;372E+02 
27.8 .359E+02· 
28. 8 ·. 348E+02 
29.8 .336E+02 
30.8 .324E+02 
31.9 .313E+02 
33.0 .303E+02 
34.2 .292E+02 
35 .4 .. 283E+02 
36.6 .273E+02 
37.8 .264E+02 

. 39 .1 . 256E+02 
40.5 ·.247E+02 
41.8 .239E+02 
43.2 .232E+02 
44.5 .225E+02 
46.0 .217E+02 
47.4 .211E+02 
48. 9 . 204E-+:02 
50.4 .199E+02 
51.9 .193E+02 

34. sec 

· .92 
.94 
.96 
.97 
.99 

1.01 
1.03 
1.05 
1.07 
1_.08 
1.10 
1.12 

END OF CORJET (MOD110): JET/PLUME NEAR-fIELD MIXING REGION 

-------------------------------------------------------- ·--------------------

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume•inflow: 
X Y Z S C B 

22.83 .00 1.12 51.9 .193E+02 1.12 
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MAC4-3X1.CX1· 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume-boundary (Z-coordinate) 
s hydrodynamic average (bulk) dilution 
C = average (bulk) conc~ntration (includes reaction 

X y z S· C BV 
21. 71 .00· .00 · 51.9 .193E+02 .00 
22.05 .00 .00 51.9 .193E+02 i.48 
22.38 .00 .00 51.9 .193E+02 1. 76 
22.72 .00 .00 51.9 . 1°93E+02 1.93 
23.06 .00 .00 53.3 .188E+02 2.06 
23.39 .00 .00 59.9 .167E+02 2.16 
23.73 .00 .00 69.1 .145E+02 2.23 
24.07 .00 .00 77 • .4 .129E+02 ·2.29 
24.40 .00 .00 83_.1 .120E+02 2.32 
24.74 .00 .00 86.2 .116E+02 2.35 
25.07 .00 .00 .88.2 .113E+02 2.35 

Cumulative travel time = 41. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FI~LD REGI~N ~NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT_SPR~ADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.74 

1.05 
1.29 
1.49 
1.66 
1.82 
1.97 
2.11 
2.23 
2.35 

BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lo~er plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C ; average (bulk) concentration (includes reactio·n effects, 

Plume Stage 1 (not bank attached): 
X y z. s C BV BH 

25.07 .00 .00 88.2 .113E+02 2.35 2.35 
27;37 .00 .00 91.1 .110E+02 2.18 2.63 
29.66 .00 .00 93.9 .106E+02 2.04 . 2.90 
31.96 .00 .00 96.5 .104E+02 1.93 3.15 
34.25 .00 .00 99.1 .101E+02 1.84 3.39 
36.55 .00 .00 101.7 .984E+01 1. 76 3.63 

··3-s:84 .00 .00 104.2 ·. 960E+01 1. 70 3.85 
41.14 .00 .00 106.8 .936E+01 1.65 4.07 
43.43 .00 .00 109.4 .914E+01 1.60 4.29 
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if any) 

zu ZL 
.00 .00 

1.48. .00 
1. 76 .00 
1.93 .00 
2.06 .00 
2.16 .00 
2.23· .00 
2.-29 .00 
2.32 .00 
2.35 .00 
2 .. 35 .00 

if any) 

zu ZL 
2.35 .00 
2.18 .00 
2.04 .00 
1.93 .00 
1.84 .00 
1. 76 .00 
1. 70 .00 
1.65 .0e 
1.60 .00 



R01485

MAC4-3Xl.CX1 
45.73 .00 .00 112.1 .892E+01 1.57 4.50 1.57 .00 
48.02 .00 .00 114.9 .871E+01 1.54 4.70 1.54 .00 
50.31 .00 .00 117.7 .850E+01 1.51 4.90 1.51 .00 
52.61 .00 .00 120.7 .829E+01 1.49 5.10 1.49 .00 
54.90 .00 .00 123.7 .808E+01 1.47 5.29 1.47 .00 
57.20 .00 .00 126.9 .788E+01 1.45 5.48 1.45 .00 
59.49 .00 .00 130.1 .769E+01 1.44 5·.66 1.44 .00 
61.79 .00 .00 133.5 .749E+01 1.43 5.85 1.43 .00 
64.08 .00 .00 137.0 .730E+01 1.43 6.03 1.43 .00 
66.38 .00 .00 140.7 .711E+01 1.42 6.20 1.42 .00 
68.67 .00 .00 144.5 .692E+01 1.42 6.38 1.42 .00 
70.97 .00 .00 148.4 . . 674E+01 1.42 6.55 1.42 .00 
'73.26 .00 .00 152.5 .656E+01 1.43 6.72 1.43 .00 
75.56 .00 .00 156.7 .. 638E+01 1.43 6.89 1.43 .00 
77.85 .00 .00 161.1 .621E+01 1.43 7.06 1.43 .00 
80.14 .00 .00 165.7 .604E+01 1.44 7.22 1.44 .00 
82.44 .00 .00 170.4 .587E+01 1.45 7.38 1.45 .00 
84.73 .00 .00 175.3 . 571E+01 1.46 7.54 1.46 .00 
87.03 .00 .00 180".3 . . 555E+01 1.47 7.70 1.47 .00 
89.32 .00 .00 185.5 .539E+01 1.48 7.86 1.48 .00 
91.62 .00 .00 190.9 .524E+01 ·1.50 8.01 1.50. .00 
93.91 .00 .00 196.5 .509E+01 1. 51 8.17 . 1.51 .00 
96.21 .00 .00 202.2 .495E+01 1.53 8.32 1.53 .00 
98.50 .00 .00 208.1 .480E+01 1.54 8.47 1.54 .00 

100.80 .00 .00 214.2 .·467E+01 1.56 8.62 1.56 .00 
103.09 .00 .00 220.5 ·.454E+01 1.58 8.77 1.58 ·.00 
105.39 .00 .00 227.0 .441E+01 1.60 8.92 1.60 .00 
107.68 .00 .00 233.6 .428E+01 1.62 9.06 1:62 .00 
109.97 .00 .00 240.5 .416E+01 1.64 9;21 1.64 .00 
112.27 .00 .00 247.5 .404E+01 1.66 9.35 1.66 .00 
114.56 .00 .00 254.8 .393E+01 1.69 9.49 1.69 .00 
116.86 .00 .00 262.2 .381E+01 1. 71 9.64 1. 71 .00 
119.15 .00 .00 269.9 .371E+01 1. 73 9.78 1. 73 .00 
121.45 .00 .00 277.7 .360E+01 1. 76 9.92 1. 76 .00 
123.74 .00 .00 285.7 .350E+01 1. 79 10.06 1. 79 .00 
126.04 .00 .00 294.0 .340E+01 1.81 10.19 1.81 .00 
128.33 .00 .00 302.4 .331E+01 1_.84 10.33 · 1.84 .00 
130.63 .00 .00 311.1 .321E+01 1.87 10.47 1.87 .00 
132.92 .00 .00 · 320.0 .313E+01 1.90 10.60 1.90 .00 
135.21 .00 .00 329.0 .304E+01 1.93 10.73 1.93 .00 
137.51 .00 .00 338.3 .296E+01 1.96 10.87 1.96 .00 
139.80 .00 .00 347.8 .287E+01 1.99 11.00 1.99 .00 

Cumulative travel time= 364. sec 

-----------------------------------------------------------------------------
"PTume is ATTACHED to LEFT·. bank/shore. 

Plume width is ~ow determined from LEFT bank/shore. 
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Discharge is non-buoyant or weakly buoyant._ 

Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING. 

. . -----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT . 

Vert1cal diffusivity (initial value) = 
H_orizontal diffusivity (initial value) = 

Profile definitions: 

. 274E-01 m"2/s 

.685E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerlfne concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu 

139.80 1i.00 .00 347.8 .287E+01 -1. 99 22.00 1.99 
15.7 .01 11.00 .00 380.8 ·. 263E+01 2.15 22.24 2.15 

· 1-74.21 11.00 .00 417 .3 .240E+01 2.33 22.47 2.33 
191.42 11.00 .00 457.3 .219E+01 2.53. 22.70 2.53 
.208.62 11.00 .00 500.8 .200E+01 2.74 22.93 2.74 
225.82 11.00 .00 547.7 .183E+01 2.97 23.16 2.97 
243.03 11.00 .00 597.5 .167E+01 3.21 23.38 3.21 
260.23 11.00 .00· -650.0 .154E+01 3.46 23.60 3.46 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
· wid_th during -the current prediction interval. 

· The x-coordinate of bank attachment is 268.54 m.· 
277.44 11.00 .00 704.7 .142E+01 3.72 23.71 3.72 
294.64 11.~0 .00 750.6 .133E+01 · 3.98 23.71 3.98 
311.84 11.00 .00 800.2 .125E+01 4.24 23.71 4.24 
329.05 11.00 .00 849. 9 · .118E+01 · 4.50 23.71 4.50 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
346.25 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or ~eaition processes, ·there are 

NO FURTHER CHANGES with downstream direction. 

.00 

.00 
· .00 

.00 

.00 

363.46' 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
380.66 11.00 .00 856.7 .117E+01 4.54 23.71 4.54. .00 
397.86 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
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415.07 11.-00· .00 856.7 .117E+01 4.54 23.71 4.54 .00 
432.27 u.00 .00 856.7 .117E+0i 4.54 23.71 4 .. 54 .00 
449A7 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
466.68 11.00 .00 856.7 .117E+01 . 4.54 23.71 4.54 .00 
.483>88 11.00 .00 856.7 .·117E+01 4.54 23.71 4.54 .00 
501.09 11.00 .00 859.7 .117E+01 4.54 23.71 4.54 .00 
518.29 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 · 
535.49 11.00 .00 856.7 .117E+01 4.54 23.71 . 4.54 .00 
552.70 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
569.90 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
587:11 11.00 .00 856.7 .117E+01 4.54 23. 71· 4.54 .00 

· 604.31 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
621. 51 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
638.72 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 

. 655.92 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
673.13 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
690.33 11.00 .00 856.7 .117E+01 4.54 i3.71 4.54 .00 
70·7. 53 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 :00 · 
724.74 11.00 .. 00 856.7 .117E+01 4.54 23.71· 4.54 .00 
741.94 11.00 · .00 856.7 .117E+01 4.54 23.71 4.54 .00 
759.15 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
776.35 11.00 .00 856.7 .117E+01 4.54 · 23. 71 4.54 -.00 
793.55 11.00 .00 856.7 .117E+01. 4.54 23.71 4.54 .00 
810.76 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
827.96 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
845.16 11.00 .00 856. 7 . .117E+01 4.54 23.71 4.54 .00 
862.37 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
879.57 11.00 .00 856.7 .117E+01 4.54- 23.71 4.54 .00 
896.78 11.00 .00 856.7 .117E+01 .4.54 23.71 4.54 .00 
913.98 11.00 .00 ·856. 7 .117E+01 4.54 23.71 4.54. .00 
931.18 11.00 .00 856.7 .117E+01 4.54 2~.71 4.54 .00 
948.39 11.00 .00. 856.7 .117E+01 4_54·. 23.71 4.54 .00 
965.59 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
982.80 11.00 .00 856.7 .117E+01 4.54 23.71 4.54. .00 

1000.00 11.00 .. 00 856.7 .117E+01 4.54 23.71 4.54 .00 
Cumulative travel time = 2791. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
1111111111111111i111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A-APORTA4ANORMALAFLOW 
cormix\sim\MAC4-4Nl.cxl 
01/13/20~-20:05:56 

ENVIRONMENT PARAMETERS· (metric units) 
Bounded section-
·Bs = 
HA = 
UA 
uw 

= 

23. 71 AS = 107.64 QA = 
4.54 HD = 4.54 

.287 F = .058 USTAR = 

30.89 ICHREG= 2 

.2445E-01 
= , 2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DIST.B = 11.00 
00 = .152 A0 = .018 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .052 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .5228E-01 M0 = .1498E+00 J0 
Associated length scales (meters) 
LQ = .14 LM = 2.75 lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 19~19 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .53 

= .5228E-01 
=-.1463E+00 

= .0000E+00 

=-.7651E-02 

= 1.35 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 

Page· 1 
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NTOX = 0 
NSTD = 0 
REGMZ = 0. 

MAC4-4Nl.CX1 

XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and·below the ·center of the port: 

11.00 m from the LEFT bank/shore. . 
X-axis points downstream; Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals .per module · 
---------------------------· -------------------------------------------------

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.53 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 . 100E+04 

B 
.08 

---------------------------------------------------.--------------------------

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= . 28.17 SIGMAE= 
LE - .64 XE = . 56 YE = .00 ZE = 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if.any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.56 .00 .84 1.0 .100E+04 .08 
.76 .00 .94 1.2 · .820E+03 .10 
.97 .. 00 . 1.04 1.6 .633E+03 .13 

1.19 .00 i.13 2.0 .506E+03 .16· 
1.41 .00 1.22 2.4 .424E+03 .18 
1.64 .00 1.29 2.8 .361E+03 .21 
1.86 .00 1.36 3.2 .317E+03 .23 
2.09 .00 1.43 3.6 .280E+03 .26 
2.31 .00 1.48 3.9 .253E+03 .28 
2.55 .00 1.54 4.3 .231E+03 .30 

· 2. 77 .00 1.58 4.7 .213E+03 .32 
3.01 .00 . 1.62 5.1 .198E+03 .33 
3.24 .00 1.66 5.4 .186E+03 .35 
3.48 .00 1.69 5.7 .175E+03 .37 
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3.,71 .00 1.71 6.0 .166E+03 .38 
3.95 .00 1. 74 6.3 .158E+03 .39 
4.18 .00 1. 75 6.6 .152E+03 .40 
4.42 .00 1. 77 6.8 .146E+03 .41 
4.65 .00 1.78 7.1 .141E+03 .42 
4.89 .00 1. 78 7.3 .137E+03 .43 
5.12 .00 l°.79 7.5 .133E+03 .44 

Maximum jet height has been reached. 
5.36· .00 1. 79 7.7 .130E+03 .45 
5.59 .00· 1. 78' 7.9 .127E+03 .46 
5.84 .00 1. 78 8.1 .123E+03 .47 
6.07 .00 1. 77 8.4 .120E+03 .47 
6.31 .00 1. 75 8.6 .i16E+03 .48 
6.54 .00 1. 74 8.9 .112E+03 .49 
6.78 .00 1.72 9.2 .109E+03 .50 
7.01 .00 1.70 9.5 .105E+03 .51 
7.25 .00 1.67 9.8 .102E+03 .53 
7.48 .00 1.65 10.2 .982E+02- .54 
7.70 .00 1.62 10.5 .949E+02 .55 
7.94 .00 1.59 i0.9 .915E+02 .56 
8.17 .00 1.56 11.3 .884E+02 .57 
8.41 .00 1.52 11. 7 .851E+02 .59 

. 8.64 .00 1.49 . 12.2 .822E+02 .60 
8 .. 88 .00 1.45 12.6. . 792E+02 . .61 
9.10 .00 1.41 13.1 .765E+02 .63 
9.34 .00 1.37 13.6 .737E+02 .64 
9.57 .00 1.33 14.1 .712E+02 .66 
9.81 .00 1.28 14.6 .6.86E+02 .67 

10.03 .00 1.24 15.1 .663E+02 .68 
10.27 .00 1.20 15.6 .640E+02 .70 
10.50 .00 1.15 16.2 .618E+02 .71 
10.73 .00 1.10 16.8 .597E+02 . 73· 
10.96 .00 1.06 17.3 .577E+02 .74 
11.20 .00 1.-01. 17.9 .558E+02 .76 
11.42 .00 .96 18.5 .540E+02 .77 
11.66 .00 .91 19.1 .522E+02 .79 
11.88 .00 .87 19.8 .506E+02 .80 
1,2.12 .00 .82 20.4 .491E+02 .82 

Cumulative travel time= 18. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------· ------------- .---------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control Volume inflow: 
X y z s C B 

12.12 .00 .82 20.4 .491E+02 .82 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) con~entration (includes reaction 

X ·y z s ·C BV 
11.31 .00 .00 20.4 .491E+02 .00 
11.55 .00 ~00 20.4 .491E+02 1.12 
11.79 .00 .00. 20.4 .491.E+02 1.32 
12.04 .00 .00 20.4 .491E+02 1.46 
12.28 .00 .00 20.9 .478E+02 1.56 
12.53 .00 .00 23.5 .425E+02 1.63 

. 12. 77 .00 .00· 27.1 .369E+02 1.68 
13.02 .00 .00 30.4 .329E+02 1. 73 
13.26 .00 .00 32.6 .306E+02 1. 75 
13.51 .00 .00 33.9 .295E+02 1. 77 
13.75 .00 .00 34.7 .289E+,02 1. 78 

Cumulative ·travel time = 23. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of.NEAR-FIELD REG~ON (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
;56 
.79 
.97 

1.12 
1.26 
1.38 
1.49 
1.59 
1.69 
1. 78 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

if any) 

zu 
.00 

1.12 
1.32 
1.46 
1.56 
1.63· 
1.68 
1. 73 
1. 75 
1.77 
1. 78 

C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu 

13.75 .00 .00. 34.7 .289E+02 1. 78 1. 78 1. 78 
15.36 .00 .00 36.2 .276E+02 1. 57 2.10 1.57 
16.97 .00 .00 37.5 .266E+02 1.42 2.41 1.42 
18.57 .00 .00 38.7 .258E+02 1.31 2.69 1.31 
20.18 .00 .00 39.8 .251E+02 1.22 2.96 1.22 
21.79 .00 .00 40.8 .245E+02 1.15 3.22 1.15 
23:39 .00 ;00 41. 7 .240E+02 1.09 3.4·7 1.09 
25.00 .00 .00 42.6 .235E+02 1.05 3.71 1.05 
26.61 .00 .00 43.5 .230E+02. 1.00 3.95 1.00 
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28.22 .00 .00 44.4 .225E+02 .97 4.17 .97 .00 
29.82 .00 .00 45.2 .221E+02 .94 4.39 .94 .00 

· 31.43 .00 .00 46.1 .217E+02 .91 4.61- .91 .00 
33.04 .00 .00 46.9 .213E+02 .89 4.82 .89 .00 
34.64 .00 .00 47.8 .209E+02 .87 5.02 .87 .00 
36.25 .00 .00 48.7 .205E+02 .85 5.22 .85 .00 
37.86 .00 .00 49.6 .202E+02 .83 5.42 .83 .00 
39.46 .00 .00 50.5 .198E+02 .82 5.61 .82 .00 
41.07 .00 .00 51.4 .194E+02 .81 5.81 .81 .00 
42.68 .00 .00 52.4 .191E+02 .80· 5.99 .80 .00 
44.29 .00 .00 53.4 .187E+02 .79 6.18 ·• 79 .00 
45.89 .00 .00 54.4 . . 184E+02 .78 6.36 .78 .00 
47.50 .00 .00 55.4 .181E+02 .77 6.54 . 77 .00 
49.11 .00 .00 56.4 .177E+02 .77 6.72 .77 .00 
50.71 .00 .00 57:5 -.174E+02 .76 6.89 . 7_6 .00 
52.32 .00 .00 58.6 .171E+02. .76 7.06 .76 .00 
53.93 .00 .00 59.8 .'167E+02 .75 7.23 .75 .00 
55.53 .00 .00 61.0 .164E+02 .75 7.40 .75 .00 
57.14 .00 .00 62.2 .161E+02 .75 7.57 · .75 .00 
58.75 .00 .00 63.4 .158E+02 .75 7.73 .75 .00 
60.36 .00 .00 64.7 .155E+02 .75 7.89 .75 .00 
61.96 .00 .00 66.0 .151E+02 .75 8.'05 .75 .00 
63.57 .00 .00 67.4 .148E+02 .75 8.21 .75 .00 
65.18 .00 .00 68.8 .145E+02 .. 75 8.37 .75 .00. 
66.78 .00 .00 70.2 .142E+02 .75 8.53 .75 .00 

'68.39 .00 .00 71. 7 .140E+02 .75 8.68 .75 .00 
70.00 .00 .00 73.2 .137E+02 .75 8.84 .75 .00 
71.60 .00 .00 74.7 .134E+02 .76 8.99 .76 .00 
73.21 .00 .00 76.3 .131E+02 .76 · 9.14 ~76 .00 
74.82 .00 .00 77.9 · .128E+02 .76 9.29 .76 .00 
76.43 .00 .00 79.6 .126E+02 .77 9.44 • 77 .00 
78.03 .00 .00 81. 3 .123E+02 .77 9.59 . 77 .00 
79.64 .00 .00 83.1 .120E+02 .78 9.73 .78 .00 
81.25 .00 .00 84.9 .118E+02 .78 9.88 .78 .00 
82.85 .00 .00 86.7 .ll~E+02 .79 10.02 .79 .00 
84.46 .00 .00 88.6 .113E+02 .79 10.16 .79 .00 
86.07 .00 .00 90.6 .110E+0·2 .80 10.31 .80 .00 
87.67 .00 .00 92.6 .108E+02 .81 10.45 .81 .00 
89.28 .00. .00 94.6 .106E+02 .81 10.59 .81 . .00 
90.89 .00 .00 96.7 .103E+02 · .82 10.73 .82 .00 

· 92.50 .00 .00 98.8 .101E+02 .83 10.86 .83 .00 
94.10 .00 .00 101'.0 .991E+01 .84 11.00 .84 .00 

Cumulative travel time = 303. sec 

-----------------------------------------------------------------------------.. "P1Lime is ATTACHED to 1:'EFT ·bank/shore. 
Plume width is now determined from LEFT bank/shore. 
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· Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
94.10 11.00 .00 101.0 .991E+01 .84 22.00 .84 .00 
94.51 11.00 .00 101.5 .985E+01 .84 22.03 .84 .00 
94·. 92 11.00 .00 102.0 .980E+01 .84 22.07 .84 .00 
95.33 11.00 .00 102.5 .975E+01 .84 22.10 .84 .00 
95.74 11.00 .00 103 .. 0 .970E+01 .85 22.14 .85 .00 
96.16 11.00 .00 103.6 .965E+01 .85 22.17 .85 .00 
96.57 11.00 .00 104.1 .961E+01 .85 22.21 .85 .00· 
96.98 11.00 .00 104.6 .956E+01 .86 22.24 .86 .00 
97·,39 11.00 · .00 105.2 .951E+01 .86 22.28 · .86 .00 
97.80 11.00 .00 105.7 .946E+01 .86 22.31 .86 .00 
98.21 11.00 .00 106.2 .941E+01 .87 22.35 .87 .00 
98.62 11.00 .00 106.8 .937E+01 I .87 22.38 .87 .00 
99.03 11.00 .00 107.3 .932E+01 .87 22.42 .87 .00 
99.44 11.00 .00 107.9 .927E+01 .87 22.45 .87 .00 
99.85 11.00 .00 108.4 .923E+01 .88 22.49 .88. .00 

100.26 11.00 .00 108.9 .918E+01 .88 22.52 .88 .00 
100.67 11.00 .00 109.5 .913E+01 .88 22.55 .88 .00 
101.08 11.00 .00 110.0 .909E+01 .89 22.59 .89 .00 
101.49 11.00 .00 110.6 .904E+01 .89 22.62 .89 .00 
101.90 11.00 .00 111.1. .900E+01 .89 22.66 .89 .00 
102.31 11.00 .00 111.7 .895E+01 .90 22.69 .90 .00 
102.72 11.00 ·.00 · 112.2 .891E+01 .90 22.73 • 90 .00 . 
103.14 11.00 .00 112.8 .887E+01 .90 22.76 .90 · .00 
103.55 11.00 .00 113.3 .882E+01 .91 22.79 .91 .00 
103.96 11.00 .00 113.9 .878E+01 .91 22.83 .91 .00 
104.37 11.00 .00 · 114.5 .874E+01 • 91 · 22.86 .91 .00 
104.78 11.00 .00 115.0 .869E+0i .91 22.90 .91 .00 
105.19 11.00 .00 115.6 .865E+01 .92 22.93 .92 .00 
105.60 11.00 .00 116.2 .861E+01 .92 22.97 .92 .00 
106.01 11.00 .00 116.7 .857E+01 .92 23.00 .92 .00 
106.42 11.00 .00 117.3 .853E+01 .93 23.03 .93 .00 
106.83 11.00 .00 117.9 .848E+01 .93 23.07 .93 .00 
107.24 11.00 • 00 118.4 .844E+01 .93 . 23.10 .93 .00 
107.65 11.00 .00 119. 0 · · . 840E+01 .94 23.14 .94 .00 
108.06 11.00 .00 119.6 .836E+01 .94 23.17 .94 .00 
108.47 11.00 .00 120.2 .832E+01 .94 23.20 .94 .00 
108.88 11.00 .00 120.7 .828E+01 .95 23.24 .95 .00 
109.29 11.00 .00 . 121.3 .824E+01 .95 23.27 .95 .00 
109.71 11.00 .00 121.9 .820E+01 .95 23.31 .95 .00 
110.12 11.00 .00 122.5 .816E+01 .96 23.34 .96 .00 
110.53 11.00 .00 123.1 .813E+01 .96 23.37 .96 .00 
110.94 11.00 .00 123.7 .809E+01 .96 23.41 .96 .00 
111.35 11.00 .00 124.3 .805E+01 .97 23.44 .97 .00 
111.76 11.00 .00 124.8 .801E+01 .97 23.47 .97 .00 
112.17 11.00 .00 125.4 .797E+01 .97 23.51 .97 .00 
112.58 11.00 .00 126.0 .793E+01 .97 23.54 .97 .00 
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112.99 11.00 .00 . 126.6 .790E+01 .98 23.58 .98 .00 
113.40 11.00 .00 127.2 .786E+01 .98 23.61 .98 .00 
113.81 11.00 .00 127.8 .782E+01 .98 23.64 .98 .00 
114.22 11.00 .00 128.4 .779E+01 .99 23.68. .99 .00 
114.63. 11.00 .00 129.0 .775E+01 .99 23.71 .99 .00 

Cumulative travel time = 374. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.222E-01 m"2/s 

.555E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth; if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU ~ upper plume boundary (Z-coordinate) 
ZL = lower plume bounda~y (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 {bank a~tached): 
X Y Z S C 

.775E+01 

.759E+01 

.742E+01 

.726E+01 

.7i0E+01 

.693E+01 

.677E+01 

.6E>1E+01 

.645E+01 

.629E+01 

.614E+01 

.598E+01 

114.63 11:00 .00 .129.0 
132.34 11.00 .00 
150.05 11.00 .00 
167.75 11.00 .00 
185.46 11.00 .00 
203.17 11.00 .00 

· 220.88 11.00 · .00 
238.58 11.00 .00 
256.29 11.00 .00 
274.00 11.00 .00 
291.71 11.00 .00 
309.41 11.00 .00 
327,12 11.00 .00 
344.83 11.00 -. .00 
362.54 11.00 .00 
380.24 11.00 .00 
397.95 11.00 .00 

·zi.15 :66.... 11. 00. . 00 
433.36 11.00 .00 

131.8 
134.7 
137.7 
140.9 
144.2 
147.6 
151.2 
155.0 
158.9 
163.0 
167.3 
171.8 .582E+01 
176.5 .567E+01 
181. 5 . 551E+01 
186.7 .536E+01 
192.1 .521E+01 
197;9· · .505E+01 
203.9 .490E+01 

451.07 11.00 .00 210.2 . 476E+01 
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BV 
.99 

1.01 
1.03 
1.06 
1.08 
1.11 
1.13 
1.16 
1.19 
1·.22 
1.25 
1.28 
1.32 
1.36 
1.39 
1.43 
1.48 
·1:52 
1. 57 
1.61 

. BH 
23. 71 
23.71 
23.71 
23.71 
23.71 
23.71 

· 23. 71 
23.71 
23.71 
23.71 
23. 71 
23.71 
23.71 
23.71' 
23.71 
23.71 
23.71 
23.71 
23. 71 . 
23. 71 

zu 
.99 

1.01 
1.03 
1.06 
1.08 
1.11 
1.13 
1.16 
1.19 
1.22 
1.25 
1.28 
1.32 
1.36 
1.39 
1.43 
1.48 
1.52 
1.57 
1.61 

ZL­
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
;00 
.00 
.00 
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468.78 11.00 .00 216.9 .461E+01 1.67 23.71 1.67 .00 
486.49 11.00 .00 224.0 .. 446E+01 1. 72 23.71 1. 72 .00 
504.19 11.00 .00· 231.4 .432E+01· 1. 78 23.71 1. 78 .00 
521. 90. 11.00 .00 239.2 .418E+01 1.84 23.71 1.84 .00 
539.61 11.00 .00 247.5 .404E+01 1.90 23.71 1.90 .00 
557.32 11.00 .00 256.2 .390E+01 1.97 23.71 1.97 .00 
575.02 11.00 .00 265.4 · .377E+01 2.04 23.71 2.04 .00 
592.73 11.00 .00 275.1 .364E+01 2.11 23.71 2.11 .00 
610.44 11.00 .00 285.3 .351E+01 2.19 23.71 2.19 .00 
628.15 11.00 .00 296.0 .338E+01 2.27 23.71 2.27 .00 
645.85 11.00 .00 307.4 .325E+01 2.36 23.71 2.36 .00 
663.56 11.00 .00 319.3 .313E+01 2.45 23._71 2.45 .00 
681. 27 11.00 .00 331.9 .301E+01 2.55 23.71 2.55 .00 
698.97 11.00 .00 345.1 .290E+01 2.65 23.71 2.65 .00 
716.68 11.00 .00 358.9 .279E+01 2.76 23.71 2.76 .00 
734.39 11.00 .00 373.5 .268E+01 2.87 23.71 2.87 .00 
752.10 11.00 .00 388.7 .257E+01 2.99 23.71 2.99 .. 00 
769.80 11.00 .00 . 404.5 .247E+01 3.11 23.71 3.11 .00 
787.51 11.00 .00 421.1 .237E+01 3.23. 23.71 3.23 .00 
805.22 11.00 . 00 438.3 . .228E+01 3.37 23.71 3.37 .00 
822.93 11.00 .00 456.2 .219E+01 3.50 23.71 3.50 .00 
840.63 11.00 .00 474.7 .211E+01 3.65 23.71 3.65 .00 
858.34 11.00 . 00 493.9 . .202E+01 3.79 23.71 3.79 .00 
876.05 11.00 .00 513.6 .195E+01 3.95 23.71 3.95 .00 
893.76 11.00 .00. 533.9 .187.E+01 4.10 23.71 4.10 .00 
911.46 11.00 .00 · 554.7 .180E+01 4.26 23.71 4.26 .00 
929.17 11.00 .00 576.0 .174E+01 4.42 23.71 4.42 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
946.88 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
964.58 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 
982.29 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 
Cumulative travel-time = 3454. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: ·Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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MAC4-4Xl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111· 

CORNELL MIXING·ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run:· 

MA(HABIGAMUDDYARIVER 
CASEA4A_APORTA4AMAXIMUMAFLOW 
cormix\sim\MAC4-4Xl.cxl 
01/13/20--20:40:50 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 38.11 ICHREG= 2 
HA = 4.54 HD = 4.54 
UA = .354 F = .058 USTAR. - .3016E-01 
UW = 2.·000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM.= 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 = .152 A0 = .018 H0 
THETA = 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .100. 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
!PO.LL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1001E+00 M0 
Associated length scales 

= .5492E+00 J0 
(meters) 

LQ = .14 LM = 5.27 

NON-DIMENSIONAL PARAMETERS 
FR0 = 36.74 R = 15.50 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .53 

= .1001E+00 
=-.1463E+00 

= .0000E+00 

=-.1465E-01 SIGNJ0= -1.0 

= 2.09 Lb = .33 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC4-4Xl.CX1 

XINT - 1000.00. XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00· m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to l~ft, 2-axis points up~ard. 

NSTEP = ~0 dispiay intervals per ~odule 
------------------. ----------------------------------------------------------
--------------------------------------------------------------------- ·-------
BEGIN MOD101: DISCHARGE MODULE. 

X 
.00 

y 

.00 
z 
.53 · 

END OF MOD101: DISCHARGE MODULE 
. . 

S C 
1.0 .100E+04 

B 
.08 

-----------------------------------------------------------------------------
. . . 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING.REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.82 SIGMAE= .00 
LE· = .68 XE = .59 YE = .00 ZE = .86 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, nornial to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes .reaction effects, if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.59 .00 · .86 1.0 .100E+04 .08 

·1.00 .00 1.07 1.5 .650E+03 .13 
1.44 .00 1.28 2.~ .438E+03 .19· 
1.88 .00 1.47 3.1 .325E+03 .24' 
2.33 .00 1.64 3.9 .256E+03 .30 
2.79 .00 1. 79 4.7 .211E+03 .35 
3.25 .00 1.93 5.6 .179E+03 .40 
3. 71. .00 2.06 6.4 .156E+03 .44 
4.18 .00 2.17 7.3 .138E+03 .48 
4.65 .00 2.27 8.1 .124E+03 .52 
5.13 .00 2.35 8.9 .113E+03 .56 
S:60 · · ., .00 2.43 9.6 .1:04E+03· .59 
6.08 .00 2.50 10.3 .967E+02 .62 
6.56 .00 2.56 11.0 .906E+02. .65 
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MAC4--4Xl. CXl 
7.03 .00 2.61 11. 7 .855E+02 .68 
7.51 .00 2.66 12.3 .811E+02 .70 
7.99 .00 2.70 12.9 .774E+02 .73 
8.47 .00 2.73 13.5 .742E+02 .75 
8.96 .00 2.75 14.0 .715E+02 • 77 
9.44 .00 2.77 14.5 .691E+02 .78 
9.92 .00 2.79 14.9 .670E+02 .80 

10.40 .00 2.79 15.3 .652E+02 .81 
10.88 .00 · 2·.80 -15. 7 .636E+02 .83 

Maximum jet. height has been reached. 
11.36 .00 2.79 16.1 .621E+02 .84 
11.84 .00 2.79 16.5 .605E+02 .85 
12.32 .00 2.77 17.0 .589E+02 ·.87 
12.81 ·.00 2.76 17.5 .572E+02 .88 
13;29 .00 2.73 18.0 .556E+02 .90 
13.77 .00 2.71 18.5 .540E+02 .92 
14.25 .00 2.67 19.1 .523E+02 .94 
14.73 .00 2.64 19.7 .507E+02 .95 
15.21 .00 2.60 20.4 .491E+02 .97 
15.69 .00 2.56 21.1 .475E+02 .99 
16.17 .00 2.51 21.8 .460E+02 1.01 
16.65 .00 2.46 22;5 .445E+02 1.03 
17.12 .00 2.41 · 23.3 .430E+02 1.05 
17.60 .00 2.36 24.1 .416E+02 1.08 
18.08 .00 2.30 24.9 .402E+02 1.10 
18.56 .00 2.24 25.7 .389E+02 1.12 
19.04 .00 2.18 26.6 .376E+02 1.14 
19.51 .00 2.12 27.5 · . 363E+02 1.17 
19.99 .00 2.05 · 28.4 .352E+02 1.19 
20.47 .00 1.98 29.4 .340E+02 1.21 
20.94 .00 1.92 30.4 .329E+02 1.24 
21.42 .00 1~85 31.4 . 319E+02· 1.26 
21.90 .. 00 i.78 32.4 . 309E+02 . 1.28 
22.37 .00 1.70 33.5 .299E+02 1.31 
22.85 .00 1.63 34.5 .290E+02 1.33 
23.32 .00 1.56 35.6 .281E+02 1'.36 
23.80 .00 1.48 36.7 ·. 272E+02 1.38 
24.28 .00 1.40 37.8 .264E+02 · 1.40-

Cumulative travel time = 32. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume· inflow: 
X y z s C B 

24.28 .00 1.40 37.8 .264E+02 1.40 
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Profile definitions: 
BV =_top-hat thickness~ ~easured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effe·cts, if any) 

X y z s C BV BH zu ZL 
22.87 .00 .00 37.8 -. . 264E+02 .00 .00 .00 .00 
23.29 .00 .00 37.8 .264E+02 1.90 .95 1.90 .00 
23.71 . 00. .00 . 37.8 .264E+02 2.25 1.35 2.25 .00 
24.14 .00 .00 37.8 .264E+02 2.48 1.65 2.48 .00 
24.56 .00 .00 38.9 .257E+02 2.64 1.91 2.64 .00 
24.98 .00 .00 43.7 .229E+02 2.77 2.13 2.77 .00 
25.40 .00 .00 50.4 .199E+02 2.86 2.34 2.86 .00 
25.82 .00 .00 56.4 .177E+02 2.93 2.52 2.93 .00 
26.24 .00 - .00 60.6 .165E+02 2.98 2.70 2.98 .00 
26.66 .00 .00 62.9 .159E+02 3.01 2.86 3.01 .00 
27.08 .00 .00 64.3 .155E+02 · 3.02 3.02 3.02 .00 

Cumulative travel time = 40. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 
----------------------------------------- ---~-------------------------------
** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat ~hickness, measured vertically 
BK= top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average _(bulk) concentration (includes reaction effetts, if any) 

P_lume Stage 1 (not bank attached): 
X y z s C BV BH zu 

27.08 .00 .00 64.3 .155E+02 3.02 3.02 3.02 
28.54 .00 .00 65.6 .152E+02 2.85· 3.25 2.85 
30.00 .00 .00 66.9 .150E+02 2.72 3.48 2.72 
31.45 .00 .00 68.0 .147E+02 2.60 3.70 2.60 
32.91 .00 .00 69.1 .145E+02 2.50 3.91 2.50 
34.37 .00 .00 70.1 .143E+02 2.41 4.12 2.41 
35.82 .00 .00 71.2 .141E+02 2.33 4.32 2.33 
37.28 .00 .00 72.1 .139E+02 2.25 4.52 2.25 
38.74 .00 .00 73.1 .137E+02 2.19 4.72 2.19 
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40.19 .00 .00 74.0 .135E+02 2.13 4.91 2.13 .00 
41.65 .00 .00 74.9 .133E+02 2.08 5.09 2.08 .00 
43.10 .00 .00 75.8 .132E+02 2.03 5.28 2.03 .00 
44.56 .00 .00 76.7 .130E+02 1.99 5.46 1.99 .00 
46.02 .00 .00 77.6 .129E+02 1.95 5.63 1.95 .00 
47.47 .00 .00 78.5 .127E+02 1.91 5.81 1.91 .00 
48.93 .00 .00 79.4 .126E+02 1.88 5.98 1.88 .00 
50.39 .00 .00 80.3 .125E+02 1.85 6.15 1.85 .00 
51.84 .00 .00 81.2 .123E+02 1.82 ·6.32 1.82 .00· 
53.30 .00 .00 82.1 .122E+02 1. 79 6.48 1. 79 .00 
54.76 .00 .00 82.9 .121E+02 1. 77 6.64 1. 77 .00 
56.21· .00 .00 83.8 .119E+02 1.74 6.80 1.74 .00 
57.67 .00 .00 84.-S .118E+02 1. 72 6.96 1.72 .00 
59.13 .00 .00 85.7 .117E+02 1. 70 7.12 1. 70 .00 
60.58 .00 .00 86.6 .115E+02 1.68 7.28 1.68 .00 
62.04 .00 .00 87.5 .114E+02 1.67 7.43 1.67 .00 
63.50 .00 .00 88.5 .113E+02 1.65 7.58 1.65 .00 
64.95 .00 .00· 89.4 .112E+02 1.64 7.73 1-.64 .00 
66.41 .00 .00 90.4 .i11E+02 1.62 7.88 1.62 .00 
67.87 .00 .00 91.4 .109E+02 1.61 8.03. 1.61 .00 
69.32 .00 .00 92.4 .108E+02 1.60 8.17. 1.60 .00 
70.78 .00 .00 93.4 .107E+02 i.59 8.32 1.59 .00 
?2.24 .00 .00 94.4 .106E+02 1.58 8.46 1.58 .00 
73.69 .00 .00 95.5 .105E+02 1.57 . 8.61 1.57 .00 
75.15 .00 .00 96.5 .104E+02 1.56 8.75 1.56 .00 
76.61 .00 .00 97.6 .102E+02 1.55 8.89 1.55 ;00 
78.06 .00 .00 98 .. 7 .101E+02 1.55 9.03 1.55 .00 
79.52 .00 .00 99.8 .100E+02 1.54 9.17 1.54 .00 
80.97 .00· .00 100.9 .991E+01 1.53 9.30 1.53 .00 
82.43 .00 .00 102.1 .98.0E+01 1.53 9.44 1.53 .00 
83.89 .00 .00 103.2 .969E+01 1.52 9.57 1.52 .00 
85.34 .00 .00 104.4 .958E+01 1.52 9.71 1.52 .00 
86.80 .00 .00 105.6 .947E+01 1.52 9.84 1.52 .00 
88.26 .00 .00 106.9 .936E+01 1.51 9.97 1.51 .00 
89. 71 .00 .00 108.1 .925E+01 1.51 10.10 1.51 .00 
91.17 .00 .00 109.4 .914E+01 1.51 10.24 1.51 .00 
92.63 .00· .00 110.7 .904E+01 1.51 10.37 1.51 .00 
94.~8 .00 .00 112.0 .893E+01 1.51 10.49 1.51 .00 
95.54 .00 .00 113.3 .883E+01 1.51 10 .. 62 1.51 .00 
97.00 .00 .00 114.7 .872E+01 1.51 10.75 1.51 .00 
98.45 .00 .00 116.0 .862E+01 1.51 10.88 1.51 .00 
99.91 .00 .00 117.4 .852E+01 1.51 11.00 1.51 .00 

Cumulative travel time= 245. sec 

---.--------------------------------------------------------------------------
0 

Pluin·e· "is ATTACHED to LEFT ban·k, shore. · 
Plume width is now determined from LEFT bank/shore. 
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MAC4-4Xl.CX1 
Plume Stage 2 (bank attached): 

X y z s C BV BH zu Zl 
99.91 11.00 .00 117.4 .852E+01 1.51 22.00 1.51 .00 

100.32 11 .. 00 .00 117.8 .849E+01 1.51 22.03 · l.51 .00 
·100. 72 11.00 .00 118.1 .847E+01 1.51 22.07 1.51 .00 
101.13 11.00 .00 118.5 .844E+01 1. 52 22.10 1.52 .00 
101.53 1L00 .00 118.8 .842E+01 1.52 22.14 1.52 .00 
101.94 11.00 .00 119.2 .839E+01 1.52 22.17 1.52 .00 
102.·35 11.00 .00 119.5 .837E+01 1.52 22.21 1.52 .00 
102.75 11.00 .00 119.9 .834E+01 1.52 22.24 1.52 .. 00 
103.16 11.00 .00 120.2 .832E+01 1.53 22 .. 28 1.53 .00 
103.56 ii.00 .00 120.6 .829E+01 1.53 22.31 1.53 .00 
103.97. 11.00 .00 120.9 .827E+01 1.53 22.35 1.53 .00 
104.37 11.00 .00 121.3 .824E+01 · 1.53 22.38 1.53 .00 
104.78 il.00 .00 121. 7 .822E+01 1.53 22.42 1.53 .00 
105.19 1·1.00 .00 122.0 .820E+01 1.54 22.45 1.54 .00 
105.59 11.00 .00 122.4 ·.817E+01 1.54 22.49 1.54 .00 
106.00 11.00 .00 122.7 .815E+01 1.54 22.52 1.54 .00 
-106.40 11.00 .00 123.1 .812E+01 1.54 22.55 1.54 ·.00 
106.81 11.00 .00 123.5 .810E+01 1.54 22.59 1.54 .00 
107.22 · 11.00 .00 123.8· .808E+01 1.55 22.62 1.55 .00 
107.62 11.00 .00 124.2 .805E+01 1. 55 22.66 1.55 .00 
108.03 11.00 .00 124.5 .803E+01 1.55 22.69 1.55 .00 
108.43 . 11.00 .00 124.9 .801E+01 1.55 22.73 1.55. .00 
108.84 11.00 .00 125.3 .798E+01 l.·56 22.76 1.56 .00 
109.24 . 11.00 .00 125.6 .796E+01 1.56 22.80 .1.56 .00 
109.65 11.00 .00 126.0 .794E+01 1.56 22.83 1.56 .00 
110.06 11.00 .00 126.4 . 791E+01 1. 56 . 22.86 1.56 .00 
110.46 11.00 .00 126.8 .789E+01 1.56 22.90 1.56 .00 
110.87 11.00 .00 127.1 .787E+01 1.57 22.93 1.57 .00 
111.27 11.00 .00 127.5 .784E+01 1.57 22.97 1..57 .00 
111.68 11.00 .00 127.9 .782E+01 1. 57 23.00 1.57 .00 
112.09. 11.00 · .00 128.2 .780E+01 1.57 23.03 1.57 .00 
112.49 11.00 .00 128.6 .777E+01 1. 58 23.07 1.58 .00 
112.90 11.00 .00 129.0 .775E+01 1.58 23.10 1.58 .00 
113.30 11.00 .00 129.4 .773E+01 1.58 23.).4 1.58 .00 
113.71 11.00 .00 .129.8 . n1e·+01 1.58 23.17 1.58 .00 
114.11 11.00- .00 130.1 .768E+01 i.59 23.20 1.59 .00 
114.52 11.00 .00 130.5 .766E+01 1.59 23.24 1.59 .00 
114.93 11.00 .00 130.9 .764E+01 1.59 23.27 1.59 .00 
115. 33 11.00 .00 131.3 .762E+01 1.59 23.31 1.59 .00 
115.74 11.00 .00 131.7 .759E+01 1.59 23.34 1.59 .00 
116.14 11.00 .00 132.1 .757E+01 1.60 23.37 1.60 .00 
116.55 11.00 .00 132.4 .755E+01 1.60 23.41 1.60 .00 
116.96 11.00 .00 132.8 .753E+01 1.60 23.44 1.60 .00 
11736 11.00 .00 "l:33. 2 .751E+01 1.60 23.48 1.60 .00 
117.77 11.00 .00 133.6 .748E+01 1.61 23.51 1.61 .00 
118.17 11.00 .00 134:0 .746E+01 1.61 23.54 1.61 .00 
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•. . . .. 

· MAC4-4Xl. CXl 
118.58 11.00 .00 134.4 .744E+01 1.61 23.58 1.61 .00 
118.98 11.00 .00 134.8 .742E+01 1.61 23.61 1.61 .00 
119.39 11.00 .00 135.2 .740E+01 1.62 23.64 1.62 .00 
·119.80 11.00 .00 135.6 .738E+01 1.62 23.68 1.62 .00 
120.20 11.00 .00 136.0 .736E+01 1.62 23.71 1.62 .00 

Cumulative travel time = 302. sec 
Plume is LATERALLY FULLY MIXED at the end·of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizo~tal diffusivity (initial value)= 

Profile definitions: 

.274E-01 ml\2/s 

.685E-01 ml\2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed· 

BH ·= G·aussian s.d.*sqrt(pi/2) (4<;,%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes r~action effects, if any) 

Plume S.tage 
X 

120.20 
137 .80. 
155.39 
172.99 
190.59 
208.18 
225.78 
243.37 
260.97 
278.57 
296.16 
313.76 
331. 35 
348.95 
366.55 
384.14 
401. 74 
419;33· 
436.93 
454.53 

2 (bank attached): 
y z s 

11.00 .00 136.0 
11.00 .00 
11.00 .00 
11.00 .00 
11.00 .00 
11.00 .00 

.11.00 .00 
11.00 ~00 
11.00 .00 
11.00 .00 
11.00 .00 

140.1 
144.6 

'149.2 
154.1 
159.2 
164.6 
170.3· 
176.3 
182.6 
189.3 

11~00 .00 196.3 
11.00 .00 203.6 
11.00 .00 
11.00 .00 
11.00 .00 
11.00 .00 

211.4 
219.5 
228.0 
236.9 
246.3 

C 
.736E+01 
.714E+01 
.692E+01 
.670E+01 
.649E+01 
.628E+01 
.608E+01 
.587E+01 
.567E+01 
.548E+01 
.528E+01 
.510E+01 
.491E+01 
.473E+01 
.456E+01 
.439E+01 
.422E+01 
.406E+01 .. 1L00 

11.00 
11.00 

·.00 
.00 
.00 

256.0 .391E+01 
266. 2 .• 376E+01 
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BV 
1.62 
1.67 
1. 72 
1. 78 
1.84 
1.90 
1.96 
2.03 
2.10 
2.18 
2.26 
2.34 
2.43 
2.52 
2.62 
2.72 
2.82 
·2:94 
3.05 
3.17 

BH 
23.71 
23.71 
23.71 
23.71 
23. 71 · 
23.71 
23.71 
23.71 
23·. 71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

· · 23: 71 
23.71 
23.71 

zu 
1.62. 
1.67 
1. 72 
1. 78 
1.84 
1.90 
1.96 
2.03 
2.10 
2.18 
2.26 
2.34 
2.43 
2.52 
2.62 
2.72 
2.82 
2.94 
3.05 
3.17 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

. · .00 
.00 
.00 
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MAC4-4XL CXl 
472.12 11.00 .00 276.8 .361E+01 3.30· 23.71 3.30 .00 
489.72 11.00 .00 287.8 .347E+01 3.43 23.71 3.43 .00 
507.31 11.00 .00 299.2 .334E+01 3.57 23.71 3.57 .00 
524.91 11.00 .00 311. e, .322E+01 -3.71 23.71 3. 71. .00 
542.51 11.00 .00 323.2 .309E+01 3.85 23.71 3.85 .00 
560.10 11.00 .00 335.7 .298E+01 4.00 23.71 4.00 .00 
577.70 11.00 .00 348.6 . 287E+01 4.16 23.71 4.16 . .00 
595.29 11.00 .00 361.8 .276E+01 4.31 23.71 4.31 .~0 
612.89 -11.00· .00 375.3 .266E+01 4.47 23. 71· · 4.47 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interva·1. · 
6_30.48 11.00 . .00 380.8 .263E+01 4.54 23.71 4 . .54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
648.08 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 ·.00 
665.68 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
683.27 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
700.87 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
718.46 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
736.06 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
753.66 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
771.25 · 11.00 .00 380.8 .263E+01 4.54 23.71 4.54· .00 
788.85 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
806.44 11.00· .00 380.8 .263E+01 4.54 23.71 4.54 .00 
824.04 11.00 .00 380.8· .263E+01 4.54 23.71 4.54 .00 
841.64 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
859.23 11.00 .00 380.8· .263E+01 4.54 23.71 4.-54 .00 
876.83 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
894.42 11.00 .00 380.~ .263E+01 4.54 23.71 4.54 ·.00 
912.02 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
929.62 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
947.21 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
964.81 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
.982.40 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
Cumulative travel time = 2781. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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MAC5-1Nl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
-~ubsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ · September_1Q96 

CASE DESCRIPTION 
·site· name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDOYARIVER 
CASEA5A_APORTA1A_ANORMALAFLOW 
cormix\sim\MAC5-1Nl.cxl 
01/09/20--13:10:35 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS. = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .239 F = .058 USTAR 
uw - 2.000 UWSTAR= ~2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
00 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 

= 25.76 

= .2039E-01 

= .56 

= .1300E-01 
=-.1463E-+00 

= .0000E+00 

ICHREG= 2 

_Q0 = .1300E-01 M0 = .3726E-01 J0 
(meters) 

=-.1903E-02 SIGNJ0= -1.0 
Associated length scales 
LQ = .07 LM = 1.94 

NON-DIMENSIONAL PARAMETERS 
FR0 = . 27 .17 R = 11.97 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .81 Lb = .14 
= 99999.00 Lbp_ · = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC5-1Nl-. CXl 

XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points_ downstream, Y-axis p_oints to left, Z-axis points upward. 

NSTEP = 50 display intervals per mod~le 
-----------------------------------------------------------------------------

BEGIN .MOD101: DISCHARGE MODULE 

X 
.00 

.y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

. . 

S C 
1.0 .100E+04 

B . 
.04 

---------~---. -- --------- ---------------------------------- .------ _· ------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= i8.47 SIGMAE= .00 
LE = .33 XE = .29 YE = .00 ZE = .72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 ♦ -04 

.29 .00 .72 1.0 .100E+04 .04 

.47 .00 .82 1 . .5. .678E+03 .06 

.65 .00 .90 2.-1 .471E+03 .09 

.84 .00 .97 2.8 .357E+03 .11 
1.03 .00 1.04 3.5 .286E+03 .13 
1.22 .00 1.10 4.2 .238E+03 .15 
1.42 .00 1.15 4.9 .204E+03 .17 
1.62 .00 1.20 5.6 .178E+03 .19· 
1.82 · .00 1.24 6.3 .159E+03 .20 
2.02 .00 1.27 6.9 .145E+03 .22 
2.22 .00 1.30 7.5 .133E+03 .23 
2.42 .00 1.33 8.1 .123E+03 .24 
2.62 .00 1.35 8.6 .116E+03 .26 
2.82 .00 1.37 9.2 .109E+03 .27 
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MAC5-1Nl.CX1 
3.03 .00 1.39 9.6 .104E+03 .27 
3.23 .00 1.40 ·10.1 .992E+02 .28 
3.43 .00 1.40 10.5 .953E+02 .29 
3.63 .00 1.41 10.9 .. 921E+02 ·.30 
3.83 .00 1.41 11.2 .893E+02 .30 

Maximum jet height has been reached. 
4.0.4 .00 1.41 11.5 .868E+02 .31 
4.24 .00 1.41 11.9 .843E+02 .32 
4.44 .00 1.40 12.2 .816E+02 ·• 32 
4.65 .00 1.39 12.7 .790E+02 .33 
4.85 .00 1 .. 38 13.1 .763E+02 .34 
5.05 .00 1.37 13.6 .736E+02 .34 
5.26 .00 1.36 14;1 .708E+02 .35 
5.46 .~0 1.34 14.7 .682E+02 .36 
5.66 .00 1 .. 32 15.2 .6.56E+02 .37 
5.86 .00 1.30- 15.8 .631E+02 .38 
6~06 · .00 1.28 16.5 .607E+02 :39 
6.26 .00 1.25 17.1 .583E+02 .40 
6.46 .00 1.23 17.8 .561E+02 .41 
6.67 .00 1.20 18.6 .538E+02 .42 
6.87 .00 1.17 19.3 .517E+02 .43 
7.07 .00 1.14 20.1 .497E+02. ·.44 
7.27 .00 1.11 20.9 .478E+02 .45-
7.47 .00 1.08 21.8 .460E+02 .46 
7.67 .00 1.05 22.6 .442E+02 .47 
7.87 .00 1.02 23,5· · .425E+02 .48 
8.07 .00 .99 24.4 .410E+02 .49 
8.27 .00 .9'5 25.3 .395E+~2 .50 
8.47 .00 .92 26.3 .380E+02 .51 
8.67 .00 .89 27.2 .367E+02 .52 
8.87 .00 .85 ·28.2 .354E+02 .53 
9.07 .00 .82 29.3 .342E+02 .54 
9.27 .00 ~78 30.3 .330E+02 .55 
9.47 .00 .75 31.4 .319E+02 .56 

.9.67 .00 .71 32.4 .309E+02 .57 
9.87 .00 .68 33.5 .299E+02 .58 

10.07 .00 .64 · 34.6 .289E+02- .60 
10.27 .00 .61 35.7 .280E+02 .61 

Cumulative travel time = 21. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

10.27 .00 .61 35.7 .280E+02 .61 
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MAC5-1Nl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH ~ top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) · 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
9.67 .00 .00 35.7 .280E+02 .00 
9.85 .00 .00 35.7 .280E+02 -.81 

10.03 .00 .00 35.7 .280E+02 .96 
10.21 .00 .00 35.7 .280E+02 1.05 
10.40 .00 .00 36.7 .. 273E+02 1.12 
10.58 .00 .00 41.2 .243E+02 1.18 
10.76 .00 .00 47.5 .210E+02 1.22 
10.94 .00 .00 53.2 .188E+02 1.25 
11.12 .00· .00 57.2 .175E+02 1.27 
11.30 .00 .00 59.3 .169E+02 1.28 
11.49 .00 .00 60.7 .165E+02 1.28 

Cumulative travel time = 26. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD.REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: , 
. BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.41 
.57 
.70 

.. 81 
.91 
.99 

1.07 
1.15 
1.22 
1.28 

BH = top-hat half-width, measured-horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

if any) 

zu 
.00 
.81 
.96 

1.05 
1.12 
1.18 
1.22· 
1.25 
1.27 
1.28 
1.28 

C = a~er~ge (bulk) concentration (includes reaction effects,. if any) 

Plume Stage 1 (not bank attached): . 
X y z s C BV BH zu 

11.49 ;00 .00 60.7 .16SE+02 1.28 1.28 1.28 
13.64 .00 .00 64.7 .1SSE+02 1.09 1.62 1.09 
15.80 .00 .00 68.0 .147E+02 .96 . 1.92 .96 
17.96 .00 .00 71.1 .141E+02 .88 2.20 .88 
20.12 .00 .00 74.0 .13SE+02 .82 2.46 .82 
22.28 .00 .00 - 76.9 .130E+02 • 77 2.71 .77 
24:44 ;00· .00 79.9 .125E+02 ;74 2.95 .74 
26.60 .00 .00 83.0 .121E+02 .71 3.18 .71 

'28.75 .00 .00 86.1 .116E+02 .69 3.40 .69 
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ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
~00 
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30.91 .00 .00 89.5 .112E+02 .67 3.62 .67 .00 
33 .07. .00 .00 · 93.0 .107E+02 .66 3.82 .66 .00 
35.23 .00 .00 96.8 .103E+02 . .65 4.03 .65 .00 
37.39 .00 .00 100.7 .993E+01 .65 4.22 · .65 .00 
39.55 .00 .00 104.9 .953E+01 .65 4.42 .65 .00 
41. 71 .00 .00 109.4 .914E+01 .65 4.61 .65 .00 
43.86 .00 .00 114.1 .877E+01 .65 4.79 .65 .00 
46.02 .00 · .00 119.0 .840E+01 .65 4.97. .65 .00 
48.18 .00 .00 124.3 .804E+01 .66 5.15 .66 .00 
50.34 .00 .00 129.8 .770E+01 .66 5.33 .66 .00 
52.50 .00 .00 135.7 .737E+01 .67 5.50 .67 .00 
54.66 .00 .00 141.8 .705E+01 .68 5.67 .68 .00 
56.82 .00 .00 148.3 .674E+01 .69 5.83 .69 .00 
58.97- .00 .00 155.0 .645E+01 .70 6.00 .70 .00 
61.13 .00 .00 162.1 .617E+01 .. 71 6.16 .71 .00 
63. 29 . .00 .00 169.6 .590E+01 .73 6.32· .-73 .00 
65.45 .00 .00 177.3 .564E+01 .74 6.-48 .74 .00 
67.61· .00 .00 185.4 .539E+01 .76 6.64 .76 .00 
69. 77 .00 .00 193.9 . 516E+·01 .78 6.79- .78 .00 
71.93 .00 .00 202.7 .493E+01 .79 6;94 .79 .00 
74.08· .00 .00 211.8 .472E+01 .81 7.10 .81 .00 
76.24 .00 .00 221.4 .452E+01 .83 .7.25 .83 .00 
78.40 .00 .00 231.2 .432E+01 .85 7.39 .85 .00 
80.56 .00 .00 241.5 .414E+01 .87 7.54 .87 .00 
82.72 .00 .00 252.1 .397E+01 .89 7.69 .89 .00 
84.88 .00 .00 263.2 · .380E+01 .91 7.83 .91 .00 
87.04 .00 .00 ·274.6 .364E+01 .94 .• 7.97 .94 .00 
89.19 .00 .00 286.3 .349E+01 .96 8.11 .96 .. 00 
91.35 .00 .00 298.5 .335E+01 .98 8.25 .98 .00 
93.51 .00 .00 311.1 .321E+01 1.01 8.39 1.01 .00 
95.67 .00 .00 324.1 . 309E+01: 1.03 8.53 1.03 .00 
97.83 .00 .00 337.5 .296E+01 1.06 8.67 1.06 .00 
99.99 .00 .00 351.2 .285E+01 1.08 8.80 1.08 .00 

102.14 .00 .00 365.4 .274E+01 1.11 8.94 1.11 ;00 
104.30 .00 .00 380.1 .263E+01 1.14 9.07 1.14 .00 
106.46 .00 .00 395.1 .253E+01 1.17 9.20 1.17 .00 
108.62 .00 .00 410.5 .244E+01 · 1.19 9.33 1.19 .00 
110.78 .00 .00 426.4 .235E+01 1.22 9.47 1.22 .00 
112.94 .00 .00 442.7 .226E+01 1.25 9.60 1.25 .00 
115.10 .00 .00 459.5 .218E+01 1.28 9.72 1.28 .00 
117.25 .00 .00 476.6 .210E+01 1.31 9.85 1.31 .00 
119.41 .00 .00 494.2 .202E+01 1.35 9.98 1.35 .00 

· Cumulative travel time = 477. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertic~l diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.185E-01 mA2/s 

.463E-01 mA2/s 

BV = Gaussian s.d.*sqrt(pi/2) {46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) {46%) half-width, 
measured horizontally in Y-directio·n 

ZU = upper plume boundary (Z~coordinate) 
ZL = lower plume boundary (Z-coordinate) • 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

119.41 
120.72 
122.02 
123.33 
124.(53 
125.93 
127.24 
128.54 
129.85 
131.15 
132.46 
133.76 
135.07 
136.37 
137.67 
138.98 
140.28 
141.'59 
142.89 
144.20 
145.50 
146.81 
148.11 
149.41 
150.72 
152.02 
153.33 
154.63 
155.94 
157.24 .. 
158.54 
159.85 

.00 

.00 

.00 

.00 

.00 

.00 

.. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00. 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 
·.00 

.00 494.2 

.00 498.7 

.00 503.1 

.00 507.6 

.00 512.2 

.00 516.8 

.00 521.5 

.00 526.2 

.00 530.9 

.00 535.7 

.00 540.5 

.00 545.4 

.00 550.4 

.00 555.4 

.00 560.4 

.00 565.5 

.00 570.7 

.00 575.9 

.00 581.2. 

.00 586.5 

.00 591. 9 

.00 597.3 

.00 602.8 

.00 608.4 

.00 614.0 

.00 619.7 

.00 625.4 

.00 631. 2 

.00 637.1 

.00 643.0 

.00 649.0 

.00 655.1 

C 
.202E+01 
.201E+01 
.199E+01 
.197E+01 
.195E+01 
.193E+01 
.192E+01 
.190E+.01 
.188E+01 
.187E+01 
.185E+01 
.183E+01 
.182E+01 
.180E+01 
.178E+01 
.177E+01 
.175E+01 
.174E+01 
.172E+01 
.171E+01 
.-169E+01 
.167E+01 
.166E+01 
.164E+01 
.163E+01 
.161E+01 
.160E+01 
.158E+01 
.157E+01 
.156E+01 
.154E+01 
.153E+01 
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BV 
1.35 
1.35 
1.36 
1.37 
1.37 
1.38 
1.39 
1.39. 
1.40 
1.41 
1.42 
1.42 
1.43 
1.44 
1.45 
1.45 
1.46 
1.47 
1.48 
1.49 
1.50 
1.50 
1.51 
1.52 
1.53 
l,.54 
1.55 
1.56 
1.57 
1.58 
1. 59 
1.60 

BH 
9.98 

10.02 
1!:'.06 
10.10 
10.14 
10.18 
10.22 
10.25 
10.29 
10.33 
10.37 
10.41 
10.45 
10.48 
10.52 
10.56 
10.60 
10.63 
10.67 
10.71 
10.75 
10.78 
10.82 
10.86 
10.89 
10.93 
10.96 
11.00 
11.04 
11.07 · 
11.11 
11.14 

zu 
1.35 
1.35 
1.36 
1.37 
1.37 
1.38 
1.39 
1.39 
1.40 
1.41 
1.42 
1.42 
1.43 
1.44 
1.45· 
1.45 
1.46 
1.47 
1.48 
1.49 
1.50 
1.50 
1.51 
1.52 
1.53 
1.54 
1.55 

. 1.56 
1.57 
1.58 
1.59 
1.60 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

... 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

· .00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 . 
.00 
.00 
.00 
.. 00 
.00 
.00 
.00 
.00 
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161.15 
162.46 
163.76 
165.07 
166.37 
167.68 
168.98 
170.28 
171.S9 
172.89 
174.20 
175.50 
176.8°1 
178.11 
179.41 
180.72 
182.02 
183.33 
184.63 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
Cumulative travel time= 

MAC5-1Nl.CX1 
661.2 ... 151E+01 1.61 
667.5 .150E+01 1.62 
673.7 .148E+01 1.63 
680.1 .147E+01 1.64 
686.5 .146E+01 1.65 
693.0 .144E+01 1.66 
699.5 .143E+01 1.67 
706.2 .142E+01 1.68 
712.9 .140E+01 
719.6 .139E+01 
726.5 .138E+01 
733.4 .136E+01 
740.4 .135E+01 
747.5 .134E+01 
754.7 .133E+01 
762.0 .131E+01 
769.3 .130E+01 
776. 7 .129E-t:01 
784. 2 .-128E+01 

749. sec 

1.69 
1.70. 
1. 71 
1. 72 
1. 73 
1. 75 
1. 76 
1. 77 
1. 78 
1. 79 
1.81 

11.18 
11.21 
11.25 
11.28 
11.32 
11.35 
11.39 
11.42 
11.46 
11.49 
11.53 
11.56 
11.60 
11.63 
11.66 
11. 70 
11.73 
11.77 
11.80 

1.61 
.1.62 
1.63 
1.64 
1.65 
1.66 
1.67 
1.68 
1.69 
1.70 
1. 71 
1. 72 
1. 73 
1. 75 
1. 76 
1. 77 
1. 78 
1. 79 
1.81 

.. 00 
.00 
.00 
.. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

----------------------------------------------------------------------------· 
Plume Stage. 2 (bank attached): 

X Y Z S C BV BH ZU ZL 
184.~3 11.80 .00 784.2 .128E+01 1.81 23.60 1.81 .00 

The:passive. diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction int~rval. 

The x-coordinate of bank attachment is 193.20 m. 
204.94 11.80 .00 882.2 .113E+01 2.01 
225.25 11.80 .00 976.6 .102E+01 2.24 
245.55 11.80 .00 1086.9 .920E+00 2.49 
265.86 11.80 .00 1206.4 .829E+00 2.76 
286.17 11.80 .00 1333.5 .750E+00 3.06 
306.48 11.80 .00 1466.5 .682E+00 i.36 
326.78 11.80 .00 1603.3 .624E+00 3.67 
347.09 11.80 .00 1742.4 .574E+00 3.99 
367.40 11.80 .00 1882.2 .531E+00 4.31 

Plume interacts with SURFACE. 

23.71 
23. 71 · 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

2.01 
2.24 
2.49 
2.76 
3.06 
3.36 
3.67 
3.99 
4.31 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

387.71 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54. .00 
Effluent is FULLY ·MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
408.01 11.80 .00 1981.4 .505E+00 4.54 23.71· 4.54 .00 

. 428.32. '"11.80 . · .00 ·19'81.4 ·.505E+00 4.54 23.71 4.54 .00 
448.63 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00· 
468.94 11.80 .00 1981.4 .505E+00 4~54 23.71 4.54 .00 
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MAC5-1Nl.CX1 
489.24 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
509.55 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
529.86 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
550.16 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
570.47 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
590.78 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54· .00 
611.e,9 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
631. 39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
651.70 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
672.01 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
692.32 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
712.62 11.80 · .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
732.93 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
753.24 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
773.55 11.80 .00 1981.4 .505E+00· 4.54 23.71 4.54 .00 
793.85 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
814.16 ·11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
834.47 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
854.78 11.80 .00 1981.4 ·. 505E+00 4.54 23.71 4.54 .00 
875.08 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
895.39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
915.70 11.80 .00. 1981.4 .505E+00 4.54 23.71 4.54 .00 
936.00 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
956.31 . 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
976.62 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 

·996.93 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1017.23 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1037.54 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1057.85 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1078.16 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1098.46 11.80 .00 1981.4 .505E+00 ·4.54 23.71 4.54 .00 
1118.77 11.80 .00 1981.4 ;505E+00 4.54 23.71 4.54 .00 
1139.08 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1159.39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1179.69 11.80 .00 1981.4 .505E+00 4·.54 23.71 4.54 .00 
1200.00 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 

Cumulative travel time = 4990. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File. 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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.MAC5-1Xl.CX1 
CORMIXl PREDICTION FILE: - - - - . . 

11111111111111111111111111111111111111111111111111~11111111111111111111111111 
CORNELL MIXING ZONE EXPERT SYSTEM 

Subsystem CORMIXl: Subsyste_m -version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_l996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: · 

MA(HABIGAMUDOYARIVER 
CASEA5A_APORTA1A_AMAXIMUMAFLOW 

. cormix\sim\MAC5-1Xl. cxl 
01/09/20--1~:28:45 

ENVIRONMENT PARAMETERS {metric units) 
Bounded section 
BS = 23.71 AS· = 107.64 QA = 
HA = 4~54 HD = 4.54 
l)A = .785 F = .058 USTAR = 

84.50 ICHREG~ 2 

.6688E-01 
uw . - 2.000 UWSTAR= ·.2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS {metric units)· 
BANK = LEFT DISTB = 11.80· 
00 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
u0 = 5.487 Q0 = .025 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
c0 = .1000E+04 CUNITS= ·PPM 
IPOlL = 1 KS = .0000E+00 KO 

FLUX VARIABLES {metric units) 
Q0 = .2489E-01 M0 = .1366E+00 J0 
Associated length scales (meters) 
LQ = .07 LM = 3.72 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 52.02 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class {CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .56 

= . 2489E-01. 
=-.1463E+00 

= .0000E+00 

=-.3643E-02 SIGNJ0= 

= .47 Lb = 
= 99999.00 Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 

MAC5-1Xl.CX1 

XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN. is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-a~is points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 

------------------------- ------------------------------~--------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

. . 

B 
.04 

-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.38 SIGMAE= .00. 
LE - . .29 XE = .26 YE = .00 ZE . = .70 

Profile definitions: 
B = Gaus~iari 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.26 .00 .70 1.0 .100E+04 .04 
.95 .00 .96 3.5 .282E+03 .12 

1.67 .00 1.11 6.3 .160E+03 .17 
2.40 .00 1.22 8.7 .115E+03 .21 
3.14 .00 1.29 10.9 .919E+02 .25 
3.88 .00 1.35 12._8 .779E+02 .27 
4.62 .00 1.40 14.6 .685E+02 .29 
5.35 .00 1.44 16.2 .618E+02 .31 
6.09 .00 1.47 17.6 .567E+02 .33 
6.83 .00 1.49 19.0 .528E+02 .34 
7.57 .00 1.51 20.2 .496E+02 .35 
8.31 . ·, .-00 1.53 21.2 .471E+02 .36 
9.05 .00 1.54 22.2 .450E+02 .37 
9.79 .00 1.55 23.1 .433E+02 .38 
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MAC5-1Xl.CX1 
10.53 .00 1.55 23.9 .419E+02 .39 

Maximum jet height has been reached .. 
11.27 .00 1.55 24.6 .407E+02 .39 
12.01 .00 1.55 25.3 .396E+02 .40 
12.75 .00 1.55 26.0 .384E+02 .41 
13.49 .00 1.54 26.9 .372E+02 .41 
14.23 .00 1.53. 27.8 .360E+02 .42 
14.97 .. 00 1.52 28.8 .348E+02 .43 
15.71 .00 1.51 29.8 .336E+02 .44 
16.45- .00 1.49 30.9 .324E+02 .44 
17.19 ·.00 1.47 32.0 .312E+02 .. 45 
17.94 .00 1.45 33.3 .301E+02 .46 
18.67 .00· 1.43 34.5 .290E+02 .47 
19.41 .00 1.41 35.8 .279E+02 .48 
20.15 .00 1.39 37.2 .269E+02 .49 
20:89 .00 1.36 38.6 .259E+02 .50 
21.63' .00 .l.34 40.0 .250E+02 .51 
22.37 .00 1.31 41:5 .241E+02 .52 
23.11 .00 1.i9 43.0 .232E+02 .53 
23.85 .00 1.26 44.6 .224E+02 .54 
24.59 .00 1.23 46.2 .217E+02 .55 
25.33· .00 1.20 47.8 .209E+02 .56 
26.07 ;00 1.18. 49.4 .202E+02 . 57 · 
26.81 .00 1.15 51.1 .196E+02 .58 

.27.55 .00 1.12 52.8 .189E+02 .59 
28.29 .00 1.09 54.6 .183E+02 .60 
29.03 .00 1.06 56.3 .178E+02 .61 
29.77 .0·0 1.03 58.1 .172E+02 .62 
30.51 .00 1.00 59.9 .167E+02 .63 .,! 

31.24 .00 .97 61. 7 .162E+02 .64 
31.99 .00 .94 63.6 .157E+02 .65 
32.73 .00 .91 65.5 .153E+02 .66 
33.46 .00 .88 · 67.4 . . 148E+02 .67 
34.20 .00 .84 69.3 .144E+02 .68 
34.95 .00 .81 71.2 .140E+02 .69 
35.68 · .00 .78 73.2 .137E+02 . 7f?J 
36.42 .00 . 75 . 75.1 .133E+02 .71 
37.16 .00 .72 77.1 .130E+02 .72 

Cumulative travel time = 37. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

·control volume inflow: 
X .Y z s C B 

37.16 .00 .72 77.1 .130E+02 .. 72 

Page 3 



R01515

MAC5-1Xl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontal!~ in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s. = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X y z s C Bv·. BH zu ZL 
36.44 .00 .00 77.1 .130E+02 .00. .00 .00 .00 
36.66 .00 .00 77.1 .130E+02 .91 .46 .91 .00 
3fi.87 .00 .00 77.1 .130E+02 1.07 .64 1.07 .00 
37.09 .00 .00 77 .1 .130E+02 1.18 .79 1.18 .00 
37.31 .00 .00 79.2 .126E+02 1.26 .91 1.26 .00 
37.52 .. 00 .00 89.1 · .112E+02 · 1.32 1.02 1.32 .00 
37.74 .00 .00 102.6 .974E+01 1.37 1.12 1.37 .00 
37.95 .00 .00 115.0 .869E+01 1.40 · 1.21 1.40 .00 
38.17 .00 .00 123.5 .810E+01 1.42 1.29 1.42 .00 
38.39 .00 .00 128.1 .781E+01 1.44 1.37 1.44 .00 
38.60 .00 .00 131.1 .763E+01 · 1.44 1.44 1.44 · .00 

Cumulative travel time = 39. sec 
' 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH · 
. . -----------------------------------------------------------------------------

** End of NEAR-FIELD REGION.(NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

· Discharge is non-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile-definitions: 

.607E-01 m"2/s 

.152E+00 m"2/s 

BV = Gaussian s.d.*sq~t(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
-ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
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C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV .· BH zu. ZL 

38.60 .00 .00 131.1 .763E+01 1.44 1.44 1.44 .00 
43.12 .00 .00 213.7 .468E+01 1.54 2.20 1.54 .00 
47.63 .00 .00 290.5 .344E+01 1.67 2.75 1.67 .00 
52.15 .00 .00 369.9 .270E+01 1.83 3.21 1.83 .00 
56.66 .00· .00 453.4 .221E+01 1.99 3.61 1.99 .00 
61.18 .00 .00 541.2 .185E+01 2.16 3.97 2.16 .00 
65.69 .00 .00 632.6 .158E+01 2.33 4.31 2.33 .00 
70.21 .00 .00 726.9 .138E+01 2.50 4.61 2.50 .00 
74.72 .00 .00 823.7 .121E+01 2.66 4.90 2.66. .00 
79.24 .00 .00 922.4 .108E+01 2.83 5.17 . 2.83 .00 
83.75 .00 .00 1022.6 .978E+00 2.98 5.43 2.98 .00 
88.27 .00 .00 1124.0 .890E+00 3.14 5.68 3.14 .00 
92.78 .00 .00 1226.5 .815E+00 . 3.29 5.92 3.29 .00 
.97. 30 .00 .00 1329.8 .752E+00 · 3.43 6.14 3.43 .00 

101.81 .00 .00 1433.8 .697E+00 3.57 6.36 3.57 .00· 
106.33 .00 .00 1538.3 .650E+00 3.71 6.57 · 3. 71· .00 
110.84 .00 .00 1643.4 .609E+00 3.84 6.78 3.84 .00 
115.36 .00 .00 1748.8 .572E+00 3.97 6.98· 3.97 .00 
119.88 .00 .00 1854.6 .539E+00 4.10 · 7.17 4.10 .00 
124.39 .00 .00 1960.7 .510E+00 4.22 7.36 4.22 .00 
128.91 .00 .00 2067.1 .484E+00 4.34 7.55 4.34 .00 
133.42 .00 .00 2173.7 .460E+00 4.46 7.73 4.46 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
137. 94 .00 . 00 2262.8 .442E+00 4.54 . 7.90 4.54 .00 

·142.45 .00 .00 2312.0 .. 433E+00 4.54 .8.07 4.54 .00 
146.97 .00 .00 2360.1 .424E+00 4.54 8.24 4.54 .00 
151.48 .00 .00 2407.3 .41.5E+00 4.54 8.41 4.54 .00 
156.00 . 00 .00 2453.6 .408E+00 4.54 . ·8.57 4.54 ... 00 
160.51 .00 .00 2499.0 .400E+00 4.54 8.73 4.54 .00 
165.03 .00 .00 2543 .. 6 .393E+00 4.54 8.88 4.54 .00 
169.54 .00 .00 25~7.5 .386E+00 4.54 9.04 4.54 .00 
174.06 .00 .00 2630.6 .380E+00 4.54 9.19 4.54 .00 
178.57 .00 .00 2673.0 .374E+00 4.54 ·9.33 4.54 .00 
183.09 .00 .00 2714.8 .368E+00 4.54 9.48 4.54 .00 
187.60 .00 .00 2755.9 .363E+00 4.54 9.62 4.54 .. 00 
192.12 .00 .00 2796.4 .358E+00 4.54 9.76 4.54 .00 
196.63 .00 .00 2836.4 .353E+00 4.54 9.90 4.54 .00 
201.15 .00 .00 2875.8 .348E+00 4.54 10.04 4.54 .00 
205.66 .00 .00 2914.6 .343E+00 4.54 10.18 4.54 .00 
2'10:18 -- .00 ··.00 2953.0 .339E+00 4.54 10.31 4.54' .00 
214.69 .00 .00 2990.8 .334E+00 4.54 10.44 4.54 .00 
219.21 .00 .00 3028.2 .330E+00 4.54 10.57 4.54 .00 
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223.72 .00 .00 3065.1 .326E+00 4.54 10.70 4.54 .00 
228.24 .00 .00 3101.6 .322E+00 4.54 10.83 4.54 .00 
232.75 .00 .00 3137.7 .31QE+00 4.54 10.96 4.54 .00 
237.27 .00 .00 ·3173.3 .315E+00 4.54 11.08 4.54 .00 
241.78 .00 .00 3208.6 .312E+00 4.54 11.20 4.54 .00 
246.30 .00 .00 3243.4 .308E+00 4.54 11.33 4.54 .00 
250.81 .00 .00 3277.9 .305E+00 4.54 11.45 4.54 .00 

· 255.33 .00 .00 3312.1 .302E+00 4.54 11.57 4.54 .00 
259.84 .00 .00 3345.9 .299E+00 4.54 11.68 4.54 .00 
264.36 .00 .00 3379.3 .296E+00 4.54 11.80 4.54 .00 

Cumulative travel time = 327. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
264.36. 11.80 .00· 3379.3 .296E+00 4.54 23.60 4.54 .00 

The passiye diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x~coordinate of bank attachment is 272.92 m. 
283.07 11.80 .00 3413.6 .293E+00 . 4.54 23.71 4.54 .00· 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
301.78 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00. 
320.50 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
339.21 11.80 .00 3395:1 .295E+00 4.54 23.71 4.54 .00 
357.92 11.80 .00 3395.1 .295E+00 4.54. 23.71 4.54 .00 
376.63 11~80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
395.35 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
414.06 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
432.77 11.80 .00 3395.1 .295E+00- 4.54 23.71 4.54 .00 
451.49 11.80 .00 3395.1 .295E+00 4. 54 23.71 ·4.54 .00 
470.20 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 . .00 
488.91 11.80 .00 -3395.1. .295E+00 4.54 23.71 4.54 .00 
507.62 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
526.34 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
545.05 11.80. .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
563.76 11.8~ .00 3395.1 .295E+00 4.54 -23.71 4.54 .00 
582.48 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
601.19 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00· 
619.90 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
638.61 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
657.33 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
676.04 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
694.75 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
713.47 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
732.18 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
750.89 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
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769.60 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
788.32 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
807.03 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
825.74 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
844.46 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
863.17 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
881.88 11.80 .00 3395 .. 1 .295E+00 4.54 23.71 4.54 .00 
900.59 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
919.31 11.80 ;00 ,3395 .1 .295E+00 4.54 23.71 4.54 .00 
938.02 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
956.73 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
975.45 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
994.16 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 

1012.87 11.80 .00 3395.1 .295E+00 4;54 23.71 4.54 .00 
1031.58 11.80 .00 3395.1 . 295E+00. 4.54 23.71 4.54 .00 
1050.30 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1069.01' 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1087.72 11.80 .00 '3395.1 .295E+00 4.54 23.71 4.54 .00 
1106.44 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1125.15 11.80 .00 3395.1 .295E+00 4.54 23. 71. · 4.54 .00 
1143.86 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1162.57 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1181. 29 11.80 .,00 3395.1 .295E+00 4.54 2°3.71 '4.54 .00 
1200.00 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 

Cumulative travel time= 1518. sec 

Simulation limit based on maximum specified distance= 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
. . -----------------------------------------------------------------------------

-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONt EXPERT SYSTEM 
Subsystem-CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996' 

. ' -----------------------------------------------------------------------------

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

ENVIRONMENT PARAMETERS 
Bounded section 

MACHABIGAMUDOYARIVER 
CASEA5A_APORTA3A_ANORMALAFLOW 
cormix\sim\MAC5-3Nl.cxl 
01/09/20--13:06:58 

(metric units) 

BS = 23.71 AS = 107.64 QA = 25.76 ICHREG= 2 
HA = 4.54 HD = 4.54 
UA = .i39 F = .058 USTAR = .2039E-01 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
00 = .102 A0 = .008 H0 
THETA= . 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .023 
RH00 . = 1013. 3900 DRH00 =- .1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM:,.· · 
!POLL= 1 KS =· .0000E+00 KO 

FLUX VARIABLES (metric units) 

= • 55· 

= .2342E-01 
=-.1463E+00 

. = . 0000E+00 

Q0 = .2342E-01 M0 = .6712E-01 J0 
(meters) 

=-.3427E-02 SIGNJ0= -1.0 
Associated length scales 
LQ = .09 LM = 2.25 

NON-DIMENSIONAL PARAMETERS 
FR0 = 23.45 R = 11.97 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 1.08 Lb 
= 99999.00 Lbp 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX · = 0 
NSTD = 0 
REGMZ = 0 

MAC5-3Nl.CX1 

XINT = 1200.00 XMAX = 1200.00 · 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT· bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

· NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X. 
.00 

y 
.00 

z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B. 

.05 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.47 
LE = .44 XE = .39 YE = .00 

Profiie definitions: 
B ~ Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.39 .00 .77 1.0 .100E+04 .05 
.57 .00 .86 1.3 .754E+03 .08 
.75 .00 .95 1.8 .554E+03 .10 
.94 .00 1.03 2.3 .434E+03. .12 

1.14 .00 1.10 2.8 .355E+03 .15 
1.33 .00 1.17 3.3 .299E+03 .17 
1.53 .00 1.23 3.9 .259E+03 .19 
1.74 .00 1.29 4.4 .227E+03 .21 
1.94 .00 1.33 4.9 .203E+03 .23 
2.14 .00 1.38 5.4· .185E+03 .25 
2.34 .00 1.42 5.9 .170E+03 .26 
2.54 .00 1.45 6.4 .157E+03 .28 
2.74 .00 1.48 6.8. .147E+03 .29 
2.96 .00 1.50 7.2 .138E+03 .30 
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3.16 .00 1.53 7.6 .131E+03 .31 
3.37 .00 1.54 8.0 .125E+03 .33 
3.57 .00 1.56 ·8.4 .120E+03 .34 
3.78 .00 1.57 8.7 .115E+03 .34 
3.99 .00 1.57 9.0 .111E+03 .35 
4.20 .00 1.58 9.3 .108E+03 .36 

Maximum jet height has been reached. 
4.41. .00 1.58 9.5 .105E+03 .. 37 
4.61 .00 1.58 9.8 .102E+03 .37 
4.82 .00 1.57 10.1 .994E+02 .38 
5.02 .00 1.56 10.4 .964E+02 .39 
5.23 .00 1.55 10.7 .934E+02 .40 
5.45 .00 1.54 11.1 .902E+02 .40 
5.65 .00 1.52 11.5 .871E+02 .41 
5.86 .00 1.50 11.9 .841E+02 . .42 
6.06 .00 1.48 12.3 .812E+02 .43 
6.27 .00 1.46 12.8 .783E+.02 .44 
6.47 .00 1.44 13.3 .754E+02 .45 
6.67 .00 1.41 13.8 . 727E+02. .46 
6.89 .00 1.38 14.3 .698E+02 .48· 
7.09 .00 1.35 14.9 .673E+02. .49 
7.29 .00 1.32 15.4 .648E+02 .50 
7.50 .00 1.29 16.0 .6.24E+02 .51 
7.70 .00 1.25 16.6 .601E+02 .52 
7.90 .00 1.22 17.3 .579E+02 .53 
8.12 .00 1.18 18.0 .556E+02 .55 
8.32 .00 1.14 18.6 .536E+02 .56 
8.52 .00 1.11 19.3 .517E+02 .57 
8.72 .00 1.07 20.1 .499E+02 .58 
8.93 .00 1.03 20.8 .481E+02 .59 
9.13 .00 .99 21.5 .4'64E+02 .61 
9.34 .00 .95 22.3 .448E+02 · .62 
9.54 .00 .91 23'.1 .432E+02 .63 
9.74 .00 .87 23.9 .418E+02 .65 
9.94 .00 .82 24.7 .404E+02 .66 

10.15 .00 .78 25.6 .391E+02 .67 
10.35 .00 .74 26.4 .378E+02 .68 
10.56 .00 .70 27.3 .366E+02 .70 

Cumulative travel time= 19. sec 

END OF COR_JET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
----------------- ·-----------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

10.56 .00 .70 27.3 .366E+02 .70 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (in~ludes reaction 

X y z s . C BV 
9.86 .00 .00 27.3 .366E+02 .00 

10.07 ·.00 .00 27.3 .366E+02 .95 
10.28 .00 .00 27.3 .366E+02 1.12 
10.49 .00 .00 27.3 .366E+02 1.24 
10.70 .00 .00 · 28.0 .357E+02 1.32 
10.91 .00 .00 31.5 .317E+02 1.38 
11.12 .00 .00 36.3 .• 275E+02 1.43 
11.33 .00 .00 .40. 7 .246E+02 1.46 
11.53 .00 .00 43.7 .229E+02 1.49 
11. 74 . 00 .00 . 45.3 .221E+02 1.50 
.11.95 .00 .00 · 46.4 .216E+02 1.51 

· ·cumulative travel time = 25. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.48 
.67 
.83 
.95 

1.07 
1.17 
1.26 
1.35 
1.43 
1.51 

BH = top-hat half-width, measured· horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
zL· = lower plume boundary (Z-coordinate) 
s = hydrodynamic .average (bulk) dilution 
C - average (bulk) concentration (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y z s C BV BH 

11.95 .00 .00 46.4 .216E+02 1.51 1.51 
14.02 .00 .00 49.3 .203E+02 1.27 1.90 
16.09 .00 .00 51. 7 .193E+02 1.12 2.26 
18.17 .00 .00 53.8 .186E+02 1.02 2.59 
20.24 .00 .00 55.7 .179E+02 .94 2.91 
22.31 :00 .00 57.6 .174E+02 .88 3.20 
24.38 .00 .00 59.3 .169E+02 .83 3.48 
26.45 .00 .00 61.1 .164E+02 .80 3.76 
28.52 .00 .00 62.9 .159E+02 • 77 4.02 
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if any) 

zu ZL 
.00 .00· 
.95 .00 · 

1.12 .00 
1.24 .00 
1.32 .00 
1.38 .00 
1.43 .00 
1.46 .00 
1.49 .00 
1.50 .00 
1.51 .00 

if any) 

zu ZL 
1.51 .00 
1.27 .00 
1.12 .00 
1.02 .00 

.94 .00 

.88 .00 

.83 .00 

.80 .00 

.77 .00 
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30.59 .00 .00 64.7 .155E+02 .74 4.27 .74 .00 
32.67 .00 .00 66.5 .150E+02 .72 4.52 .72 .00 
34.74 .00 .00 68.4 .146E+02 .70 4.76 .70 .00 
36.81 .. 00 .00 70.4 .142E+02 .69 4.99 .69 .00 
38.88 .00 .00 72.5 .138E+02 .68 5.22 .68 .00 
40.95 .00 .00 74.6 .134E+02 .67 5.44 .67 .00 
43.02 .00 .00 76.9 .130E+02 .66 5.66 .66 .00 
45.09 .00 .00 79.2 .126E+02 .66 5.88 .66 .00 
47.17 .00 .. 00 81.6 .123E+02 .66 6.09 .66 .00 
49.24 .00 .00 84.2 .119E+02 ·.GS 6.30 .65 .00 
51.31 .00 .00 86.8 .115E+02 .65 6.50 .65 .00 
53.38 .00 .00 89.6 .112E+02 .65 6.70 .65 .00 
55.45 .00 .00 92.5 .108E+02 .66 6.90 .66 .00 
57.52 .00 .00 95 .. 5 .105E+02 .66 7.09 .66 .00 
59.59 .00 .00 98.7 .101E+02 .66 7.28 .66 .00 
61.67 .00 .00 101.9 .981E+01 .67 7.47 .67 .00 
63.74 .00 .00 105.3 .949E+01 .67 7.66 .67 .00 
65.81 .00· .00 108.9 .918E+01 .68 7.85 .68 .00 
67.88 .00 .00 112.6 .888E+01 .69 8.03 .69 .00 
69.95 .00 .00 116.4 .859E+01 .69 8.21 .69 .00 
72.02 .00 .00 120.3 · .831E+01 .70 8.39 .70 .00 
74.09 .00 .00 124.4 .804E+01 .71 8.57 .71 .00 
76.16 .00 .00 128.7 .777E+01 .72 8.74 .72 .00 
78.24 .00 .00 133.1 .751E+01 .73 8.92 .73 .00 
80.31 .00 .00 137.7 .726E+01 .74 9.09 .74 .00 
82.38 .00 .00 142.4 .702E+01- .75 9.26 · .75 .00 
84.45 .00 .00 147.2 .679E+01 .76 9.43 . 76 · .00 
86.52 .00 .00 152.3 .657E+01 .78 9.59 .78 .00 
88.59 .00 .00 157.4 .635E+01 .79 9.76 .79 .00 
90.66 .00 .00 162.8 .614E+01 .80 9.92 .80 .00 
92.74 .00 .00 168.3 .. 594E+01 .82 10.09 .82 .00 
94.81 .00 .00 173.9 .575E+01 .83 10.25 .83 .00 
96.88 .00· .00 179.8 .556E+01 .85 10.41 .8s· .00 
98.95 .00. .00 185.8 .538E+01 .86 10.57 .86 .00 

101.02 .00 .00 192.0 .521E+01 .88 10.73 .88 .00 
103.09 .00 .00 198.3 .504E+01 .89 10.88 .89 .00 
105.16 .00 .00 204.8 .488E+01 .91 11.04 .91 .00 
107.24 .00 .00 211.5 .473E+01 . .92 11.19 .92 .00 
109.31 .00 .00 218.3 .458E+01 .94 11.35 .94 .00 
111.38 .00 .00 225.4 .444E+01 .96 11.50 .96 .00 
113.45 · .00 .00 232.6 .430E+01 .98 11.65 .98 .00 
115.52 .00 .00 240.0 .417E+01 1.00 11.80 · 1.00 .00 

Cumulative travel time = 457. sec 

-----------------------------------------------------------------------------
Plume is AT-TACHE0· to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 
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Plume Stage 2· (bank attached): 

X y z s C BV BH zu ZL 
115.52 11.80 .00 240.0 .417E+01 1.00 23.60 1.00 .00 
115. 55 · 11.80 .00 240.1 .417E+01 1.00 23.60 1.00 .00 
115.58 11.80 .00 240.2 .416E+01 1.00 23.60 1.00 .00 
115.61 11.80 .00 240.3 .416E+01 1.00 23.61 1.00 .00 
11~.64 11.80 .00 240.4 .416E+01 1.00 ·23.61 1.00 .00 
115.67 11.80 .00 240.5 .416E+01 1.00 23.61 1.00 .00 
115.70 11.80 .00 240.6 .416E+01 1.00 23.61 1.00 .00 
115.74 11.80 .00 240.7 .415E+01 1.00 23.62 1.00 .00 
115.77 11.80 .00 240.8 .415E+01 1.00 23.62 1.00 .00 
115.80 11.80 .00 240.9 .415E+01 . 1.00 23.62 1.00 .00 
115.83 . 11.80 .00 241.0 .415E+01 1.00 23.62 1.00 .00 
115.86 11.80 .00 241.1 .415E+01 1.00 23.62 1.00 .00 
115.89 11.80 .00 241.2 .415E+01 1.00 23.63 1.00 .00 
115.92 11.80 .00 241.3 .414E+01 1.00 23.63 1.00 .00 
115.95 11.80 .00 241.5 .414E+01 1.00 23.63 1.00 .00 
115.98 11.80 .00 241.6 .414E+01 1.00 23.63 1.00 .00 
116.01 11.80 .00 241.7 .414E+01 1.00 23.64 1.00 .00 
116.04 11.80 .00 241.8 .414E+01 1.00 23.64 1.00 .00 
116.07 11.80 .00 241.9 .413E+01 1.00 23.64 1.00 .00 
116.10 11.80 .00 242.0 .413E+01 f.00 23 .. 64 1.00 .00 
116.13 11.80 .00 242.1 .413E+01 1.00 23.64 1.00 .00 
116.16 11.80 .00 242.2 .413E+01 1.00 23.65 1.00 .00 
116.19 11.80 .00 242.3 .413E+01 1.00 23.65 1.00 .00 
116.22 11.80 .00 242.4 .413E+01 1.00 23.65 1.00 .00 
116.26 11.80 .00 242.5 .412E+01 1.00 23.65 1.00 .00 
116.29. 11.80 .00 242.6 .412E+01 1.00 23.66 1.00 .00 
116.32 11.80 . 00 . 242.7 . .412E+01 1.00 23.66 1.00 .00 
116.35 11.80 .00 242.8 .412E+01 1.00 23.66 1.00 ·.00 
116.38 11.80 .00 242.9 .412E+01 1.00 23.66 1.00 .00 
116.41 11.80 .00 243.0 .411E+01 1.01 23.66 1.01 .00 
116.44 11.80 .00 243;1 .411E+01 1.01 23.67 1.01 .00 
116.47 11.80 .00 243.2 .411E+01 1.01 23.67 1.01 .00 
1-16.50 11.80 .00 243.3 .411E+01 1.01 23.67 1.01 .00 
116.53 11.80 .00 243.5 .411E+01 1.01 23.67 1.01 .00 
116.56 11.80 .00 243-.6 .411E+01 1.01 23.67 1.01 .00 
116.59 11.80 .00 243.7 .410E+01 1.01 23.68 ·1.01 .00 
116.62 11.80 .00 243.8 .410E+01 1.01 23.68 1.01 .00 
116.65 11.80 .00 243.9 .410E+01 1.01 23.68 1.01 .00 
116.68 11.80· .00 · 244.0 .410E+01 1.01 23.68 1.01 .00 
116.71 11.80 .00 244.1 .410E+01 1.01 23.69 1.01 .00 
116:75 11.80 .00 244.2 .410E+01 1.01 23.69 1.01 .00 
116.78 11.80 .00 244.3 .409E+01 1.01 23.69 1.01 .00 
116.81 11.80 .00 244.4 .409E+01 1.01 23.69 1.01 .00 
116.,84 11.80 .00 244 .. 5 .409E+01 1.01 23.69 1.01 .00 
116.87 11.80 .00 244.6 .409E+01 1.01 23.70 1.01 .00 
116.90 · 11.80 .00 244.7 .409E+01 1.01 23.70 1.01 .00 
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116.93 11.80 .00 244.8 .408E+01 1.01 23.70 1.01 .00 
116.96 11.80 .00 244.9 .408E+01 1.01 23.70 .1.01 .00 
116.99 11.80 .00 245.0 .408E+01 1.01 23.71 1.01 .00 
117.02 11.80 .00 245.1 .408E+01 1.01 23.71 1.01 .00 
117.05 11.80 .. 00 245.3 .408E+01 1.01 23.71 1.01 .00 

Cumulative travel time = 464. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
------------------------.-----------------------------------------------------

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.185E-01 ml\2/s 

.4?3E-01 ml\2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH =· Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank 
X y 

117.05 11.80 
138. 71 11.80 

'160.37 11.80 
182.03 11.80 
203.69 11.80 
225.35 
247.00 
268.66 
290.32 
311. 98. 
333.64 
355.30 
376.96 

. 398.62 
420.28 

·441.94 
463.59 
485.25 
506.91 
528.57 

11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 

·1-1-;80 
11.80 
11.80 

attached): 
z s 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

245.3 
254.9 
265.4 
276.5 
i88.6 
301.6 
315.7 
330.9 
347.4 
365.3 
384.8 
405.9 
428.9 
454.0 
481.2 
510.8 
542.9 

~00·· 577.6 
.00 615.1 
.00 655.3 

C 
.408E+01 
.392E+01 
.377E+01 
.362E+01 
.347E+01 
.332E+01 
.317E+01 
.302E+01 
.288E+01 
.274E+01 
.260E+01 
.246E+01 
.233E+01 
.220E+01 
.208E+01 
.196E+01 
.184E+01 
.173E+01 
.163E+01 
.153E+01 
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· BV 
1.01 
1.05 
1.10 
1.14 
1.19 
1.24 
1.30 
1.37 
1.43 
1.51 
1.59 
1.68 
1. 77 
1.87 
1.99 
2.11 
2.24 
2.38 
2.54 
2.70 

BH 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

zu 
1.01 
1.05 
1.10 
1.14 
1.19 
1.24 
1.30 
1.37 
1.43 
1.51 
1.59 
1.68 
1.77 
1.87 
1.99 
2.11 
2.24 
2.38· 
2.54 
2.70 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.-00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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550.23 11.80 .00 698.3 .143E+01 2.88 23.71 2.88 .00 
571.89 11.80 .00 744.0 .134E+01 3.07 23.71 3.07 .00 
593.55 lf.80 .00 792.4 .126.E+01 3.27 23.71 3.27 .00 
615.21 11.80. .00 843.2 .119E+01 3.48 23.71 3.48 .00 
636.87 · 11.80 .00 896.3 .112E+01 3.70 23. 71 3.70 · .00 
658.53 11.80 .00 951.4 .105E+01 3.93 23.71 3.93 .00 
680.18 11.80 .00 1008.2 .992E+00 4._16 23.71 4.16 .00 
701.84 11.80 .00 1066.5 .938E+00 4.40 23. 71· 4.40 .00 

Plume .interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
723.50 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 

Effl~ent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
745.16 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
766.82 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
788.48 11.80 .00 1100.0 . 909E+00 4.54 23.71 4.54 .00 
810.14 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
831.80 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 . . 00 
853;46 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
875.12 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
896.77 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
918.43 ·11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
940.09 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00· 
-961. 75 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
983.41 11.80 .00 1100.0 .909E+00 4.54 23~71 4.54 .00 

1005.07 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1026.73 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1048.39 11:80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1070.05 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1091.71 11.80 .00 1100.0 . 909E+00 · 4.54 23.71 4.54 .00 
1113.36 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1135.02 11.80 .00. 1100.0 .909E+00 4.54 23.71 4.54 .00 
1156.68 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1178.34 ·11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1200.00 11.80 .00 1100.0 .909E+00 4. 54 23.71 4.54 .00 

Cumulative travel time = 4985. sec 

Simulation limit based on ina.ximum specified distance = 1200.00 m_. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

----------- ·-----------------------------------------------------------------
-----------------------------------------------------------------------------

. , - , CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

Page 8 



R01527

MAC5-3Xl.CX1 
CORMIX1 PREDICTION FILE:. 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MA(HABIGAMUDOYARIVER 
CASEA5A_APORTA3A._AMAXIMUMAFLOW 
cormix\sim\MAC5-3Xl.cxl 
01/09/20--13:34:43 

ENViRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 84.50 ICHREG= 2 

= 4~54 HD = 4.54 HA 
UA 
uw 

= .785 F = .058. USTAR = .6688E-01 
= . 2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
00 = .102 A0 = .008 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487.Q0 = .045 
·RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 (UNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .4483E-01 M0 = . 2460E+00 J0 
As.sociated length scales (meters) 
L_Q = . 09 LM . = 4.31 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 44.91 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .55 

= .4483E-01 
=-.1463E+00 

= .0000E+00 

=-.6561E-02 

= .63 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF· INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

BEGIN CQRJET (MOD110): JET /PLUME NEAR-FI.ELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.38 
LE = .39 XE = .34· YE = .00 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
. 34 .00· . 74 . 1.0 .100E+04 . .05 

1.02 .00 1.01 2.8 .355E+03 .13 
1. 73 .00 1.19 4.9 .i06E+03 .20 
2.45 .00 1.32 6.8 .148E+03 .25 
3:18 .00 1.42 8.5 .117E+03 .28 
3.91 .00 1.49 10:1 .988E+02 .32 
4.64 .00 1.55 11.6 .864E+02 .34 
5.37 .00 · 1.60 12.9 .775E+02 .37 
6.10 .00 1.65 14.1 .708E+02 .38 
6.84 .00 1.68 15.2 .656E+02 .40 
7.57 .00 1. 71 16.3 .615E+02 .42 
8.31 -.00 ·l. 73 17.2 .581E+02 .43 
9.04 .00 1. 75 18.1 .554E+02 .44 
9.77 .00 1. 76 18.8 .531E+02 .45 
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10.51 .00 1-.77 19.5 .512E+02 .46 
11.24 .00 1.78 20.2 .496E+02 .47 
11.97 .00 1. 78 20.7 .482E+02 .48 

Maximum jet height has been reached. 
12 .. 71 .00 1. 78 21.3 .470E+02 .49 
13.44 .00 1.77 21.9 .458E+02 .49 
14.18 .00 1. 77 22.5 .444E+02 .50 
14.91 .00 1. 76 23.2 .431E+02 .51 

.15.64 • 00 1. 74 . 23.9 .418E+02 .52 
16.37 .00 1.73 24.7 .404E+02 .53 
17.11 .00 1. 71 25.6 .391E+02 .54 
17.84 .00 1.69 26.5 .378E+02 .55 
18.58 :00 1.67 27.4 .365E+02 .56 
19.31 .00 1.65 · 28.4 .352E+02 .57 
20.04 .00 1.62 29.4 .340E+02 .58 
20.78 .00 1.60 30.5 .328E+02. .59 
21.51 .00 1.57 31.5 .317E+02 .60 
22.24 .00 1.54 32.7 .306E+02 .62 
22.97 .00 1.51 33.8 .296E+02 .63 
23.71 .00 1.48 35.0 .286E+02 .64 
24.44 .00 1.45 36.2 .276E'+02 .65 
25.18 .00 1.42 37.5 .267E+02 .66 
25.91 .00 1.39 38.8 .258E+02 .67 
26.64 .00 1.35 4e.1 .250E+02 .69 
27.37 .00 1.32 41.4 .242E+02 .70 
28.11 .00 1.29 42.7 .234E+02 .71 
28.84 .00 1.25 44.1 .227E+02 .72 
29:57 .00 1.22 45.5 .220E+02 .73 
30.30 ;00 1.18 46.9 .213E+02 .75 
31.03 .00 1.14 48.4 .207E+02 .76 
31. 77 .00 1.11 49.8 .201E+02 .77 
32.50 .00 1.07 51.3 .195E+02 .78 
33.24 .00 1.04 52.8 .189E+02 .79 
33.97 .00 1.00 54.3 .184E+02 .81 
34.70 .00 .96 55.8 .179E+02 .82 
35.43 .00 .93 57.4 .174E+02 .83 
36.16 .00 .89 58.9 .170E+02 .84 
36.90 .00 .85 60.5 .165E+02 .85 

Cumulative travel time = 35. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

36.90 .00 .85 60.5 .165E+02 .85 
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Profile definitions: 
.BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boun~ary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, ·if any) 

x- . y z s C BV 
36.05 .00 ♦-00 60.5 .165E+02 .00 
36.31 .00 .00 60.5 .165E+02 1.08 
36.56 .00 .00 60.5 .165E+02 1.28 
36.82 .00 .00 60.5, .165E+02 1.41 
37.07 .00 .00 62.2 .161E+02 1.50 
37.33 .00 .00 69.9 .143E+02 1.57 
37.58 .00 .00 80.5 .124E+02 1.63 
37.84 .00 .00 90.2 .111E+02 1.66 
38.10 .00 .00 96.9 .103E+02 1.69 
38.35 .00 .00 100.5 .995E+01 1.71 
38.61 .00 .00 102.8 .972E+01 1. 71 

Cumulative travel time = 38. sec 

END OF.MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Discharge is non-buoya_nt or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME ·is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

BH 
.00 
.54 
.77 
.94 · 

1.08 
·1.21 
1.33 
1.43 
1.~3 
1.63 
1. 71 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

.607E-01 m"2/s 

.152E+00 m"2/s 

Profile definitions: 

zu 
.00 

1.08 
1.28 
1.41 
1.50 
1.57 
1.·63 
1-.66 
1.69 
1. 71 
1.71 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measu~ed horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
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.00 
.00 
-~00 
.00 
.00 
.00 
.00 
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.00 
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C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

38.61 .00 .00 102.8 .972E+01 1.71 1. 71 1. 71 .00 
43.10 .00 .00 148.9 .671E+01 1. 79 2.38 1. 79 .00 
47.58 .00 .00 190.8 .524E+01 1.88 2.90 1.88 .00 
52.07 .00 .00 232.4 .430E+01· 1.99 3.33 1.99 .00 
56.56 .00 .00 275.1 .363E+01 2.11 3.72 2.11 .00 
61.05 .00 .00 319.4 .313E+01 2.24 4.07 2.24 .00 
65.54 .00 .00 365.4 .274E+01 2.38 4.39 2.38 .00 
70.02 .00 .00 413.0 .242E+01 2.51 4.69 2.51 .00 
74.51 .00 .00 462.1 .216E+01 2.65 4.97 2.65 .00 
79.00· .00 .00 512.6 .195E+01 2.79 5.24 2.79 .00 
83.49 .00 .00 564.2 .-177E+01 2.93 5.50 2.93 .00 
87.98 .00 .00 616.8 .162E+01 3.07 · 5.74 · 3.07 .00 
92.46 .00 .00 670.2- .149E+01 3.21 5.97 3.21 .00 
9~.95 .00 .0.0 724.4 .138E+01 3 .. 34 6.19 3.34 .00 

101.44 .00 .00 779.2 .128E+01 3.47 6.41 3.47 .00 
105.93 .00 .00 834.6 .120E+01 3.60 6.62 3.60 .00 
110.41 .00 .00 890.4- .112E+01 3.73 6.82 3.73 .00 
114. 90 .00 .00 946.6 .106E+01 3.85 7.02 3.85 .00 
119.39 .00 .00 1003.2 .997E+00 3.97 7.21 3.97 .00 
123.88 .00 .00 1060.1 .943E+00 4.09 7.40 4.09 .00 
128.37 .00 .00 1117.3 .895E+00 4.21 7.58 4.21 .00 
132.85 .00 .00 1174.7 .851E+00 4.32 7.76 4.32 .00 
137.34 .00 .00 1232.3 .811E+00 4.44 7.93 4.44 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this·. 

prediction interval. 
141.83 .00 .00- 1288.0 .776E+00 4.54 8.10· · 4.54 .00 
146.32 .00 .00 1314. 5 .761E+00 4.54 8.27 4.54 .00 
150.81 .00 .00 1340.4 .746E+00 4.54 . 8.43 4.54 .00 
155.29 .00 .00 1365.9 .732E+00 4.54 8.59 4.54 .00 
159.78 .00 .00 1390.9 .719E+00 4.54 8.75 4.54 .00 
164.27 .00 .00 1415.4 .706E+00 4.54 8.90 4.54 .00 
168.76 .00· .00 1439.6 .695E+00 4.54 9.05 4.54 .00 
173.25 .00 .00 1463.3 .683E+00 4.54 9.20 4.54 .00 
177.73 .00 .00 1486.7 .673E+00 4.54 9.35 4.54 .00 
182.22 .00 .00 1509.7 .662E+00 4.54 9.50 4.54 .00 
186.71 .00 .00 1532.3 .653E+00 4.54 9.64 4.54 .00 
191.20 .00 .00 1554.6 .643E+00 4.54 9.78 4.54 .00 
195.68 .00 .00 1576.6 .634E+00 4.54 9.92 4.54 .00 
200.17 .00 .00 1598.3 .. 626E+00 4.54 10.05 4.54 .00 
204.66 .00 .00 1619.7 ~617E+00 4.54 10.19 4.54 .00 
209.15 ·:~0---·- · .00 1640.9 · .·609E+ee -· 4.-54 10.32 "4.54 .00 
213.64 .00 .00 1661.7 · .602E+00 4.54 10.45 4.54 .00 
218.12 .00 .00 1682.3 .594E+00 4.54 10.58 4.54 .00 
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222.61 .00 .00 1702.7 .587E+00 4.54 10.71 4.54 .00 
227.10 .00 .00 1722.8 .580E+00 4.54 10.84 4.54 .00 
231.59 .00 .00 1742.7 .574E+00 4.54 10.96 4.54 .00 
236.08 .00 .00 1762.3 .567E+00 4.54 11.09 4.54 .00 
240.56 .00 .00 1781.8 .561E+00 4.54 11.21 4.54 .00. 
245.05 .00 .00 1801.0 .555E+00 4.54 11.33 4.54 .00 
249.54 .00 .00 1820.0 .549E+00 4.54. 11.45 4.54 .00 
254.03 .00 .00 1838.9 .544E+00 4.54 11.57 4.54 .00 
258.51 .00 .00 1857.5 .538E+00 4.54 11.68 4.54 .00 
263,.00 .00 .00 1876.0 .533E+00 4.54 11.80 4.54 .00 

Cumulative travel time = 323. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
263.00 11.80 .00 1876.0· .533E+00 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 271.57 m. 
281. 74 11.80 .00 1895.0 .528E+00 4.54 23.71 . · 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
300.48 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
319.22 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .·00 
337.96 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
356.70 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
375.44 11.80 .00 1884.7 . 531E+00 4·_54 23.71 4.54 .00 
394.18 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
412.92 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
431.66 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
450.40 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
469.14 11.80 .00 1884.7 • 531E+00 4.54 . 23. 71 4.54 .. 00 
487.88 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
506.62 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00· 
525.36 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
544.10 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
562.84 11.80 .00 '1884.7 .531E+00 4.54 23.71 4.54 .00 
581.58 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
600.32 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
619.06 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
637.80 · 11.80 .00 1884.7 .531E+00 4.54 23. 71 4·_54 .00 
656.54 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
675.28 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
694.02 11.80 .00 1884.7 . 531E+00 4.54 · 23.71 4.54 .00 
-712. 76, .. · 11.·80 .00 1884.7 .-531E+00' 4.54 23.71 4.54 .00 
731.50 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
750.24 11.80 .00 1884.7' . 531E+00 4.54 23.71 4.54 .00 
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768.98 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
787.72 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
806.46 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 ~00 

· 825.20 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
843.94 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
862.68 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
881.42 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
900.16 11.80 .00 1884.7 .5'31E+00 4.54 23.71 4.54 .00 
918.90 · 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
937.64 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
956.38 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
975.12 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
993.86 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 

1012.60 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1031.34 11.80 .00 1884. 7 · .531E+00 4.54 23.71 4.54 .00 
1050.08 11.80 .00 1884.7 .531E+00 4.54 · 23.71 4.54 .00 
1068.82 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1087.56 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1106.30 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54' .00 
1125.04 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1143.78 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1162.52 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1181.26 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1200.00 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 

Cumulative travel time= 1516. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT. MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

Page 7 



R01534

MAC5-4Nl.CX1 
CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem tORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_V.3.20 __ September_1996 

CASE DESCRIPTION 
.Site name/label: 
Design case: . 
FILE NAME: 
Tim~ of Fortran run: 

MA(HABIGAMUDDYARIVER 
CASEA5A~APORTA4A_ANORMALAFLOW 
cormix\sim\MAC5-4Nl.cxl 
01/09/20--13:02:58 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .239 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = ._152 A0 = .018 H0 
THETA = 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .052 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
(0 .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .5200E-01 M0 = . 1490E+00 J0 . 
Associated length scales (meters) 
LQ = .13 LM = 2.75 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 19.21 R = 11.97 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 . 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 25.76 

= .2039E-01 

= .53 

= .5200E-01 
=-.1463E+00 

= .0000E+00 

=-.7611E-02 

= 1.61 
= 99999:00 

·ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X7Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the· bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module. · 
------------------------------------------ ------------------------ ----~----
-------· ---------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

·y 

.00 
z 
.53 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.08 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.47 
LE = .66 XE = .57 YE = .00 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 

·S = hydrodynamic centerline dilution 
· C = centerline concentration (includes reaction effects, 

·x y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.57 .00 .85 1.0 .100E+04 .08 
.76 .00 .94. 1.2 .847E+03 .10 
.96 .00 1.04 1.5 .657E+03 .13 

1.15 .00 1.13 1.9 .540E+03 .15 
1.36 .00 1.22 2.2 .452E+03 .18 
1.56 · .00 1.29 2.6 .391E+03 .20 
1. 77 .00 1.37 2.9 .341E+03 .23 
1.97 .00 1.43 3.3 .305E+03 .25 
2.19 .00 1.49 3.6 .274E+03 .27 
2.39 .00 1.55 4.0 .251E+03 .29 
2.61 .00 1.60 4.3 .230E+03 .31 
2.82 .00 1.64 4.7 .214E+03 .33 
3.04 .00 1.68 5.0 .200E+03 .35 
3.24 .00 1. 72 5.3 .188E+03 .36 
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3.47 .00 1. 75 5.6 .178E+03 .38 
3.69 .00 1. 78 5.9 -. 169E+03 .39 
3.90 .00 1.80 6.2 .162E+03 .41 · 
4.13 .00 1.82 6.5 ~155E+03 .42 
4.34 .00 1.83 6.7 .150E+03 .43 
4.56 .00 1.84 6.9 .144E+03. .44 
4. 77 .00 1.85, 7.1 .140E+03 .45 
5.00 .00 1.85 · 7.3 .136E+03 .46 

Maximum jet height has been reached. 
5.21 .00 1.85 7.5 .133E+03 .47 
5.43 .00 1.85 7.7 .129E+03 .47 
5.64 .00 · 1.84 7.9 .126E+03 .48 
5.87 .00 1.83 8.2 .122E+03 .49 
6.08 .00 1.82 8.4 .119E+03 .50 
6.30 .00 1_.80 8.7 .115E+03 .51 
6.53 .00 1. 78 9.0 .111E+03 .52 
6.74 .00 1. 76 9.3 .108E+03 .. 54 
6.96 .00 1.73 9.6 .104E+03 .55 
7.17 .00 1. 70 9.9 :101E+03 .56 
7.39 .00 1.67 10.3 .971E+02 .57 
7.60 .00 1.64 10.7 .938E+02 .59 
7.82 .00 1.60 11.1 .904E+02 .60 
8.03' .00 1.57 11.4 .874E+02 .61 
8.25 .00 1.53 11.9 .842E+02 .63 
8.46 .00 1.49 12.3 .813E+02 .64 
8.68· .00 1.44 12.8 .784E+02 .66 
8.88 .00 1.40 13.2 .757E+02 .67 
9.10 .00 1.35 13.7 .730E+02 .69 
9.32 .00 1.31 14.2 .703E+02 .70 
9.53 .00 1.26 14.7 .680E+02 .72 
9.75 .00 1.21 15.3 ._656E+02 .73 
9.95 .00 . 1.16 15.8 .634E+02 .75 

10.17 .00 1.11 16.3 .612E+02 .76 
10.38 .00 1:06 16.9 .592E+02 .78 
10.60 .00 1.00 17.5 .572E+02 .79 
10.80 .00 .95 18.1 .554E+02 .81 
11.02 .00 .90 18.7 .535E+02 .83 
11.22 .00 .85 19.3 .519E+02 .84 

Cumul~tive travel time= 17. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Contro1 ·vo½-ume· -inrlow: 
X y z s .c B 

11-.22 .00 .85 19.3 .519E+02 .84 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu· = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C ~ average (bulk) concentration (includ~s reaction effects, if any) 

X y z s C BV BH 
10.38 .00 .00 19.3 .519E+02 .00 .00 
10.63 .00 .00 19.3 .519E+02 1.19 .60 
10.88' .00 .00 19.3 .519E+02 1.41 .84 
11.14 .00 .00 19.3 .519E+02 1.55 1.03 
11.39 .00 .00 . °19.8 .505E+02 1.65 1.19 
11.64 .00 .00 22.3 .449E+02 1. 73 1.33 
11.89 .00 .00 25.6 .390E+02 1. 79 1.46 
12.15 .00 .00 28.7 .348E+02 1.83 1.58 
12.40 .00 .00 30.9 .324E+02 1.86' 1.69 
12.65 .00 .00 32.0 .312E+02 1.88 - 1. 79 
12.91 .00 .00 32.8 .305E+02 1.89 1.89 

Cumulative travel time = 24. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH· 

** End of NEAR-FIELD REGION (NFR) ** . . 

BEGIN MOD14i: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate). 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

zu 
.00 

1.19 
1.41 
1.55 
1.65 
1.73 
1. 79 
1.83 
1.86 
1.88 
1.89 

C = average {bulk) concentration (includes reaction effects, if_any) 

Plume Stage 1 (not bank attached): 
X y z· s C BV BH zu 

12.91 .00 .00 32.8 .305E+02 1.89 1.89 1.89 
14.27 .00 .00 34.2 .292E+02 1.66 2.24 1.66 
15.64 .00 .00 35.5 .282E+02 1.50 2.57 1.50 
17.00 .00 .00 36.5 .274E+02 1.38 2.88 .1.38 
18.37 .00 .00 37.5 .267E+02 1.29 3.17 1.29 
19.73 .00 .00 38.3 .261E+02 1.21 3.45 1.21 
21-.10 -- .. 00, .~e 39.2 .255E+02 1.15 3. 71 1.15 
22.46 .00 .00 39.9 .251E+02 1.09 3.97 1.09 
23.83 .00 .0,0 40.6 .246E+02 1.05 4.22 1.05 
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25.19 .00 .00 41.3 .242E+02 1.01 4.47 1.01 .00 
26.56 ._00 .00 42.0 .238E+02 .97 4. 70 .97 .00 
27.92 .00 .00 42.7 .234E+02 .94 4.93 .94 .00 
29.29 .00 .00 43.3 .231E+02 .91 5.16 .91 .00 
30.65 .00 .00 43.9 .228E+02 .89 5.38 .89 .00 
32.02 .00 .00 44.6 .224E+02 .87 5.60 .87 .00 
33.38 .00 .00 45.2 .221E+02 .85 5.81 .85 .00 
34.75 .00 .00 45.8 .218E+02 .83 6.02 .83 .00 
36.11 .00 .00 46.5 .215E+02 .81 6.22 .. 81 .00 
37.48 .00 .00 47.1 .212E+02 .80 6.42 .80 .00 
38.85 .00 .00 47.7 .210E+02 .78 6.62 .78 .00 
40.21 .00 .00 48.4 .207E+02 • 77 6.82 .77 .00 
41.58 .00 .00 49.0 .204E+02 .76 7.01 .76 .00 
42.94 .00 .00 49.7 .201E+02 .75 7.20 .75 .00 
44.31 .00 .00 50.3 .199E+02 . 74 7.39 .74 .00 
45.67 .00 .00 51.0 .196E+02 .73 7.57 .73 .00 
47.04 .00 .00 51. 7 .193E+02 .72 7.75 .72 .00 
48.40 .00. .00 52.4 .191E+02 .72 7.93 .72 .00 
49.77 .00 .00 53.1 .188E+02 .71 8.11 .71 .00 
51.13 .00 .00 53.8 .186E+02 .71 8.29 .71 .00 
52.50 .00 .00 54.6 .183E+02 .70 8.46 .70 .00 
53.86 .00 .00 55.3 .181E+02 ·. 70 8.64 .70 .00 
55.23 .00 .00 56.1 .178E+02 .69 8.81 .69 .00 
56.59 .00 .00 56.9 .176E+02 .69 8.98 .69 .00 
57.96 .00 :00 57.6 .173E+02 .68 9 .. 15 .68 .00 
59.32 .00 .00 58.5 .171E+02 .68 9.31 .GS· .00 
60.69 .00 .00 59.3 .169E+02 .68 9.48 .68 .00 
62.06 .00 .00 60.1 .166E+02 .68 9.64 .68 .00 
63.42 .00 .00 61.0 .164E+02 .68 9.80 .68 .00 
64.79 .00 .00 61.9 .162E+02 .67 9.96 .67 .00 
66.15 .00 .00 62.8 .159E+02 .67 10.12 .67 .00 
67.52 .00 .00 63.7 .157E+02 .67 10.28 • 67 .00 
68.88 .00 .00 64.6 .155E+02 .67 10.44 .67 .00 
70.25 .00 .00 65.6 .153E+02 .67 · 10. 59 .67 .00 
71.61 .00 .00 66.5 .150E+02 · .67 10·. 75 .67 .00 
72.98 .00 .00 67.5 .148E+02 .67 10.90 .67 .00 
74.34 .00 .00 68.6 .146E+02 .67 11.05 .67 .00 
75.71 .00 .00 69.6 .144E+02 .67 11.21 .67 .00 
77.07 .00 .00 70.6 .142E+02 .68 11.36 .68 .00 
78.44 .00 .00 71. 7 .139E+02 .68 11.51 .68 .00 
79.80 .00 .00 72.8 .137E+02 .68 11.65 .68 .00 
81.17 .00 .00 73.9 .135E+02 .68 11.80 .68 .00 

Cumulative travel time = 309. sec 

-----------------------------------------------------------------------------
... Plume is ·ATTAE:HED to·LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Page 5 



R01539

MAC5-4Nl_.CX1 
Plume Stage 2 (bank attached):· 

X y z s C BV BH zu ZL 
81.17 11.80 .00 73.9 .135E+02 .68 23.60 .68 · .00 
81.19 11.80 .00 73.9 .135E+02 .68 23.60 .68 .00 
81.21 11..80 .00 74.0 .135E+02 .68 23.60 .68 .00 
81.23 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.25 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.27 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.29 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.31 11.80 .00 74.0 .135E+02 .68 23.62 .68 .00 
81.33 · 11.80 .00 74.1 .135E+02 .68. 23.62 .68 .00 
81.35 11.80 .00 . 74.1 .135E+02 .68 23.62 .68 .00· 
81.38 11.80 .00 ·74.1 .135E+02 .68 · 23.62- .68 .00 
81.40 il.80 .00 74.1 :135E+02 .68 23.152 .68 .00 
81.42 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.44 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.46 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.48 11.80 .00 74.2 .135E+02 .68 23.63 .. 68 .00 
81.50 · 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.52 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.54 11.80 .00 74.2 .135E+02 .68 23.64 .. 68 .00 
81.56 11.80 .00 74.2 .135E+02 .68. 23.64 .68 .00 
81.58 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.60 11.80 .00 74.2 .135E+02 .68 23.65 · .68 .00 
81.62 11.8e .00 74.3 .135E+02 .68 23.65 .68 .00 
81._64 11.80 .00 · 74.3 .135E+02 .68 23.65 .• 68 .00 
81.66 ~1.80 .00 74.3 .135E+02 .68 23.65 .68 .00 
81.69 .11.80 .00 74.3 .135E+02. .68 23.66 .68 · .00 
81.71 11.80 .00 74.3 .135E+02 .68 23.66 .68 .00 
81. 73 11.80 .00 74.3 .135E+02 .68 23.66 .68 .00 
81. 75 11.80 .00 74.4 .134E+02 .68 23.66 .68 .00 
81.77 11.80 .00 74.4 .134E+02 .68 23.66 .68 .00 
81-.79 11.80 .00 74.4 .134E+02 .68 -23.67 .68 .00 

· 81.81 11.80 .00 74.4 .134E+02 .68 23.67 .68 .00 
81.83 11.80 .00 74.4 .134E+02 .~8 23.67 .68 .00 
81.85 11.80 .00 74.4 .134E+02 · .68 23.67 .68 .00 
81.87 11.80 .00 74.4· .134E+02 .68 23. 68 · .68 .00 
81.89 11.80 .00 74 .. 5 .134E+02 .68 23,.68 .68 .00 
81.91 11.80 .00 74.5 .134E+02 .68 23.68 .68 .00 
81.93 11.80 .00 74.5 .134E+02 .68 23.68 .68 .00 
81.95 . 11.80 .00 74.5. .13_4E+02 .68 23.68 .68 ·.00 
81.97 11.80 .00 74.5 .134E+02 .68. 23.69 .68 .00 
81.99 11.80 .00 74.5 .134E+02 .68 23.69 .68 .00 
82.02 11.80 .00 74.6 .134E+02 .68 23.69 .68 .00 
82.04 11.80 .00 74.6 .134E+02 . 68 23.69 . .68 .00 
82.06 11.80 .00 74.6 .134E+02 .68 23.69 .68 .00 

.82.08 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.10 . 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
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82.12 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.14 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.16 11. 80. .00 74.7 .134E+02 .68 23.71 .68 .00 
82.18 11.80 .00 74.7 .134E+02 .68 23.71 .68 .00 
82.20 11.80. .00 74.7 .134E+02 .68 23·. 71 .68 .00 

Cumulative travel time = 313. sec 
Plume is LATERALLY FULLY MIXED at the end of th_e buoyant spread fog regime. 

END OF·MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) =· .185E-01 mA2/s 
Horizontal diffusivity (initial value)= .•.463E-01 mA2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reactio~ effects, if any) 

Plume Stage 
X 

82.20 
104.56 

. 126.91 
149.27 
171.63 

·193.98 
216". 34 
238.69 
261.05 
283.41 
305.76 
328.12 
350.47 
372.83 
395.18 
417.54 
439.90 

· ·462.2.5 
484.61 
506.96 

2 (bank attached): 
y ' z 

11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 .00 
11.80 · .·00· 
11.80 .00 
11.80 .00 

S C 
74.7 .134E+02 
75.3 .133E+02 
76.0 .132E+02 
76.7 .130E+02 
77.4 .129E+02 
78:1 .128E+02 
78.8 .127E+02 
79.5 .126E+02 
80.2 .125E+02 
81. 0 .123E+02 
81. 8 · .122E+02 
82.5 .121E+02 
83.3 .120E+02 
84.1 .119E+02 
85.0 .118E+02 
85.8 · .117E+02 
86.7 .115E+02 
87.5 .114E+02 
88.4 .113E+02 
89.3 .112E+02 
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BV 
.68 
.69 
.70 
.70 
.71 
.72 
• 72 
.73 
.74 
.74 
.75 
.76 
.76 
• 77 
.78 
.79 
.79 
.80 
.81 
.82 

Bt-i 
23.71 

. 23;71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

zu 
.68 
.69 
.70 
.70 

.. 71 
.72 
.72 
.73 
.74 
.74 
.75 
.76 
.76 
.77 
.78 
.79 
.79 
.80 
.81 
.82 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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529.32 11 .. 80 .00 90. 3 .. 111E+02 .83 23.71 .83 .00 
551. 68 11.80 .00 91.2 .110E+02 .84 23.71 .84 .00 
574.03 11..80 .00 92.2 .108E+02 .84 23.71 .84 .00 
596.39 11.80 .00 93.2 .107E+02 .85 23.71 .85 .00 
618.74 11.80 .00 94.2 .106E+02 .86 23.71 .86 .00 
641.10 11.80 .00 95.2 .105E+02 .87 23.71 .87 .00 
663.46 11.80 .00 96.i .104E+02 .88 23.71 .88 ._00 
685·.81 11.80 .00 97.3 .103E+02 .89 23.71 .89 .00 
708.17 11.80 .00 98.4 .102E+02 .90 23.71 .90 .00 
730.52- 11.80 .00 99.5 .10.0E+02 .91 23.71 .91 .00 
752.88 11.80 .00 100.7 .993E+01 .92 23.71 .92 .00 
775.24 11.80 .00 101.8 .982E+01 .. 93 23.71 .93 .00 
797.59 11.80 .00 103.0 .971E+01 .94 23.71 .94 .00 
819.95 11.80 · · .00 104.2 .959E+01 .96 23.71 .96 .00 
842.30 11.80 .00 105.5 .948E+01 .97 23. 71. .97 .00 
864.66 11.80 .00 106.8 .937E+01 .98 23.71 .98 .00 
887.02 11.80 .00 108.1 .925E+01 .99 23.71 .99 .00 
909.37 11.80 .00 109.4 .914E+01 1.00 23.71 1.00 .00 
931.73 11.80 .00 110.8 .903E+01 1.02 23.71 1.02 .00 
954.08 11.80 .00 112.2 .891E+01 1.03 23.71 1.03 .00 
976.44 11.80 .00 113.6 .880E+01 1.04 23.71 1.04 .00 
998.80 11.80 .00 115.1 .869E+01 1.06 23.71 1.06 · .00 

1021.15 11.80 .00 116.6 .857E+01 1.07 23.71 1.07 .00 
1043.51 11.80 .00 118.2 .846E+01 1.08 23.71 1.08 .00 
1065.86 11.80 .00 119.8 .835E+01 1.10 23.71 1.10 .00 
1088.22 11.80 .00 121.4 .824E+01 1.11 23.71 1.11 .00 
1110.58 11.80 .00 123.1 .812E+01 1.13 · 23.71 1.13 .00 
1132.93 11.80 .00 124.8 .801E+01· 1.14 23.71 1.14 .00 
1155.29 11.80 .00 126.6 . 790E+01. 1.16 23.71 1.16 .00 

· 1177 .64 11.80 .00 128.4 .779E+01 1.18 23.71 1.18 .00 
1200.00 11.80 .00 130.3 .768E+01 1.19 23.71 1.19 .00 

Cumulative travel tim~ = 4975. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_l996 

CASE DESCRIPTION 
Site name/label: MACHABIGAMUDDYARIVER 
Design case: · CASEA5A_APORTA4A_AMAXIMUMAFLOW 
FILE NAME: 
Time of Fortran run: 

cormix\sim\MAC5-4Xl.cxl 
01/09/20--13:38:06 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 · 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = ;152 A0 = .018 H0 
THETA= 30.00 SIGMA= .00 · 
U0 = 5.487 Q0 = .100 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .9956E-01 M0 = .5463E+00 J0 
Associated length scales (meters) 
LQ = .13 LM = 5.26 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 =· 36.79 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 84.50 

= .6688E-01 

= .53 

= .9956E-01 
=-.1463E+00 

= .0000E+00 

=-.1457E-01 

= .94 
= '99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

il.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP ~ 50 display intervals pe~ module 
---- ·------------------------------------------------------------------------
. . . . -----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.53 

END OF MOD101: DISCHARGE MODULE 

s <;: 
1.0 .100E+04 

B 
.08 

BEGIN·CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: 
LE = • 58 XE = 

Profile definitions: 

THETAE= 
.51 YE = 

27.38 SIGMAE= 
.00 ZE = 

B = ~aussian 1/e (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, ·if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 ~es 
.51 .00 .81 1.0 .100E+04 .08 

1.19 .00 1.10 2.1 .466E+03 .16 
1.89 .00 1.32 3.5 .285E+03 .23 
2.61 .00 1.48 4.9 .205E+03 .29 
3.33 .00 1.61 6.2 .163E+03 .34 
4.07 .00 1. 72 7.4 .136E+03 .39 
4.80 .00 1.80 8.5 .118E+03 .42' 
5.54 .00 1.88 9.5 . . 105E+03 .45 
6.27 .00 1.-94 10.-5 .957E+02 .48 
7.01 .00 1.99 11.3 .882E+02 .50 
7.75 .00 2.03 12.2 .823E+e2 .53 

·· 8A9 .00 2.06- 12.9 .774E+02 .54 
9.22 .00 2.09 13.6 .735E+02 · .56 
9.97 .00 2.12 14.3 .701E+02 .58 
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10.70 .00 2.14 14.8 .673E+02 .59 
11.45 .00 2.15 15.4 .650E+02 .60 
12.18 .00 2.16 15.9 .630E+·02 .61 
12.92 .00 2.17 16.3 .612E+02 .62 

Maximum jet height has been reached. 
13.66 .00 2.17 16.7 .598E+02 .63 
14.40 .00 2.16 17.1 .584E+02 .64 
15.14 .00 2.16 17.6 .569E+02 .65 
15.88 .00 2.15 18.1 .554E+02 .66 
16.61 .00 2.14 18.6 .538E+02 .67 
17.36 .00 2.12 19.1 .522E+02 .68 
18.09 .00 2.10 19.7 .507E+02 .70 
18.84 .00 . 2~08 20.4 .491E+02 • 71 
19.57 .00 2.05 21.0 .475E+02 .72 
20.31 .00 2.03 21. 7 .460E+02 .73 
21.05 .00 2.00 22.5 .445E+02 .75 
21.79 .00 1.97 23.2 .431E+02 .76 
22.52 .00 1.94 24.0 .417E+02 ·• 77 
23.27 .00 1.90 24.8 .403E+02 .79 
24.00 .00 1.86 25.7 .390E+02 .80 
24.73 .00 1.83 26.5 .377E+02 .82 
25.48 .00 1. 79 27.4 .365E+02 .83 
26.21 .00 1. 75 28.3 .353E+02 .85 
26.95 .00 1. 71 29.2 .342E+02 .86 
27.69 .00 1.67 30.2 .331E+02 .88 
28.43 .00 1.62 31.2 .321E+02 .·89 
29.16 .00 1.58 32.2 .311E+02 .91 
29.90 .00 1.54 33.2 .301E+02 .92 
30.64 .00 i".49 34.2 .292E+02 .94 
31.38 .00 1.45 35.3 .284E+02 .95 
32.11 .00 1.40 36.3 .275E+02 .97 
32.86 .00 1.36 37.4 .267E+02 .99 
33.59 .00 1.31 38.5 .260E+02 1.00 
34.33 .00 1.27 39.6 .252E+02 1.02 
35.06 .00 1.22 40.7 .245E+02 1.03 
35.81 .00 1.17 41.9 .239E+02 1.05 
36.54 .00 1.12 43.0 .232E+02 1.06 
37.28 .00 1.08 44.2 .226E+02 1.08 

Cumulative travel time = 33. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

-·<::ontrol -volume inflow: 
X y z s C B 

37.28 .00 1.08 44.2 .226E+02 1.08 
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Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume b6undary (Z-coordinate) 
s = hydrodynamic average (bulk)·dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X y z s C BV 
36.20 .00 .00 44·.2 .226E+02 .00 
36.53 .00 .00 44.2 .226E+02 1.37 
36.85 .00 .00 44.2 .226E+02 1.63 
37.17 .00 .00 44.2 .226E+02 1. 79 
37.50 .00 .00 45.4 .220E+02 1.91 
37.82 .00 .00 51.0 .196E+02 2.00 
38.14 .00 .00 58.8 .170E+02 2.07 
38.47 .00 .00. 65.9 .152E+02 2.12 
38.79 .00 .00 70.8 .141E+02 2.16 
39.11 .00 .00 73.4 .136E+02 2.18 
39.44 .00 .00 75.1 .133E+02 2.18 

Cumulative travel time = 36. sec 

END OF MOD131: LAYER BOUNDARY/TER~INAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Discharge is n6n-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

· END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

BH 
.00 
.69 
.98 

1.20 
1.38 
1.54 
1.69 

· 1.83 
1.95 
2.07 
2.18 

Vertical diffusivity •(initial value) = 
Horizontal diffusivity (initial value)= 

.607E-01 m"2/s 

.152E+00 m"2/s 

Profile.definitions: 

zu 
.00 

1.37 
1.63 
1. 79 
1.91 
2.00 
2.07 
2.12 
2.16 
2'.18 
2.18 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU •= upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S ; hydrodynamic centerline dilution 
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C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

39.44 .00 .00 75.1 .133E+02 2.18 2.18 2.18 .00 
43.87 .00 .00 96.1 .104E+02 2.23 2.73 2.23 .00 
48.30 .00 .00 115.1 .869E+01 2.29 3.18 2.29 .00 
52.73 .00 .00 133.4 .750E+01 2.36 3.58 2.36 .00 
57.16 .00 .00 151.4 .660E+01 2.44 3.94 2.44 .00 
61.59 .00 .00 169.6 .590E+01 2.52 4.27 2.52 .00 
66.02 .00 .00 1,88.0 .532E+01 2.61 4.57 2.61 .00 
70.45 .00 .00 206.9 .483E+01 2.70 4.86 2.70 .00 
74 .. 88 .00 .00 226.1 .442E+01 2.80 5.13 2.80 .00 
79.31 .00 .00 245.8 .407E+01 2.90 5.38 2.90 .00 
83.74 .00 .00 266.0 .376E+01 3.00 5.63 3.00 .00 
88.17 .00 .00 286.7 .349E+01 3.10 5.86 3.10 .00 
92.60 .00 .00 307.7 .325E+01 3.21 6.09 3.21 .00 
97.03 .00 .00 329.2 .304E+01 3·.31 6.30 3.31 .00 

101.46 .00 .00 351.1 .285E+01 3.42 6.51 3.42. .00 
105.89 .00 .00 373.3 .268E+01 3.52 6.72 3.52 .00 
110.32 .00 .00 395.8 .253E+01 3.63 6.91 3.63 .00 
114.76 .00 .00 418.7 .239E+01 3.74 7.11 3.74 .00 
119.19 .00 .00 441.8 .226E+01 3.84 7.29 3.84 .00 
123.62 .00 .00 465.2 .215E+01 3.95 7.47 3.95 .00 
128.05 .00 .00 488.8 .205E+01 4.05 7.65 4.~5 .00 
132.48 .00 .00 512.6 .195E+01 4.15 7.83 4.15 .00 
136.91 .00 .00 536.6 .186E+01 4.26 8.00 4.26 .00 
141.34 .00 .00 560.7 .178E+01 4.36 8.16 4.36 .00 
145.77 .00 .00 585.1 .171E+01 4.46 8.33 4.46 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
150.20 .00 .00 607.5 .165E+01 4.54 8.49 4.54 .00 
154.63 .00 .00 618.7 .162E+01 4.54 8.64 4.54 .00 
159.06 .00 .00 629.8 .159E+01 4.54 8.80 4.54 .00 
163.49 .00 .00 · 640.6 .156E+01 4.54 8.95 4.54 .00 
167.92 .00 .00 651.3 .154E+01 4.54 9.10 4.54 .00 
172.35 . 00· .00 661.8 .151E+01 4.54 9.24 4.54 .00 . 
176.78 .00 .00 672.1 .149E+01 4.54· 9.39 4.54 .00 
181.21 .00 .00 682.3 .147E+01 4.54 9.53 4.54 .00 
185.64 .00 .00 692.3 .144E+01 4.54 9.67 4.54 .00 
190.08 .00 .00 702.2 .142E+01 4.54 9.81 4.54 .00 
194.51 .00 .00· 712.0 .140E+01 4.54 9.94 4.54 .00 
198.94 .00 .00 721.6 .139E+01 4.54 10.08 4.54 .00 
203.37 .00 .00 731.1 .137E+01 4.54 10.21 4.54 .00 
207.80 .00 .00 740.4 .135E+01 4.54 10.34 4.54 ·.00 
212.23 .00 .00 749.7 .133E+01 4.54 10.47 4.54 .00 
216.66 .00 .00 758.8 .132E+01 4.54 10.60 4.54 .00 
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221.09 .00 .00 767.9 .130E+01 4.54 10.73 4.54 .00 
225.52 .00 .00 776.8 .129E+01 4.54 10.85 4.54 .00 
229.95. .00 .00 . 785.6 · .127E+01 4.54 10.97 4.54 .00 
234.38 .00 . 00 794.3 .126E+01 4.54 11.10 4.54 . .00 
238.81 .00 .00 803.0 .125E+01 4.54 11.22 4.54 .00 
243.24 .00 .00 811.5 .123E+01 4.54 11.33 4.54 .00 
247.67 .00 .00 819.9 .122E+01 4.54 11.45 4.54 .00 
252.10 .00 .00 ·828.3 .121E+01 4.54 11.57 4.54 .00 
256.53 .00 .00 836.6 .120E+01 4.54 11.69 4.54 .00 
260.96 .00 .00 844.8 .118E+01 4.54 11.80 4.54 .00 

Cumulative travel time = 318. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
260.96 11.80 .00 844.8 .118E+01 4. 54 23.60 4. 54 · .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval.· 

The x-coordinate of bank attachment is 269.54 m. 
279.75 11.80 .00 853.4 .117E+01 4.54 23.71 4.54 .00 

Effluent is ·FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, the.re are 

NO FURTHER.CHANGES with downstream direction. 
298.53 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
317.31 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
336.09 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
354.87 11.80 .00 848.7 .118E+01 4.54 23. 71 4.54 .00 
373.65 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
392.43 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
411.21 11.80 .00 848.7 .i18E+01 4.54 23. 71 4.54 .00 
429.99 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00· 
448.77 11.80 .00 848.7 .118E+01 4.54 23.71 4. 54 .00 
467.55 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
486.33 11.80 .00 848.7 .118E+01 4.54 23. 71 4.54 .00 
505.11 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
523.89 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
542.67 11.80 .00 848.7 .118E+01 4.54 23.71 4.54' ;00 
561.46 11.80 ·.00 848.7 .118E+01 4.54 23.71 4.54 .00 
580.24 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
599.02 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
617.80 11.80 .00 848.7 · .118E+01 4.54 23.71 4.54 .00 
636.58 11.80 .00 848.7 .118E+01 4.54 23. tl 4.54 .00 
655.36 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
674.14 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
692.92 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
711.70 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
730.48 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
749.26 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 

Page 6 



R01548

. . . . 

MAC5-4Xl.CX1 
768.04' 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00. 
786.82 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
805.60 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
824.39 11.80 .00 848.7 . 118E+01 4.54 . 23.71 4.54 .00 
843.17 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
861.95 11.80 .00 '848.7 .118E+01 4.54 23. 71 4.54 .00 
880.73 11.80 · .00 848.7 .118E+01 4.54 23.71 4.54 .00 

. 899.51 11.80 .. 00. 848.7 .118E+01 4.54 23.71 4.54 .00 
918.29 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 :00 
937.07 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
955.85 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
974.63 11.80 .00 .848.7 .118E+01 4.54 23.71 4.54 .00 
993.41 11.80 .00 848.7 .118E+01 4.54 · 23.71 4.'54 .00 

1012.19 11.80 .00 848. 7· .118E+01 4.54 23.71 4.54 .00 
1030.97 11.80 .00 . 848. 7 .118E+01 4.54 23.71 4.54 .0,0 
1049.75 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1068.53 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00· 
1087.32 11.80 .00 · 848.7· .118E+01 4.54 23.71 4.54 .00 
1106.10 11.80 .00 . 848.7 .118E+01 4.54 23-.71 4.54 .00 
1124.88· 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1143.66 11.80 .00 848.7 .. 118E+01 4.54 23.71 . 4.54 .00 
1162',44 11.80 .00 ·848.7 .118E+01 4.54 23.71 4.54 .00 
1181.22 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1200.00 11.80 .00 848.7 .118E+01 4.54' 23.71 4.54 .00 

Cumulative travel time= 1513. sec 

Simulation· limit based on maximum specified distance= 1200.00 m. 
This is the.REGION OF· INTEREST limitation. 

END OF MOD161:· PASSIVE AMBIENT- MIXING IN UNIFORM AMBIENT 
. . -----------------------------------------------------------------------------

-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111~11111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design ·case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTA5A_ANORMALAFLOW 
corm.ix\sim\MAC5-5N3. cxl 
01/09/20--12:56:44 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 25.76 ICHREG= 2 

= . 4. 54 HD = · 4. 54 -HA 
UA 
uw 

= .239 F = .058 USTAR = .2039E-01 
= 2.000 UWSTAR= ~2198E-02 

Uniform ·density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE _PARAMETERS (metric units) 
BANK· = LEFT DISTB = 11.80 
D0 = .203 A0 = .032 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = . 093 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .9276E-01 M0 = . 2658.E+00 J.0 
Associated length.scales (meters) 
LQ = .18 LM = 3.18 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 16.62 R 11.97 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .50 

= ·. 9276E-01 . 
=-.1463E+00 

= .0000E+00 

=-.1357E-01 

= 2.15. 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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MAC5-5N3.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM:· 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points .downstream, Y-axis points to leftj z-axis.points upward! 

NSTEP = 50 display intervals per module 

. . , . -----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.50 

END.OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.10 

--· --------------------------------------------~-----------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume t~ansition motion in strong crossflow. 

Zone of flow establishment: THETAE= .28.47 SIGMAE= .00 
LE = .88 XE = .77 YE = .00 ZE = .93 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .50 1.0 .100E+04 .10 
.77 .00 .93 1.0 .100E+04 .10 
.96 .00 1.03 1.1 .902E+03 .13 

1.17 .00 1.13 1.4 .729E+03 .16 
1.36 .00 1.23 1.6 .617E+03 .18 
1.58 .00 1.32 1.9 .527E+03 .21 
1.80 .00 . 1.41 2.2 .459E+03 .24 
2.00 .00 1.48 2.4 .410E+03· .26 
2.23 .00 1.56 2.7 .367E+03 .29 
2.45 .00 1.63 3.0 .332E+03 .31 
2.66 .00 1.69 3.3 .306E+03 .33 
2.89 .00 1. 76 3.5 .282E+03 .35 
3.12 .00 1.81 3.8 .262E+03 .38 
3.·33 .00 1.86 4.1 .246E+03 .39 
3.56 .00 1.90 4.3 .231E+03 .41 
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3.80 
4.01 
4.24 
4.48 
4.69 
4.93 
5.17 
5.38 
5.62 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.. 00 

Maximum jet height 
5.86 .00 
6.07 .00 
6.31 .00 
6. 54 .00 
6. 76 .00 
7 .00 .00 
7. 23 .00 
7 .45 .00 
7 .68. .00 
7.92 .00 
8.13 .00 
8.36 .00 
8.60 .00 
8.81 .00 
9.04 .00 
9.27 .00. 
9.48 .00 
9. 71 .00 
9. 94 .00 

10.15 .00 
10. 38 .00 
10. 61 .00 
10.82 .00 
11.05 .00 
11.28 .00 
11.48 .00 
11. 71 .00 
1L94 .00 

1.94 
1.97 
2.01 
2.03 
2.05 
2.07 
2.08 
2.09 
2.09 

has been 
2.09 
2.09 
2.08 
2.07 
.2.05 
2.03. 
2.01 · 
1.98 
1.95 
1.92 
1.89 
1.85 
1.81 
1. 77 
1. 72 
1.67 
1.62 
1.57 
1.51 
L46 
1.40 
1.34 
1.29 
1.22 
1.16 
1.10 
1.03 

.97 
Cumulative travel time= 

MAC5-5N3.CX1 
4.6 .219E+03 
4.8 .209E+03 
5. 0· . 199E+03 
5.2 .191E+03 
5.4 .184E+03 
5.6 .177E+03 
5.8 .172E+03 
6.0 .167E+03 
6.2· .163E+03 

reached. 
6.3 .158E+03 
6.5 .155E+03 
6.6 .150E+03 
6.8 .146E+03 
7.0 .142E+03 
7.2 .138E+03 
7.5 .134E+03 
7.7 .130E+03 
8.0 .125E+03 
8.2 .121E+03 
8.5 .118E+03 
8.8 .114E+03. 
9.1 .110E+0:3 
9.4 .106E+03 
9. 8 .102E+03· 

10.1 .988E+02 
10.5 .957E+02 
10.8 .923E+02 
11.2 .891E+02 
11.6 .863E+02 
12.0 .833E+02 
12.4 .804E+02 
12.8 .779E+02 
13.3 .752E+02 
13.8 .727E+02 
14.2 .704E+02 
14.7 .681E+02 
15.1 .660E+02 

16. sec 

.43 

.45 

.47 

.48 

.49 

.51 

.52 

.53 · 

.54 

.55 

.56 

.57 

.5·8 

.59 

.61 

.62. 

.63 

.64 

.66 

.67 

.69 

.70 
~72 
.74 
.75 
.77 
.79 
.80 
.82 
.84 
.86 
.87 
.89 
.91 
.93 
.95 
.97 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

---------------------------------------------------.-------------------------

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z 

11.94 .00 .97 
S C 

15.1 .660E+02 
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MAC5-5N3.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution_ 
C = average (bulk) concentration (includes reaction effects, if any) 

X y z s C BV BH zu ZL 
10.97 .00 .00 15.1 _.660E+02 .00 .00 .00 .00 
11.26 .00 .00 15.1 .660E+02 1.40 .71 1.40 .00 
11.55 .00 .00 .15.1 .660E+02 1.67 1.00 1-.67 .00 
11.84 .00 .00 15.1 .660E+02 1.83 1.22 1.83 .00 
12.13 .00 .00 15.6 .643E+02 1.96 1.41 1.96 .00 
12.42 .00 .00 17.5 .572E+02 2.05 1.58 2.05 .00 
12.71 .00 .00 20.2 .496E+02 2.12 1. 73· 2.12 .00 
13.00 .00 .00 22.6 .443E+02 2.17 1.87 2.17 .00 
13.29 .00 .00 24.3· .412E+02 2.21 2.00 2.21 .00 
13.58 .00 .00 25.2 .398E+02 2.23 2.12 2.23 .00 
13.87 .00 .00 25.7 .388E+02 2.23 2.23 2.23 .00 

Cumulative travel time = 24. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------.------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-co9rdinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average· (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not_bank attached}: 
X y z s C BV BH zu ZL 

13.87 .00 .00 25.7 .388E+02 2.23 2.23 2.23 .00 
14.87 .00 .00 26.6 .375E+02 2.02 2.56 2.02 .00 
15.88 .00 .00 27.4 .365E+02 1.86 2.86 1.86 .00 
16.88 .00 .00 28.1 .356E+02 1. 73 3.14 1. 73 .00 
17.88 .00 .00 28.7 .349E+02 1.63 3.42 1.63 .00 
18.89 .00 .00 29.2 .342E+02 1.54 3.68 1.54 .00 
19.89 .00 ... 00 29.8 .336E+02 1.46 3.94 1.46 .00 
20.89 .00 .00 30.2 .331E+02 1.40 4.18 1.40 .00 
21.90 .00 .00 30.7 .326E+02 1.34 4.42 1.34 .00 
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22.90 .00 .00 31.1 .321E+02 1.30 4.66 1.30 .00 
23.90 .00 .00 31.5 .317E+02 1.25 4.88 1.25 .00 
24.91 .00 .00 31.9 .313E+02 1.21 5.11 1.21 .00 
25.91 .00 .00 32.3 .310E+02 1.18 5.32 1·.18 .00 
26.91 .00 .00 32.7 .306E+02 1.14 5.54 1.14 .00 
27.92 . 00 .00 33.0 .303E+02 1.11 5. 75 . 1.11 .00 
28.92 .00 .00 33.4 .300E+02 1.09 5.95 1.09 .00 
29.92 .00 .00 33.7 .297E+02 1.06 6.15 1.06 .00 
30.93 .00 .00 34.0 .294E+02 1.04 6.35 1.04. .00 
31.93 .00 .00 34.3· .291E+02 1.02 6.55 .1.02 .00 
32.93 -.00 .00 34.7 .289E+02 1.00 6.74 1.00 .00 
33.94 .00 .00 35.0 .286E+02 .9~ 6.93 .98 .00 
34.94 .00 .00 35.3 .284E+02 .96 7.12 .96 .00 

. 35.94 .00 .00 35.6 .281E+02 .94 7.30 .94 .00 
36.95 .00 .00 35.9 .279E+02 .93 7.48 .93 .00 
37.95 .00 . 00 36.2 . .276E+02 .91 7.66 .91 .00 
38.95 .00 .00 36.5 .274E+02 .90 7.84 .90 .00 
39.96 .00 .00 36.8 .272E+02 .89 8.02 .89 .00 
40.96 .00. .00 37.1 .270E+02 .88 8.19 .88 .00 
41.96 ;00 .00 37.4 .268E+02 .87 8.37 .87 .00 
42.97 .00 .00 37.7 .266E+02 .86 8.54 .86 .00 
43.97 .00 .00. 38.0 .263E+02 .85 8.70 .85 .00 
44.97 .00 .00 38.3 .261E+02 .84 8.87 .84 .00 
45.98 .00· .00 38.6 .259E+02 ~83 9.04 .83 .00 
46.98 . 00 .00 38.8 .257E+02 .82 9.20 .. .82 .00 
47.98 .00 .00 39.1 .255E+02 .81 9.36 ·.81 .00 
48.99 .00 .00 39.4 .253E+02 .80 9.53 .80 .00 
49.99 .00 .00 39.8 . 252E+02 · .80 9.69 .80 .00 
50.99 .00 .00 40.1 .250E+02 .79 9.84 .79 .00 
52.00 .00 .00 40.4 .248E+02 .78 10.00 .78 .00 
53.00. .00 .00 40.7 .246E+02 .78 10.16 .78 .00 
54.00 .00 .00 41.0 .244E+02 .77 10.31 .77 .00 
55.00 .00 .00 41.3 .242E+02 .76 10.47 .76 .00 
56.01 .00 .00 41.6 .240E+02 .76 10.62 .76 .00 
57.01 .00 :00 41.9 .239E+02 .75 10.77 .75 .00 
58.01 .00 .00 42.2 .237E+02 .75 10.92- .75 .00 
59.02 .00 .00. 42.6 .235E+02 .75 11.07 .75 .00 
60.02 .00 .00 · 42.9 .233E+02 .74 11.22 .74 .00 
61.02 .00 .00 43.2 .231E+02 • 74· 11.37 .74 .00 
62.03 .00 .00 43.6 .230E+02 .73 11.51 .73 .00 
63.03 .00 .00 43.9 .228E+02 .73 11.66 .73 .00 
64.03 .00 .00 44.2 .226E+02 .73 11.80 .73 .00 

Cumulative travel time= 233. sec 

-----------------------------------------------------------------------------., 
···Plume 'is ATT-ACHED- 'to- LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 
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Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
64.03 11.80 .00 44.2 .226E+02 .73 23.60 .73 .00 
64·.05 11.80 .00 44.2 .226E+02 .73 23.60 . · . .73 .00 
64.07 11.80 .00 44.2 .226E+02 .73 23.60 . 73 . .00 
64.08 11.80 .00 44.3 .226E+02 .73 23.61 .73 .00 
64.10 11.80 .00 44.3 .226E+02 . 73. 23.61 .73 .00 
64.11 11.80 .00 44.3 .226E+02 .73 23.61 .73 .00 

· 64.13 11.80 .00 · 44.3 . 226E+02 .73 23.61 . .73 .00 
64.14 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.16 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.17 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.19 fl.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.20 11.80 .00 44.·3 .226E+02 .73 23.62 .73 .00 
64.22 11.80 .00 44 . .3 .226E+02 .73 23.63 .73 .00 
64.24 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.25 11.80 .00. 44.3 .226E+02 .73 23.63 .73 .00 
64.27 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.28 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.30 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.31 · 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.33 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.34 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.36 11.80 .00 44.3 .226E+02 .,73 23·. 65 .73 .. 00· 
64.37 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.39 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.41 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.42 11.80 .00 44.3 .226E+02 .73 23.66 .73 .00 
64.44 11.80 .00 44.3 .225E+02 .73 23.66 .73 .00 
64.45 11.80 .00 44A .225E+02 .73 23.66 :73 .00 
64.47 .11.80 .00 44.4 .225E+02 .73 23.66 .73 .00 
64.48 11.80 .00 44.4 .225E+02 .73 23.66 . 73 ·. .00. 
64.50 11.80 .00 44.4 .225E+02 .73 23.67 . 73· .00 
64.51 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.53 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.54 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.56 11.80 .00 44.4 .225E+02 .73 23. 6_8 ·• 73 .00 
64.58 11.80 .00 44.4 .225E+02 .n 23.68 .73 .00 
64.59 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 . 
64.61 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.62 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.64 11.80 .00 . 44.4 .225E+02 .73 23.69 .73 .00 
64.65 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.67 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.68 11.80 .00 44.,4 .225E+02 .73 23.69 .73 .00 
64.-70 .. 11-.80- .-00 -44.-4 .225E+02 .-73 23.69 .73 .00 
64. 71 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.73 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
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64.75 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.76 11.80 .00 44.4 ·.225E+02 .73 23.70 .73 .00 
64.78 11.80 .00 44.4 .225E+02 .73 23.71 .73 .00 
64.79 11.80 .00 44.4 .225E+02 .73 23.71 .73 .00 
64.81 11.80 .00 44.5 .225E+02 .73 23.71 .73 .00 

Cumulative travel time = 236. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = ~}185E-0~.mA2/s 
Hori~ontal diffusivity (initial value)= .463E-01 mA2/s 

Profile definitions: 
BV = Gaussian ~.d.*sqrt(pi/2) (46%)'thickness, .measured vertically 

= or equal to layer depth, if fully mixed_: ·• 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horiiontally in Y-directi6~~~ ~­
ZU = upper plume boundary CZ-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank 
X y 

64.81 11.80 
87. 51 11.80 

110.22 11.80 
132. 92 11. 80 
155.62 11.80 
178.33 11.80 
201. 03 11. 80 
223. 73 11. 80 
246.44 
269.14 
291.85 
314.55 
337.25 
359.96 
382.66 
405.37 
428.07 

·450.77 
473.48 
496.18 

11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 

---11.80 
11.80 
11.80 

attached): 
z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

··.00 
.00 
.00 

s 
44.5 
44.6 
44.8 
45.0 
45.2 
45.3 
45.5 
45.7 
45.9 
46.1 
46.3 
46.5 
46.7 
46.8 
47.0 
47.2 
47.4 
47.6 
47.8 
48.0 

C 
.225E+02 
.224E+02 
.223E+02 
.222E+02 
.221E+02 
.221E+02 
.220E+02 
.219E+02 
.218E+02 
.217E+02 
.216E+02 
.215E+02 
.214E+02 
.213E+02 
.213E+02 
.212E+02 
.211E+02 
.210E+02 
.209E+02 
.208E+02 
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BV 
.73 
.73 
.73 
.74 
.74 
.74 
.74 
.75 
.75 
.75 
.76 
.76 
.76 
. 77 
• 77 
. 77 
.78 
.78 
.78 
.79 

BH 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
2·3.7,1···· 
23.71 
23.71 

zu 
.73 
.73 
.73 
. 74 
.74 
.74 
.74 
.75 
.75 
.75 
.76 
.76 
.76 
.77 
.77 
.77 
.78 
.78 
.78 
.79 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
·.00 
.00 · 
.00 
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518.88 11.80 .00 48.2 .207E+02 .79 23.71 .79 .00 
541.59 11.80 .00 48.5 .206E+02 .79 23:71 .79 .00 
564.29 11.80 .00 48.7 .205E+02 .80 23.71 .80 .00 
587.00 11.80 .00 48.9 .205E+02 .80 23.71 .80 .00 
609.70 11.80 .00 49.1 .204E+02 .80 23.71 .80 .00 
632.40 11.80 .00 49.3 .203E+02 .81 23.71 .81 .00 
655.11 11.80 .00 49.5 .202E+02 .81 23.71 .81 .00 
677.81 11.80 .00 49.7 .201E+02 .81 23.71 .81 .00 
700.52 . 11.80 .00 50.0 .200E+02 .82 23.71 .82 .. 00 
723.22 11.80 .00 50.2 .199E+02 .82 23.71 .82 .00 
745.92 11.80 .00 50.4 .198E+02 .82 23.71 .82 .00 
768.63 11.80 .00 50.6 .198E+02 .83 23.71 .83 .00 
791.33 11.80 .00 50.8 .197E+02 .83 23.71 .83 .00 
814.03 11.80 .00 51.1 .196E+02 .83 23.71 .83 .00 
836.74 11.80 .00 51.3 .195E+02 .84 23.71 .84 .00 
859.44 11.80 .00 51.5 .194E+02 .84 2-3.71 .84 .00 
882.15 11.80 ·.00 51.8 .193E+02 .85 23.71 .85 .00 
904.85 11.80 :00 52.0 . .i92E+02 .85 23.71 .85 .00 
927.55 11.80 .00 52.3 .191E+02 .85 23.71 .85 .. 00 
950.26 ·11.80 .00 52.5 .190E+02 .86 23.71 .86 .00 

· 972.96 11.80 .00 52.7 .190E+02 .86 23.71 .86 .00 
995.67 11.80 .00 53.0 .189E+02 .87 23.71 .87 .00 

1018.37 11.80 .00 53.2 .188E+02 .87 23.71 .87 .00 
1041.07 11.80 .00 53.5 .187E+02 .87 23.71 .87 .00 
1063.78 11.80 .00 53.7 .186E+02 .88 23.71 .88 .00 
1086.4.8 11.80 .00 54.0 .185E+02 .88 23.71 .88 • 00" 
1109.19 11.80 .00 54.3 .184E+02 .89 23.71 .89 .00 
1131.89 11.80 .00 54.5 .183E+02 .89 23.71 .89 .00 
1154.59 11.80 .00 54.8 .183E+02 .90 23 .. 71 .90 .00 
1177.30 11.80 .00 55.0 .182E+02 .90 23.71 .90 .00 
1200.00 11.80 .00 55.3 .181E+02 .90 23.71 .90 .00 

Cumulative travel time = 4963. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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MAC5-5Xl.CX1 
CORMIXl_PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
·site name/label: 
Design case: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTA5A_AMAXIMUMAFLOW 

FILE NAME: 
Time of Fortran run: 

cormix\sim\MAC5-5Xl.cxl_ 
01/09/20--13:40:21 

ENVIRONMENT. PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107 .64. QA 
HA = 4.54 HD = 4.54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 

· D0 = .203 A0 = .032 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .178 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 (UNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 

= 84.50 

= .6688E-01 

= .50 

= .1776E+00 
=-.1463E+00 

= .0000E+00 

ICHREG= 2 

Q0 = .1776E+00 M0 = .9744E+00 J0 
(meters) 

=-.2599E-01 SIGNJ0= -1.0 
Associated length scales 
LQ = .18 LM = 6.08 

NON-DIMENSIONAL PARAMETERS 
FR0 = 31.83 R = ·G.98 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 1.26 Lb = .05 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
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MAC5-5Xl.CX1 
NTOX = 0 
NSTD = 0 
REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y~z COORDINATE SYSTEM: 
ORIGIN is located at the-bottom and below the center of the port: 

11.80 m from the LEFT bank/shore~ 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.50 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 • 100E+04 

B 
.10 

. ' . -----------------------------------------------------------------------------
----------------------------------------------------------------------~------
BEGIN CORJET. (MOD110): _JET /PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong ~rossflow. 

Zone of flow establishment: 
LE = • 78 XE = 

THETAE= 
.68. YE = 

27.38 SIGMAE= 
.00 ZE = 

Profile definitions: 
B = Gaussian 1/~ (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B. 

.00 .00 .50 1.0 .100E+04 .·10 

.68 .00 .87 1.0 .100E+04 .10 
-1.36 .00 1.18 1.8 .550E+03 .19 
2.07 .00 1.43 2.9 .350E+03 .27 
2.80 .00 1.62 3.9 .256E+03 .34 
3.5·4 .00 1. 78 4.9 .204E+03 .40 
4.27 .00 1._91 5.9 .171E+03 .44 
5.02 .00 2.02 6.8 .148E+03 .49 
5.77 .00. 2.11 7.6 .131E+03 .53 
6.52 .00 2.19 8.4 .119E+03 .56 
7.27 .00 2.26 9.2 .109E+03 .59 
8.01 .00 2.31 9.8 .102E+03 .62 
8.76- · .e0 .. 2.36 · 10.5 .953E+02 .64 
9.51 .00 2.40 11.1 .902E+02 .66 

10.27 .00 2.43 11.6 .858E+02 .68 
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R01559

MAC5-5Xl.CX1 
11.02 .00 2.46 12.2 .822E+02 .70 · 
11. 76 .00 2.48 12.6 .792E+02 .72 
12.52 .00 2.50 13.1 .765E+02 .73 
13.27 .00 2.51 13.5 .743E+02 .75 
14.03 .00 2.52 13.8 .723E+02 .76 

Maximum jet height has been reached. 
14.77 .00 2.52 14.1 .707E+02 .77 
15.52 .00 2.52 14.5 .691E+02 .78 
16.28 .00 2.51 . 14.8 .674E+02 .79 
17.03 .00 , 2. 50 15.2 .657E+02 .80 
17.79 .00 2.48 15.6 .639E+02 .81 
18.53 .00 2.47 . 16.1 .622E+02 .83 
19.28 .00 2.44 16.6 .604E+02 .84 
20.04 .00 2.42 17.1 ~ 586E+02. .86 
20.79 .00 2.39 17.6 .568E+02 .87 
21.54 .00 2.36 18.2 .550E+02 .89 
22.28 .00 2.33 18.7 .533E+02 .90 
23.04 .00 2.29 19.4 .517E+02 .92 
23.79 .00 2.25 20.0 .500E+02 .93 
24.55 .00 2.21 20.6 .484E+02 .95 
25.30 .. ~0 2.17 21.3 .469E+02 .97 
26.04 .00 2.13 22.0 .454E+02 .99 
26.79 .00 2.08 22.7 .440E+02 1.00 
27.55 .00 2.03 23.5 .426E+02 1.02 
28.30 .00 1.98 24.2 .413E+02 1.04 
29.04 .00 1.93 25.0 .400E+02 1.06 
29.79 .00 1.-88 25.8 .388E+02 1.08 
30.54 .00 1.83 26.6 .376E+02 ·1.09 
31.30 .00 1. 78 27.4 . . 364E+02 1.11 
32.05 .00 1.73 28.3 .354E+02 1.1~ 
32.79 .00 1.67 29.1 .343E+02 1.15 
33.54 .00 1.62 30.0 .333E+02 1.17 
34.29 .00 1.56 30.9 .324E+02 1.19 
35.05 .00 1. 51 31.8 .315E+02 1.21 
35.80 .00 1.45 32.7 .306E+02 1.22 
36.54 .00 1.39 33.6 .297E+02 1.24 
37.29 .00 1.34 34.6 .289E+02 1.26 
38.04 .00 1.28 35.5 .282E+02 1.28 

Cumulative travel time= 32. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control-volume inflow: 
X y z s C B 

38.04 .00 1.28 35.5 .282E+02 1.28 
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MAC5-5Xl.CX1 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z~coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction 

X y z s C BV 
36.76 .00 .,00 35.5 .282E+02 .00 
37.15 .00 .00 35.5 .282E+02 1.64 
37.53 .00 .00 3.S. 5 .282E+02 1.95 
37.92 .00 .00 35.5 .282E+02 2.14 
38.30 .00 .00 36.5 .274E+02 2.29 
38.68 .00 .00 41.0 .244E+02 2.40 
39.07 .00 .00 47.2 .212E+02 2.48 
39.45 .00 .00 52.9 .189E+02 2.54 
39.83 .00 ·.00 56.9 .176E+02 2.58 
40.22 .00 .00 59.0 .170E+02 2.60 
40.60 .00 .00 60.4 .166E+02 2.61 

Cumulative travel time = 35. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End ·of NEAR-FIELD REGION {NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

effects, 

BH 
.00 
.83 

1.17 
1.43 
1.65 
1.85 
2.02 
2.19 
2.34 
2.48 
2.61 

BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic· average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, 

Plume Stage 1 (not bank attached): 
X y· z s C BV BH 

40.60 .00 .00 60.4 .166E+02 2.61 2.61 
41.01 .00 .00 60.6 .165E+02 2.60 2.64 
41.42 .00 .00 60.9 .164E+02 2.58 2.67 
41.82 .00 .00 61.2 .163E+02 2 . .57 2.70 
42.23 .00 .00 61.5 .162E+02 2.55 2.73 
42.63 .00 .00 61.9 .'162E+02 2.54 2.76 
43.04 .00 .00 62.2 .161E+02 2.53 2.78 
43.45 .00 .00 62.5 .160E+02 2.51 2.81 
43.85 .00 .00 62.8 .159E+02 2.50 2.84 
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if any) 

zu ZL 
.00 .00 

1.64 .00 
1.95 .00 
2.14 .00 
2.29 .00 
2.40 .00 
2.48 .00 
2.54 .00 
2.58 .00 
2.60 .00 
2.61 .00 

if any) 

zu ZL 
2.61 ·.00 
2.60 .00 
2.58 .00 
2.57 .00 
2.55 .00 
2.54 .00 
2.53 .00 
2.51 .00 
2.50 .00 
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44. Z6 · .00 .00 63.1 .159E+02 2.49 2.87, 2.49 .00 
44.66 .00 .00 63.4 .. 158E+02 2.48 2.90 2.48 .00 
45.07 .00 .00 63.7 .157E+02 2.46 2.92 2.46 .00 
45;48 .00 .00 64.0 .156E+02 2.45 2.95 2.45 .00 
45.88 .00 .00 64.3 .155E+02 2.44 2.98 2.44 .00 
46.29 .00 .00 64.6 .155E+02 2.43 3.01 2.43 .00 
46.70 .00 .00 65.0 .154E+02 2.42 3.03 2.42 .00 
47.10 .00 .00 65.3 .153E+02 2.41 3.06 2.41 .00 
47.51 .00 .00 65.6 .152E+02 2.40 3.09 2.40 .00 
47.91 .00 .00. 65.9 .152E+02 2.40 3.11 2.40 .00 
48.32 .00 .00 66.2 .151E+02 2.39 3.14 2.39 .00 
48.73 .00 .00 66.6 .150E+02 2.38 · 3·, 17 2.38 .00 
49.13 .00 .00 66.9 .149E+02· · 2.37 3.19 2.37 .00 
49.54 · ·.00 .00 67.2 .149E+02 2.36 3.22 2.36 .00 
49.95 .00 .00. 67.6 .148E+02 2.36 3.24 2.36 .00 
50.35 .00 .00 67.9 .147E+02 2.35 3.27 2.35 .00 
50.76 .00 .00 68.3' .147E+02 2.34 3.30 · 2.34 :00 
51.16 .00 .00 68.6 .146E+02 2.34 3.32 2.34 .00 
51. 57 .00 .00 68.9 .145E+02 2.33 3.35 2.33 .00 
51.98 .00 .00 69.3 .144E+02 2.32 3.37 2.32 .00 
52.38 .00 .00 69.6 .144E+02 2.32 3.40 2.32 .00 
52.79 .00 .00 70.0 .143E+02 2.31 3.42 2.31 .00 
53.20 .00 .00 70.3 .142E+02 2.31 3.45 2.31 .00 
53.60 .00 .00 70~7 .141E+02 2.30 3.47 2.30 .00 
54.01 .00 .00 71.1 .141E+02 2.30 3.50 2.30 .00 
54.41' .00 · .00 71.4 .140E+02 2.29 3.52 2.29 .00 
54.82 .00 .00 71.8 .139E+02 2.29 3.55 2.29 .00 
55.23 .00 .00 72.1 .139E+02 2.28 3.57 2.28 .00 
55.63 .00 .00 72.5 .138E+02 2.28 3.60 2.28 .00 
56.04 .00 .00 72.9 .137E+02 2.27 3.62 2.27 .00 
56.45 .00 .00 73.3 .137E+02 2.27 3.65 2.27 .00 
56.85 .00 .00 73.6 .136E+02 2.27 3.67 2.27 .00 
57.26 .00 .00 74.0 .135E+02 2.26 3.70 2.26 · .00 
57.66 .00 .00 74.4 .134E+02 2.26 3.72 2.26 .00 
58.07 :00 .00 74.8 .134E+02 2.26 3.75 2.26 .00 
58.48 . .00 .00 75.2 .133E+02 2.26 3.77 2.26 .00 
58.88 .00 .00 75.6 .132E+02 2.25 3.79 2.25 .00 
59.29 .00 .00 76.0 .132E+02 2.25 3.82. 2.25. .00 
59.69 .00 .00 76.4 .131E+02 ·2.25 3.84 2.25 .00 
60.10 .00 .00 76.8 .130E+02 2.25 3.87 2.25 .00 

. 60. 51 .00 .00 77.2 .130E+02 2.24 3.89 2.24 .00 
60.91 .00 .00 77.6 .129E+02 2.24 3.91 2.24 .00 

Cumulative travel time= 61. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
. - --·-•-··-·-·- -·- -·-· - ---- - -- - - - -- - - - - --- - --- - - - - - -- - - - - - - - - - - - --·- - - -- - -- - - - - --- - - - - - -
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Page 5 



R01562

MAC5-5Xl.CX1 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.607E-01 m"2/s 

.152E+00 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

·ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline· concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

60.91 
65.00 
69.09 
73.17 
77.26 
81.35 
85.43 
89.52 
93.61 
97.69 

101.78 
105.86 
109.95 
114.04 
118.12 
122.21 
126.30 
130.38 
134.47 
138.56 
142.64 
146.73 
150.82 
154.90 
158.99 
163.07 
167.16 
171.25 
175.33 
179.42 
183.51 

(not 
y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached): 
Z S C 
.00 77.6 .129E+02 
.00 85.2 .117E+02 
.00 92.8 .108E+02 
.00 100.5 .995E+01 
.00 108.2 .924E+01 
.00 116.1 .861E+01 
.00 124.1 .. 805E+01 
.00 132.4 .755E+01 
.00 140.8 .710E+01 
.00 149 .4 · . 669E+01 
.00 158.2 .632E+01 
.00 167.3 .598E+01 
.00 176.6 .566E+01 
.00 186.1 .537E+01 
.00 195.8 .511E+01 
.00 205.7 .486E+01 
.00 215.8 .463E+01 
.00 226.1 .442E+01 
.00 236.6 .423E+01 
.00 247.2 .404E+01 
.00 258.1 .388E+01 
.00 269.0 .372E+01 
.00 280.2 .357E+01 
.00 291.5 .343E+01 
.00 302.9 .330E+01 
.00 314.4 .318E+01 
.00 326.1 .3'07E+01 
.00 337.8 .296E+01 
.00 349.7 .286E+01 
.00 361.7 .276E+01 
.00 373.7 .268E+01 

Plume interacts with SURFACE. 
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BV 
2.24 
2.28 
2.33 
2.38 
2.44 
2.49 
2.56 
2.62 
2.69 
2.75 
2.83 
2.90 
2.98 
3.05 
3.13 
3.21 
3.29 
3.37 
3.46 
3.54 
3.62 
3.71 
3.79 
3.88 
3.96 
4.05 
4.13 
4.21 
4.30 
4.38 
4.46 

BH 
3.91 
4.22 
4~50 
4.77 
5.02 
5.26 
5.49 
5.72 
5.93 
6.13 
6.33 
6.53 
6.71 
6.90 
7.07 
7.25 
7.41 
7.58 
7.74 
7.90 
8.06 
8.21 
8.36 
8.50 
8.65 
8.79 
8.93 
9.07 
9.20 
9.34 
9.47 

zu 
2.24 
2.28 
2.33 
2.38 
2.44 
2.49 
2.56 
2.62 
2.69 
2.75 
2.83 
2.90 
2.98 
3.05 
3.13 
3.21 
3.29 
3.37 
3.46 
3.54 
3.62 
3.71 
3.79 
3.88 
3.96 
4.05 
4.13 
4.21 
4.30 
4.38 
4.46 

ZL 
.00 
.00 
.00 
.00-
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 · 
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MAC5-5Xl.CX1 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
187.59 .00 .00 385.3 .260E+01 4.54 9.60 4.54 .00 
191.68 .00 .00 390.4 .256E+01 4.54 9.73 4.54 .00 
195.77 .00 .00 395.5 .253E+01 4.54 9.85 4.54 .00 
199.85 .00 .00 400.5 .250E+01 4.54 9.98 4.54 .00 
203.94 .00 .00 405.5 .247E+01 4.54 10.10 4.54 .00 
208.03 .00 .00 410.4 .244E+01 4.54 10.22 4.54 .00 
212.11 .00 .00 415.2 .241E+01 4.54 10.35 4.54 .00 
216.20 .00 .00 420.0 .238E+01 4.54 10.46 4.54 .00 
220.28 .00 .00 424.7 .235E+01 4.54 10.58 4.54 .00 
224.37 .00 .00 429.4 . 233E+01 . 4.54 10.70 4.54 .00 
228.46 .00 .00 434.0 .230E+01 4.54 10.81 4.54 .00 
232.54 .00 .00 438.6 .228E+01 4.54 10.93 4.54 .00 
236.6.3 .00 .00 443.1 .226E+01 4.54 11.04 4.54 .00 
240.72 ;00 .00 447.6 .223E+01 4.54 11.15 4.54 .00 
244.80 .00 .00 452.0 .221E+01 4_.54 11.26 4.54 .00 
248.89 .00 .00 456.4 .219E+01 4.54 11.37 4.54 .00 
252.98 .00 .00 460.8 .217E+01 4.54 11.48 . 4.54 :00 
257.06 .00 .00 465.1 .215E+01 _4.54 11.59 4.54 .00 
261.15 .00 .00 469.4 .213E+01 4.54 11.69 4.54 .00 
265.24 .00 ~00 473.6 .211E+01 4.54 11.80 4.54 .00 

Cumulative travel time = 321. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s -C BV BH zu ZL 
265.24 1L80 .00 473.6 .211E+01 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 273.82 m. 
283.93 11.80 .00 478.4 .209E+01 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section . 
. ·Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
302.63 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
321.32 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
340.02 11.80 .00 475.8· .210E+01 4.54 23.71 4.54 .00 
358.71 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
377.41 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
396.10 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
414.80 11.80 .00. 475.8 .210E+01 4.54 23.71 4.54 .00 
433.49 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
452.19 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
470.88 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
489.58 11.80 · · .00 475.8 .210E+01 4.54 23.71 4.54 ·.00 
508.27 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
526.97 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
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MAC5-5Xl.CX1 
545.66 11.80 .00 475.8 .210E+01 4.54 23. 71 4.54 .00 
564.36 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
583.06 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
601.75 11.80 .00 475.8 .210E+01 4.54 23.71 .4.54 .00 
620.45 11.80 :00 475.8 .210E+01 4.54 23.71 4.54 .00 
639.14 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
657.84 1L80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
676.53 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
695'.23 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
713.92 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
732.62 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
751.31 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
770.01 11.80 .00 475.8 .210E+01 4.54 · 23.71 4.54 .00 
788.70 11.80 .00 475.8 .210E+01 4.54 23.71 4.54. .00 
807.40 11.80 .00· 475.8 .210E+01 . 4.54 23.71 4.54 .00 
826.0.9 11.80 .00 475.8 .210E+01· 4.54 23.71 4.54 .00 
844.79 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
863.49 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
882.18 11.80 .00 475.8 ·• 210E+01 4.54 23.71 4.54. .00 
900.88 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
919 .. 57 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
938.27 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
956.96 11.80. .00 475.8 .210E+01 4.54 23.71 4.54 .00 
975.66 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
994.35 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 

1013.05 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1031.74 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1050.44 11.80 .00 475.8 ·. 210E+01 4.54 23.7.1 . 4.54 .00 
1069.13 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1087.83 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1106.52 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1125.22 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1143.91 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1162.61 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
11.81. 31 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1200.00 11.80 .00 475.8 .210E+01 4.54 23. 71 4.54 .00 

Cumulative travel time= 1509. sec 

Simulation limit based on maximum specified distance=· 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
1111111111111111111-lll-1111111111111111111111111111111111111111111111111111111 
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Williamson Energy, LLC 
PO Box 99 
Johnston City, IL 62951 
Office: 618·983·3020 Fax: 618-983-3017 

Mr. Darin LeCrone 
ILLINOIS ENVIRONMENT AL 
PROTECTION AGENCY 
I 021 North Grand A venue East 
Springfield, IL 62794-9276 

January 17, 2020 /EPA 
BOW/WPC/PERMIT SECTION 

Re: Williamson Energy, LLC - Supplemental information concerning the Anti-Degradation 
Document for Pond Creek Mine, Big Muddy Flood Analysis, and Modeling of Big Muddy 
River Chloride dispersion downstream of the proposed mixing zone. 
NPDES Permit IL0077666 

Dear Mr. Lecrone: 

Please find attached two (2) copies of the Supplemental infonnation concerning the NPDES 
Renewal for Permit IL 0077666 . One copy of this submittal has also been submitted to the 
permit manager at the IEPA Office in Marion. 

/ • Alliance Consulting, Inc - Benthic Macroinvertebrate Community Survey of the Big 
Muddy River 

/4 Illinois Natural History Survey - Fresh Water Mussels of the Big Muddy River 
, . Aquaeter - Update Connix Model Results 
/ • Potesta - Opinion of the Ecological Effects of Williamson Energy's Renewal of NP DES 

Permit IL0077666 
/ • Big Muddy River TMDL Report 2004 
/ • Stage 3 TMDL Report Upper Big Muddy Watershed 2018 

• IDNR, Division of Fisheries Resources - Big Muddy Fish Data 
• Supplemental Water Data from Williaamson Energy, LLC 

We appreciate your assistance with the matter. If you have any questions or require additional 
information, please contact me at ( 618) 969-8259. 

Respectfully submitted, 

WILLIAMSON ENERGY, LLC 

~f~ 
James Plumley, P.E. 
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Alliance LI 
Consulting, Inc. 

Engilleers • Constructors • Scientb.-t.\' 

BENTHIC MACROINVERTEBRATE COMMUNITY 
SURVEY OF THE BIG MUDDY RIVER 

WILLIAMSON ENERGY, LLC 
DIFFUSER LOCATION 

Prepared for 

WILLIAMSON ENERGY, LLC 
WILLIAMSON COUNTY, ILLINOIS 

Charleston, WV 

928 Cross Lanes Drive, Suite 300 
Charleston, WV 25313 

Telephone: (681) 217-2090 
Fax: (681) 217-2092 

ALLIANCE PROJECT NO. B16-454-1413 
DECEMBER 2019 

Beckley, WV 

Raleigh County Airport Industrial Park 
124 Philpott Lane 

Beaver, WV 25813-9502 
Telephone: (304) 255-0491 

Fax: (304) 255-4232 

Canonsburg, PA 

3 Four Coins Drive, Ste. 100 
Canonsburg, PA 15317 

Telephone: (724) 745-3630 
Fax: (724) 745-3631 
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COMMUNITY SURVEY OF THE BIG MUDDY RIVER 

WILLIAMSON ENERGY, LLC 
DIFFUSER LOCATION 

WILLIAMSON COUNTY, ILLINOIS 
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BENTHIC MACROINVERTEBRA TE 
COMMUNITY SURVEY OF THE BIG MUDDY RIVER 

WILLIAMSON ENERGY, LLC 
DIFFUSER LOCATION 

WILLIAMSON COUNTY, ILLINOIS 

1.0 INTRODUCTION 

Alliance Consulting, Inc. (Alliance) was contracted by Williamson Energy (Williamson) to 
perform a benthic macroinvertebrate survey for a proposed diffuser location in Franklin County, 
Illinois. 

The benthic survey was performed by Alliance on November 20, 2019. The survey was 
completed following the protocols set forth by the U.S. Environmental Protection Agency 
(USEPA), Illinois Environmental Protection Agency (Illinois EPA), and the Illinois Department 
of Natural Resources (IDNR). 

The purpose of the survey was to obtain data on the condition and composition of the aquatic 
macroinvertebrate communities present in the Big Muddy River downstream of the project area. 
This data will be used to help assess the impacts of the proposed project on the aquatic 
community. 

2.0 SITE LOCATION 

The sampling site is located on the Big Muddy River approximately l .2 miles southeast of 
Ziegler, Illinois and approximately 0. 77 miles downstream of the proposed diffuser location 
(37.524392°N, -89.23009°W). 

The project area is located within the Central Lowland Physiographic Province and Interior 
River valleys and Hills ecoregion. The topography of the region is characterized by low lying 
flatland (typically agricultural) to gently rolling hills. The geology of the area is heavily 
influenced from glaciation. 

The land cover attributes of the sample site are primarily composed of agricultural cropland and 
bottomland forest with heavily forested, but often narrow, riparian buffer zones. 

3.0 METHODS 

All work performed by Alliance to complete the survey of the benthic communities generally 
followed the protocols set forth by the USEP A, and the Illinois EPA, benthics were collected in 
accordance with the conditions of Illinois DNR 2019 Scientific Collecting Permit (No. 
A 18.5984) (Appendix A). 

3.1 Stream Site Selection 

Using topographic maps, aerial photographs, and field reconnaissance of the project site, 

LI 
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Alliance attempted to identify areas to use as sample reaches for the survey in accordance with 
established wadeablc collection methods provided by the USEPA (1999) and the Illinois EPA 
(2006) for sampling benthic macroinvertebratc communities. Alliance personnel walked the 
entire length of the Big Muddy River from the sampling location to the water diffuser location 
and evaluated the potential stream habitat to obtain a bcnthic sample according to the wadeablc 
collection protocol. However, it was determined that this was not feasible due to lack of 
preferred habitat (riffles and/or runs) and the inaccessibility of the river due to steep banks and/or 
depth of the river to reach snags or submerged aquatic vegetation (Appendix B). The entire reach 
of the stream in the project area was determined to be l 00% pool with no available riffle, run, or 
glide habitat, and the depth of the river made it far too deep for wadcable collection methods. 

3.2 Stream Habitat Assessment 

Upon evaluation of the project reach it was deemed that traditional methods of habitat 
assessment for wadable streams were not applicable based on the physical conditions of the 
survey area. A total of 32 photographs were taken along the stream reach for documentation of 
the stream conditions at the time of sampling (Figures, Drawing No. Bl 6-454-A3). The substrate 
found within the reach consisted primarily of fine grained clay, silt, and sandy sediments. 
Additionally, large portions of the channel exhibited no substantial bedload material and was 
primarily hard packed clay substrate commonly found within streams in southern Illinois. 

3.3 Benthic Macroinvertebrate Sampling 

Alliance was requested to sample benthic macroinvertebrates downstream of the project area 
within the Big Muddy River (BMR). Benthic macroinvertebrates were sampled using an Ekman 
Dredge dropped from an abandoned railroad bridge at the sampling location. The dredge was 
dropped 20 times from multiple points on the upstream and downstream side of the bridge to best 
represent the sampling reach due to lack of preferred habitat and inaccessibility issues, which 
prevented Alliance personnel from collecting a sample in a more traditional manner. 

Following field preservation of benthic macroinvertebrates, individual specimens were sorted, 
preserved with 95 percent denatured ethanol, and were identified to the lowest practical level (to 
family level in most cases) by Alliance personnel located in Beaver, West Virginia. 

The following arc benthic macroinvertebrate community metrics used to analyze the composition 
of the benthic community sampled in this study: 

Number of Coleopteran Taxa: The number of different taxa identified belonging to the Order 
Coleoptera (beetles). This metric generally decreases with increasing impairment. 

Number of Ephemeropteran Taxa: The number of different taxa identified belonging to the 
order Ephemeroptera (mayflies). This metric generally decreases with increasing impairment. 

Number of Intolerant Taxa: The total number of different taxa determined to be sensitive to 
degradation according to the IEPA. This metric should decrease with increasing degradation. 
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Percent Individuals as Scrapers: The overall percentage of individual macroinvertebrates 
within the subsample belonging to the Scraper functional feeding group. This metric generally 
decreases with increasing impairment. 

Shannon-Wiener Diversity Index: An index that measures the diversity of a community by 
taking into account the number of taxa present (richness) and taxa evenness (McCune and Grace, 
2002). Evenness is essentially how equal in abundance individuals of different taxa are to each 
other. A healthy community should have a high Shannon-Wiener Diversity Index value. 

Taxa Richness: Indicative of community health through a measurement of the number of taxa 
present. Typically increases with increasing water quality and habitat quality. Majority of taxa 
should come from pollution sensitive groups, with fewer from facultative and tolerant groups. 

Percent Contribution of Ephemeroptera, Plecoptera, and Trichoptera (EPT): Measures 
community health considering a community in good health should have a high percent 
contribution from the EPT groups as they are often pollution sensitive. 

Macroinvertebrate Index of Biotic Integrity (mlBI): An indicator of stream ecosystem health 
and impairment. The index combines seven metrics (Macroinvertebrate Biotic Index, Total Taxa 
Richness, Number of Ephemeropteran Taxa, % EPT, Number of Coleopteran Taxa, Number of 
Intolerant Taxa, and % Scaper) that collectively represent the overall health and integrity of a 
stream ecosystem and its bcnthic macro-invertebrate community. The following is a list of the 
mlBI ratings based on score: 

Macroinvertebrate IBI (mlBI) Quality Categories 
Lower Upper Narrative 

Boundary Boundary Description 
73 100 Exceptional 

41.8 72.9 Good 
20.9 41.7 Fair 

0.0 20.8 Poor 

Macroinvertebrate Biotic Index: Indicates presence/absence of pollution (specifically organic 
pollution) by summarizing the abundance of a taxon multiplied by its tolerance value, and 
divided by the total number of organisms in the sample (Hilsenhoff, 1977). The biotic index is 
based on a scale from 0 - I 0, with O being the best possible score (no pollution) and l 0 being the 
worst possible score (high pollution). 

Macroinvertebrate Biotic Index (MBI) 

Limits 
Water Quality 

Narrative Description 
< 6.0 Good 

6.0 to 7.5 Fair 

7.6 to 8.9 Poor 
> 9.0 Very Poor 
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Alliance reviewed the relative abundance of pollution tolerant species as a measure of the 
general health of the benthic community. Taxa such as Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies), collectively referred to as EPT, arc often pollution 
sensitive, whereas taxa such as Chironomidae (midges) have a relatively high tolerance for 
pollution. Skewed populations of specific groups provide insight into the existence of 
environmental stress factors. 

4.0 RESULTS 

4.1 Biological Monitoring Survey 

The surveys were performed by Alliance on November 20111
, 2019 at the established monitoring 

station on the Big Muddy River (Figures, Drawing No. BI 6-454-A4). Data collected includes 
aquatic organism community data and associated metrics. 

4.2 Station Big Muddy River 

The biological monitoring Station BMR is located approximately 0.77 miles directly downstream 
of the proposed diffuser location on the Big Muddy River (Figures, Drawing No. B 16-454-A4). 

4.2.1 Benthics for Big Muddy River 

In total 274 individuals, representing 10 taxa were identified during the benthic survey (Table 1 ). 
A diversity score of 0.9 (Shannon-Wiener Diversity Index) (Table 2). Chironmidae made up 
76% of the sample with 209 individuals. A low percent EPT score of 12.04% was recorded 
showing a lack of sensitive organisms. The mlBI scored 23.8, which is a rating of fair and 80. 7% 
of the sample was made up of tolerant taxa. The metrics reflect a stream with poor habitat 
quality, low biodiversity, and a struggling benthic macroinvertebrate community. 

5.0 CONCLUSIONS 

Concerning the benthic macroinvertebrate community, Alliance reviewed several metrics and 
community characteristics which evaluate the overall health of the macroinvertebrate 
community. Metrics such as percent tolerant taxa, EPT taxa richness, and the Shannon-Wiener 
Diversity index are often good indicators of aquatic life health. 

The sampled site showed a tolerant taxa percentage of 80.7%. The station had a low percentage 
of EPT taxa collected at 12.04%. Chironomidae dominated the sample at 76% which would be 
indicative of a more pollutant tolerant benthic community. The Shannon-Wiener Diversity Index 
scores the site at 0.90 showing a low diversity of organisms. The mlBI scored at 23.8 which 
indicates a benthic community in fair health. 

Metrics recorded based on the samples collected reflect a stream with poor habitat quality, low 
biodiversity, and a struggling benthic macroinvertebrate community. Some factors likely 
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contributing to impairment are the lack of heterogeneity in stream habitat (i.e. very little 
riffle/run habitat), bank instability and substrate composition. 

If you have any questions or require clarification, please do not hesitate to call. 

Respectfully submitted, 

ALLIANCE CONSULTING, INC. 

($,~ 
Alex Patterson 

~~/ ~-------
Braden A. Hoffman 
Senior Project Manager 

AP/BAH:kjs 
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ILLINOIS DEPARTMENT OF NATURAL RESOURCES 
Authorization•~ hereby granted, under 520 D.,CS S/3.22 and 515 ILCS 5/20-100 of the Illinois 

Compiled Statutes and 17 ILL. Adm. Code 520 to: 

Last Name: Patterson 

Issued: 3/7/2019 

First Name: Alex 

Expires: 12/31/2019 

Business Name: Alliance Consulting, Inc. 

Street Address: 124 Philpott Lane 

City: Beaver State: WV Zip Code: 25813 

Permit Number: Al9.S984 

for strictly scientific, educational or zoological purposes, to take the Illinois fauna identified below subject 
to the following provisions: 

May lqall)' captun; by scimtifically accepted methods, only the specific aquatic life species listed OD the accompanying Winois DepartulaJt of Natural Resomccs (IDNR) 
scientific permit application/project proposal (on file in Springfield, ll..) strictly for scientific, educational, and/or zoological pmposes (except cndan1c:rcd and threatened 
species). Aflm data bas bem hUillllllely collc:cted from these species, all animals shall be released llllharmed at or neartlu: aripal site of capture. Deceased animals 
and/or animal parts must bt: buried or aivco to a public or state scieotific educational or zoological institution. A fedaral permit is required for aU projects involving 
federally regulated species. If eodangerr.d and lhreatcned species are to be takm, the IDNR Division of Natural Heritage, Endangered Species Coordinator must be 
nl)tified and must approve: in writing all project related activities of the pemiit application. 
PosstSsioo/rtansportBtion of injurious aquatic life species requires appropriate pennits in additioo lo the, previously stated. Toe IDNR Aquaculture Specialist can be 
contacted to request and scclc approval of all project activities of the permit applicmt prioc ID activities being initiated. If such sp1!eie11 are eucountm-ad as part of 
previously aulboriud projects, they may be kq,t for depositioo into state, scientific, educational, or zoological imtirutioos, if appropriate precautions arc: takeo to further 
restrict potential relr.ase into the mvironmmt AND immediate reporting of escape ID dnr.aguaculture@illinois.gov . (All aquatic life n.,ay be immediately returned 
unbanned from wheretbeyweretakeu. SIS JLCS S/10-100.) 
Authorization: Statewide, exclusive of nature preserves., and IDNR owned BIid managed propenics. 
Individullis authorized to work undel' direction of applicant include: BI1lde11 Hoffinan, Bethany Wolfe, Jennifer Atp-Bazzie, Brandon Alderman, Blake Davis, Bo Wolfe 

I agree to the following provisions and terms of this Scientific Permit. 

Permittee's j 
Signature: ;a,,/J_,..._,f/~"'------ Approved 

<Pcmut oot valid unJess si1111ed) 

TERMS FOR SCIENTIFIC PERMIT 
This pe,mit is valid only for the approved methods, locations Blld 11ctiv1tic:s illlted on the pcmut. 

2. All permitted activities shall be pcrfomied by or wider the direct supervwon of the pamittee. Pc:rmiuec must be, present with penoos involved in actual 
taking of fituna. 

3. Undc:r no circwnstmK:es di.all a acie,ntific permit be used in lieu of sport or COD:lllleroial licenses. 
' . 

4. This pccmit is valid an1y for species not listed as Illinois Thrc:atened or Endangered 
(https://www.dor.illinois.gov/consavation/Natura!Hcritage/Pagasll!ndangcredandThreatcnedSpecies.aspx). If a Threat.c:ned or .Endangered species is 
incidentally caprured, the specimen must be released and the occooe:nce must be reported 10 tara.kieoingcr@illinois.gov within S business days. 

5. This permit doc.s not allow the privilege of trespass. l.andownca permission is nqujted. Activitic; on Department sites are not permitted without the prior 
approval of the Site Svpc:rintcnde:Dt Activities on lllinois Nature Preserves and Land and Wttci-Reserve!! mu.'lt h11ve prior approval from the Illinois Nature 
PRscrve Coouni.ssion. 

6. Pcnoittee must cany this permit at all times when taking specimens ond be preso,tcd, upon n:que&t, to Dcpanment pasoaneJ. 

7. FallDB taken and/or ulvaged and rehabilitated mu.st be: rdeascd to the wild or pcnnanmtly donatal to a public or state scientific educational or zoological 
instiMicm 

B. This permit does not supersede Fed17al peimits which may be nc.:c;SIU)' for the pcrnutted work. 

9. All gear left UD11tteuded must he tagged bearing name IDd scieutific pcnnit munbm of pcnnittee. 

I 0. Use of rotenooe or any other toxic materials for taking of fauna must have written approval from the Department prior ID using such materials, and may need a 
variance from the lllinois Environmental Protection Agency. 

11. An annual report must be submitted to the Departmmt by JanlW')' 31 of each year. 

12. This permit may be revoked or ruspmded if the Dq,artmeot finds that a permittee has falsified information on the application, failed ID c:omply with the 
provisions of this permit, or violated state or fedmil laws. 

The Department of Natural Resources is an equal opportunity employer. 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

1. BM-1, upstream 

2. BM-1, habitat 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

3. BM-1, downstream 

4. BM-2, upstream 

Bl 6-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

5. BM-2, habitat 

6. BM-2, downstream 

Bl 6-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

7. BM-3, upstream 

8. BM-3, habitat 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

9. BM-3, downstream 

10. BM-4, upstream 

B16A54-1413 
2019 



R01585

WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

11. BM-4, habitat 

12. BM-4, downstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

13. BM-5, upstream 

14. BM-5, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

15. BM-5, downstream 

16. BM-6, upstream 

B16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

17. BM-6, habitat 

18. BM-6, downstream 

B16-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

19. BM-7, upstream 

20. BM-7, habitat 

Bl 6-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENE.RGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

21. BM•7, downstream 

22. BM-8, upstream 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABIT AT MAPPING PHOTOGRAPHS 

23. BM-8, habitat 

24. BM-8, downstream 

816-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABIT AT MAPPING PHOTOGRAPHS 

25. BM-9, upstream 

26. BM-9, habitat 

B 16-454-14 I 3 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

27. BM-9, downstream 

28. BM-10, upstream 

B 16-4S4-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

29. BM-10, habitat 

30. BM-10, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

31. BM-11, upstream 

32. BM-11, habitat 

B16-45~1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

33. BM-11, downstream 

34. BM-12, upstream 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

35. BM-12, habitat 

36. BM~l2, downstream 

816-454• 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

37. BM-13, upstream 

38. BM-13, habitat 

816-454-14 I 3 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

39. BM-13, downstream 

40. BM-14, upstream 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

41. BM-14, habitat 

42. BM-14, downstream 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

43. BM-15, upstream 

44. BM-15, habitat 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

_____________ .. "'~ 
( 

45. BM-15, downstream 

46. BM-16, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

47. BM-16, habitat 

48. BM-16, downstream 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

49. BM-17, upstream 

50. BM-17, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

51. BM-17, downstream 

52. BM-18, upstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

53. BM-18, habitat 

54. BM-18, downstream 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

55. BM-19, upstream 

56. BM-19, habitat 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

57. BM-19, downstream 

58. BM-20, upstream 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

59. BM-20, habitat 

60. BM-20, downstream 

B16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

61. BM-21, upstream 

62. BM-21, habitat 

816-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

63. BM-21, downstream 

64. BM-22, upstream 

B 16-454~ 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

65. BM-22, habitat 

66. BM-22, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

67. BM-23, upstream 

68. BM-23, habitat 

B16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

69. BM-23, downstream 

70. BM-24, upstream 

B 16-454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

71. BM-24, habitat 

72. BM~24, downstream 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

73. BM-25, upstream 

74. BM-25, habitat 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

75. BM-25, downstream 

76. BM-26, upstream 

B16-454- 1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

77. BM-26, habitat 

78. BM-26, downstream 

B16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

79. BM-27, upstream 

80. BM-27, habitat 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABIT AT MAPPING PHOTOGRAPHS 

81. BM-27, downstream 

82. BM-28, upstream 

816-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

83. BM-28, habitat 

84. BM-28, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

85. BM-29, upstream 

86. BM-29, habitat 

B 16-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

87. BM-29, downstream 

88. BM-30, upstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

89. BM-30, habitat 

90. BM-30, downstream 

B 16-454-1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX 8 HABITAT MAPPING PHOTOGRAPHS 

91. BM-31, upstream 

92. BM-31, habitat 

816-454-1413 

2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

93. BM-31, downstream 

94. BM-32, upstream 

816•454- 1413 
2019 
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WILLIAMSON ENERGY, LLC DIFFUSER LOCATION 
WILLIAMSON ENERGY, LLC 
APPENDIX B HABITAT MAPPING PHOTOGRAPHS 

95. BM-32, habitat 

96. BM-32, downstream 

B16-4S4-1413 

2019 
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AllianceLI 
Consulting, Inc. 

Engineers · Constructors · Scientists 

Benthic Macroinvertebrate Sam 

Field Sampline. Order Familv Count 

Stream Name Big Muddy River Amohiooda Gammaridae I 

Site/Station ID BM-1 

Proiect # B16-454-1413 Coleootera Pseohenidae l 

Method Used l m2 kick 

Date Collected l l/20/2019 Diotera Ceratooo1Zonidae 18 

Sample Collector(s) Daniel Brady; Jeff Rabbitt Chironomidac 209 

Sample Deliverer(s) Daniel Brady 

Eohemerootera Eohemeridae 30 

Laboratory Analvsis 
Total# of Grids 100 Isoooda Asellidae 7 

# of Grids Picked 100 

Total# of Ind. 274 Trichootera H vdroosvchidae 1 

Method Used 300 count subsamole Leotoceridae 1 

Samnle nicker< s) Daniel Brady Philoootamidae I 

Date Picked 12/04/2019 

Sample Identifier(s) Daniel Bradv Unionida Unionidae 5 

Date Identified 12/04/2019 

Chain of Custody 

Collcctor(s) 
Daniel Bradv 

Jeff Rabbitt 

Deliverer(s) 
Daniel Brady 

Picker(s) 
Daniel Brady 

Iden ti tier( s) 
Daniel Bradv 

Analyzer(s) 
Daniel Brady 

Total# oflndividuals 274 

LI 
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APPENDIX D 

SUMMARY OF MACROINVERTEBRATE METRIC RES UL TS 
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Table 1: BENTHIC RESULTS DATA 

Taxon Feeding Group Tolerance Value 
Tolerance Samplinf Station 

Level BM-1 
Amphipoda 

Gammaridae-Gammarus omnivore 4 Facultative I 
Bivalvia 

Unionidae-ND filter/collector 8 Tolerant 5 
Coleoptera 

Psephenidae-ND scraper 4 Facultative I 
Diptera 

Ceratopo~onidae-ND predator 5.7 Facultative 18 
Chironomidae-ND gatherer/collector 6 Tolerant 209 
Ephemeroptera 

Ephemeridae-Ephemera gatherer/collector 3.1 Facultative 30 
lsopoda 

Asellidae-Asellus gatherer/collector 9.4 Tolerant 7 
Trichoptera 

Hydropsychidae-ND filterer/collector 4 Facultative I 
Leptoceri dae-ND gatherer/collector 4 Facultative I 

Philopotamidae-ND filterer/collector 3 Sensitive I 
Totals 274 
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Table 2 
Summary of Benthic Metric Results 

Metric 
Station 

BM 
Total Individuals 274 

Total Taxa 10 

Sensitive Individuals I 

% Sensitive Individuals 0.4% 

# Sensitive Taxa I 

Facultative Individuals 52 

% Facultative Individuals 19.0% 

# Facultative Taxa 5 

Tolerant Individuals 221 

% Tolerant Individuals 80.7% 
# Tolerant Taxa 3 

No. ofColeootera Taxa I 
No. ofEohemerootera Taxa I 

No. oflntolerant Taxa I 

% Scrapers 0.36 

¾ EPT 12.04 

Shannon-Wiener Diversitv Index 0.90 

Macroinvertebrate Biotic Index (MBI) 5.73 
Macroinvertebrate Index of Biotic lntegritv (MIBI) 23.80 

mIBI Rating Fair 
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Preface 

While broad geographic information is available on the distribution and abundance of mussels 

in Illinois, systematically collected mussel-community data sets required to integrate mussels 

into aquatic community assessments do not exist. In 2009, a project funded by a US Fish and 

Wildlife Service State Wildlife Grant was undertaken to survey and assess the freshwater 

mussel populations at wadeable sites from 33 stream basins in conjunction with the Illinois 

Department of Natural Resources (IDNR)/lllinois Environmental Protection Agency (IEPA) basin 

surveys. Inclusion of mussels into these basin surveys contributes to the comprehensive basin 

monitoring programs that include water and sediment chemistry, instream habitat, 

macroinvertebrate, and fish, which reflect a broad spectrum of abiotic and biotic stream 

resources. These mussel surveys will provide reliable and repeatable techniques for assessing 

the freshwater mussel community in sampled streams. These surveys also provide data for 

future monitoring of freshwater mussel populations on a local, regional, and watershed basis. 

Agency Contacts 
Kevin S. Cummings, INHS, ksc@inhs.illinois.edu (217) 333-1623 
Bob Szafoni, IDNR, Robert.szafoni@illinois.gov, (217) 348-0175 
Ann Marie Holtrop, IDNR, ann.holtrop@illinois.gov, (217) 785-4325 

Suggested Citation 

Shasteen, D.K., A.L. Price, and S.A. Bales. 2012. Freshwater Mussels of the Big Muddy River. 
Illinois Natural History Survey Technical Report 2012 (11). Champaign, Illinois, 15 pp. + 
appendix. 
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Introduction 

Freshwater mussel populations have been declining for decades and are among the most 

seriously impacted aquatic animals worldwide (Bogan 1993, Williams et al. 1993). It is 

estimated that nearly 70% of the approximately 300 North American mussel taxa are extinct, 

federally-listed as endangered or threatened, or in need of conservation status (Williams et al. 

1993, Strayer et al. 2004). In Illinois, 25 of the 62 extant species (44%) are listed as threatened 

or endangered (Illinois Endangered Species Protection Board 2011). While broad geographic 

information is available on the distribution and abundance of mussels in Illinois, systematically 

collected mussel-community data sets required to integrate mussels into aquatic community 

assessments do not exist. Sampling of mussels has been very sporadic and limited in the Big 

Muddy River basin and no known reports pertaining to mussel communities of the basin have 

been published. This report summarizes the mussel survey conducted in the Big Muddy River 

basin in 2009-2010 in conjunction with IDNR and IEPA basin surveys. 

The Big Muddy River basin drains 3798 km2 (2360 mi2) in the southern part of Illinois and 

contains principal tributaries of Casey Fork, Middle Fork Big Muddy, Beaucoup Creek, Little 

Muddy River, and Crab Orchard Creek (Page et al. 1992). Originating near Cravat in Jefferson 

County, the Big Muddy River basin drains through the counties of Jefferson, Washington, Perry, 

Franklin, Williamson, and Jackson. The river mainstem forms the Jackson /Union county line 

and joins the Mississippi River south of Grand Tower (Figure 1). The Big Muddy River basin 

flows through four natural divisions, including the Lower Mississippi River Bottomlands, Ozark, 

Shawnee Hills, and Southern Till Plain (Schwegman 1973). The Southern Till Plain comprises the 

majority of the basin which is characterized by hilly upland topography and a broad flood plain 

(Forbes and Richardson 1908). 

Land-use and lnstream Habitat 

In the Big Muddy River basin, land use varies slightly by county with approximately 50 to 75% of 

the area in agriculture. Forested lands account for 8 to nearly 25% of the landscape with the 

larger forested areas being located in Jackson and Williamson counties (IDA 2000). Three of the 

largest cities in southern Illinois with populations between 15,000 and 28,000 (Marion, Mt. 

Vernon, and Carbondale) are also located in this basin (IEPA 1996, US Census Bureau 2010). In 

1965, the Big Muddy River was dammed near Benton and thus Rend Lake, the second largest 

inland impoundment in the state, was created (Page et al. 1992, USACE 2005). This reservoir 

provides over 15 million gallons of water per day to approximately 300,000 people in over 60 

communities throughout the basin. It is also used extensively for recreational activities 

including boating, fishing, waterfowl hunting and camping (USACE 2005). These recreational 

activities are also popular in the Shawnee National Forest, Giant City State Park, Lake Kinkaid 

and Murphysboro, Crab Orchard National Wildlife Refuge, and LaRue Pine Hills Ecological Area, 

1 

.. 
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which are all located within the Big Muddy River basin. In the southwestern part of this basin, 

especially near the Murphysboro area, strip mining for coal was prevalent during the early 20th 

century and pollution from the remaining spoil banks continues to be a problem in the basin 

(Page et al. 1992). 

During glacial activity in the region, the Mississippi River exceeded its sediment transporting 

capacity thus closing off the mouths of its tributary streams, including the Big Muddy River. The 

Big Muddy River temporarily formed a lake; once the natural process of removing sediment 

returned to the Mississippi River a deeper channel emerged. As the Big Muddy River drained, 

soils typical of a lake bed were left behind (le Tellier 1971). Today, the soils of the Big Muddy 

basin consist of impervious clays, silt and fine sand. The substrates in all of the streams of this 

basin were dominated by some combination of sand, silt, and day. Excessive siltation along 

with large woody debris was common at many sites within the basin (Figure 2 and 3). Most of 

the sites in the basin had wadeable water depths; however sampling sites were limited on the 

mainstem of the Big Muddy and on Beaucoup Creek due to non-wadeable water depths (e.g., 

depth>lm). 

Methods 

During the 2009/2010 surveys, freshwater mussel data were collected at 30 sites: 3 mainstem 

and 27 tributary sites in the Big Muddy River basin (Figure 1, Table 1). Locations of sampling 

sites are listed in Table 1 along with information regarding IDNR/IEPA sampling at the site. In 

most cases, mussel survey locations were the same as IDNR/IEPA sites. 

live mussels and shells were collected at each sample site to assess past and current freshwater 

mussel occurrences. live mussels were surveyed by hand grabbing and visual detection (e.g. 

trails, siphons, exposed shell) when water conditions permitted. Efforts were made to cover all 

available habitat types present at a site including riffles, pools, slack water, and areas of 

differing substrates. A four-hour timed search method was implemented at each site. Live 

mussels were held in the stream until processing. 

Following the timed search, all live mussels and shells were identified to species and recorded 

(Table 2). For each live individual, shell length (mm), gender, and an estimate of the number of 

growth rings were recorded. Shell material was classified as recent dead (periostracum present, 

nacre pearly, and soft tissue may be present) or relict (periostracum eroded, nacre faded, shell 

chalky) based on condition of the best shell found . A species was considered extant at a site if it 

was represented by live or recently dead shell material (Szafoni 2001). The nomenclature 

employed in this report (Appendix 1) follows Turgeon et al. (1998) except for recent taxonomic 

changes to the gender ending of lilliput (Toxolasma parvum), which follows Williams et al. 

(2008). Voucher specimens were retained and deposited in the tllinois Natural History Survey 
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Mollusk Collection. All non-vouchered live mussels were returned to the stream reach where 

they were collected. 

Parameters recorded included extant and total species richness, presence of rare or listed 

species, and individuals collected, expressed as catch-per-unit-effort (CPUE; Table 2). A 

population was considered to indicate recent recruitment if individuals less than 30 mm in 

length or with 3 or fewer growth rings were recorded. Finally, mussel resources were classified 

as Unique, Highly Valued, Moderate, Limited, or Restricted (Table 2) based on the above 

parameters (Table 3) and following criteria outlined in Table 4 (Szafoni 2001). 

Results 

Species Richness 

A total of 19 species of freshwater mussels were observed in the Big Muddy River basin, all of 

which were collected live (Table 2). Across all sites, the number of live species collected, the 

number of extant species collected (live+ dead), and the total number of species collected (live 

+ dead + relict) ranged from Oto 13. The giant floater (Pyganodon grandis) had the most 

occurrences across sites sampled with live mussels present (11 of 30 sites; 37%; Figure 4). The 

lilliput (Toxolasma parvum), paper pondshell (Utterbackia imbecillis), pondhorn (Uniomerus 

tetralasmus) and white heelsplitter (Lasmigona complanata) were other commonly occurring 

species (Figure 4), occupying 17% of these sites. Site 6, the Big Muddy River near Benton, had 

the greatest species richness with 12 live species. 

Abundance and Recruitment 

A total of 358 individuals were collected across 30 sites. The number of live specimens collected 

at a given site ranged from Oto 133, with an average of 16 mussels per site where live mussels 

were collected (22 of 30 sites; Table 2). A total of 120 collector-hours were spent sampling with 

an average of three mussels collected per hour. Nine sites yielded more than 10 live individuals 

and 2 of the 9 sites (sites 6 and 15) yielded more than 45 live individuals. The most common 

species collected in the Big Muddy basin were giant floater (n=131), mapleleaf (Quadrula 

quadrula; n=37), white heelsplitter (n=34), lilliput (n=24), and pink papershell (Potamilus 

ohiensis; n=20), which together comprised approximately 70% of the individuals collected. 

Recruitment for each species was determined by the presence of individuals less than 30mm or 

with 3 or fewer growth rings. Smaller (i.e., younger) mussels are harder to locate by hand grab 

methods and large sample sizes can be needed to accurately assess population reproduction . 

However, a small sample size can provide evidence of recruitment if it includes individuals that 

are small or possess few growth rings. Alternatively, a sample consisting of very large (for the 

species) individuals with numerous growth rings suggests a senescent population. 
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Recruitment at individual sites ranged from none observed to high across the basin. 

Recruitment levels, referred to in Table 3 as Reproduction Factor, varied from one to five, and 

three of the sites in the Big Muddy River basin exhibited high to very high recruitment. 

Recruitment was over 50% at site 7, Andy Creek, and 30 to 50% at sites 1 and 9, Snow Creek 

and Middle Fork Big Muddy (Figure 5). Sites 2 and 29, Big Muddy River and Cedar Creek, 

exhibited recruitment from 1 to 30% of species collected. Recruitment may be occurring at site 

30, Big Muddy mainstem, where dead shells of nearly all species collected were less than 3 

years of age. All other sites in the Big Muddy River basin (24 of 30) exhibited no observed 

recruitment during this survey. 

Mussel Community Classification 

Based on the data collected in the 2009/2010 basin surveys, nearly 75% of the sites in the Big 

Muddy River basin have Restricted or Limited mussel communities using the current MCI 

classification system {Table 4, Figure 5). No sites are ranked as Unique or Highly Valued in the 

basin. Eight sites (sites 1, 2, 6, 7, 9, 15, 23, and 29) in the Big Muddy River basin were ranked as 

Moderate mussel resources. 

Noteworthy Finds 

According to historical records, 25 species are known from the Big Muddy River basin (Tiemann 

et al. 2007). All 19 species found during this survey had been recorded in the basin historically. 

However, three of these species had not been recorded live since 1969; these species included 

Wabash pigtoe (Fusconaia /lava), pond mussel (Ligumia subrostrata), and deertoe (Truncilla 

truncata). Historic species not detected during this survey include creeper (Strophitus 

undulatus), spike (Elliptio dilatata), pimpleback (Quadrula pustulosa), plain pocketbook 

(Lampsilis cardium), pink heelsplitter (Potamilus a/atus), and fawnsfoot (Truncilla donaciformis). 

A possible range expansion may be occurring with the Louisiana fatmucket (lampsilis hydiana) 

which occurs in the upper Arkansas, White and St. Francis rivers and in Louisiana and East Texas 

(NatureServe 2011). Specimens collected during this survey were classified as lampsilis 

siliquoidea (hydiana) due to morphological features that resemble the Louisiana fatmucket 

(pers. comm. Kevin Cummings). Additional genetic testing would need to be conducted to 

correctly determine which species, Lampsilis siliquoidea or Lampsilis hydiana, exists in the Big 

Muddy basin. 

Discussion 

Our survey. documented 19 species from the Big Muddy River basin, all were recorded live. No 

new species were found that had previously been undetected and six species previously 

detected were not found during our survey. Of these six species, only the plain pocketbook has 
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been documented as live in the basin. This species was found at three tributaries in the late 

1990's to early 2000's; however these streams were not sampled during our survey. These sites 

would need to be surveyed to determine if this species is still present in the basin. Of the 

remaining five species not collected, deertoe and creeper have been documented only by relict 

shell, and the pink heelsplitter, pimpleback, and spike have not been documented since the late 

1800's, early 1900's. All of these species were collected from the Big Muddy mainstem. These 

particular species, except for spike, are widespread and common throughout most of Illinois 

(Cummings and Mayer 1992) and all of these species are known from other major Mississippi 

River tributaries including the Rock, Illinois, and Kaskaskia Rivers (INHS Mollusk Collection 

Database). Sampling the mainstem of the Big Muddy was hindered by non-wadeable water 

depths; therefore additional sampling by alternative means would need to be conducted to 

determine if these species have indeed been extirpated from the basin. 

Recruitment 

Data collected during this survey indicate that very recent recruitment may not be occurring at 

most (25 of 30) sites in the Big Muddy basin. Only 3 of the 30 sites exhibited high to very high 

recruitment and 2 other sites had moderate recruitment noted. This finding suggests that most 

mussel communities of the Big Muddy may not be viable and self-maintaining. Although very 

few mussels collected during this basin survey fell into the category of 3 age rings or younger, 

many of them ranged from 4 to 10 years of age. This would indicate that the populations 

observed in most streams are within the age range thought to be reproductively active (Haag 

and Staton 2003). Therefore, we cannot conclusively state that the mussel communities of this 

system are void of recruitment. Recruitment may also be occurring on the Big Muddy 

mainstem near the Mississippi as nearly all of the dead shells found at site 30 were less than 3 

years of age. Sampling methods to target juvenile mussels would be necessary to better assess 

the reproductive status of these populations. 

Mussel community of the Big Muddy River basin 

There is limited mussel community information relating to this basin from past surveys and 

reports. Nearly 90% of the sites sampled had no historical data available (Table 2), and there is 

no known intensive survey for mussels in this basin. Our surveys documented the existence of 

19 species in the Big Muddy River basin from which 25 species were known historically. 

Additionally, our surveys found that all 19 species were represented by live individuals. Five of 

the six species not collected during this survey are represented by either relict shell or pre-1930 

collections. 

Other major Mississippi tributaries such as the Kaskaskia, Rock, and Illinois Rivers have a larger 

mussel fauna base according to historical records and recent surveys. Historically, these basins 
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contained 43, 47, and 49 species, respectively, while the Big Muddy has only 25 recorded 

species (Tiemann et al. 2007). Several theories could be offered on the disparity of species in 

this basin including the inability to conduct wadeable surveys, challenging diving conditions, 

lack of river access by vehicle, or the lack of suitable substrate composition for varying species. 

Substrates such as gravel, cobble, and boulder are practically nonexistent in the Big Muddy 

basin. As mentioned in the introduction, the substrate of the Big Muddy is predominately 

impervious clay, silt, and sand. The Big Muddy basin provides suitable substrates for many 

mussel species such as the giant floater, white heelsplitter, and other Anodontines. However, 

many species that occur in the other major Mississippi tributaries such as mucket (Actinonaias 

ligamentina), black sandshell (ligumia rectal, and threehorn wartyback (Obliquaria reflexa) 

prefer a mixture of substrate types including gravel, sand, and cobble (Cummings and Mayer 

1992). Sedimentation and siltation of the streams in this basin may be another factor 

influencing the lack of these species. These factors are listed as impairments for aquatic life for 

many mainstem sites on the Big Muddy and several tributaries within the basin (IEPA 2010). 

With the lack of coarser substrates from the basin both today and historically, it may be safe to 

assume that many of these species have never existed in the basin. However, this statement 

cannot be made conclusively, due to a lack in historical information. 

Living up to its name, sampling in the Big Muddy basin is challenging at best due to water 

depths (Big) and high turbidity (Muddy). The Big Muddy mainstem and many of its larger 

tributaries, such as Beaucoup and Drury Creeks, are not easily surveyed for freshwater mussels, 

thus it is difficult to accurately determine species richness of the basin. It is possible that the Big 

Muddy River provides a haven for the recruitment of many mussel species, based on the dead 

shells less than 3 years of age found at site 30, the nature of its substrates, and the river's 

connection with the Mississippi River. We are unable to conclusively state that the Big Muddy 

is serving as a source population for mussel species because of the lack of historical data and 

difficulty in sampling the basin. Additional sampling, either diving or boating to shallow areas 

on the lower portion of the mainstem and larger tributaries, would be needed to adequately 

determine the mussel fauna of this basin. 
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Table1. 2009/201 O Big Muddy River Intensive Basin Survey. Types of samples include MU-mussel sampling, BE-boat electrofishing, ES-electric fish seine, SH-fish 

seine hauls. FF-fish flesh contaminate, H-habitat, M-macroinvertebrate, S-sed1ment. W-water chemistry. '"Drury Creek Survey not completed due to water depth >3m. 

Site IEPA Types of Watershed 

NUfflboer Code Sneam Samples County Loation Area(km21 

1 NL-01 Snow Creek MU, ES,H, M,S,W Jefferson 6 mi NW Mt Vernon; Rd 1850N 49.60 

2 N-05 Bi g Muddy River MU, ES,H, M,S Jefferson 1.5 mi NE Woodlawn Co Rd; 1450N 154.04 

3 NK-02 Rayse Creek MU Jefferson 3. 7 mi W Woodlawn; Rd 1400N 119.89 

4 NJ-26 Casey Fork MU Jefferson SE Mt Vernon; DNS Rt 142 196.87 

5 N l -01 Gun Creek MU, CS,U,M,S,W Jefferson J.J mi [ Ina 35.62 

6 N-06 Big Muddy River MU, BE,H,M,S,W Frankl in Rt 14 Br; 3 mi W Bent on 1287.86 

7 NZN-15 Andy Creek MU, ES,H,M,S,W Franklin Satch Road; 1.6 mi NE of Chr istopher 33.54 

8 NHG-01 Akm creek MU, ES,H,M,S,W Franklin N Botai l Road: 8.8 mi E of Benton 21.98 

9 NH-23 Middl e Fork MU, BE,H,M,S Franklin 2.2 mi SE Bent; Us Rt 34 329.47 

10 NG-05 Pum.lc,~~k MU, SH,H,M,S, W Willictm)UII UIJ~rly St:huul Rd; 4. 7 mi SE urw~:.l Frc111kfu1 l :n.84 
11 NGA-02 Lake Creek MU, ES,H.M,S,W Will iamson Co Rd UOOE; 0.3 mi S Johnston City 40.90 

12 NF-01 Hurricane Creek MU, ES,H,M,S, W Williamson 4 mi WNW Herrin 60.67 

13 NE-04 LitUe Muddy River MU Perry Rt 14 Br; 2 mi E Old Duquoin 426.62 

14 NEB-02 Reese Creek MU, ES,H,M,S,W Perry 2 mi E Duquoin on Park St 60.79 

15 NE-05 Llttle Muddy River MU, BE,H, M,.S,W Jackson 1.3 ml E of El IMlle 684.39 

16 ND-04 Crab Orch ard Creek MU, ES,H,M,S,W Williamson Rt 13 Br; E edge of Marion 82.52 

17 NDJ-01 Wolf Creek MU, ES,H,M,S,W Williamson E Rt 148; old raifroad 44.74 

18 ND0-03 Grassy Creek MU, ES,H, M,S,W Williamson At Wolf Creek Rd 14.84 

19 NDOA-01 Little Grassy M U, ES,H,M,S,W Williamson 6 mi SSW carterville 47.11 

lU NUt:-~• ururycreek c:S,H,M,S, W Jackson u.z m 1 us Makanda business dist 4/. 'l.'j 

21 NDCB-O1 Indian Creek M U, ES,H,M,S,W Jackso n 2.5 m,j NE Makanda 14.01 

22 NDCA- 01 Sycamore Creek MU, ES,H,M,S,W Jackson 2 ml E of Bos:kydeH 5.27 

23 N0-01 Crab Orchard Creek MU, BE,H,M,S,W Jackson 4 mi NE Carbondale 693.93 

24 NCK-02 Swanwick Creek MU, ES,H,M,S,W Perry Misty Road; 5.8 mi NW of Pinckneyville 117.41 

25 NCl-01 Li ttle Beaucoup Creek MU, ES,H,M,S,W Perry 6 mi NNE Pinckneyville 46.96 

26 NCDB-O1 Li ttle Galu m Creek M U, SH,H,M,S,W Perry Galu m Cr Rd; 0.5 mf N Pyramid St 30.47 

27 NZL-01 M ud Creek MU, ES,H,M,S,W Jackson West Lake Road; 2.1 m , SE of Muphysboro 25.54 

28 NAC-02 Cave creek MU, ES,H,M,S,W Jackson Jerusalem HIii Road; 0.2 m1 W of Ponoma 15.24 

29 NA-03 Cedar creek MU, ES,H,M,S Jackson 1 mi s Brewer Schoo1 on Dutch Ridge 80.38 
30 N-99 Big Muddy Rtver MU, BE,H;M,S Jactson 5 mi E Grandtower at Rattlesnake Ferry 6064.97 
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Table 2. Mussel data for sites sampled during 2009/2010 surveys (Table 1). Numbers in columns are live individuals collected; "D" and "R" indicates dead or relict shells collected. Shaded boxes are 
historic collections at the specific site location obtained from the INHS Mollusk Collection records. Species in bold are federally or state-listed species or species in Greatest Need of Conservation by 

IL DNR. Proportion of total is number of individuals of a species divided by total number of individuals at all sites. Extant species is live+ dead shell and total species is live+ dead+ relict shell. NDA 
represents no historical data available. MCI scores and Resource Classif1cat1on are based on values in Tables 3 and 4 (R= Restricted, L= Limited, M= Moderate, HV" Highly Valued, and U= Unique). 

*Includes Strophitus undulatus, Elliptio dilatata, Quadrula pustulosa, Lampsilis cardium, Potamilus alatus, and Truncilla donaciformis, historical species not collected dur ing this survey. 

- - - - - . - . 1 2 3 5 6 7 
Site Number 

9 11 13 14 15 
Prooortion 

16 17 19 23 24 25 26 27 28 2.9 30 of Total 
Anodontlnae 
An:>dorito suborbi:utcta 1 2 D 1% 
Arcide"s confragosus 4 D D 1% 
Lasmiaona complanata 19 1 9 1 .i 9% 
Pyaanodon arond:s 12 1 R 30 23 2 2 21 19 R D 12 D D 1 8 D 379' 
Stnphitus unc1ulotus 0% 
Utrerb:iclcia imbecillis 1 1 C, 3 1 2 0 2% 
Ambleminae 
Amblema plicata 1 4 1 3 3% 
Elliptio -di1r1tata 0% 
Fusconaia 7fava 1 0% 
M~aalonmas nervosa 16 1 5% 
QLIDdr..ila pustuloso 0% 
Quadri1ta quadrut:z 26 2 6 ~ 100. 
Tritogonia verrucosa 1 0% 
Uniomerus terralosmus l R 2 1 2 D R 1 2% 
lamDsilinae 
Lampsi/is carciufT' 0% 
Lamosilis siliquoidea (h11diona) 3 D 1% 
Lampsilis teres 4 4 1 s 4% 
Leptot!ea fraai/is 8 1 1 D 1 D 3% 
liqum:a subrostrota 4 4 2 R 4 4% 
Po:amilus alatus 0% 
Po':Dmilus ohiens/s 19 1 D 6% 
To,olasma parvum 16 3 3 1 l 7% 
To-'olosma texosiensis 1 5 D 4 D D 3% 
Trunci.'la doncciformis 0% 
Trunci.'la Mmcota 4 6 3% 

Total 
Individuals 23 29 6 0 133 6 28 2 6 24 47 0 0 17 13 0 2 0 1 1 20 0 351: 
Live Species s 7 3 0 12 2 3 1 4 4 8 0 0 3 6 0 1 0 1 1 5 0 19 
Extant Speeies 5 7 4 0 13 2 4 1 4 5 10 0 1 3 8 2 1 L 1 1 5 s 19 
TotalSpeeies 5 9 4 1 13 2 4 1 4 s 10 2 1 3 8 2 1 l 2 1 5 s 19 
Historieal Species NDA NDA NDA NDA NDA NDil. NDA NDA NDA NOA NDA NDA NDA 2 NDA NDO. NOA 1 NDO. NDA 1 6 25• 
Cateh per unit effort {CPUE) 5.76 7.02 1.so O.JO 33.33 1.5J 6.97 0.50 1.5) 6.00 11.78 O.JO O.OJ l!.25 3.25 0.00 0.50 0.00 0.25 0.25 5.00 0 .00 
Mussel Communrtv Index (MCI 10 10 7 0 11 10 10 4 7 7 10 0 0 6 8 0 4 0 4 4 9 0 
Resource Classification M M L R M M M R L L M R R L M R R R R R M R 
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Table 3. Mussel Community Index (MCI} parameters and scores. 

Extant species Species Catch per Unit Abundance (AB) 

in sample Richness Effort (CPUE) Factor 

0 1 0 0 

1-3 2 1-10 2 

4-6 3 >10-30 3 

7-9 4 >30-60 4 
10+ 5 >60 5 

% live species with Reproduction # of Intolerant Intolerant species 

recent recruitment Factor species Factor 

0 1 0 1 

1-30 3 1 3 

>30-50 4 2+ 5 

>50 5 

Table 4. Freshwater mussel resource categories based on species richness, abundance, 

and population structure. MCI = Mussel Community Index Score 

Unique Resource Very high species richness (10 + species) &/or abundance (CPUE 

> 80); intolerant species typically present; recruitment noted for 
MCI 2:: 16 most species 

Highly Valued Resource High species richness (7-9 species) &/or abundance (CPUE 51-

MCI= 12- 15 
80); intolerant species likely present; recruitment noted for 

several species 

Moderate Resource Moderate species richness (4-6 species) &/or abundance (CPUE 

11-50) typical for stream of given location and order; intolerant 
MCI= 8-11 

species likely not present; recruitment noted for a few species 

Limited Resource Low species richness (1-3 species) &/or abundance (CPUE 1-10); 

lack of intolerant species; no evidence of recent recruitment (all 
MCI= 5- 7 

individuals old or large for the species) 

Restricted Resource No live mussels present; only weathered dead, sub-fossil, or no 

shell material found 
MCI= 0-4 
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0 IOM!es Johnson County 
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" 
Figure 1. Sites sampled in the Upper and Lower Big Muddy River basin during 2009. Site codes 

referenced in Table 1. 

12 



R01652

Figure 2. Big Muddy near Benton, Illinois (Site 6). Note excessive sedimentation and turbidity of river. 

Alison Price and A. J. Berger measuring mussels sunk up to thighs and waist in silt. 

I 

figure 3. Casey Fork near Mt. Vernon, Illinois (Site 4). Note large woody debris in stream, silt/clay banks, 

and turbidity of river. 
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Pyganodon grandis 

Toxo/asma parvum 

Uniomerus tetralasmus 

Utterbackia imbecillis 

Lasmigona complanata 

Ligumia subrostrata 

------------------

Leptodea f ragi/is 

lampsilis teres 

Quadrula quadrula 

Amblema plicata 

Toxolasma texasiensis 

Truncilla truncata 

Potamilus ohiensis 

Megalonaias nervosa 

Anodonta suborbiculata 

lampsilis siliquoidea {hydiona) 

Tritogonia verrucosa -

Fusconaia /lava 

Arcidens confragosus 

0% 5% 10% 15% 

■ sites collected live/total sites 

20% 25% 30% 35% 40% 

Figure 4. Number of sites where a species was collected live compared to the number of total sites sampled (30 total sites). 
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Appendix 1. Scientific and common names of species. ST= state 
threatened. 

Scientific Name 

Anodonta suborbiculata 

Arcidens confragosus 

Lasmigona complanata 

Pyganodon grandis 

Strophitus undulatus 

Utterbackia imbecillis 

Amblema plicata 

£lliptio dilatata 

Common Name 

Subfamily Anodontinae 

flat floater 

rock pocketbook 

white heelsplitter 

giant floater 

creeper 

paper pondshell 

Subfamily Ambleminae 

three ridge 

spike 

Fusconaia /lava Wabash pigtoe 

Megalonaias nervosa washboard 

Quadru/a pustulosa pimpleback 

Quadrula quadrula mapleteaf 

Tritogonia verrucosa pistolgrip 

Uniomerus tetralasmus pondhorn 

Subfamily Lampsilinae 

Lampsilis cardium plain pocketbook 

Lampsilis siliquoidea hydiana 

Lampsilis teres 

Leptodea fragilis 

Ligumia subrostrata 

Potamilus alatus 

Potamilus ohiensis 

Toxofasma parvum 

Toxofasma texasiensis 

Truncilla donaciformis 

Truncilla truncata 

Louisiana fatmucket 

yellow sandshell 

fragile papershelt 

pond mussel 

pink heelsplitter 

pink papershelt 

lilliput 

Texas lilliput 

fawnsfoot 

deertoe 

Status 

ST 
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... 

~quAeler 

TO: 
CC: 
FROM: 
DATE: 
JOB NO.: 
RE: 

James Plumley 
Clayton Cross 

MEMORANDUM 

John Michael Com, P.E. (TN) 
January 17, 2020 
192590 
Updated CORMIX Model Results 

optim izing 
resources I water, air, earth 

AquAeTer previously submitted a mixing zone report detailing the conceptual diffuser 

design for the proposed diffuser on the Big Muddy River. At that time, we utilized the data 

available to us from the USGS Plumfield gage for the channel geometry. An additional 

consideration for the diffuser design was the amount of debris carried by the River. During one 

of our reconnaissance trips on the stream, we could not access the current location from the USGS 

gage site due to a log jam. For that reason, we wanted to keep the ports as low as possible to 

reduce the possibilities of log strikes, both from the standpoint of reducing the risk of damage to 

the ports and to reduce the risk of log jams forming at the diffuser. 

Prior to the Public Comment Period, Mr. Scott Thwaite of the Illinois Environmental 

Protection Agency (IEPA) requested that we revise the modeling to reduce bottom attachment. 

MODEL RESULTS 

The model results are shown in Table 1. The changes made to the model will be discussed 

in further detail in the section following this one. For most cases, Case I maximum flow being 

the exception, the distances required to achieve the necessary dispersion of 34.0: l were shorter 

than those reported in the Mixing Zone Report. The Case I maximum flow scenario required 

approximately ten feet further downstream to meet 34: I. For all cases, the cross-sectional area of 

the plume(s) was(were) less than 25% of the cross-sectional area of the River. 

In looking that the independent calculations, the plume from each port is expected to be 

stable. This means that the plumes will emanate from the port and expand outward in a bell-shaped 

geometry. This is important to keep in mind since CORM IX uses rectangular shapes for all model 

subsections after the initial jet zone. 
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Table 1. Model Results 

SCENARIO RIVER FLOW ACTIVE PORT(S) TOTAL 
(cfs) DISCHARGE 

(gpm) 

Case 1, Min. 30 Port 1 102 
Case 1, Max. >=116 Port I 396 
Case 2, Min. 117 Ports l & 2 396 
Case 2, Max. >=233 Ports l & 2 793 
Case 3, Min. 234 Ports l , 2, & 3 793 
Case 3, Max. >=440 Ports l , 2, & 3 1,499 
Case 4, Min. 441 Ports l, 2, 3, & 4 1,499 
Case 4, Max. >""906 Ports 1, 2, 3, & 4 3,085 
Case 5, Min. 907 Ports 1, 2, 3, 4, & 5 3,085 

Case 5, Max. >=1,734 Ports 1, 2, 3, 4, & 5 5,905 

SCENARIO ACTIVE PORT(S) ACUTE ZONE ORIGINAL REVISED 
DISTANCE PREDICTED PREDICTED 

TOTAL TOTAL 
(ft) MIXING MIXING 

ZONE ZONE 
DISTANCE DISTANCE 

(ft) (ft) 

Case l, Min. Port 1 7.1 50 35 
Case 1, Max. Port I 5.8 37 47 
Case 2, Min. Ports 1 & 2 4.4 36.6 36.6 
Case 2, Max. Ports I & 2 6.9 88 88 
Case 3, Min. Ports l, 2, & 3 11.2 46 46 
Case 3, Max. Ports 1, 2, & 3 9.3 116 116 
Case 4, Min. Ports I, 2, 3, & 4 13.9 176 176 
Case 4, Max. Ports I, 2, 3, & 4 11.4 147 147 
Case 5, Min. Ports I, 2, 3, 4, & 5 18.2 231.8 
Case 5, Max. Ports I, 2, 3, 4, & 5 14.5 251 
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The results for each case will be discussed in more detail below, along with providing the 
graphics of the plan and profile views of the plume(s) for each Case. 

Case 1 - 1st Port Only 

Case 1 incorporates the minimum allowable flow based on the lowest projected flow for 
the Big Muddy River at the proposed diffuser location. Only the first port will be discharging 

during this condition. The discharge during this condition is 102 gallons per minute, which is a 
small fraction of the flow in the Big Muddy River. The additional volumetric flow during this 

case should not affect water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 1. The 
plan and profile for the maximum discharge condition under Case 1 are provided in Figure 2. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 1 Plan and Profile of the Model for Case 1 - Minimum Flow Condition 
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CASI: I - MINIMUM DISCIIARGE 
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Figure 2. Plan and Profile of the Model for Case I - Maximum Flow Condition 
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CASE I - MAXIMUM DISCIIARGE 
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These two scenarios represent the minimum and maximum flow conditions for Port 1 when 
only the first port is discharging. This occurs at lower River flows. The water quality criteria will 
be met at all flow conditions. For each of these cases, the plumes are less than 4% of the cross­

sectional area. 

Case 2 - I s• and 2nd Ports Discharging 

Case 2 begins at the maximum discharge for Case I . Once the flow condition is met, the 
discharge is converted from the maximum discharge through Port 1 to equal discharges through 
Ports 1 and 2. In other words, the flows through Ports 1 and 2 at the Case 2 minimum flow 

condition are equivalent to the maximum discharge from Port 1 at Case 1. As with Case I, the 
discharge during this condition is a small fraction of the flow in the Big Muddy River. The 

additional volumetric flow during this case should not affect water levels at the diffuser location 
or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 3. The 

plan and profile for the maximum discharge condition under Case 2 are provided in Figure 4. The 

profile picture appears as one line since the ports are equal. The water quality criteria for chloride 
is met in a very short distance downstream for both of these iterations. For the minimum flow 
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condition, the plumes remain separate. For the maximum flow condition, the plumes merge near 
the point of meeting the water quality criteria. 

Figure 3. Plan and Profile of the Model for Case 2 - Minimum Flow Condition 
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Figure 4. Plan and Profile of the Model for Case 2 - Maximum Flow Condition 
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The water quality criteria will be met at all flow conditions for Case 2. For each of these 
scenarios, the plumes are less than 3% of the cross-sectional area. The calculation of the cross­

sectional area accounts for both plumes at the point of meeting the water quality standard. 

Case 3 - Pt, 2nd and 3rd Ports Discharging 

Case 3 begins at the maximum discharge for Case 2. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports 1 and 2 to discharges through 
Ports I, 2 and 3. In other words, the flows through Ports 1, 2 and 3 at the Case 3 minimum flow 
condition are equivalent to the maximum discharge from Ports I and 2 at Case 2. As with Case 2, 

the discharge during this condition is a small fraction of the flow in the Big Muddy River. The 

additional volumetric flow during this case should not affect water levels at the diffuser location 
or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 5. The 
plan and profile for the maximum discharge condition under Case 3 are provided in Figure 6. The 

water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 5. Plan and Profile of the Model for Case 3 - Minimum Flow Condition 
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CASI:: 3 - Mll\lMUM DISCIIARGE 
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Figure 6. Plan and Profile of the Model for Case 3 - Maximum Flow Condition 
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CASE 3 - MAXIMUM DISCHARGE 
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The water quality criteria will be met at all flow conditions for Case 3. For each of these 
scenarios, the plumes are less than 6% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 
distances downstream. Ports I and 2 have been predicted to have the shortest distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port. 

Case 4 - 151
2 2nd, 3rd and 41h Ports Discharging 

Case 4 begins at the maximum discharge for Case 3. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports I, 2 and 3 to discharges through 
Ports l, 2, 3 and 4. In other words, the flows through Ports I, 2, 3 and 4 at the Case 4 minimum 
flow condition are equivalent to the maximum discharge from Ports I, 2, and 3 at Case 3. As with 
the previous cases, the discharge during this condition is a small fraction of the flow in the Big 
Muddy River. The additional volumetric flow during this case should not affect water levels at 
the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 7. The 
plan and profile for the maximum discharge condition under Case 4 are provided in Figure 8. The 
water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 
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Figure 7. Plan and Profile of the Model for Case 4 - Minimum Flow Condition 
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Figure 8. Plan and Profile of the Model for Case 4 - Maximum Flow Condition 

CASE 4 - MAXIMUM DlSC'l lARGE 

, 20 

105 

.- <)() -
~ 

~.J 'i \.., 

f 
0 

~ (,() a 0 ,., 
:.} 

45 c:: 
"' -; 

:,=; 
,() 

15 

I) 

II 

CASE 4 - [VIAXll\JUM DISC! IARGF 
:w 

II 

1::: 

.-
:: 16 
z ..,,. 
/. 

11 :::) 

3 I 1 ..; 

~ 

Ill 
<" 
';$ X 
z 

(, 

-~ 
'-' 
:J .j 

.., 

0 
If JI) \() .J,• ,n (ii) ;,;1) )( I Clll II(: 1: > 

DI', I.\ \.CI DO\\ N\ IR, J\i\l lf' l 

\\ ,Iler I L'\ LI 



R01668

The water quality criteria will be met at all flow conditions for Case 4. For each of these 
scenarios, the plumes are less than 8% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 
distances downstream. Ports l and 2 have been predicted to have the shortest distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port at the distance met by the respective port. 

Case 5 - 151, 2nd, 3rd, 41h and 51h Ports Discharging 

Case 5 begins at the maximum discharge for Case 4. Once the flow condition is met, the 
discharge is converted from the maximum discharge through Ports l, 2, 3 and 4 to discharges 
through Ports I, 2, 3, 4 and 5. In other words, the flows through Ports 1, 2, 3, 4 and 5 at the Case 
5 minimum flow condition are equivalent to the maximum discharge from Ports I, 2, 3 and 4 at 
Case 4. As with the previous cases, the discharge during this condition is a small fraction of the 
flow in the Big Muddy River. The additional volumetric flow during this case should not affect 
water levels at the diffuser location or in downstream locales. 

The plan and profile for the minimum discharge conditions are provided in Figure 9. The 
plan and profile for the maximum discharge condition under Case 5 are provided in Figure 10. 
The water quality criteria for chloride is met in a very short distance downstream for both of these 
iterations. 

Figure 9. Plan and Profile of the Model for Case 5 - Minimum Flow Condition 
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CASI:: 5 - MINIMUM DISCIIARGI· 
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Figure I 0. Plan and Profile of the Model for Case 5 - Maximum Flow Condition 
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CASE 5 - MAXIMUM DISCHARGE 
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The water quality criteria will be met at all flow conditions for Case 5. For each of these 
scenarios, the plumes are less than 8% of the cross-sectional area. Due to the staggered and 
unequal flow conditions for the ports after Port 2, the water quality criteria are met at different 
distances downstream. Ports 1 and 2 have been predicted to have the shortest distances. For those 
cases in which ports 3, 4, and/or 5 are discharging, the total mixing zone for each part includes the 
cross-sectional areas for each port at the distance met by the respective port. 

It is noted that the apparent bottom interaction for Port 5 at its minimum discharge 
condition is an artifact of CORMIX's modules. The plume is predicted to extend higher at this 
point than when the centerline is projected at its maximum height. 

UPDATES TO THE MODEL 

As part of the project, Homer & Shifrin's design includes a transect of the proposed diffuser 
location. An excerpt of this transect is shown in Figure 11 . The following data were derived for 
each of the model cases. The transect was treated as a trapezoid. For modeling purposes, 
CORMIX utilizes rectangular dimensions. The cross-sectional area of the trapezoid was translated 
to a rectangle for the model by keeping the height constant, then determining the width of the 
model rectangle. The dimensions for the River for the various cases are shown in Table 2. 
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Figure 11. Transect at Proposed Diffuser Location, Excerpt from Horner & Shifrin Design 
documents 
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Table 2. Transect Dimensions 

CASE FLOW WATER AREA 

CONDITION COLUMN 
HEIGHT 

(ft) (ft2) 

Case 1 Minimum 6.6 376 
Maximum 9.2 605 

Case 2 Minimum 9.2 605 

Maximum 11.4 807 
Case 3 Minimum 11.4 807 

Maximum 12.5 903 

Case4 Minimum 12.5 903 

Maximum 14.9 1159 

Case 5 Minimum 14.9 1159 

Maximum 14.9 1159 
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If you should have questions or comments concerning our assessment, please call us at 
(615) 373-8532 or by FAX at (615) 373-8512 or by e-mail at jmcom@aguaeter.com. 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version : 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

ENVIRONMENT PARAMETERS 
Bounded section 

MACHABIGAMUDDYARIVER 
CASEAlA _APORTAlANORMALAFLOW 
cormix\sim\MACl-lNl.cxl 
01/13/20--21:45:52 

(metric units) 

BS = 17.37 AS = 34.91 QA .. 10.02 ICHREG= 2 
HA ~ 2.01 HD = 2.01 
UA = .287 F = .076 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= u RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 8.00 
D0 = .076 A0 = .005 H0 
THETA= 30 .00 SIGMA= .00 
ue = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 
Associated length scales 
LQ = .07 LM 

= .3746E-01 J0 
(meters) 
= 1.95 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 2.01 1 
111111111111111111111111111111111111111111 

= .2801E-01 

= • 56 

= .1307E-01 
=-.1463E+00 

"'.0000E+00 

;;;;-.1913E-02 SIGNJ0= -1.0 

= . 67 Lb = .08 
= 99999.00 Lbp "' 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

8.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN M00101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

ENO OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00 
LE = .32 XE = .28 YE = .00 ZE = .72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.28 .00 .72 1.0 .100E+04 .04 
.48 .00 .82 1.6 .640E+03 .07 
.68 .00 .90 2.3 .433E+03 .09 
.90 .00 .98 3.1 .321E+03 .12 

1.11 .00 1.05 3.9 .256E+03 .14 
1.33 .00 1.10 4.7 .212E+03 .16 
1. 55 .00 1.15 s.s .183E+03 .18 
1. 77 .00 1.19 6.2 .161E+03 .19 
2.00 .00 1.23 6.9 .144E+03 .21 
2.22 .00 1.26 7.6 .132E+03 .22 
2.44 .00 1.28 8.2 .122E+03 .23 
2.67 .00 1.31 8.8 .114E+03 .24 
2. 89 .00 1.32 9 . 3 .107E+03 .25 
3.12 .00 1.34 9.9 .101E+03 .26 
3.34 .00 1.35 10.3 .970E+02 .27 
3.57 .00 1.36 10.7 .931E+02 .28 
3.79 .00 1.36 11.1 .899E+02 . 28 
4.02 .00 1.36 11.5 .872E+02 .29 

,,, 
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Maximum jet 
4.24 
4.47 
4.69 
4.92 
5.15 
5.37 
S.S9 
5.82 
6.04 
6.27 
6.49 
6.72 
6.94 
7.16 
7.39 
7.61 
7.84 
8.06 
8.28 
8.51 
8.73 
8.95 
9.17 
9.39 
9.62 
9.84 

10.07 
10.29 
10.52 
10.74 
10.96 
11.18 
11.40 

height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

has been reached. 
1.36 11.8 .848E+02 
1.36 12.2 .823E+02 
1.35 12.6 .796E+02 
1.34 13.0 .769E+02 
1.33 13.5 .742E+02 
1.32 14.0 .715E+02 
1.31 14.5 .689E+02 
1.29 15.1 .662E+02 
1.27 15.7 .637E+02 
1.25 16.4 .611E+02 
1.23 17.0 .588E+02 
1.21 17.7 .564E+02 
1.18 18.5 .542E+02 
1.16 19.2 .521E+02 
1.13 20.0 .S00E+02 
1.11 20.8 .480E+02 
1.08 21.7 .461E+02 
1.05 22.5 .444E+02 
1.02 23.4 .427E+02 

.99 24.3 .411E+02 

.96 25.3 .396E+02 

.93 26.2 .381E+02 

.90 27.2 .368E+02 

.87 28.2 .3SSE+02 

.84 29.2 .342E+02 

.81 30.2 .331E+02 

.78 31.3 .319E+02 

.74 32.4 .309E+02 

.71 33.S .299E+02 

.68 34.6 .289E+02 

.65 35.7 .280E+02 

.62 36.8 .271E+02 

.58 38.0 .263E+02 
Cumulative travel time; 22. sec 

.30 

.30 

.31 

.31 

. 32 

. 33 

. 34 

. 34 

.35 

.36 

. 37 

.38 

.39 

.40 

.41 

.42 

.43 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

11.40 .00 .58 38.0 .263E+02 

Profile definitions: 
BV; top-hat thickness, measured vertically 

B 
.58 

BH; top-hat half-width, measured horizontally in Y-direction 
ZU ; upper plume boundary (Z-coordinate) 
ZL; lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.82 
11.00 
11.17 
11.35 
11.52 
11. 70 
11.87 
12.04 
12.22 
12.39 
12.57 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
38.0 .263E+02 
38.0 .263E+02 
38.0 .263E+02 
38.0 .263E+02 
39.0 .256E+02 
43.8 .228E+02 
50.S .198E+02 
56.6 .177E+02 
60.8 .164E+02 
63.1 .159E+02 
64.5 .155E+02 

26. sec 

BV 
.00 
.76 
.90 

1.00 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.38 
.54 
. 66 
• 77 
.86 
.94 

1.01 
1.08 
1.15 
1.21 

zu 
.00 
.76 
.90 

1.00 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

----------------------------------------------------------- ------------------
** End of NEAR-FIELD REGION (NFR) ** 
---------------------------- · ------------------------------------------------
BEGIN M00141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

12.57 
13.33 
14.10 
14.86 
15.63 
16.39 
17.15 
17.92 
18.68 
19.45 
20.21 
20 . 98 
21.74 
22.50 
23.27 
24.03 
24 . 80 

(not bank attached): 
y z s 
.00 .00 64.5 
.00 .00 66.1 
.00 .00 67.6 
.00 .00 69 .0 
.00 .00 70.4 
.00 .00 71.8 
.00 . 00 73.2 
.00 .00 74.6 
.00 .00 76.0 
.00 .00 77 . 5 
.00 .00 78.9 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

80 . 4 
81.9 
83.5 
85.1 
86.8 
88 . 4 

C 
.155E+02 
.151E+02 
.148E+02 
.145E+02 
.142E+02 
.139E+02 
.137E+02 
.134E+02 
.132E+02 
.129E+02 
.127E+02 
. 124E+02 
.122E+02 
.120E+02 
.117E+02 
. 115E+02 
. 113E+02 

BV 
1.21 
1.15 
1.10 
1.05 
1.01 

.98 

.95 

.93 

.91 

.89 

.87 

.86 

.84 

.83 

.82 

.81 

.81 

BH 
1.21 
1.31 
1.40 
1.49 
1.58 
1.67 
1. 75 
1.83 
1.91 
1.99 
2.06 
2.14 
2.21 
2.28 
2 . 35 
2.42 
2.49 

zu 
1.21 
1.15 
1.10 
1.05 
1.01 

.98 

.95 

.93 

.91 

.89 

.87 

.86 

.84 

.83 

.82 

.81 

.81 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
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, 

25.56 .00 .00 90.2 .111E+02 .80 2.56 .80 .00 
26.33 .00 .00 92.0 .109E+02 .80 2.63 .80 .00 
27.09 .00 .00 93.8 .107E+02 .79 2.70 .79 .00 
27.85 .00 .00 95.7 .104E+02 .79 2.76 .79 .00 
28.62 .00 .00 97.6 .102E+02 .79 2.83 .79 .00 
29.38 .00 .00 99.6 .100E+02 .78 2.89 .78 .00 
30.15 .00 .00 101.7 .983E+01 .78 2.95 .78 .00 
30.91 .00 .00 103.8 .963E+01 .78 3.02 .78 .00 
31.68 .00 .00 106.0 .943E+01 .78 3.08 .78 .00 
32.44 .00 .00 108.3 .924E+01 .78 3.14 .78 .00 
33.20 .00 .00 110.6 .904E+01 .79 3.20 .79 .00 
33.97 .00 .00 112.9 .885E+01 .79 3.26 .79 .00 
34.73 .00 .00 115.4 .867E+01 .79 3.32 .79 .00 
35.50 .00 .00 117.9 .848E+01 .79 3.38 .79 .00 
36.26 .00 .00 120.5 .830E+01 .80 3.44 .80 .00 
37.03 .00 .00 123.1 .812E+01 .80 3.50 .80 .00 
37.79 .00 .00 125.8 .795E+01 .81 3.55 .81 .00 
38.55 .00 .00 128.6 .778E+01 .81 3.61 .81 .00 
39.32 .00 .00 131.5 .761E+01 .82 3.67 .82 .00 
40.08 .00 .00 134.4 .744E+01 .82 3.73 .82 .00 
40.85 .00 .00 137.4 .728E+01 .83 3.78 .83 .00 
41.61 .00 .00 140.5 .712E+01 .83 3.84 .83 .00 
42.38 .00 .00 143.6 .696E+01 .84 3.89 .84 .00 
43.14 .00 .00 146.9 .681E+01 .85 3.95 .85 .00 
43.90 .00 .00 150.2 .666E+01 .85 4.00 .85 .00 
44.67 .00 .00 153.6 .651E+01 .86 4.06 .86 .00 
45.43 . 00 . 00 157.0 .637E+01 .87 4.11 .87 .00 
46.20 .00 .00 160.6 .623E+01 .88 4.16 .88 .00 
46.96 .00 .00 164.2 .609E+01 .89 4.21 .89 .00 
47.73 .00 .00 167.9 .596E+01 .90 4.27 .90 .00 
48.49 .00 .00 171.7 .582E+01 .90 4.32 .90 .00 
49.25 .00 .00 175.6 .570E+01 .91 4.37 .91 .00 
50.02 .00 .00 179.5 .557E+01 .92 4.42 .92 .00 
50.78 .00 .00 183.6 .545E+01 .93 4.47 .93 .00 

Cumulative travel time = 159. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
------------------------------------ -----------------------------------------
---- --- -· -------- ------- ---- ---------- --- -- ------- --- -- ------------ --- -------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = .113E-01 m"2/s 
Horizontal diffusivity (initial value) = .282E-01 m"2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in ¥-direction 
ZU = upper plume boundary (Z-coordinate) 
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'I 

ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached); 
X y z s C BV BH zu ZL 

50.78 .00 .00 183.6 .545E+01 .93 4.47 .93 .00 
53.64 .00 .00 193.9 .516E+01 .97 4.57 .97 .00 
56.50 .00 .00 204.9 .488E+01 1.00 4.67 1.00 .00 
59.35 .00 .00 216.4 .462E+01 1.03 4.76 1.03 .00 
62.21 .00 .00 228.5 .438E+01 1.07 4.85 1.07 .00 
65.07 .00 .00 241.2 .415E+01 1.11 4.94 1.11 .00 
67.92 .00 .00 254.6 .393E+01 1.15 5.03 1.15 .00 
70.78 .00 .00 268.6 .372E+01 1.20 5.12 1.20 .00 
73.64 .00 .00 283.2 .353E+01 1.24 5.20 1.24 .00 
76.49 .00 .00 298.5 .335E+01 1.29 5.29 1.29 .00 
79.35 .00 .00 314.3 .318E+01 1.33 5.37 1.33 .00 
82.21 .00 .00 330.8 .302E+01 1.38 5.45 1.38 .00 
85.07 .00 .00 347.8 .288E+01 1.43 5.53 1.43 .00 
87.92 .00 .00 365.4 .274E+01 1.48 5.61 1.48 .00 
90.78 .00 .00 383.5 .261E+01 1.54 5.69 1.54 .00 
93.64 .00 .00 402.0 .249E+01 1.59 5.76 1.59 .00 
96.49 .00 .00 421.1 .237E+01 1.64 5.84 1.64 .00 
99.35 .00 .00 440.6 .227E+01 1. 70 5.91 1. 70 .00 

102.21 .00 .00 460.4 .217E+01 1. 75 5.99 1. 75 .00 
105.06 .00 .00 480.7 .208E+01 1.81 6.06 1.81 .00 
107.92 .00 .00 501.3 .199E+01 1.86 6.13 1.86 .00 
110.78 .00 .00 522.2 .192E+01 1.92 6.20 1.92 .00 
113.64 .00 .00 543.3 .184E+01 1.97 6.27 1.97 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval . 
116.49 . 00 .00 560.1 .179E+01 2.01 6.34 2.01 .00 
119.35 .00 .00 566.2 .177E+01 2.01 6.41 2.01 .00 
122.21 .00 .00 572.2 .175E+01 2.01 6.48 2.01 .00 
125.06 .00 .00 578.2 .173E+01 2.01 6.55 2.01 .00 
127.92 .00 .00 584.1 .171E+01 2.01 6.62 2.01 .00 
130.78 .00 .00 589.9 .170E+01 2.01 6.68 2.01 .00 
133.63 .00 .00 595.7 .168E+01 2.01 6.75 2.01 .00 
136.49 .00 .00 601.4 .166E+01 2.01 6 . 81 2.01 .00 
139.35 .00 .00 607.1 .165E+01 2 . 01 6.88 2.01 .00 
142.21 .00 .00 612.7 .163E+01 2.01 6.94 2.01 .00 
145.06 .00 .00 618.3 .162E+01 2.01 7.00 2.01 .00 
147.92 .00 .00 623.8 .160E+01 2.01 7.07 2.01 .00 
150.78 .00 . 00 629.3 .159E+01 2.01 7.13 2.01 .00 
153.63 .00 . 00 634.7 .158E+01 2.01 7.19 2.01 .00 
156.49 .00 .00 640.1 .156E+01 2.01 7.25 2.01 .00 
159.35 .00 .00 645.4 .155E+01 2.01 7.31 2.01 .00 
162.20 .00 .00 650.7 .154E+01 2.01 7.37 2.01 . 00 
165.06 .00 .00 655 . 9 . 152E+01 2.01 7.43 2.01 .00 
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167.92 .00 .00 661.1 .151E+01 2.01 7.49 2.01 .00 
170.77 .00 .00 666.3 . 150E+01 2.01 7.55 2.01 .00 
173.63 .00 .00 671.4 .149E+01 2.01 7.61 2.01 .00 
176.49 .00 .00 676.5 .148E+01 2.01 7.66 2.01 .00 
179.35 .00 .00 681.5 .147E+01 2.01 7.72 2.01 .00 
182.20 .00 .00 686.6 .146E+01 2.01 7.78 2.01 .00 
185.06 .00 .00 691.5 .145E+01 2.01 7.83 2.01 .00 
187.92 .00 .00 696.5 .144E+01 2.01 7.89 2.01 .00 
190.77 .00 .00 701.4 .143E+01 2.01 7.94 2.01 .00 
193.63 .00 .00 706.2 .142E+01 2.01 8.00 2.01 .00 

Cumulative travel time= 656. sec 

----------------------------- ----- ------------------ ------------------- ---- --
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
193.63 8.00 .00 706.2 .142E+01 2.01 16.00 2.01 .00 
209.76 8.00 .00 713.1 .140E+01 2.01 16.15 2.01 .00 
225.89 8.00 .00 719.8 .139E+01 2.01 16.31 2.01 .00 
242.01 8.00 .00 726.5 .138E+01 2.01 16.46 2.01 .00 
258.14 8.00 .00 733.1 .136E+01 2.01 16.61 2.01 .00 
274.27 8.00 .00 739.7 .135E+01 2.01 16.76 2.01 .00 
290.39 8.00 .00 746.2 .134E+01 2 . 01 16.91 2.01 .00 
306.52 8.00 .00 752.7 .133E+01 2.01 17.05 2.01 .00 
322.65 8.00 .00 759.1 .132E+01 2.01 17.20 2.01 .00 
338.78 8.00 .00 765.4 .131E+01 2.01 17.34 2.01 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 342.14 m. 
354.90 8.00 .00 771. 7 .130E+01 2.01 17.37 2.01 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
371.03 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
387.16 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
403.29 8.00 .00 766.7 .130E+01 2 .01 17.37 2.01 .00 
419 .41 8.00 .00 766.7 . 130E+01 2.01 17.37 2.01 .00 
435.54 8.00 .00 766.7 .130E+01 2.01 17 . 37 2.01 .00 
451.67 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
467.80 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
483.92 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
500.05 8 . 00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
516.18 8 . 00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
532.31 8.00 .00 766.7 .130E+01 2.01 17.37 2 . 01 .00 
548.43 8.00 .00 766.7 .130E+01 2 . 01 17.37 2.01 .00 
564.56 8 . 00 .00 766.7 . 130E+01 2 . 01 17.37 2.01 .00 
580.69 8 . 00 .00 766.7 .130E+01 2 . 01 17.37 2 . 01 .00 
596.82 8.00 . 00 766 . 7 . 130E+01 2 . 01 17.37 2.01 .00 
612.94 8.00 .00 766.7 .130E+01 2 . 01 17.37 2.01 .00 
629 . 07 8.00 .00 766.7 .130E+01 2 . 01 17.37 2.01 .00 
645 . 20 8.00 .00 766 . 7 . 130E+01 2 . 01 17.37 2.01 .00 
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661.32 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
677.45 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
693.58 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
709.71 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
725.83 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
741.96 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
758.09 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
774.22 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
790.34 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
806.47 8.00 .00 766 . 7 .130E+01 2.01 17.37 2.01 .00 
822.60 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
838.73 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
854.85 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
870.98 8.00 .00 766.7 .130E+01 2.01 17.37 2 . 01 .00 
887.11 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
903.24 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
919.36 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 . 00 
935.49 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
951.62 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
967.74 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
983.87 8.00 .00 766.7 .130E+01 2.01 17.37 2 . 01 .00 

1000.00 8.00 .00 766.7 .130E+01 2.01 17.37 2.01 .00 
Cumulative travel time = 3462. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation . 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
---------------------------------------------------------- ------------- ------
----------------------------------------------------------------------- ------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem ,version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEAlA_APORTAlAMAXIMUMAFLOW 
cormix\sim\MACl-lXl.cxl 
01/13/20--21:41:13 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS ~ 20.06 AS = 56.17 QA = 22.24 ICHREG= 2 
HA = 2.80 HD = 2.80 
UA = .396 F = .068 USTAR = .3656E-01 
UW = 2.000 UWSTARa .2198E-02 
Uniform density environment 
STRCND~ U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.00 
D0 = .076 A0 = .005 H0 
THETA= 
U0 = 
RH00 = 
C0 = 
IPOLL = 

30.00 SIGMA = .00 
5.487 Q0 = .025 

1013.3900 DRH00 =-.1490E+02 
.1000E+04 CUNITS= PPM 
1 KS = .0000E+00 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 
Associated length scales 
LQ = .07 LM 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R 

= .1373E+00 
(meters) 
= 3.73 

13.85 

GP0 

KO 

J0 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIX1) = NH4 1 
1 Applicable layer depth HS= 2.80 1 
111111111111111111111111111111111111111111 

.56 

= .2502E-01 
=- .1463E+00 

= .0000E+00 

=- . 3662E-02 

= .94 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.06 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.00 m from the LEFT bank/shore. 
x-axis points downstream, Y-axis points to left, Z-axis points upward . 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-------------------------------------------------------------------------- ---
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF M0D101: DISCHARGE MODULE 

S C 
1. 0 .100E+04 

B 
.04 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.68 SIGMAE= .00 
LE = .34 XE = .29 YE = .00 ZE = .73 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.29 .00 .73 1.0 .100E+04 .04 
• 71 .00 .94 2.3 .434E+03 .09 

1.15 .00 1.11 3.9 .255E+03 .15 
1.60 .00 1.25 5.7 .176E+03 .19 
2.05 .00 1.37 7.4 .135E+03 .24 
2.52 .00 1.47 9.1 .110E+03 .28 
2.98 .00 1. 55 10.7 .932E+02 .31 
3.45 .00 1.62 12.3 .813E+02 .34 
3.92 .00 1.68 13.8 .727E+02 .36 
4 .39 .00 1.74 15.1 .660E+02 .39 
4.86 .00 1.78 16.4 .609E+02 .41 
5.33 .00 1.81 17.6 .567E+02 .43 
5.80 .00 1.85 18.8 .533E+02 .44 
6.28 .00 1.87 19 . 8 .505E+02 .46 
6.74 ,00 1.89 20.8 .482E+02 .47 
7.22 .00 1.91 21. 7 .462E+02 .48 
7.69 .00 1.92 22.5 .445E+02 .50 
8.17 .00 1.92 23.2 .431E+02 .51 



R01683.. 

8.63 
Maximum jet 

9.11 
9.58 

10.06 
10. 52 
11.00 
11.47 
11.95 
12.41 
12.89 
13.36 
13.83 
14.30 
14.78 
15.24 
15.72 
16.18 
16.66 
17 .13 
17.60 
18.07 
18.54 
19.01 
19.49 
19.95 
20.43 
20.89 
21 . 37 
21.83 
22.31 
22.77 
23.25 
23.72 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.93 
has been 

1.93 
1.92 
1.92 
1.91 
1.89 
1.88 
1.86 
1.84 
1.81 
1. 79 
1. 76 
1.73 
1. 70 
1.67 
1.63 
1.60 
1.56 
1.52 
1.48 
1.44 
1.40 
1.36 
1.32 
1.28 
1.23 
1.19 
1.15 
1.10 
1.06 
1.01 

.97 

.93 
Cumulative travel time= 

23.9 .419E+02 
reached. 
24.5 .408E+02 
25.2 .397E+02 
25.9 .386E+02 
26.7 .375E+02 
27.5 .363E+02 
28.4 .352E+02 
29.4 .340E+02 
30.4 .329E+02 
31.5 .318E+02 
32.6 .307E+02 
33.8 .296E+02 
35.0 .286E+02 
36.3 .276E+02 
37.6 .266E+02 
38.9 .257E+02 
40.3 .248E+02 
41.8 .239E+02 
43.2 .231E+02 
44.8 .223E+02 
46.3 .216E+02 
47.9 .209E+02 
49.S .202E+02 
51. 2 .195E+02 
52.9 .189E+02 
54.6 .183E+02 
56.3 .178E+02 
58.1 .172E+02 
59.9 .167E+02 
61.7 .162E+02 
63.6 .157E+02 
65.5 .153E+02 
67 . 3 . 149E+02 

37. sec 

.51 

.52 

.53 

. 54 

.55 

.56 

.57 

.58 

.59 

.60 

.62 

.63 

.64 

.66 

.67 

.68 

.70 

.71 

.72 

.74 

.75 

. 77 

.78 

.80 

.81 

.82 

.84 

.85 

.87 

.88 

.90 

.91 

. 92 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z 5 C 

23.72 .00 .93 67.3 .149E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.92 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
22.79 
23.07 
23.35 
23.62 
23.90 
24.18 
24.46 
24.73 
25.01 
25.29 
25.56 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

s 
67.3 
67.3 
67.3 
67.3 
69.2 
77.8 
89.6 

100.4 
107.8 
111.9 
114.5 

C 
.149E+02 
.149E+02 
.149E+02 
.149E+02 
.145E+02 
.129E+02 
.112E+02 
.996E+01 
.927E+01 
.894E+01 
.874E+01 

41. sec 

BV 
.00 

1.20 
1.42 
1.56 
1.67 
1. 74 
1.80 
1.85 
1.88 
1.90 
1.90 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.60 
.85 

1.04 
1.20 
1.34 
1.47 
1.59 
1. 70 
1.80 
1.90 

zu 
.00 

1.20 
1.42 
1.56 
1.67 
1. 74 
1.80 
1.85 
1.88 
1.90 
1.90 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
---------------------------- •------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

25.56 
26.01 
26.46 
26 . 90 
27 . 35 
27.80 
28.24 
28.69 
29.13 
29.58 
30.03 
30.47 
30.92 
31.36 
31.81 
32.26 
32.70 

(not 
y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached): 
z s 
.00 114. 5 
.00 115.4 
.00 116.3 
.00 117.2 
.00 118.1 
.00 119.0 
.00 119.9 
.00 120.8 
.00 121.8 
.00 122.7 
. 00 123.6 
.00 124.6 
. 00 125.5 
.00 126.5 
.00 127.4 
.00 128.4 
.00 129.4 

C 
.874E+01 
.867E+01 
.860E+01 
. 853E+01 
.847E+01 
.840E+01 
.834E+01 
.828E+01 
.821E+01 
.815E+01 
.809E+01 
.803E+01 
.797E+01 
.791E+01 
.785E+01 
.779E+01 
.773E+01 

BV 
1.90 
1.88 
1.86 
1.83 
1.82 
1.80 
1. 78 
1. 76 
1.75 
1. 73 
1. 72 
1.70 
1.69 
1.68 
1.67 
1.65 
1.64 

BH 
1.90 
1.94 
1.98 
2.02 
2.06 
2.09 
2.13 
2.17 
2.20 
2.24 
2.28 
2.31 
2 . 35 
2.38 
2.42 
2.45 
2.49 

zu 
1.90 
1.88 
1.86 
1.83 
1.82 
1.80 
1.78 
1. 76 
1. 75 
1. 73 
1. 72 
1. 70 
1.69 
1.68 
1.67 
1.65 
1.64 

ZL 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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33.15 
33.59 
34.04 
34.49 
34.93 
35.38 
35.82 
36.27 
36.72 
37.16 
37.61 
38.06 
38.50 
38.95 
39.39 
39.84 
40.29 
40. 73 
41.18 
41.62 
42.07 
42.52 
42.96 
43.41 
43.85 
44.30 
44.75 
45.19 
45.64 
46.09 
46.53 
46.98 
47.42 
47.87 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 130.4 .767E+01 

.00 131.3 .761E+01 

.00 132.4 .756E+01 

.00 133.4 .750E+01 

.00 134.4 .744E+01 

.00 135.4 .738E+01 

.00 136.5 .733E+01 

.00 137.5 .727E+01 

.00 138.6 .721E+01 

.00 139.7 .716E+01 

.00 140.8 .710E+01 

.00 141.9 .705E+01 

.00 143.0 .699E+01 

.00 144.1 .694E+01 

.00 145.3 .688E+01 

.00 146.4 .683E+01 

.00 147.6 .677E+01 

.00 148.8 .672E+01 

.00 150.0 .667E+01 

.00 151.2 .661E+01 

.00 152.4 .656E+01 

.00 153.7 .651E+01 

.00 154.9 .645E+01 

.00 156.2 .640E+01 

.00 157.5 .635E+01 

.00 158.8 .630E+01 

.00 160.1 .625E+01 

.00 161.4 .619E+01 

. 00 162 .8 . 614E+01 

.00 164.1 .609E+01 

.00 165.5 .604E+01 

.00 166.9 .599E+01 

.00 168.3 .594E+01 

.00 169.8 .589E+01 
Cumulative travel time = 98. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 

1.63 
1.62 
1.62 
1.61 
1.60 
1.59 
1.58 
1.58 
1.57 
1.57 
1.56 
1.56 
1.55 
1.55 
1.54 
1.54 
1.53 
1.53 
1.53 
1.53 
1.52 
1.52 
1.52 
1.52 
1.52 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

2.52 
2.55 
2.59 
2.62 
2.65 
2.69 
2.72 
2.75 
2.79 
2.82 
2.85 
2.88 
2.91 
2.95 
2.98 
3.01 
3.04 
3.07 
3.10 
3.13 
3.16 
3.19 
3.22 
3.25 
3.28 
3.31 
3.34 
3.37 
3.40 
3.43 
3.46 
3.49 
3.52 
3.55 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value) = 

. 205E-01 m"2/s 

. 512E-01 m"2/s 

Profile definitions: 

1.63 
1.62 
1.62 
1.61 
1.60 
1.59 
1.58 
1.58 
1.57 
1.57 
1.56 
1.56 
1.55 
1. 55 
1.54 
1.54 
1.53 
1.53 
1.53 
1.53 
1.52 
1.52 
1.52 
1 . 52 
1.52 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s .d . *sqrt(pi/2) (46%) half-width, 
measured horizontally in ¥-direction 

ZU = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

47.87 .00 .00 169.8 .589E+01 1.51 3.55 1.51 .00 
52.18 .00 .00 187.4 .534E+01 1.56 3.78 1.56 .00 
56.49 .00 .00 205.8 .486E+01 1.62 4.01 1.62 .00 
60.80 .00 .00 224.9 .445E+01 1.68 4.22 1.68 .00 
65.10 .00 .00 244.8 .409E+01 1. 75 4.42 1.75 .00 
69.41 .00 .00 265.6 .377E+01 1.82 4.62 1.82 .00 
73.72 .00 . 00 287.3 .348E+01 1.89 4.80 1.89 .00 
78.03 .00 .00 309.9 .323E+01 1.97 4.98 1.97 .00 
82.34 .00 .00 333.3 .300E+01 2.04 5.15 2.04 .00 
86.65 .00 .00 357.7 .280E+01 2.12 5.32 2.12 .00 
90.96 .00 .00 382.8 .261E+01 2.21 5.48 2.21 .00 
95.26 .00 .00 408.7 .245E+01 2.29 5.64 2.29 .00 
99.57 .00 .00 435.3 .230E+01 2.37 5.79 2.37 .00 

103.88 .00 .00 462.5 .216E+01 2.46 5.94 2.46 .00 
108.19 .00 .00 490.4 .204E+01 2.55 6.09 2.55 .00 
112.50 .00 .00 518.8 .193E+01 2.63 6.23 2 . 63 .00 
116 .81 .00 .00 547.8 .183E+01 2.72 6.37 2.72 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
121.12 .00 .00 576.4 .173E+01 2 . 80 6.50 2 . 80 .00 
125.42 .00 .00 588.2 .170E+01 2.80 6.64 2.80 .00 
129.73 .00 .00 599.8 .167E+01 2.80 6.77 2.80 .00 
134.04 .00 .00 611.1 .164E+01 2.80 6.90 2.80 .00 
138. 35 .00 .00 622.3 .161E+01 2.80 7.02 2.80 . 00 
142.66 .00 .00 633.2 .158E+01 2 . 80 7.14 2.80 .00 
146.97 .00 .00 644.0 .155E+01 2.80 7.27 2.80 .00 
151.28 .00 . 00 654.5 .153E+01 2.80 7.39 2.80 .00 
155.58 .00 .00 664.9 .150E+01 2.80 7.50 2.80 .00 
159.89 .00 .00 675.2 .148E+01 2.80 7 . 62 2.80 .00 
164.20 .00 .00 685.3 .146E+01 2.80 7.73 2.80 .00 
168.51 .00 .00 695.2 .144E+01 2.80 7 . 84 2.80 .00 
172.82 .00 .00 705.1 .142E+01 2.80 7.95 2.80 .00 
177.13 .00 .00 714.7 .140E+01 2.80 8.06 2.80 .00 
181.43 .00 .00 724. 3 . 138E+01 2.80 8.17 2.80 .00 
185.74 .00 .00 733 . 7 .136E+01 2 . 80 8.28 2.80 .00 
190.05 .00 .00 743.0 .135E+01 2.80 8.38 2.80 .00 
194.36 . 00 .00 752.2 .133E+01 2.80 8.49 2.80 .00 
198.67 .00 .00 761.3 .131E+01 2.80 8.59 2 . 80 . 00 
202 . 98 . 00 .00 770.2 . 130E+01 2.80 8.69 2 . 80 .00 
207.29 .00 .00 779.1 .128E+01 2.80 8.79 2.80 .00 
211.59 .00 .00 787.9 .127E+01 2.80 8.89 2.80 .00 
215.90 .00 .00 796.5 .126E+01 2.80 8.99 2.80 .00 
220.21 .00 .00 805.1 .124E+01 2 . 80 9.08 2.80 . 00 
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224. 52 .00 .00 813.6 .123E+01 2.80 9.18 2.80 .00 
228.83 .00 .00 822.0 .122E+01 2.80 9.27 2.80 .00 
233.14 .00 .00 830.3 .120E+01 2.80 9.37 2.80 .00 
237.45 .00 .00 838.5 .119E+01 2.80 9.46 2.80 .00 
241. 75 .00 .00 846.7 .118E+01 2.80 9.55 2.80 .00 
246.06 .00 .00 854.7 .117E+01 2.80 9.64 2.80 .00 
250.37 .00 .00 862.7 .116E+01 2.80 9.73 2.80 .00 
254.68 .00 .00 870.7 .115E+01 2.80 9.82 2.80 .00 
258.99 .00 .00 878.S .114E+01 2.80 9.91 2.80 .00 
263.30 .00 .00 886.3 .113E+01 2.80 10.00 2.80 .00 

Cumulative travel time ,. 641. sec 

------------------------- -------- -~---- --------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
263.30 10.00 .00 886.3 .113E+01 2.80 20.00 2.80 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 269.22 m. 
278.03 10.00 .00 892.9 .112E+01 2.80 20.06 2.80 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
292.77 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
307.50 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
322.23 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
336.97 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
351. 70 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
366.44 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
381.17 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
395.90 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
410.64 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
425.37 10 . 00 . 00 889 . 0 .112E+01 2.80 20.06 2.80 .00 
440.11 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
454.84 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
469.57 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
484.31 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
499 . 04 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
513.78 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
528.51 10.00 .00 889.0 .112E+01 2.80 20 . 06 2.80 .00 
543.24 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
557.98 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
572.71 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
587.45 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
602.18 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
616 . 91 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
631.65 10.00 . 00 889.0 .112E+01 2.80 20.06 2.80 .00 
646.38 10. 00 .00 889.0 . 112E+01 2 . 80 20.06 2.80 .00 
661.12 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
675.85 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 



R01688,: 

690.59 10.00 .00 889.0 .112E+01 2.80 20 . 06 2.80 .00 
705.32 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
720.05 10.00 .00 889.0 .112E+01 2.80 20.06 2 . 80 .00 
734.79 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
749.52 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
764.26 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
778.99 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
793.72 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
808.46 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
823.19 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
837.93 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
852.66 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
867.39 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
882.13 10.00 .00 889.0 . 112E+01 2.80 20.06 2.80 .00 
896.86 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
911. 60 10 .00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
926.33 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
941 . 06 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
955.80 10 . 00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
970.53 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
985.27 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 

1000.00 10.00 .00 889.0 .112E+01 2.80 20.06 2.80 .00 
Cumulative travel time = 2499. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
------------------------------------------------------ ---------------- -------
----------------------------------------------------- ---- --------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

ENVIRONMENT PARAMETERS 
Bounded section 

MACHABIGAMUDDYARIVER 
CASEA2A_APORTA1ANORMALAFLOW 
cormix\sim\MAC2-1Nl.cxl 
01/13/20--21:36:0S 

(metric units) 

BS :; 20.06 AS = 56.17 QA = 22.24 ICHREG= 2 
HA = 2.80 HD - 2.80 
UA = .396 F = .068 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.00 
D0 - .076 A0 = .005 H0 
THETA= 30.00 SIGMA: .00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
ce = .2000E+01 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 = .3746E-01 J0 
Associated length scales (meters) 
LQ = .07 LM = 1.95 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R = 7.23 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 2.80 1 
111111111111111111111111111111111111111111 

= .3656E-01 

=- .56 

= .1307E-01 
=- .1463E+00 

= . 0000E+00 

=- .1913E-02 SIGNJ0= 

= .49 Lb = 
= 99999.00 Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .2000E+01 (UNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.03 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
----------------------------------- ------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .200E+01 

B 
.04 

---------------------------- -- ------------- •---------------------------------
------------------------------------- ; •--------------------------------------
BEGIN CORJET (MOD110}: JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.47 SIGMAE= .00 
LE = .30 XE = .26 YE = .00 ZE = .71 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .200E+01 .04 
.26 .00 .71 1.0 .200E+01 .04 
.51 .00 .82 1.8 .112E+01 .07 
.77 .00 .91 2.8 .719E+00 .10 

1.04 .00 .98 3.8 .527E+00 .13 
1.30 .00 1.04 4 . 8 .420E+00 .15 
1.58 .00 1.09 5.7 .352E+00 .17 
1.85 .00 1.13 6.5 .306E+00 .18 
2.12 .00 1.16 7.3 .272E+00 .20 
2.40 .00 1.19 8.1 .248E+00 . 21 
2.67 . 00 1.21 8.8 .228E+00 .22 
2.95 .00 1.23 9.4 .213E+00 .23 
3.23 . 00 1.24 9.9 .201E+00 .24 
3.50 .00 1.25 10.4 .191E+00 .24 
3.78 .00 1.26 10.9 .183E+00 . 25 
4.05 .00 1.26 11.3 .177E+00 .26 
4.33 .00 1.26 11. 7 .171E+00 .26 

Maximum jet height has been reached. 
4.60 .00 1.26 12.0 .166E+00 .27 

r 
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4.88 .00 1.26 12.4 .161E+00 .27 
5.16 .00 1.26 12.8 .156E+00 .28 
5.43 .00 1.25 13.3 .150E+00 .28 
5.71 .00 1.24 13.8 .14SE+00 .29 
5.99 .00 1.23 14.4 .139E+00 .29 
6.26 .00 1.21 14.9 .134E+00 .30 
6.54 .00 1.20 15.6 .128E+00 .31 
6.81 .00 1.18 16.2 .123E+00 .32 
7.09 .00 1.16 16.9 .118E+00 .32 
7.36 .00 1.14 17.6 .113E+00 .33 
7.64 .00 1.12 18.4 .109E+00 .34 
7.91 .00 1.10 19.2 .104E+00 .35 
8.19 .00 1.08 20.0 .100E+00 .36 
8.46 .00 1.06 20.8 .960E-01 .36 
8.74 .00 1.03 21. 7 .922E-01 .37 
9.01 .00 1.01 22.6 .886E-01 .38 
9.29 .00 .98 23.5 .851E-01 .39 
9.56 .00 .96 24.4 .818E-01 .40 
9.84 .00 .93 25.4 .788E-01 .41 

10.11 .00 .91 26.4 .758E-01 .41 
10.39 .00 .88 27.4 .731E-01 .42 
10.66 .00 .86 28.4 .705E-01 .43 
10.94 .00 .83 29.4 .680E-01 .44 
11.21 .00 .80 30.5 .656E-01 .45 
11.49 .00 .78 31.5 .634E-01 .46 
11. 76 .00 .75 32.6 .613E-01 .47 
12.04 .00 .72 33.7 .593E-01 .47 
12.31 .00 .69 34.9 .574E-01 .48 
12.58 .00 .67 36.0 .556E-01 .49 
12.86 .00 .64 37.1 .S39E-01 .50 
13.13 .00 .61 38.3 .522E-01 .51 
13.41 .00 .59 39.5 .507E-01 .52 
13.68 .00 .56 40.6 .492E-01 .52 
13.96 .00 .53 41.8 .478E-01 .53 

Cumulative travel time= 23. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
------------------------------------------------------- ----------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

13.96 .00 .53 41.8 .478E-01 .53 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
13.42 
13.58 
13.74 
13.90 
14.06 
14.22 
14.38 
14.54 
14.70 
14.86 
15.02 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
41.8 .478E-01 
41.8 .478E-01 
41.8 .478E-01 
41.8 .478E-01 
43.0 .465E-01 
48.3 .414E-01 
55.7 .359E-01 
62.4 .321E-01 
67.0 .299E-01 
69.S .288E-01 
71.1 .281E-01 

26. sec 

BV 
.00 
.68 
.81 
.89 
.95 
.99 

1.03 
1.05 
1.07 
1.08 
1.08 

ENO OF M00131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.34 
.48 
. 59 
.69 
• 77 
.84 
.91 
.97 

1.03 
1.08 

zu 
.00 
.68 
.81 
.89 
.95 
.99 

1.03 
1.05 
1.07 
1.08 
1.08 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
------ --- --------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached) : 
X y z s 

15.02 .00 .00 71.1 
15.22 .00 .00 71. 5 
15.42 .00 .00 72.0 
15.61 .00 .00 72.4 
15.81 .00 .00 72.9 
16.01 .00 .00 73.3 
16.21 .00 .00 73.8 
16.40 .00 .00 74.2 
16.60 .00 .00 74.7 
16.80 .00 .00 75.1 
17 .00 .00 .00 75.6 
17. 20 .00 .00 76.0 
17 . 39 .00 .00 76 . 5 
17. 59 .00 .00 76.9 
17. 79 .00 .00 77.4 
17. 99 .00 .00 77.9 
18.18 .00 .00 78.3 

C 
.281E-01 
.280E-01 
.278E-01 
.276E-01 
.274E-01 
.273E-01 
.271E-01 
.270E-01 
.268E-01 
.266E-01 
.265E-01 
.263E-01 
.262E-01 
.260E-01 
.258E-01 
.257E-01 
.255E-01 

BV 
1.08 
1.07 
1.06 
1.06 
1.05 
1.04 
1.03 
1.02 
1.02 
1.01 
1.00 
1.00 

.99 

.98 

.98 

.97 

.97 

BH 
1.08 
1.10 
1.12 
1.13 
1.15 
1.16 
1.18 
1.20 
1.21 
1.23 
1.24 
1.26 
1.27 
1.29 
1.31 
1.32 
1.34 

zu 
1.08 
1.07 
1.06 
1.06 
1.05 
1.04 
1.03 
1.02 
1.02 
1.01 
1.00 
1.00 

.99 

.98 

.98 

.97 

.97 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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18.38 
18.58 
18.78 
18.98 
19.17 
19.37 
19.57 
19.77 
19.96 
20.16 
20.36 
20.56 
20.76 
20.95 
21.15 
21.35 
21. 55 
21. 74 
21.94 
22.14 
22.34 
22.53 
22.73 
22.93 
23.13 
23.33 
23.52 
23.72 
23.92 
24. 12 
24.31 
24.51 
24. 71 
24.91 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
Cumulative travel time ~ 

78.8 .254E-01 
79.3 .252E-01 
79.8 .251E-01 
80.2 .249E-01 
80.7 .248E -01 
81.2 .246E-01 
81.7 .245E-01 
82.2 .243E-01 
82.7 .242E-01 
83.2 .240E-01 
83 . 7 .239E•01 
84.3 .237E-01 
84.8 .236E-01 
85.3 .234E-01 
85.8 .233E -01 
86.4 .232E-01 
86.9 .230E-01 
87.4 .229E-01 
88.0 .227E-01 
88.6 .226E- 01 
89.1 .224E-01 
89.7 .223E-01 
90.2 .222E-01 
90.8 .220E-01 
91.4 .219E-01 
92.0 .217E-01 
92.6 .216E+01 
93.2 .215E-01 
93 .8 . 213E-01 
94.4 .212E-01 
95.0 .211E-01 
95.6 . 209E-01 
96.2 . 208E-01 
96.9 .206E+01 

51 . sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 

.96 

.96 

.95 

.95 

.95 

.94 

.94 

.93 

. 93 

.93 

.92 

.92 

.92 

.92 

. 91 

.91 

.91 

.91 

.90 

.90 

.90 

.90 

.90 

.89 

.89 

.89 

.89 

.89 

. 89 

.89 

.89 

.89 

.89 

.88 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

1.35 
1.37 
1.38 
1.39 
1.41 
1.42 
1.44 
1.45 
1.47 
1.48 
1.50 
1.51 
1.52 
1.54 
1.55 
1.57 
1.58 
1.59 
1.61 
1.62 
1.63 
1.65 
1.66 
1.67 
1.69 
1. 70 
1. 71 
1. 73 
1.74 
1. 75 
1.77 
1. 78 
1. 79 
1.81 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

. 205E-01 m"2/s 

. 512E-01 m"2/s 

Profile definitions : 

.96 

.96 

.95 

.95 

.95 

.94 

.94 

.93 

.93 

.93 

.92 

.92 

.92 

.92 

.91 

.91 

.91 

.91 

.90 

.90 

.90 

.90 

.90 

.89 

.89 

.89 

.89 

.89 

.89 

.89 

.89 

.89 

.89 

.88 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s . d.*sqrt(pi /2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

24.91 .00 .00 96.9 .206E-01 .88 1.81 .88 .00 
29.67 .00 .00 126.8 .158E-01 .92 2.28 .92 .00 
34.44 .00 .00 155.7 .128E-01 .96 2.67 .96 .00 
39.20 .00 .00 185.6 .108E-01 1.02 3.01 1.02 .00 
43.97 .00 .00 217.6 .919E-02 1.08 3.32 1.08 .00 
48.73 .00 .00 252.5 .792E-02 1.16 3.60 1.16 .00 
53.50 .00 .00 291.0 .687E-02 1.25 3.86 1.25 .00 
58.26 .00 .00 333.2 .600E-02 1.34 4.10 1.34 .00 
63.03 .00 .00 379.2 .527E-02 1.45 4.33 1.45 .00 
67.79 .00 .00 428.8 .466E-02 1.56 4.55 1.56 .00 
72.56 .00 .00 481.9 .415E-02 1.67 4.75 1.67 .00 
77.32 .00 .00 537.9 .372E-02 1. 79 4.95 1.79 .00 
82.09 .00 .00 596.6 .335E-02 1.91 5.15 1.91 .00 
86.85 .00 .00 657.6 .304E-02 2.04 5.33 2.04 .00 
91.62 .00 .00 720.4 .278E-02 2.16 5.51 2.16 .00 
96.38 .00 .00 784.7 .255E-02 2.28 5.68 2.28 .00 

101.15 .00 .00 850.4 .235E-02 2.40 5.85 2.40 .00 
105.91 .00 .00 917.2 .218E-02 2.52 6.01 2.52 .00 
110.68 .00 .00 984.9 .203E-02 2.63 6.17 2.63 .00 
115.44 .00 .00 1053.4 .190E-02 2.75 6.33 2.75 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval . 
120.21 . 00 .00 1099.1 .182E-02 2.80 6.48 2.80 .00 
124.97 .00 .00 1124.2 .178E-02 2.80 6.63 2.80 .00 
129.74 .00 .00 1148.7 .174E-02 2.80 6 . 77 2.80 .00 
134. 50 .00 .00 1172.7 .171E-02 2.80 6.91 2.80 .00 
139.27 .00 .00 1196.2 .167E-02 2.80 7.05 2.80 .00 
144.03 .00 .00 1219.3 .164E-02 2.80 7.19 2.80 .00 
148.80 .00 .00 1241.9 .161E-02 2.80 7.32 2.80 .00 
153.56 .00 . 00 1264.1 .158E-02 2.80 7.45 2 . 80 .00 
158.33 .00 . 00 1286.0 .156E-02 2.80 7.58 2.80 .00 
163.09 .00 .00 1307.4 .153E-02 2.80 7.71 2.80 .00 
167.86 .00 .00 1328.6 .lSlE-02 2.80 7.83 2.80 .00 
172.62 .00 .00 1349.4 .148E-02 2.80 7.95 2.80 .00 
177 . 39 .00 .00 1369. 9 . 146E-02 2.80 8.07 2.80 . 00 
182.15 .00 .00 1390.1 .144E-02 2.80 8.19 2.80 .00 
186.92 .00 .00 1409.9 .142E-02 2.80 8.31 2.80 .00 
191.68 .00 .00 1429.6 .140E-02 2.80 8.42 2.80 .00 
196.45 .00 .00 1448.9 .138E-02 2 . 80 8.54 2.80 .00 
201. 21 .00 .00 1468.0 .136E-02 2.80 8.65 2.80 .00 
205.98 .00 .00 1486.9 .135E-02 2 . 80 8.76 2.80 .00 
210.74 .00 .00 1505.5 .133E-02 2.80 8.87 2.80 .00 
215.51 .00 .00 1523.9 .131E-02 2.80 8.98 2.80 .00 
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220.27 .00 .00 1542.0 .130E-02 2.80 9.09 2.80 .00 
225.04 .00 .00 1560.0 .128E-02 2.80 9.19 2.80 .00 
229.80 .00 .00 1577.8 .127E-02 2.80 9.30 2.80 .00 
234.57 .00 .00 1595.3 .125E-02 2.80 9.40 2 . 80 .00 
239.33 .00 .00 1612.7 .124E-02 2.80 9.50 2.80 .00 
244.10 .00 .00 1629.9 .123E-02 2.80 9.61 2 . 80 .00 
248.86 .00 .00 1646.9 .121E-02 2.80 9.71 2.80 .00 
253.63 .00 .00 1663.7 .120E-02 2.80 9.80 2.80 .00 
258.39 .00 .00 1680.3 .119E-02 2.80 9.90 2.80 .00 
263.16 .00 .00 1696.8 .118E-02 2.80 10.00 2.80 .00 

Cumulative travel time = 652. sec 

--- -------- ----- -------------------------- ---~-----···- --------------------- -
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
263.16 10.00 .00 1696.8 .118E-02 2.80 20.00 2.80 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 269.07 m. 
277.89 10.00 .00 1709.5 .117E -02 2.80 20.06 2.80 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
292.63 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
307.37 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
322.10 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
336.84 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
351.58 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
366.31 10.00 .00 1701.9 . 118E-02 2.80 20.06 2.80 .00 
381.05 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
395.79 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
410.52 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
425.26 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
440.00 10 . 00 . 00 1701.9 .118E-02 2.80 20.06 2.80 .00 
454.73 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
469.47 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 . 00 
484.21 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
498.95 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
513 .68 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
528.42 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
543.16 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
557.89 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
572.63 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
587.37 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
602.10 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
616.84 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
631. 58 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
646.31 10 .00 . 00 1701.9 .118E-02 2.80 20.06 2.80 .00 
661.05 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
675.79 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 . 00 
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690.52 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
705.26 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
720.00 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
734.74 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
749.47 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
764.21 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
778.95 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
793.68 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
808.42 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
823.16 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
837.89 10.00 .00 1701. 9 .118E-02 2.80 20 . 06 2.80 .00 
852.63 10.00 .00 1701. 9 .118E-02 2.80 20.06 2.80 .00 
867.37 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
882.10 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
896.84 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
911.58 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
926.31 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
941.05 10.00 .00 1701.9 .118E-02 2 . 80 20.06 2.80 .00 
955.79 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
970.53 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
985.26 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 

1000.00 10.00 .00 1701.9 .118E-02 2.80 20.06 2.80 .00 
Cumulative travel time = 2512 . sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
----------------------------------------------------------------------- ------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA2A_APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC2-1Xl.cxl 
01/13/20 --20:50:38 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 20.06 AS = 69.61 QA 
HA = 3.47 HD = 3.47 
UA = .287 F = .064 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.00 
D0 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA = .00 
U0 = 5.487 Q0 = .025 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1013E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 ; .1373E+00 )0 
Associated length scales (meters) 
LQ = .07 LM ; 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 19.11 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS; 3.47 1 
111111111111111111111111111111111111111111 

:: 19.98 

= .2557E-01 

= .56 

= .2502E-01 
=-.1463E+00 

; .0000E+00 

;-,3662E-02 

= 1.29 
; 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 ; .1013E+04 CUNITS; PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.15 
99999.00 



R01698

REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward . 

NSTEP = 50 display intervals per module 
--------------------------------------------------------------------------- --
--------------------------------------------------------------------- --------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .101E+04 

B 
.04 

--------------------------------------------------------- ------ --------------
--------------------------------------------------------- ------ --------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 29.04 SIGMAE= .00 
LE = .35 XE = .30 YE = .00 ZE = . 74 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 . 00 .56 1.0 .101E+04 .04 
.30 .00 .74 1.0 .101E+04 .04 
.65 .00 .91 2.0 .510E+03 .08 

1.00 .00 1.08 3.2 .315E+03 .13 
1.37 .00 1 . 22 4.6 .222E+03 .17 
1. 74 .00 1.35 5.9 .171E+03 .22 
2.11 .00 1.46 7.3 .138E+03 .25 
2.49 . 00 1.56 8.8 .116E+03 .29 
2.87 .00 1.65 10.1 .100E+03 .32 
3.25 .00 1. 73 11.4 .885E+02 .35 
3.65 .00 1.79 12 . 8 .794E+02 .38 
4 .03 .00 1.85 14.0 .724E+02 .41 
4.41 .00 1.90 15.2 .669E+02 .43 
4.81 .00 1.95 16.3 . 622E+02 .45 
5 . 20 .00 1.98 17 . 3 . 584E+02 .47 
5.60 .00 2.01 18.4 .552E+02 .49 
5.98 .00 2.04 19.3 .526E+02 .51 
6.37 .00 2.06 20.1 .503E+02 .52 
6. 77 .00 2.08 21.0 .484E+02 . 53 

... 
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7.16 
7.54 
7.94 

.00 

.00 

.00 

2.09 
2.10 
2.10 

Maximum jet height has been 
8.33 .00 2.10 
8.72 .00 2.09 
9.12 
9.51 
9.89 

10.29 
10.68 
11.08 
11.46 
11.85 
12.25 
12.64 
13.02 
13.42 
13.80 
14.19 
14.59 
14.97 
15.37 
15.75 
16.14 
16.54 
16.92 
17.30 
17.70 
18.08 
18.47 
18.86 
19.25 
19.63 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

2.09 
2.07 
2.06 
2.04 
2.02 
1.99 
1.97 
1.94 
1.90 
1.87 
1.83 
1. 79 
1. 75 
1. 71 
1.67 
1.62 
1. 57 
1. 53 
1.48 
1.43 
1.38 
1.33 
1.28 
1.23 
1.17 
1.12 
1.07 
1.01 

Cumulative travel time= 

21.7 .467E+02 
22.4 .453E+02 
23.0 .441E+02 

reached. 
23.6 .430E+02 
24.2 .418E+02 
24.9 .406E+02 
25.7 .39SE+02 
26.5 .383E+02 
27 .4 . 371E+02 
28.3 .359E+02 
29.2 .347E+02 
30.2 .335E+02 
31. 3 . 324E+02 
32.4 .312E+02 
33.6 .302E+02 
34.8 .291E+02 
36.1 .281E+02 
37.4 .271E+02 
38.7 .262E+02 
40.1 .253E+02 
41.5 .244E+02 
43.0 . 236E+02 
44.5 .228E+02 
46.0 .220E+02 
47.6 .213E+02 
49.2 .206E+02 
50.9 .199E+02 
52.6 .193E+02 
54.3 .187E+02 
56.0 .181E+02 

.55 

.56 

.57 

.58 

.59 

.60 

.61 

.62 

.63 

.64 

.66 

.67 

.69 

.70 

.71 

.73 

.75 

.76 

.78 

.79 

.81 

.83 

.84 

.86 

.88 

.89 

. 91 

.93 

.94 

. 96 
57.8 .175E+02 .98 
59.6 .170E+02 .99 
61.4 .165E+02 1.01 

35. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C B 

19.63 .00 1.01 61.4 .165E+02 1.01 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
18.62 
18.92 
19.23 
19.53 
19.83 
20.14 
20.44 
20.74 
21.05 
21.35 
21.66 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
61.4 .165E+02 
61.4 .165E+02 
61.4 .165E+02 
61.4 .16SE+02 
63.1 .161E+02 
70.9 .143E+02 
81.7 .124E+02 
91.6 .111E+02 
98.4 .103E+02 

102.0 .993E+01 
104.4 .971E+01 

42. sec 

BV 
.00 

1.34 
1.59 
1. 75 
1.87 
1.96 
2.02 
2.07 
2.11 
2.13 
2.13 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.67 
.95 

1.17 
1.35 
1.51 
1.65 
1. 78 
1.91 
2.02 
2.13 

zu 
.00 

1.34 
1.59 
1. 75 
1.87 
1.96 
2.02 
2.07 
2.11 
2 . 13 
2.13 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
--------------------------- ------------------------ ------------- -------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (2-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

21.66 .00 .00 104.4 
23.59 .00 .00 107.9 
25.53 .00 .00 111.1 
27.47 .00 .00 114.1 
29.40 .00 .00 117.1 
31.34 .00 .00 120.1 
33.28 .00 .00 123.0 
35.22 .00 . 00 125.9 
37.15 . 00 ,00 128.9 
39 .09 .00 . 00 132.0 
41.03 .00 .00 135.1 
42.96 .00 .00 138.3 
44.90 .00 . 00 141.6 
46 . 84 . 00 . 00 145 . 0 
48.78 .00 .00 148.5 
50.71 .00 .00 152 . 2 
52.65 .00 .00 156 . 0 

C 
.971E+01 
.939E+01 
.912E+01 
.888E+01 
.865E+01 
.844E+01 
.824E+01 
.805E+01 
.786E+01 
.768E+01 
.750E+01 
.733E+01 
.716E+01 
.699E+01 
.682E+01 
.666E+01 
. 650E+01 

BV 
2.13 
1.97 
1.84 
1. 74 
1.66 
1.59 
1.53 
1.48 
1.44 
1.41 
1.38 
1.35 
1.33 
1.32 
1.30 
1.29 
1.28 

BH 
2.13 
2.39 
2.63 
2.86 
3.08 
3.29 
3.50 
3 . 70 
3.89 
4.08 
4 . 27 
4 . 45 
4 . 63 
4.81 
4 . 98 
5.15 
5.31 

zu 
2.13 
1.97 
1.84 
1.74 
1.66 
1. 59 
1. 53 
1.48 
1.44 
1.41 
1.38 
1.35 
1.33 
1.32 
1.30 
1.29 
1.28 

ZL 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

- \ 



R01701
I -

54.59 .00 .00 159.9 .634E+01 1.27 5.48 1.27 .00 
56.53 .00 .00 163.9 .618E+01 1.27 5.64 1.27 .00 
58.46 .00 .00 168.1 .603E+01 1.26 5.80 1.26 .00 
60.40 .00 .00 172. 5 .587E+01 1.26 5.95 1.26 .00 
62.34 .00 .00 177.0 .572E+01 1.26 6.11 1.26 .00 
64.27 .00 .00 181.7 .558E+01 1.27 6.26 1.27 .00 
66.21 .00 .00 186.6 .543E+01 1.27 6.41 1.27 .00 
68.15 .00 .00 191.6 .529E+01 1.27 6.56 1.27 .00 
70.09 .00 .00 196.8 .515E+01 1.28 6.71 1.28 .00 
72.02 .00 .00 202.1 .501E+01 1.29 6.85 1.29 .00 
73.96 .00 .00 207.7 .488E+01 1.29 7.00 1.29 .00 
75.90 .00 .00 213.4 .475E+01 1.30 7.14 1.30 .00 
77.84 .00 .00 219.3 .462E+01 1.31 7.28 1.31 .00 
79.77 .00 .00 225.5 .449E+01 1.32 7.42 1.32 .00 
81.71 .00 .00 231.8 .437E+01 1.34 7.56 1.34 .00 
83.65 .00 .00 238.3 .425E+01 1.35 7.70 1.35 .00 
85.58 .00 .00 245.0 .414E+01 1.36 7.84 1.36 .00 
87.52 .00 .00 251.9 .402E+01 1.38 7.97 1.38 .00 
89.46 .00 .00 259.0 .391E+01 1.39 8.11 1.39 .00 
91.40 .00 .00 266.3 . 381E+01 1.41 8.24 1.41 .00 
93.33 .00 .00 273.8 .370E+01 1.43 8.37 1.43 .00 
95.27 .00 .00 281.5 .360E+01 1.44 8.50 1.44 .00 
97.21 .00 .00 289.4 .350E+01 1.46 8.63 1.46 .00 
99.15 .00 .00 297.6 . 341E+01 1.48 8.76 1.48 .00 

101.08 .00 .00 306.0 .331E+01 1. 50 8.89 1.50 .00 
103.02 .00 .00 314.5 .322E+01 1.52 9.02 1.52 .00 
104.96 .00 .00 323.4 .313E+01 1.54 9.14 1.54 .00 
106.89 .00 .00 332.4 .305E+01 1. 56 9.27 1.56 .00 
108.83 .00 .00 341.6 .297E+01 1. 59 9.39 1. 59 .00 
110. 77 .00 .00 351.1 .289E+01 1.61 9.51 1.61 .00 
112. 71 .00 .00 360.8 .281E+01 1.63 9.64 1.63 .00 
114.64 .00 .00 370.8 .273E+01 1.66 9.76 1.66 .00 
116.58 .00 .00 380.9 .266E+01 1.68 9.88 1.68 .00 
118.52 .00 .00 391.3 .259E+01 1. 71 10.00 1. 71 .00 

Cumulative travel time = 379. sec 

----------------------------------------------------------------------- ----- -
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

118. 52 10.00 .00 391.3 .259E+01 1. 71 20.00 1. 71 .00 
118. 54 10.00 .00 391.4 .259E+01 1. 71 20.00 1. 71 .00 
118.56 10.00 .00 391.S .259E+01 1.71 20.00 1. 71 .00 
118.58 10.00 .00 391.6 .259E+01 1. 71 20.00 1. 71 .00 
118.60 10 .00 .00 391. 7 .259E+01 1. 71 20.00 1. 71 .00 
118.61 10.00 .00 391.8 . 259E+01 1. 71 20.01 1. 71 .00 
118.63 10.00 .00 391.9 .259E+01 1.71 20.01 1.71 .00 
118.65 10.00 .00 392.0 .258E+01 1. 71 20.01 1. 71 .00 
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118.67 10.00 .00 392.1 .258E+01 1. 71 20.01 1. 71 .00 
118.69 10.00 .00 392.2 .258E+01 1. 71 20.01 1. 71 .00 
118. 71 10.00 .00 392.3 .258E+01 1.71 20.01 1. 71 .00 
118.73 10.00 .00 392.4 .258E+01 1. 71 20.01 1. 71 .00 
118.75 10.00 .00 392.5 .258E+01 1. 71 20.01 1. 71 .00 
118.77 10.00 .00 392.6 .258E+01 1. 71 20.02 1. 71 .00 
118.79 10.00 .00 392.7 .258E+01 1. 71 20.02 1. 71 .00 
118.81 10.00 .00 392.8 .258E+01 1. 71 20.02 1. 71 .00 
118.83 10.00 .00 392.9 .258E+01 1. 71 20.02 1.71 .00 
118.85 10.00 .00 393.0 .258E+01 1. 71 20.02 1.71 .00 
118.87 10.00 .00 393.1 .258E+01 1. 71 20.02 1.71 .00 
118.89 10.00 .00 393.2 .258E+01 1. 71 20.02 1.71 .00 
118.91 10.00 .00 393.3 .258E+01 1. 71 20.02 1. 71 .00 
118. 93 10.00 .00 393.4 .258E+01 1. 71 20.03 1.71 .00 
118.95 10.00 .00 393.5 .258E+01 1. 71 20.03 1.71 .00 
118.97 10.00 .00 393.6 .257E+01 1. 71 20.03 1. 71 .00 
118.98 10.00 .00 393.7 .257E+01 1. 71 20.03 1. 71 .00 
119.00 10.00 .00 393.8 .257E+01 1.71 20.03 1.71 .00 
119.02 10.00 .00 393.9 .257E+01 1. 71 20.03 1. 71 .00 
119.04 10.00 .00 394.0 .257E+01 1. 71 20.03 1. 71 .00 
119.06 10.00 .00 394.1 .257E+01 1.71 20.03 1. 71 .00 
119.08 10.00 .00 394.2 .257E+01 1. 72 20.03 1. 72 .00 
119.10 10.00 .00 394.3 .257E+01 1. 72 20.04 1. 72 .00 
119.12 10.00 .00 394.4 .257E+01 1.72 20.04 1. 72 .00 
119.14 10.00 .00 394.5 .257E+01 1. 72 20.04 1.72 .00 
119.16 10.00 .00 394.6 .257E+01 1. 72 20.04 1. 72 .00 
119.18 10.00 .00 394.7 .257E+01 1.72 20.04 1. 72 .00 
119.20 10.00 . 00 394.8 .257E+01 1. 72 20.04 1. 72 .00 
119.22 10.00 .00 394.9 .257E+01 1. 72 20.04 1. 72 .00 
119.24 10.00 .00 395.0 .257E+01 1.72 20.04 1.72 .00 
119.26 10.00 .00 395.1 .256E+01 1. 72 20.05 1. 72 .00 
119.28 10.00 . 00 395.2 .256E+01 1. 72 20.05 1. 72 .00 
119.30 10.00 .00 395.3 .256E+01 1. 72 20.05 1. 72 .00 
119.32 10.00 .00 395.4 .256E+01 1.72 20.05 1. 72 .00 
119.34 10.00 .00 395. 5 .256E+01 1. 72 20.05 1. 72 .00 
119.35 10.00 .00 395.6 .256E+01 1. 72 20.05 1. 72 . 00 
119.37 10.00 .00 395.7 . 256E+01 1.72 20.05 1. 72 .00 
119.39 10.00 .00 395.8 .256E+01 1. 72 20.05 1.72 .00 
119.41 10.00 .00 395.9 .256E+01 1. 72 20.06 1. 72 .00 
119.43 10.00 .00 396.0 .256E+01 1.72 20.06 1. 72 .00 
119.45 10.00 .00 396.1 .256E+01 1.72 20.06 1.72 .00 
119 .47 10.00 .00 396 .2 .256E+01 1. 72 20.06 1. 72 .00 
119.49 10 . 00 .00 396.3 .256E+01 1. 72 20.06 1. 72 .00 

Cumulative travel time = 383. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141 : BUOYANT AMBIENT SPREADING 
----------------------------------------------------- ------ --- ---------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value) = 

Profile definitions: 

.178E-01 m"2/s 

.444E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X Y Z S C BV 

119.49 10.00 .00 396.3 .256E+01 1.72 
137.10 10.00 .00 440.4 .230E+01 1.91 
154.71 10.00 .00 488.8 .207E+01 2.12 
172.32 10.00 .00 541.0 .187E+01 2.35 
189.93 10.00 .00 596.4 .170E+01 2.59 
207.54 10.00 .00 654.1 .155E+01 
225.15 10 . 00 .00 713 . 5 . 142E+01 
242.76 10.00 .00 773.8 .131E+01 

Plume interacts with SURFACE. 

2.84 
3.10 
3.36 

BH 
20.06 
20 . 06 
20.06 
20.06 
20.06 
20.06 
20.06 
20.06 

zu 
1. 72 
1.91 
2.12 
2.35 
2.59 
2.84 
3.10 
3 . 36 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

260 . 37 10 . 00 .00 798.5 .127E+01 3.47 20 . 06 3. 47 
Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
277.98 10.00 .00 798.5 .127E+01 3.47 
295.59 10.00 .00 798 . 5 .127E+01 3 .47 
313.20 10.00 .00 798.5 .127E+01 3.47 
330.81 10.00 .00 798.5 .127E+01 3.47 
348.42 10.00 .00 798.5 .127E+01 3.47 
366.03 10 .00 .00 798.5 .127E+01 3.47 
383.64 10.00 .00 798 . 5 . 127E+01 3.47 
401 . 25 10.00 .00 798.5 .127E+01 3.47 
418 . 86 
436.47 
454.08 
471.69 
489.30 
506.91 
524. 53 
542.14 
559.75 
577.36 
594.97 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

798.5 
798.5 
798.5 
798.5 
798.5 
798.5 
798.5 
798.5 
798.5 
798.S 
798.5 

.127E+01 

.127E+01 

.127E+01 

.127E+01 

.127E+01 

.127E+01 

.127E+01 

. 127E+01 

.127E+01 

.127E+01 

.127E+01 

3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3 .47 
3.47 
3.47 
3.47 

20.06 
20 . 06 
20.06 
20.06 
20.06 
20.06 
20.06 
20.06 
20.06 
20.06 
20.06 
20 .06 
20 .06 
20 .06 
20.06 
20.06 
20 .06 
20.06 
20.06 

3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3 .47 
3 .47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 
3.47 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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612.58 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
630.19 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
647.80 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
665.41 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
683.02 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
700.63 10.00 .00 798 . 5 .127E+01 3.47 20.06 3.47 .00 
718.24 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
735.85 10.00 . 00 798.5 .127E+01 3.47 20.06 3.47 .00 
753.46 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
771.07 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
788.68 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
806.29 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
823.90 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
841. 51 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
859.12 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
876.73 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
894.34 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
911.95 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
929. 56 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 

947.17 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
964.78 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
982.39 10.00 .00 798.5 .127E+01 3.47 20.06 3.47 . 00 

1000.00 10 .00 .00 798.5 .127E+01 3.47 20.06 3.47 .00 
Cumulative travel time = 3447. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation . 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-------------- --- -- -------------------------- --------------------------------
----------------------------------------------------------------- ----------- -
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MachABigAMuddyARiver 
CASEA3A_APORTA1ANORMALAFLOW 
cormix\sim\MAC3-1Nl.cxl 
01/13/20--19:49:39 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 21.58 AS = 74.88 QA = 21.49 ICHREG= 2 
HA = 3.47 HD = 3.47 
UA = .287 F = .064 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.70 
00 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 
Associated length scales 
LQ = .07 LM 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R 

::: .3746E-01 J0 
(meters) 
= 1.95 

= 9.98 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 3.47 1 
111111111111111111111111111111111111111111 

= .2557E-01 

= .56 

= .1307E-01 
=-.1463E+00 

= .0000E+00 

=-.1913E-02 SIGNJ0= -1.0 

= • 67 Lb = .08 
= 99999.00 Lbp ::: 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS::: PPM 
NTOX = 0 
NSTD ::: 0 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.70 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
---------------------------------------------------------------------- -------
---------------------------------------------------------------- -------- -----
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 . 100E+04 

B 
.04 

---------------------------------------------------------- -------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00 
LE = . 32 XE = .28 YE = .00 ZE = .72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 . 00 .56 1.0 .100E+04 .04 
.28 .00 .72 1.0 .100E+04 .04 
.48 .00 .82 1.6 .640E+03 .07 
.68 .00 .90 2.3 .433E+03 .09 
. 90 . 00 .98 3.1 .321E+03 . 12 

1.11 .00 1.05 3.9 .256E+03 .14 
1.33 .00 1.10 4.7 .212E+03 . 16 
1.55 .00 1.15 5.5 .183E+03 .18 
1.77 .00 1.19 6.2 .161E+03 .19 
2.00 .00 1.23 6.9 .144E+03 .21 
2.22 .00 1.26 7.6 .132E+03 .22 
2.44 .00 1.28 8.2 .122E+03 .23 
2.67 .00 1.31 8.8 .114E+03 .24 
2.89 .00 1.32 9 . 3 .107E+03 .25 
3.12 .00 1.34 9.9 .101E+03 . 26 
3.34 .00 1.35 10.3 .970E+02 .27 
3.57 .00 1.36 10 . 7 .931E+02 .28 
3.79 .00 1.36 11.1 .899E+02 .28 
4 .02 .00 1.36 11.5 .872E+02 .29 
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Maximum jet 
4.24 
4.47 
4.69 
4.92 
5.15 
5.37 
5.59 
5.82 
6.04 
6.27 
6.49 
6.72 
6.94 
7.16 
7.39 
7.61 
7.84 
8.06 
8.28 
8.51 
8.73 
8.95 
9.17 
9.39 
9.62 
9.84 

10.07 
10 . 29 
10.52 
10.74 
10.96 
11.18 
11.40 

height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 

has been 
1.36 
1.36 
1.35 
1.34 
1.33 
1.32 
1.31 
1.29 
1.27 
1.25 
1.23 
1.21 
1.18 
1.16 
1.13 
1.11 
1.08 
1.05 
1.02 

.99 

.96 

.93 

.90 

.87 

.84 

.81 

.78 

. 74 

.71 

.68 

.65 

.62 

.58 
Cumulative travel time= 

reached. 
11.8 .848E+02 
12.2 .823E+02 
12.6 .796E+02 
13.0 .769E+02 
13.5 .742E+02 
14.0 .715E+02 
14.5 .689E+02 
15.1 .662E+02 
15.7 .637E+02 
16.4 .611E+02 
17.0 .588E+02 
17.7 .564E+02 
18.5 .542E+02 
19.2 .521E+02 
20.0 .500E+02 
20.8 .480E+02 
21.7 .461E+02 
22.5 .444E+02 
23.4 .427E+02 
24.3 .411E+02 
25 . 3 .396E+02 
26.2 .381E+02 
27.2 .368E+02 
28.2 .355E+02 
29.2 .342E+02 
30.2 .331E+02 
31.3 .319E+02 
32 .4 .309E+02 
33.5 .299E+02 
34.6 .289E+02 
35.7 .280E+02 
36.8 .271E+02 
38.0 .263E+02 

22. sec 

.30 

.30 

.31 

.31 

.32 

.33 

.34 

.34 

.35 

.36 

.37 

.38 

.39 

.40 

.41 

.42 

.43 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z s C 

11 . 40 .00 . 58 38.0 . 263E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
. 58 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
c = average (bulk) concentration (includes reaction effects, if any) 

X 
10.82 
11.00 
11.17 
11.35 
11.52 
11. 70 
11.87 
12.04 
12.22 
12.39 
12.57 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C BV 
38.0 .263E+02 .00 
38.0 .263E+02 .76 
38.0 .263E+02 .90 
38.0 .263E+02 1.00 
39.0 .256E+02 1.06 
43.8 .228E+02 1.11 
50.5 .198E+02 1.15 
56.6 .177E+02 1.18 
60.8 .164E+02 1.20 
63.1 .159E+02 1.21 
64.5 .155E+02 1.21 

26. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BH 
.00 
.38 
.54 
.66 
.77 
.86 
.94 

1.01 
1.08 
1.15 
1.21 

zu 
.00 
.76 
.90 

1.00 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

----------------------------- ---- --- -------------- -····~---------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

12.57 .00 .00 64.5 
13.56 .00 .00 66.4 
14.56 .00 .00 68.2 
15.55 .00 .00 69.9 
16.55 .00 .00 71.6 
17.54 .00 .00 73.3 
18.53 .00 .00 74.9 
19.53 .00 .00 76.6 
20.52 .00 .00 78.2 
21.52 .00 .00 79.9 
22.51 .00 .00 81.7 
23.51 .00 .00 83.4 
24.50 .00 .00 85.2 
25 .49 .00 .00 87.1 
26.49 .00 .00 89.1 
27.48 .00 .00 91.0 
28.48 .00 .00 93.1 

C 
.155E+02 
.151E+02 
.147E+02 
.143E+02 
.140E+02 
.137E+02 
.134E+02 
.131E+02 
.128E+02 
.125E+02 
.122E+02 
.120E+02 
.117E+02 
.115E+02 
.112E+02 
.110E+02 
.107E+02 

BV 
1.21 
1.13 
1.07 
1.01 

.97 

.93 

.90 

.87 

.85 

.83 

.81 

.80 

. 79 

. 78 

.77 

.76 

.75 

BH 
1.21 
1.34 
1.46 
1.57 
1.68 
1. 79 
1.89 
1.99 
2.09 
2.19 
2.28 
2.38 
2.47 
2.56 
2.64 
2.73 
2.82 

zu 
1.21 
1.13 
1.07 
1.01 

.97 

.93 

.90 

.87 

.85 

.83 

.81 

.80 

.79 

.78 
• 77 
.76 
.75 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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29.47 
30.46 
31.46 
32.45 
33.45 
34.44 
35.44 
36.43 
37.42 
38.42 
39.41 
40.41 
41.40 
42.40 
43.39 
44.38 
45.38 
46.37 
47.37 
48.36 
49.35 
50.35 
51.34 
52.34 
53.33 
54. 33 
55.32 
56.31 
57.31 
58.30 
59.30 
60.29 
61.29 
62.28 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 95.2 .105E+02 

.00 97,4 .103E+02 

.00 99.7 .100E+02 

.00 102.0 .980E+01 

.00 104.5 .957E+01 

.00 107.0 .935E+01 

.00 109.5 .913E+01 

.00 112.2 .891E+01 

.00 115.0 .870E+01 

.00 117.8 .849E+01 

.00 120.8 .828E+01 

.00 123.8 .808E+01 

.00 126.9 .788E+01 

.00 130.1 .769E+01 

.00 133.4 .749E+01 

.00 136.8 .731E+01 

.00 140.4 .712E+01 

.00 144.0 .695E+01 

.00 147.7 .677E+01 

.00 151.5 .660E+01 

.00 155.4 .643E+01 

.00 159.4 .627E+01 

.00 163.6 .611E+01 

.00 167.8 .596E+01 

.00 172.2 .581E+01 

.00 176.6 .566E+01 

.00 181.2 .552E+01 

.00 185.9 .538E+01 

.00 190.6 .525E+01 

.00 195.5 .511E+01 

.00 200.6 .499E+01 

.00 205.7 .486E+01 

.00 211.0 .474E+01 

.00 216.3 .462E+01 
Cumulative travel time= 199. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 

.75 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.75 

.75 

.76 

.76 

.77 

.77 

.78 

.78 

.79 

.80 

.81 

.82 

.83 

.83 

.84 

.85 

.86 

.87 

.89 

.90 

.91 

.92 

.93 

.94 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

2.90 
2.98 
3.06 
3.14 
3.22 
3.30 
3.38 
3.45 
3.53 
3.60 
3.68 
3.75 
3.82 
3.89 
3.97 
4.04 
4.11 
4.18 
4.24 
4.31 
4.38 
4.45 
4.51 
4.58 
4.65 
4.71 
4.78 
4.84 
4.90 
4.97 
5.03 
5.09 
5.16 
5 . 22 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

.178E - 01 m"2/s 

.444E - 01 m"2/s 

Profile definitions: 

.75 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.74 

.75 

.75 

.76 

.76 

. 77 

. 77 

.78 

.78 

.79 

. 80 

.81 

.82 

.83 

.83 

.84 

.85 

.86 

.87 

.89 

.90 

.91 

.92 

.93 

.94 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 



R01710

ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached) : 
X y z s C BV BH zu ZL 

62.28 .00 .00 216.3 .462E+01 .94 5.22 .94 .00 
65.87 .00 .00 227.1 .440E+01 .96 5.38 .96 .00 
69.47 .00 .00 238.3 .420E+01 .98 5.54 .98 .00 
73.06 .00 .00 249.8 .400E+01 1.00 5.70 1.00 .00 
76.66 .00 .00 261. 7 .382E+01 1.02 5.85 1.02 .00 
80.25 .00 .00 274.1 .365E+01 1.04 6.00 1.04 .00 
83.84 .00 .00 286.9 .348E+01 1.06 6.14 1.06 .00 
87.44 .00 .00 300.4 .333E+01 1.09 6.28 1.09 .00 
91.03 .00 .00 314.4 .318E+01 1.12 6.42 1.12 .00 
94.63 .00 .00 329.1 .304E+01 1.14 6.55 1.14 .00 
98.22 .00 .00 344.5 .290E+01 1.17 6.68 1.17 .00 

101.81 .00 .00 360.6 .277E+01 1.20 6.81 1.20 .00 
105.41 .00 .00 377.5 .265E+01 1.24 6.94 1.24 .00 
109.00 .00 .00 395.2 .253E+01 1.27 7.06 1.27 .00 
112.60 .00 .00 413.8 .242E+01 1.31 7.19 1.31 .00 
116.19 .00 .00 433.4 .231E+01 1.35 7.31 1.35 .00 
119.78 .00 .00 453.9 .220E+01 1.39 7.43 1.39 .00 
123.38 .00 .00 475.4 .210E+01 1.44 7.54 1.44 .00 
126.97 .00 .00 498.0 .201E+01 1.48 7.66 1.48 .00 
130.57 .00 .00 521.6 .192E+01 1.53 7.77 1.53 .00 
134.16 .00 .00 546.4 .183E+01 1.58 7.88 1.58 .00 
137.75 .00 .00 572.2 .175E+01 1.63 7.99 1.63 .00 
141.35 .00 .00 599.2 .167E+01 1.68 8.10 1.68 .00 
144.94 .00 .00 627.3 .159E+01 1. 74 8.21 1.74 .00 
148.54 .00 .00 656.5 .152E+01 1.80 8.31 1.80 .00 
152.13 .00 .00 686.9 .146E+01 1.86 8 . 42 1.86 .00 
155.72 .00 .00 718.3 .139E+01 1.92 8.52 1.92 .00 
159.32 .00 .00 750.8 .133E+01 1.98 8.62 1.98 .00 
162.91 .00 .00 784.4 .127E+01 2.05 8.72 2.05 .00 
166.51 .00 .00 819.0 .122E+01 2.11 8.82 2.11 .00 
170.10 .00 .00 854.S .117E+01 2.18 8.92 2.18 .00 
173.69 .00 .00 891.0 .112E+01 2.25 9.02 2.25 .00 
177.29 .00 .00 928.3 .108E+01 2.32 9.11 2.32 .00 
180.88 .00 .00 966.S .103E+01 2.39 9.21 2.39 .00 
184.48 .00 .00 1005.5 .995E+00 2.46 9.30 2.46 .00 
188.07 .00 .00 1045.2 .957E+00 2.53 9.40 2.53 .00 
191.66 .00 .00 1085.6 ,921E+00 2.60 9.49 2.60 .00 
195.26 .00 .00 1126.6 .888E+00 2.68 9.58 2.68 .00 
198.85 .00 .00 1168.2 .856E+00 2.75 9.67 2.75 .00 
202.45 .00 .00 1210.3 .826E+00 2 . 82 9.76 2.82 .00 
206.04 .00 .00 1253.0 .798E+00 2.90 9.85 2.90 .00 
209.63 .00 .00 1296.2 .772E+00 2.97 9.94 2.97 .00 
213.23 .00 .00 1339.7 .746E+00 3.04 10.03 3.04 .00 
216.82 .00 .00 1383.7 .723E+00 3.12 10.11 3.12 .00 
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220.42 .00 .00 1428.0 .700E+00 3.19 10.20 3.19 .00 
224.01 .00 .00 1472.7 .679E+00 3.26 10.28 3.26 .00 
227.60 .00 .00 1517.7 .659E+00 3.33 10.37 3.33 .00 
231.20 .00 .00 1562.9 .640E+00 3.40 10.45 3.40 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
234.79 .00 .00 1605.7 .623E+00 3.47 10. 54 3.47 .00 
238.39 .00 .00 1618.3 .618E+00 3.47 10.62 3.47 .00 
241.98 .00 .00 1630.7 .613E+00 3.47 10.70 3.47 .00 

Cumulative travel time = 825. sec 

------------------------------------------••·····-- --------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
241.98 10.70 .00 1630.7 .613E+00 3.47 21.40 3.47 .00 
257.14 10.70 .00 1643.8 .608E+00 3.47 21. 57 3.47 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 257.91 m. 
272.30 10.70 .00 1656.7 .604E+00 3.47 21.58 3.47 .00 

Effluent is FULLY MIXED over the entire channel cross • section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction . 
287.46 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
302.62 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
317.78 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
332.94 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
348.10 10.70 . 00 1644.4 .608E+00 3.47 21.58 3.47 .00 
363.26 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
378.42 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
393.58 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
408.74 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
423.90 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
439.07 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
454.23 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
469.39 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
484. 55 10.70 .00 1644.4 .608E+00 3.47 21 . 58 3.47 .00 
499.71 10.70 .00 1644.4 .608E+00 3.47 21.58 3 . 47 .00 
514.87 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
530.03 10.70 .00 1644.4 .608E+00 3.47 21. 58 3.47 .00 
545.19 10.70 .00 1644.4 .608E+00 3.47 21. 58 3.47 .00 
560. 35 10. 70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
575.51 10.70 .00 1644.4 .608E+00 3.47 21. 58 3.47 .00 
590.67 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
605.83 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
620.99 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
636.15 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
651. 31 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
666.47 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
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681.63 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
696.79 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
711. 95 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
727.11 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
742.27 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
757.43 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
772. 59 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
787.75 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
802.91 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
818.08 10.70 .00 1644.4 .608E+00 3.47 21 . 58 3.47 .00 
833.24 10.70 .00 1644.4 .608E+00 3.47 21 . 58 3.47 .00 
848.40 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
863.56 10.70 . 00 1644.4 .608E+00 3.47 21 . 58 3 .47 .00 
878.72 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
893.88 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
909.04 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
924.20 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
939.36 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
954 . 52 10.70 .00 1644.4 .608E+00 3.47 21.58 3 . 47 .00 
969.68 10.70 .00 1644.4 .608E+00 3.47 21.58 3 . 47 .00 
984.84 10.70 .00 1644.4 .608E+00 3.47 21.58 3 . 47 .00 

1000.00 10.70 .00 1644.4 .608E+00 3.47 21.58 3.47 .00 
Cumulative travel time = 3464 . sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
--------------------------------------------- ------------------- ------------ -
--------------------------------------------- ---------------------- ----------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA3A_APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC3-1Xl.cx1 
01/13/20--20:00:41 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .287 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
00 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .025 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 = .1373E+00 J0 
Associated length scales (meters) 
LQ = .07 LM = 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 19.11 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 30.89 

= .2445E-01 

= .56 

= .2502E-01 
=-.1463E+00 

= .0000E+00 

=-.3662E-02 

= 1.29 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTO = 0 

-1.0 

.15 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 .100E+04 

B 
.04 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 29.04 
LE = .35 XE = .30 YE = .00 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction ef fects, 

X y z s C B 
.00 .00 .56 1.0 . 100E+04 .04 
.30 .00 .74 1.0 .100E+04 .04 
.65 .00 .91 2.0 .503E+03 .08 

1.00 .00 1.08 3.2 .311E+03 .13 
1.37 .00 1.22 4.6 .219E+03 . 17 
1.74 .00 1.35 5.9 .168E+03 .22 
2.11 .00 1.46 7.3 .136E+03 .25 
2.49 .00 1.56 8.8 . 114E+03 .29 
2 . 87 .00 1.65 10.1 .988E+02 .32 
3 . 25 .00 1. 73 11.4 .873E+02 . 35 
3 . 65 .00 1. 79 12.8 .783E+02 .38 
4.03 .00 1.85 14.0 .715E+02 .41 
4.41 .00 1.90 15.2 .660E+02 .43 
4.81 .00 1.95 16.3 .614E+02 .45 
5 . 20 .00 1.98 17.3 .577E+02 .47 
5.60 .00 2.01 18.4 .545E+02 .49 
5.98 .00 2.04 19 . 3 .519E+02 .51 
6.37 .00 2.06 20.1 .497E+02 .52 
6.77 .00 2 . 08 21.0 .477E+02 .53 

SIGMAE= ,00 
ZE = . 74 

if any) 
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7.16 
7.54 
7.94 

.00 

.00 

.00 

2.09 
2.10 
2.10 

21. 7 . 461E+02 
22.4 .447E+02 
23.0 .435E+02 

.55 

.56 

.57 
Maximum jet height has been reached. 

8.33 .00 2.10 23.6 .424E+02 .58 
8.72 .00 2.09 24.2 .413E+02 .59 
9.12 .00 2.09 24.9 .401E+02 .60 
9.51 
9.89 

10.29 
10.68 
11.08 
11.46 
11.85 
12.25 
12.64 
13.02 
13.42 
13.80 
14.19 
14.59 
14.97 
15.37 
15.75 
16.14 
16.54 
16.92 
17.30 
17 . 70 
18.08 
18.47 
18.86 
19.25 
19.63 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.07 
2.06 
2.04 
2.02 
1.99 
1.97 
1.94 
1.90 
1.87 
1.83 
1.79 
1.75 
1. 71 
1.67 
1.62 
1.57 
1.53 
1.48 
1.43 
1.38 
1.33 
1.28 
1.23 
1.17 
1.12 
1.07 
1.01 

Cumulative travel time= 

25.7 .389E+02 .61 
26.5 .378E+02 .62 
27.4 .366E+02 .63 
28.3 .354E+02 .64 
29.2 .342E+02 .66 
30.2 .331E+02 .67 
31.3 .320E+02 .69 
32.4 .308E+02 .70 
33.6 .298E+02 .71 
34.8 .287E+02 .73 
36.1 .277E+02 .75 
37.4 .268E+02 .76 
38.7 .258E+02 .78 
40.1 .249E+02 .79 
41.5 .241E+02 .81 
43.0 .232E+02 .83 
44.5 .225E+02 .84 
46.0 .217E+02 .86 
47.6 .210E+02 .88 
49.2 .203E+02 .89 
50.9 .197E+02 .91 
52.6 . 190E+02 .93 
54.3 .184E+02 .94 
56.0 .179E+02 .96 
57.8 .173E+02 .98 
59.6 .168E+02 .99 
61.4 .163E+02 1.01 

35. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C B 

19.63 .00 1.01 61.4 .163E+02 1.01 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
18.62 
18.92 
19.23 
19.53 
19.83 
20.14 
20.44 
20.74 
21.05 
21.35 
21.66 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
61.4 .163E+02 
61.4 .163E+02 
61.4 .163E+02 
61.4 .163E+02 
63.1 .158E+02 
70.9 .141E+02 
81.7 .122E+02 
91.6 .109E+02 
98.4 .102E+02 

102.0 .980E+01 
104.4 .958E+01 

42. sec 

BV 
.00 

1.34 
1.59 
1. 75 
1.87 
1.96 
2.02 
2.07 
2.11 
2.13 
2.13 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.67 
.95 

1.17 
1.35 
1.51 
1.65 
1. 78 
1.91 
2.02 
2.13 

zu 
.00 

1.34 
1.59 
1. 75 
1.87 
1.96 
2.02 
2.07 
2.11 
2.13 
2.13 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 
X 

21.66 
23 . 90 
26.14 
28.38 
30.62 
32.87 
35.11 
37 . 35 
39.59 
41.84 
44.08 
46.32 
48.56 
50.80 
53.05 
55.29 
57.53 

(not 
y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

bank attached) : 
z s 
.00 104.4 
.00 108.3 
.00 111. 9 
.00 115.3 
.00 118.6 
.00 121.8 
.00 125.0 
. 00 128.3 
.00 131.6 
.00 135.0 
.00 138.4 
.00 142.0 
.00 145 . 7 
.00 149 .6 
.00 153.6 
.00 157.7 
.00 162.1 

C 
.958E+01 
.923E+01 
.894E+01 
.867E+01 
.843E+01 
.821E+01 
.800E+01 
.780E+01 
.760E+01 
.741E+01 
.722E+01 
.704E+01 
.686E+01 
.669E+01 
.651E+01 
.634E+01 
.617E+01 

BV 
2.13 
1.95 
1.81 
1. 70 
1.61 
1.54 
1.48 
1.43 
1.39 
1.35 
1.32 
1.30 
1.28 
1.26 
1.25 
1.24 
1.23 

BH 
2.13 
2.43 
2.70 
2.96 
3.21 
3.45 
3.69 
3 . 91 
4.13 
4.35 
4.56 
4.76 
4.96 
5.16 
5.35 
5.54 
5.72 

zu 
2.13 
1.95 
1.81 
1. 70 
1.61 
1.54 
1.48 
1.43 
1.39 
1.35 
1.32 
1.30 
1.28 
1.26 
1.25 
1.24 
1.23 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
. 00 

.. 
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59.77 
62.02 
64.26 
66.50 
68.74 
70.99 
73.23 
75.47 
77. 71 
79.95 
82.20 
84.44 
86.68 
88.92 
91.17 
93.41 
95.65 
97.89 

100.13 
102.38 
104.62 
106.86 
109.10 
111.35 
113.59 
115.83 
118.07 
120. 32 
122.56 
124.80 
127.04 
129.28 
131.53 
133. 77 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 166.5 .600E+01 

.00 171.2 .584E+01 

.00 176.1 .568E+01 

.00 181.1 .552E+01 

.00 186.3 .537E+01 

.00 191.8 .521E+01 

.00 197.4 .507E+01 

.00 203.3 .492E+01 

.00 209.4 .478E+01 

.00 215.6 .464E+01 

.00 222.2 .450E+01 

.00 228.9 .437E+01 

.00 235.9 .424E+01 

.00 243.1 .411E+01 

.00 250.5 .399E+01 

.00 258.2 .387E+01 

.00 266.2 .376E+01 

.00 274.3 .365E+01 

.00 282.8 .354E+01 

.00 291.5 .343E+01 

.00 300.4 .333E+01 

.00 309.6 .323E+01 

.00 319.1 .313E+01 

.00 328.8 .304E+01 

.00 338.8 .295E+01 

.00 349.0 .286E+01 

.00 359.6 .278E+01 

.00 370.4 .270E+01 

.00 381.5 .262E+01 

.00 392.8 .255E+01 

.00 404.5 .247E+01 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.24 
1.25 
1.25 
1.26 
1.27 
1.29 
1.30 
1.31 
1.33 
1.34 
1.36 
1.38 
1.40 
1.42 
1.44 
1.46 
1.48 
1.50 
1.52 
1.55 
1.57 
1.60 
1.62 
1.65 
1.68 

.00 416.4 .240E+01 1.70 

.00 428.6 .233E+01 1.73 

.00 441.1 .227E+01 1.76 
Cumulative travel time = 433. sec 

5.90 
6.08 
6.26 
6.44 
6.61 
6.78 
6.95 
7 .11 
7.28 
7.44 
7.60 
7.76 
7.92 
8.07 
8.22 
8.38 
8.53 
8.68 
8.83 
8.98 
9.12 
9.27 
9.41 
9.55 
9.70 
9.84 
9.98 

10.11 
10.25 
10.39 
10.53 
10.66 
10.79 
10.93 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.24 
1.25 
1.25 
1.26 
1.27 
1.29 
1.30 
1.31 
1.33 
1.34 
1.36 
1.38 
1.40 
1.42 
1.44 
1.46 
1.48 
1.50 
1.52 
1.55 
1.57 
1.60 
1.62 
1.65 
1.68 
1. 70 
1.73 
1.76 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.222E-01 m"2/s 

.555E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

133.77 .00 .00 441.1 .227E+01 1. 76 10.93 1. 76 .00 
134.42 .00 .00 443.0 .226E+01 1.76 10.95 1.76 .00 
135.07 .00 .00 445.0 .225E+01 1.77 10.96 1. 77 .00 
135.73 .00 .00 446.9 .224E+01 1. 77 10.98 1. 77 .00 
136. 38 .00 .00 448.9 .223E+01 1.78 11.00 1.78 .00 
137.03 .00 .00 450.9 .222E+01 1. 78 11.02 1. 78 .00 
137.68 .00 .00 452.9 .221E+01 1. 79 11.04 1. 79 .00 
138.34 .00 .00 454.8 .220E+01 1. 79 11 . 05 1.79 .00 
138.99 .00 .00 456.8 .219E+01 1.80 11.07 1.80 .00 
139.64 .00 .00 458.9 .218E+01 1.80 11.09 1.80 .00 
140.29 .00 .00 460.9 .217E+01 1.81 11.11 1.81 .00 
140.94 .00 .00 462.9 .216E+01 1.81 11.13 1.81 .00 
141.60 .00 .00 465.0 .215E+01 1.82 11.14 1.82 .00 
142.25 .00 .00 467.0 .214E+01 1.82 11.16 1.82 .00 
142 .90 .00 .00 469.1 .213E+01 1.83 11.18 1.83 .00 
143.55 .00 .00 471.1 . 212E+01 1.83 11.20 1.83 .00 
144.21 .00 .00 473.2 .211E+01 1.84 11.21 1.84 .00 
144.86 .00 .00 475.3 .210E+01 1.84 11.23 1.84 .00 
145.51 .00 .00 477.4 .209E+01 1.85 11.25 1.85 .00 
146.16 .00 .00 479.5 .209E+01 1.86 11.27 1.86 .00 
146 .82 .00 .00 481.7 .208E+01 1.86 11.29 1.86 .00 
147.47 .00 .00 483.8 .207E+01 1.87 11.30 1.87 .00 
148.12 .00 .00 486.0 .206E+01 1.87 11.32 1.87 .00 
148.77 .00 .00 488.1 .205E+01 1.88 11.34 1.88 .00 
149.42 .00 .00 490.3 .204E+01 1.88 11.36 1.88 .00 
150 .08 . 00 .00 492.5 .203E+01 1.89 11.37 1.89 .00 
150.73 .00 .00 494.6 .202E+01 1.89 11.39 1.89 .00 
151.38 .00 .00 496.8 .201E+01 1.90 11.41 1.90 .00 
152.03 .00 .00 499.1 .200E+01 1.90 11.42 1.90 .00 
152.69 .00 . 00 501.3 .199E+01 1.91 11.44 1.91 .00 
153.34 .00 .00 503.5 .199E+01 1.92 11.46 1.92 .00 
153.99 .00 .00 505.7 .198E+01 1.92 11.48 1.92 .00 
154.64 .00 .00 508.0 .197E+01 1.93 11.49 1.93 .00 
155.29 .00 .00 510.3 .196E+01 1.93 11.51 1.93 . 00 
155.95 .00 . 00 512 . 5 .195E+01 1.94 11.53 1.94 . 00 
156.60 .00 .00 514.8 .194E+01 1.94 11.55 1.94 .00 
157.25 .00 .00 517.1 .193E+01 1.95 11.56 1.95 . 00 
157.90 .00 .00 519.4 .193E+01 1.96 11.58 1.96 .00 
158.56 .00 .00 521.8 . 192E+01 1 . 96 11.60 1.96 .00 
159 . 21 .00 . 00 524.1 . 191E+01 1.97 11.61 1.97 .00 
159.86 .00 .00 526.4 .190E+01 1.97 11.63 1.97 .00 
160 . 51 .00 .00 528.8 . 189E+01 1.98 11.65 1.98 .00 
161.17 .00 .00 531.2 .188E+01 1.98 11.66 1.98 .00 
161 . 82 .00 .00 533.5 .187E+01 1.99 11.68 1.99 .00 
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162.47 .00 .00 535.9 .187E+01 2.00 11. 70 2.00 .00 
163.12 .00 .00 538.3 .186E+01 2.00 11. 72 2.00 .00 
163.77 .00 .00 540.7 .185E+01 2.01 11. 73 2.01 .00 
164.43 .00 .00 543.2 .184E+01 2.02 11. 75 2.02 .00 
165.08 .00 .00 545.6 .183E+01 2.02 11. 77 2.02 . 00 
165.73 .00 .00 548.1 .182E+01 2.03 11. 78 2.03 .00 
166.38 .00 .00 550.5 .182E+01 2.03 11.80 2.03 .00 

Cumulative travel time = 546. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
166.38 11.80 .00 550.5 .182E+01 2.03 23.60 2.03 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 174.95 m. 
183.06 11.80 .00 601.1 .166E+01 2.20 23.71 2.20 .00 
199.73 11.80 .00 647.8 .154E+01 2.38 23.71 2.38 .00 
216.40 11.80 .00 700.8 .143E+01 2.58 23.71 2.58 .00 
233.07 11.80 .00 757.2 .132E+01 2.78 23.71 2.78 .00 
249.75 11.80 .00 816.5 .122E+01 3.00 23.71 3.00 .00 
266.42 11.80 .00 878.4 .114E+01 3.23 23.71 3.23 .00 
283.09 11.80 .00 942.4 .106E+01 3.47 23.71 3.47 .00 
299.76 11.80 .00 1007.9 .992E+00 3.71 23.71 3.71 .00 
316.43 11.80 . 00 1074.5 .931E+00 3.95 23.71 3.95 .00 
333 .11 11.80 .00 1141.8 .876E+00 4.20 23.71 4.20 .00 
349.78 11.80 .00 1209.4 .827E+00 4.45 23.71 4.45 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
366.45 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
383.12 11 . 80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
399.80 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
416.47 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
433.14 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
449.81 11.80 .00 1234.7 .810E+00 4.54 23 . 71 4 . 54 .00 
466.49 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
483.16 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
499.83 11.80 .00 1234. 7 .810E+00 4.54 23.71 4.54 .00 
516.50 11 . 80 . 00 1234. 7 . 810E+00 4.54 23.71 4.54 .00 
533 . 18 11 . 80 . 00 1234. 7 .810E+00 4.54 23.71 4.54 .00 
549.85 11.80 .00 1234.7 .810E+00 4.54 23.71 4. 54 .00 
566.52 11.80 . 00 1234.7 .810E+00 4.54 23.71 4.54 .00 
583.19 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
599.86 11.80 .00 1234.7 .810E+00 4 . 54 23.71 4. 54 . 00 
616. 54 11.80 .00 1234.7 .810E+00 4.54 23.71 4. 54 .00 
633.21 11.80 .00 1234.7 .810E+00 4.54 23.71 4 . 54 .00 
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649.88 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
666.55 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
683.23 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
699.90 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
716.57 11.80 .00 1234. 7 .810E+00 4.54 23 .71 4.54 .00 
733.24 11.80 .00 1234.7 .810E+00 4.54 23 . 71 4.54 .00 
749.92 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
766.59 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
783.26 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
799.93 11.80 .00 1234 . 7 .810E+00 4.54 23.71 4.54 .00 
816.60 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
833.28 11.80 .00 1234.7 . 810E+00 4.54 23.71 4.54 .00 
849.95 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
866.62 11.80 .00 1234.7 .810E+00 4. 54 23.71 4.54 .00 
883.29 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
899.97 11.80 .00 1234.7 .810E+00 4. 54 23.71 4.54 .00 
916.64 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
933.31 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
949.98 11.80 .00 1234.7 .810E+00 4. 54 23.71 4.54 ,00 
966.66 11.80 .00 1234.7 .810E+00 4.54 23. 71 4.54 .00 
983 . 33 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 

1000.00 11.80 .00 1234.7 .810E+00 4.54 23.71 4.54 .00 
Cumulative travel time= 3448. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation . 

END OF M00161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
------------------ -------- ---------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MachABigAMuddyARiver 
CaseA3A_APortA3ANormalAFlow 
cormix\sim\MAC3-3N1.cxl 
01/13/20--19:37:08 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 21.58 AS = 74.88 QA = 21.49 ICHREG= 2 
HA = 3.47 HD = 3.47 
UA = .287 F = .064 USTAR = .2557E• 01 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 10.70 
D0 = .102 A0 = . 008 H0 .55 
THETA = 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .023 = .2324E-01 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 =-.1463E+00 
C0 = .1000E+04 CUNITS= PPM 
!POLL= 1 KS = .0000E+00 KD = .0000E+00 

FLUX VARIABLES {metric units) 
Q0 = .2324E-01 M0 = .6659E-01 J0 =-.3400E-02 SIGNJ0= -1.0 
Associated length scales (meters) 
LQ = .09 LM = 2.25 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 23.50 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 3.47 1 
111111111111111111111111111111111111111111 

= • 90 Lb 
= 99999.00 Lbp 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

::: .14 
= 99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

10.70 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 

-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 
LE = .43 XE = .37 YE = .00 

Profile definitions: 
B = Gaussian 1/e {37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.37 .00 .76 1.0 .100E+04 .05 
.57 .00 .86 1.4 .720E+03 .08 
. 78 .00 .95 1.9 .516E+03 .10 
.99 .00 1.03 2.5 .398E+03 .13 

1.21 .00 1.11 3.1 .320E+03 .15 
1.42 .00 1.17 3.7 .270E+03 .18 
1.64 .00 1.23 4.3 .233E+03 .20 
1.87 .00 1.28 4.9 .205E+03 .22 
2.09 .00 1.32 5 . 4 .184E+03 .23 
2.31 .00 1.36 6.0 .168E+03 .25 
2.53 .00 1.40 6.5 .155E+03 .26 
2.77 .00 1.42 7.0 .144E+03 .28 
2.99 .00 1.45 7.4 .135E+03 .29 
3. 21 .00 1.47 7 . 8 .128E+03 .30 
3.45 .00 1.49 8.2 .121E+03 .31 
3.67 .00 1.50 8.6 .116E+03 .32 
3.90 .00 1. 51 8.9 .112E+03 .33 
4.13 .00 1.52 9.3 .108E+03 . 34 

SIGMAE= .00 
ZE = .76 

if any) 
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4.35 .00 1. 52 9.5 .105E+03 .34 
Maximum jet height has been reached. 

4.58 .00 1.52 9.8 .102E+03 .35 
4.80 
5.04 
5.26 
5.49 
5.72 
5.94 
6.17 
6.39 
6.62 
6.85 
7.07 
7.30 
7.53 
7.75 
7.98 
8.20 
8.43 
8.65 
8.88 
9.10 
9.32 
9.56 
9.78 

10.00 
10.23 
10.45 
10.67 
10.89 
11.13 
11.35 
11.57 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.52 
1.51 
1.50 
1.49 
1.48 
1.46 
1.45 
1.43 
1.41 
1.38 
1.36 
1.33 
1.30 
1.27 
1.24 
1.21 
1.18 
1.15 
1.11 
1.08 
1.04 
1.01 

.97 

.93 

.90 

.86 

.82 

.79 

.75 
• 71 
.67 

Cumulative travel time= 

10.1 .994E+02 
10.4 .964E+02 
10.7 .935E+02 
11.0 .905E+02 
11.4 . 874E+02 
11.8 .844E+02 
12. 3 • 815E+02 
12.7 .786E+02 
13.2 .756E+02 
13.7 .728E+02 
14.3 .701E+02 
14.8 .674E+02 
15.4 .649E+02 
16.0 .625E+02 
16.6 .601E+02 
17.3 .578E+02 
17.9 .557E+02 
18.6 .537E+02 
19.4 .517E+02 
20.1 .498E+02 
20.8 .481E+02 
21.6 .463E+02 
22.4 .447E+02 
23.1 .432E+02 
24.0 .417E+02 
24.8 .403E+02 
25.6 .390E+02 
26.5 .378E+02 
27.4 .365E+02 
28.2 .354E+02 
29.1 .343E+02 

20. sec 

.36 

.36 

.37 

.38 

.39 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.58 

.59 

.60 

.61 

.62 

.63 

.65 

.66 

.67 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

11.57 .00 .67 29.1 .343E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.67 

BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.90 
11.10 
11.30 
11.50 
11.70 
11.90 
12.10 
12.30 
12.51 
12.71 
12.91 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

s 
29.1 
29.1 
29.1 
29.1 
29.9 
33.6 
38.8 
43.4 
46.6 
48.4 
49.5 

C 
.343E+02 
.343E+02 
.343E+02 
.343E+02 
.334E+02 
.297E+02 
.258E+02 
.230E+02 
.214E+02 
.207E+02 
.202E+02 

25. sec 

BV 
.00 
.89 

1.06 
1.16 
1.24 
1.30 
1.34 
1.38 
1.40 
1.41 
1.42 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.45 
.63 
.78 
.90 

1.00 
1.10 
1.18 
1.27 
1.34 
1.42 

zu 
.00 
.89 

1.06 
1.16 
1.24 
1.30 
1.34 
1.38 
1.40 
1.41 
1.42 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s 

12.91 .00 .00 49 . 5 
14. 85 .00 .00 52.2 
16. 79 .00 .00 54.5 
18. 74 .00 .00 56 . 7 
20.68 .00 .00 58.7 
22.63 .00 .00 60 .8 
24.57 .00 .00 62.9 
26.51 .00 .00 65.0 
28.46 .00 .00 67 . 2 
30.40 . 00 .00 69.4 
32.34 .00 .00 71.8 
34. 29 .00 .00 74.3 
36 . 23 .00 .00 76.9 
38.18 .00 .00 79.7 
40.12 .00 .00 82.5 
42.06 .00 .00 85.6 
44.01 .00 .00 88 .8 

C 
.202E+02 
.192E+02 
.183E+02 
.176E+02 
.170E+02 
.164E+02 
.159E+02 
. 154E+02 
. 149E+02 
.144E+02 
.139E+02 
.135E+02 
.130E+02 
.126E+02 
.121E+02 
.117E+02 
.113E+02 

BV 
1.42 
1.24 
1.11 
1.03 

.96 

.91 

.87 

.84 

.81 

.79 

.78 

.77 

. 76 

.75 

. 75 

.75 

.75 

BH 
1.42 
1. 71 
1.98 
2.23 
2.47 
2.70 
2.92 
3.13 
3.34 
3.54 
3.73 
3.92 
4.10 
4.28 
4.46 
4.63 
4 .80 

zu 
1.42 
1.24 
1.11 
1.03 

.96 

.91 

.87 

.84 

.81 

.79 

.78 

. 77 

.76 

.75 

.75 

.75 

. 75 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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45.95 .00 .00 92.1 .109E+02 . 75 4.96 .75 .00 
47.90 .00 .00 95.7 .105E+02 . 76 5.13 .76 .00 
49.84 .00 .00 99.4 .101E+02 . 76 5.29 .76 .00 
51. 78 .00 .00 103.3 .968E+01 .77 5.45 .77 .00 
53.73 .00 .00 107.3 .932E+01 . 78 5.60 .78 .00 
55.67 .00 .00 111.6 .896E+01 .78 5.76 .78 .00 
57.61 .00 .00 116.0 .862E+01 .79 5.91 .79 .00 
59.56 .00 .00 120.7 .829E+01 .81 6.06 .81 .00 
61.50 .00 .00 125.5 .797E+01 .82 6.21 .82 .00 
63.45 .00 .00 130.5 .766E+01 .83 6.35 .83 .00 
65.39 .00 .00 135.8 .737E+01 .85 6 . 50 .85 .00 
67.33 .00 .00 141.2 .708E+01 .86 6.64 .86 .00 
69.28 .00 .00 146.9 .681E+01 .88 6.78 .88 .00 
71.22 .00 .00 152.8 .655E+01 .89 6.92 .89 .00 
73.17 .00 .00 158.9 .630E+01 .91 7.06 .91 .00 
75.11 .00 .00 165.2 .605E+01 .93 7.20 .93 .00 
77.05 .00 .00 171. 7 .582E+01 .95 7.34 .95 .00 
79.00 .00 .00 178.5 .560E+01 .97 7.47 .97 .00 
80.94 .00 .00 185.4 .539E+01 .99 7 . 61 .99 .00 
82.88 .00 .00 192.7 .519E+01 1.01 7.74 1.01 .00 
84.83 .00 .00 200.1 .500E+01 1.03 7.87 1.03 .00 
86.77 .00 .00 207.8 .481E+01 1.05 8.00 1.05 .00 
88.72 .00 .00 215.7 . 464E+01 1.07 8.13 1.07 .00 
90.66 .00 .00 223.9 .447E+01 1.10 8.26 1.10 .00 
92.60 .00 .00 232.3 .431E+01 1.12 8.39 1.12 .00 
94.55 . 00 .00 240.9 .415E+01 1.15 8.51 1.15 .00 
96.49 .00 .00 249.8 .400E+01 1.17 8.64 1.17 .00 
98.43 .00 .00 259.0 .386E+01 1.20 8.76 1.20 .00 

100.38 .00 .00 268.3 .373E+01 1. 22 8.89 1.22 .00 
102.32 .00 .00 278.0 .360E+01 1.25 9.01 1.25 .00 
104.27 .00 .00 287.9 .347E+01 1.28 9.13 1.28 .00 
106.21 .00 .00 298.0 .336E+01 1.30 9.25 1.30 .00 
108.15 .00 .00 308 .4 .324E+01 1.33 9 . 37 1.33 .00 
110 . 10 .00 .00 319.1 .313E+01 1.36 9 .49 1.36 .00 

Cumulative travel time= 363. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
---------- --------- ------------- ---------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = .178E-01 m"2/s 
Horizontal diffusivity (initial value) = .444E-01 m"2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d . *sqrt(pi/2.) (46%) half-width, 

measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
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.. 

ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

110.10 .00 .00 319.1 .313E+01 1.36 9.49 1.36 .00 
111.10 .00 .00 321.9 .311E+01 1.37 9.52 1.37 .00 
112.11 .00 .00 324.7 .308E+01 1.38 9.54 1.38 .00 
113.11 .00 .00 327.5 .305E+01 1.39 9.57 1.39 .00 
114.12 .00 .00 330.3 .303E+01 1.39 9.59 1.39 .00 
115.13 .00 .00 333.2 .300E+01 1.40 9.62 1.40 .00 
116.13 .00 .00 336.1 .298E+01 1.41 9.64 1.41 .00 
117.14 .00 .00 339.1 .29SE+01 1.42 9.67 1.42 .00 
118.14 .00 .00 342.0 .292E+01 1.43 9.69 1.43 .00 
119.15 .00 .00 345.0 .290E+01 1.44 9.72 1.44 .00 
120.15 .00 .00 348.1 .287E+01 1.45 9.75 1.45 .00 
121.16 .00 .00 351.1 .285E+01 1.45 9.77 1.45 .00 
122.16 .00 .00 354.2 .282E+01 1.46 9.80 1.46 .00 
123.17 .00 .00 357.3 .280E+01 1.47 9.82 1.47 .00 
124.17 .00 .00 360.5 .277E+01 1.48 9.84 1.48 .00 
125.18 .00 .00 363.7 .275E+01 1.49 9.87 1.49 .00 
126.18 .00 .00 366.9 .273E+01 1.50 9.89 1.50 .00 
127.19 .00 .00 370.2 .270E+01 1.51 9.92 1.51 .00 
128.20 .00 .00 373.4 .268E+01 1.52 9.94 1.52 .00 
129.20 .00 .00 376.8 .265E+01 1.53 9.97 1.53 .00 
130. 21 .00 .00 380.1 .263E+01 1.54 9.99 1.54 .00 
131.21 .00 .00 383.5 .261E+01 1.55 10.02 1.55 .00 
132.22 .00 .00 386.9 .258E+01 1.56 10.04 1.56 .00 
133.22 .00 .00 390.4 .256E+01 1. 57 10.07 1.57 .00 
134.23 .00 .00 393.9 .254E+01 1.58 10.09 1.58 .00 
135.23 .00 .00 397.4 .252E+01 1.59 10 . 11 1.59 .00 
136.24 . 00 .00 401.0 .249E+01 1.60 10.14 1.60 .00 
137.24 .00 .00 404.6 .247E+01 1.61 10.16 1.61 .00 
138.25 .00 .00 408.2 .245E+01 1.62 10.19 1.62 .00 
139.26 .00 .00 411.8 .243E+01 1.63 10.21 1.63 .00 
140.26 .00 .00 415.5 .241E+01 1.64 10.23 1.64 .00 
141.27 .00 .00 419.3 .239E+01 1.65 10.26 1.65 .00 
142.27 .00 .00 423.1 .236E+01 1.67 10.28 1.67 .00 
143.28 .00 .00 426.9 .234E+01 1.68 10.31 1.68 .00 
144.28 .00 .00 430.7 .232E+01 1.69 10.33 1.69 .00 
145.29 .00 .00 434 . 6 .230E+01 1. 70 10.35 1. 70 .00 
146.29 .00 .00 438.5 .228E+01 1. 71 10.38 1.71 .00 
147.30 .00 .00 442.5 . 226E+01 1. 72 10.40 1.72 .00 
148.30 .00 .00 446.5 .224E+01 1. 73 10.42 1.73 .00 
149.31 .00 .00 450.S .222E+01 1. 75 10.45 1.75 .00 
150 . 32 .00 .00 454.6 .220E+01 1. 76 10.47 1. 76 .00 
151.32 .00 .00 458.7 .218E+01 1. 77 10.49 1.77 .00 
152.33 .00 .00 462.8 .216E+01 1. 78 10.52 1. 78 .00 
153.33 .00 .00 467.0 .214E+01 1.79 10.54 1.79 .00 
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154.34 .00 .00 471.2 .212E+01 1.81 10. 56 1.81 .00 
155.34 .00 .00 475.5 .210E+01 1.82 10. 59 1.82 .00 
156.35 .00 .00 479.8 .208E+01 1.83 10.61 1.83 .00 
157.35 .00 .00 484.1 .207E+01 1.84 10.63 1.84 .00 
158.36 .00 .00 488.5 .205E+01 1.86 10.65 1.86 .00 
159.36 .00 .00 492.9 .203E+01 1.87 10.68 1.87 .00 
160.37 .00 .00 497.3 .201E+01 1.88 10.70 1.88 .00 

Cumulative travel time = 538. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
160.37 10.70 .00 497.3 .201E+01 1.88 21.40 1.88 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 176.31 m. 
177.16 10.70 .00 561.8 .178E+01 2.11 21.58 2.11 .00 
193.96 10.70 .00 626.3 .160E+01 2.35 21.58 2.35 .00 
210.75 10.70 . 00 694.5 . 144E+01 2 . 61 21.58 2.61 .00 
227.54 10.70 .00 765.0 .131E+01 2.87 21.58 2.87 .00 
244.33 10.70 .00 836.7 .120E+01 3.14 21.58 3.14 .00 
261.13 10.70 .00 908.8 .110E+01 3.41 21.58 3.41 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
277.92 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
294.71 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
311. 50 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
328.30 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
345.09 10. 70 .00 925.0 . 108E+01 3.47 21.58 3.47 .00 
361.88 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
378.67 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
395.47 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
412.26 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
429.05 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
445.84 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
462.64 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
479.43 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
496.22 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
513.01 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
529.81 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
546.60 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
563.39 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
580.19 10.70 . 00 925 .0 . 108E+01 3.47 21.58 3.47 .00 
596.98 10.70 .00 925 .0 . 108E+01 3 .47 21.58 3 .47 .00 
613. 77 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
630.56 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
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647.36 10.70 .00 925.0 .108E+01 3.47 21.58 3 .47 .00 
664.15 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
680.94 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
697.73 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 . 00 
714. 53 10.70 .00 925.0 .108E+01 3.47 21. 58 3.47 .00 
731.32 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
748.11 10.70 .00 925.0 .108E+01 3.47 21.58 3 . 47 .00 
764.90 10.70 .00 925.0 .108E+01 3.47 21. 58 3.47 .00 
781. 70 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
798.49 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
815.28 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
832.07 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
848.87 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
865.66 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
882.45 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
899.24 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
916.04 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
932.83 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

949.62 10.70 .00 925.0 . 108E+01 3.47 21.58 3.47 .00 
966.42 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

983.21 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 
1000.00 10.70 .00 925.0 .108E+01 3.47 21.58 3.47 .00 

Cumulative travel time = 3460. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA3A_APORTA3AMAXIMUMAFLOW 
cormix\sim\MAC3-3Xl.cxl 
01/13/20--19:56:57 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 30.89 ICHREG= 2 

= = 4.54 HA 
UA 
uw 

= 
4. 54 HD 

.287 F .058 USTAR = .2445E-01 
= 2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND~ U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT OISTB = 11.00 
00 = .102 A0 = .008 H0 
THETA = 30.00 SIGMA"' .00 
U0 = 5.487 Q0 = .044 
RH00 = 1013 . 3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .4448E-01 M0 "' .2441E+00 ]0 
Associated length scales (meters) 
LQ ;;;; .09 LM = 4.30 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 "' 44.99 R = 19.11 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS = 4.54 1 
111111111111111111111111111111111111111111 

= .55 

= .4448E-01 
=-.1463E+00 

= .0000E+00 

=-.6510E-02 

= 1. 72 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD "' 0 

-1.0 

.28 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
---------------------------------------------------------------- · ------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 .100E+04 

B 
.05 

------------------------------------------------------------------- ----------

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong cross flow. 

Zone of flow establishment: THETAE= 29.04 SIGMAE= .00 
LE = .47 XE = .40 YE = .00 ZE = .78 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.40 .00 .78 1.0 .100E+04 .05 
.75 . 00 .97 1. 7 .582E+03 .10 

1.13 .00 1.14 2.7 .375E+03 .15 
1.51 .00 1.31 3.7 .272E+03 .19 
1.88 .00 1.45 4.7 .213E+03 .24 
2.27 .00 1.58 5.8 .173E+03 . 28 
2.66 .00 1. 70 6.9 .146E+03 .32 
3.05 .00 1.80 7.9 .126E+03 .36 
3.45 .00 1.89 9.0 .111E+03 .40 
3.85 .00 1.98 10.0 .997E+02 .43 
4.24 .00 2.05 11.0 .909E+02 .46 
4.65 .00 2.12 12.0 .835E+02 .49 
5.06 .00 2.17 12.9 .775E+02 .51 
5.45 .00 2.22 13.8 . 726E+02 .54 
5.86 .00 2.27 14.6 .684E+02 .56 
6.27 .00 2.30 15.4 .649E+02 .58 
6.67 .00 2.33 16.1 .619E+02 .60 
7.08 .00 2.36 16.9 .593E+02 .62 



R01731

,, 

7.49 
7.89 
8.30 
8.72 

Maximum jet 
9.11 
9.53 
9.94 

10.33 
10.75 
11.16 
11.55 
11.97 
12.38 
12.77 
13.18 
13.60 
13 .99 
14.40 
14.81 
15.20 
15.61 
16.02 
16.41 
16.82 
17 .23 
17 . 62 
18.03 
18.44 
18.83 
19.24 
19 . 65 
20.04 
20.45 

.00 

.00 

.00 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

2.38 
2.39 
2.40 
2.41 

has been 
2.41 
2.40 
2.39 
2.38 
2.36 
2.34 
2.32 
2.29 
2.26 
2.22 
2.19 
2.14 
2.10 
2.06 
2.01 
1.96 
1.91 
1.85 
1.80 
1. 74 
1.68 
1.62 
1.56 
1.50 
1.44 
1.38 
1.31 
1.25 
1.18 

Cumulative travel time= 

17.5 .571E+02 
18.1 .552E+02 
18.7 .535E+02 
19.2 .521E+02 

reached. 
19.7 .508E+02 
20.2 .495E+02 
20.8 .482E+02 
21. 3 .468E+02 

.63 

.65 

.66 

.67 

.68 

.70 

.71 

.72 
22.0 .455E+02 .73 
22.7 .441E+02 .75 
23.4 .427E+02 .76 
24.2 .414E+02 . 78 
25.0 .400E+02 .80 
25.8 .387E+02 . 81 
26.7 .374E+02 . 83 
27.7 .361E+02 . 85 
28.6 .349E+02 . 86 
29.7 .337E+02 . 88 
30.7 .326E+02 . 90 
31.8 .315E+02 . 92 
32.9 .304E+02 . 94 
34.1 .293E+02 . 96 
35.2 .284E+02 . 98 
36.S .274E+02 1 . 00 
37.7 . 265E+02 1 . 02 
39 .0 . 257E+02 1 . 04 
40.3 .248E+02 1 . 06 
41.7 .240E+02 1 . 08 
43.0 .232E+02 1 . 10 
44.4 .225E+02 1 . 12 
45.9 .218E+02 1.14 
47.3 .211E+02 1 . 16 
48.8 .205E+02 1 . 18 

33. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z s C B 

20.45 . 00 1.18 48.8 . 205E+02 1 . 18 

Profile def initions : 
BV = top-hat thickness, measured vertically 
BH = top-hat half -width, measured horizontally in Y-di rection 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
19.27 
19.62 
19.97 
20.33 
20.68 
21.04 
21.39 
21.75 
22.10 
22.46 
22.81 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
48,8 .205E+02 
48.8 .205E+02 
48.8 .20SE+02 
48.8 .20SE+02 
50.1 .200E+02 
56.3 .178E+02 
64.9 .154E+02 
72.7 .137E+02 
78.1 .128E+02 
81.0 .123E+02 
82.9 .121E+02 

41. sec 

BV 
.00 

1.59 
1.89 
2.08 
2.22 
2.32 
2.40 
2.46 
2.50 
2.53 
2.53 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.80 

1.13 
1.39 
1.60 
1. 79 
1.96 
2.12 
2.27 
2.40 
2.53 

zu 
.00 

1.59 
1.89 
2.08 
2.22 
2.32 
2.40 
2.46 
2.50 
2.53 
2.53 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in ¥-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
c = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

22 . 81 .00 .00 82.9 
24.47 .00 .00 85.2 
26.12 .00 .00 87.2 
27.77 .00 .00 89.1 
29.43 .00 .00 90.9 
31.08 .00 .00 92.7 
32 . 74 .00 .00 94.3 
34.39 . 00 .00 95.9 
36. 05 .00 .00 97.5 
37.70 .00 .00 99.1 
39.36 .00 .00 100.6 
41.01 .00 .00 102.2 
42.66 . 00 .00 103.7 
44.32 .00 .00 105.3 
45.97 .00 .00 106.8 
47.63 .00 .00 108.4 
49.28 .00 .00 110. 0 

C 
.121E+02 
.117E+02 
. 115E+02 
.112E+02 
.110E+02 
.108E+02 
.106E+02 
.104E+02 
.103E+02 
.101E+02 
.994E+01 
.979E+01 
.964E+01 
.950E+01 
.936E+01 
.923E+01 
. 909E+01 

BV 
2.53 
2.36 
2 . 21 
2.10 
2.00 
1.91 
1.84 
1. 77 
1.72 
1.67 
1.62 
1.58 
1. 55 
1. 52 
1.49 
1.46 
1.44 

BH 
2.53 
2.80 
3.05 
3.30 
3.53 
3.76 
3.98 
4 . 19 
4.40 
4.61 
4.81 
5.00 
5 . 19 
5.38 
5.57 
5.75 
5.93 

zu 
2.53 
2.36 
2.21 
2 . 10 
2.00 
1.91 
1.84 
1. 77 
1. 72 
1.67 
1.62 
1.58 
1.55 
1.52 
1.49 
1.46 
1.44 

ZL 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
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50.94 .00 .00 111.6 .896E+01 1.42 6.10 1.42 .00 
52.59 .00 .00 113.2 .883E+01 1.40 6.28 1.40 .00 
54.25 .00 .00 114.9 .870E+01 1.38 6.45 1.38 .00 
55.90 .00 .00 116.6 .858E+01 1.37 6.62 1.37 .00 
57.55 .00 .00 118.3 .845E+01 1.35 6.79 1.35 .00 
59.21 .00 .00 120.1 .833E+01 1.34 6.95 1.34 .00 
60.86 .00 .00 121.9 .821E+01 1.33 7.11 1.33 .00 
62.52 .00 .00 123.7 .808E+01 1.32 7.28 1.32 .00 
64.17 .00 .00 125.6 .796E+01 1.31 7.43 1.31 .00 
65.83 .00 .00 127.5 .784E+01 1.30 7.59 1.30 .00 
67.48 .00 .00 129.4 .773E+01 1.29 7.75 1.29 .00 
69.14 .00 .00 131.4 .761E+01 1.29 7.90 1.29 .00 
70.79 .00 .00 133.5 .749E+01 1.28 8.06 1.28 .00 
72.44 .00 .00 135.6 .738E+01 1.28 8.21 1.28 .00 
74.10 .00 .00 137.7 .726E+01 1.28 8.36 1.28 .00 
75.75 .00 .00 139.9 .715E+01 1.27 8.51 1.27 .00 
77.41 .00 .00 142.1 .704E+01 1.27 8.66 1.27 .00 
79.06 .00 .00 144.4 .693E+01 1.27 8.80 1.27 .00 
80.72 .00 .00 146.7 .682E+01 1.27 8.95 1.27 .00 
82.37 .00 .00 149.1 .671E+01 1.27 9.09 1.27 .00 
84.03 .00 .00 151.6 .660E+01 1.27 9.23 1.27 .00 
85.68 .00 .00 154.0 .649E+01 1.27 9.38 1.27 .00 
87.34 .00 .00 156.6 .639E+01 1.28 9.52 1.28 .00 
88.99 .00 .00 159.2 .628E+01 1.28 9.66 1.28 .00 
90.64 .00 .00 161.9 .618E+01 1.28 9.79 1.28 .00 
92.30 .00 .00 164.6 .608E+01 1.28 9.93 1.28 .00 
93.95 .00 .00 167.3 .598E+01 1.29 10.07 1.29 .00 
95.61 .00 .00 170.2 .588E+01 1.29 10.20 1.29 .00 
97.26 .00 .00 173.1 .578E+01 1.30 10.34 1.30 .00 
98.92 .00 .00 176.0 .568E+01 1.30 10.47 1.30 .00 

100.57 .00 .00 179.0 .559E+01 1.31 10.61 1.31 .00 
102. 23 .00 .00 182 . 1 .549E+01 1.31 10.74 1.31 . 00 
103.88 .00 .00 185.3 .540E+01 1.32 10.87 1.32 .00 
105.53 . 00 .00 188.4 .531E+01 1.33 11.00 1.33 .00 

cumulative travel time = 329. sec 

~------------------------------ ------------------------- ---------------------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

105.53 11.00 .00 188.4 .531E+01 1.33 22.00 1.33 .00 
105.98 11 . 00 .00 189.2 .528E+01 1.33 22.03 1.33 .00 
106.42 11.00 .00 190.0 .526E+01 1.33 22.07 1.33 .00 
106. 87 11.00 .00 190.8 . 524E+01 1.34 22 . 10 1.34 .00 
107.31 11.00 .00 191.6 . 522E+01 1.34 22.14 1.34 .00 
107.76 11.00 .00 192.4 .520E+01 1.34 22.17 1.34 .00 
108.20 11.00 .00 193 . 2 .517E+01 1.35 22.21 1.35 .00 
108.65 11.00 .00 194.1 .515E+01 1. 35 22.24 1.35 .00 
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109.09 11.00 .00 194.9 .513E+01 1.36 22.28 1.36 .00 
109.53 11.00 .00 195.7 .511E+01 1.36 22.31 1.36 .00 
109.98 11.00 .00 196.5 .509E+01 1.36 22.35 1.36 .00 
110.42 11.00 .00 197.3 .507E+01 1.37 22.38 1.37 .00 
110.87 11.00 ,00 198.1 .505E+01 1.37 22.42 1.37 .00 
111.31 11.00 .00 199.0 .503E+01 1.37 22.45 1.37 .00 
111.76 11.00 .00 199.8 .501E+01 1.38 22.49 1.38 .00 
112.20 11.00 ,00 200.6 .498E+01 1.38 22.52 1.38 .00 
112.64 11.00 .00 201.4 .496E+01 1.38 22.56 1.38 .00 
113.09 11.00 .00 202.3 .494E+01 1.39 22.59 1.39 .00 
113.53 11.00 .00 203.1 .492E+01 1.39 22.62 1.39 .00 
113. 98 11.00 .00 203.9 .490E+01 1.39 22.66 1.39 .00 
114.42 11.00 .00 204.8 .488E+01 1.40 22.69 1.40 .00 
114.87 11.00 .00 205.6 .486E+01 1.40 22.73 1.40 .00 
115.31 11.00 .00 206.5 .484E+01 1.41 22.76 1.41 .00 
115.76 11.00 .00 207.3 .482E+01 1.41 22.80 1.41 .00 
116.20 11.00 .00 208.2 .480E+01 1.41 22.83 1.41 .00 
116.64 11.00 .00 209.0 .478E+01 1.42 22.86 1.42 .00 
117.09 11.00 .00 209.9 .476E+01 1.42 22.90 1.42 .00 
117.53 11.00 .00 210.7 .475E+01 1.42 22.93 1.42 .00 
117.98 11.00 .00 211.6 .473E+01 1.43 22.97 1.43 .00 
118.42 11.00 .00 212.5 .471E+01 1.43 23.00 1.43 .00 
118.87 11.00 .00 213.3 .469E+01 1.44 23.04 1.44 .00 
119.31 11.00 .00 214.2 .467E+01 1.44 23.07 1.44 .00 
119.76 11.00 .00 215.1 .465E+01 1.44 23.10 1.44 .00 
120.20 11.00 .00 215.9 .463E+01 1.45 23.14 1.45 .00 
120.64 11.00 .00 216.8 .461E+01 1.45 23.17 1.45 .00 
121.09 11.00 .00 217.7 .459E+01 1.45 23.21 1.45 .00 
121.53 11.00 .00 218.6 .458E+01 1.46 23.24 1.46 .00 
121. 98 11.00 .00 219.4 .456E+01 1.46 23.27 1.46 .00 
122.42 11.00 .00 220.3 .454E+01 1.46 23.31 1.46 .00 
122.87 11.00 .00 221.2 .452E+01 1.47 23 . 34 1.47 .00 
123.31 11.00 .00 222.1 .450E+01 1.47 23.38 1.47 .00 
123.76 11.00 .00 223.0 .448E+01 1.48 23.41 1.48 .00 
124.20 11.00 .00 223.9 .447E+01 1.48 23.44 1.48 .00 
124.64 11.00 .00 224.8 .445E+01 1.48 23.48 1.48 .00 
125.09 11.00 .00 225.7 .443E+01 1.49 23.51 1.49 .00 
125.53 11.00 .00 226.6 .441E+01 1.49 23.54 1.49 .00 
125.98 11.00 .00 227.5 .440E+01 1.50 23.58 1.50 .00 
126.42 11.00 .00 228.4 .438E+01 1.50 23.61 1.50 .00 
126.87 11.00 .00 229 . 3 .436E+01 1.50 23.65 1.50 .00 
127.31 11.00 .00 230.2 .434E+01 1.51 23.68 1.51 .00 
127.75 11.00 .00 231.1 .433E+01 1.51 23.71 1.51 .00 

Cumulative travel time= 406. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.222E-01 m"2/s 

.555E-01 ml\2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X Y Z s 

231.1 
239.8 
248 . 9 
258.7 
269.0 

C 
.433E+01 
.417E+01 
.402E+01 
.387E+01 
.372E+01 
.357E+01 

BV 
1.51 
1.57 
1.63 
1.69 
1. 76 
1.83 

127.75 11.00 .00 
145.20 
162 . 64 
180.09 
197.53 
214.98 
232.42 
249.87 
267.31 
284.76 
302.20 
319.65 
337.09 
354. 54 
371.98 
389.43 
406.87 
424.32 
441.76 
459.21 
476.65 
494.10 
511.54 
528.99 
546.43 
563.88 

11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

.00 

.00 

.00 

.00 

.00 280.1 

.00 291.8 .343E+01 1.91 

.00 304.3 .329E+01 1.99 

.00 317.5 .31SE+01 2.08 

.00 331.6 .302E+01 2.17 

.00 346.6 .289E+01 2.26 

.00 362.4 .276E+01 2.37 

.00 379.2 .264E+01 2 .48 

.00 397.0 .252E+01 2.59 

.00 415.7 .241E+01 2.72 

.00 435.4 .230E+01 2.85 

.00 456.1 . 219E+01 2.98 

.00 477.8 .209E+01 3.12 

.00 500.4 .200E+01 3.27 

.00 524.0 .191E+01 3.42 

.00 548.4 .182E+01 3.58 

.00 573.6 .174E+01 3.75 

.00 599.7 .167E+01 3.92 

.00 626.4 .160E+01 4.09 

.00 653.7 .153E+01 4.27 

.00 681.6 .147E+01 4.45 
Plume interacts with SURFACE. 

BH 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23. 71 
23. 71 
23. 71 
23. 71 
23.71 
23.71 
23.71 
23. 71 

zu 
1.51 
1.57 
1.63 
1.69 
1. 76 
1.83 
1.91 
1.99 
2.08 
2.17 
2.26 
2.37 
2 . 48 
2.59 
2.72 
2.85 
2.98 
3.12 
3.27 
3.42 
3.58 
3.75 
3.92 
4.09 
4.27 
4.45 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

581.32 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
Effluent is FULLY MIXED over the entire channel cross-section . 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
598.77 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 . 00 
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616.21 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
633.66 11.00 .00 694.7 .144E+01 4.54 23.71 4. 54 .00 
651.10 11.00 .00 694.7 .144E+01 4.54 23.71 4. 54 .00 
668.55 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
685.99 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
703.44 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
720.88 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
738.33 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
755.77 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
773.22 11.00 .00 694.7 .144E+01 4.54 23.71 4 . 54 .00 
790.66 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
808.11 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
825.55 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
843.00 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
860.44 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
877.89 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
895.33 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
912.78 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
930.22 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
947.66 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
965.11 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
982.55 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 694.7 .144E+01 4.54 23.71 4.54 .00 
Cumulative travel time = 3441. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
------------------------------------------- ----------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A · APORTA1ANORMALAFLOW 
cormix\sim\MAC4-1Nl.cxl 
01/13/20--20:12:32 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .287 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E · 02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB =- 11.00 
D0 = .076 A0 = .005 H0 
THETA = 30.00 SIGMA = .00 
U0 = 2.866 Q0 = .013 
RHO0 = 1013.3900 DRHO0 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1307E-01 M0 = .3746E-01 J0 
Associated length scales (meters) 
LQ = .07 LM = 1.95 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.14 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 30.89 

= .2445E-01 

= .56 

= .1307E-01 
=-.1463E+00 

= .0000E+00 

=-.1913E-02 

= . 67 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = . 1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.08 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
--------------------------------------------------------- ------ --------------

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 . 100E+04 

B 
.04 

---- -- ------ --------------------------------------------- --------------------
----------------------------------------------------------- ------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28 . 17 SIGMAE= .00 
LE = .32 XE = .28 YE = .00 ZE = . 72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.28 .00 . 72 1.0 .100E+04 .04 
.48 .00 . 82 1.6 .640E+03 .07 
.68 .00 .90 2 .3 .433E+03 .09 
.90 .00 . 98 3.1 . 321E+03 .12 

1.11 .00 1.05 3.9 . 256E+03 .14 
1.33 .00 1.10 4 . 7 . 212E+03 .16 
1.55 .00 1.15 5.5 .183E+03 .18 
1. 77 .00 1.19 6 .2 . 161E+03 .19 
2.00 .00 1.23 6.9 .144E+03 .21 
2.22 . 00 1.26 7.6 .132E+03 . 22 
2.44 .00 1.28 8.2 .122E+03 .23 
2.67 .00 1.31 8.8 .114E+03 .24 
2.89 .00 1.32 9.3 .107E+03 .25 
3.12 . 00 1.34 9.9 .101E+03 . 26 
3.34 . 00 1.35 10.3 .970E+02 . 27 
3.57 . 00 1.36 10.7 .931E+02 .28 
3.79 .00 1.36 11.1 .899E+02 .28 
4.02 .00 1.36 11.5 .872E+02 .29 
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Maximum jet height has been reached. 
4.24 .00 1.36 11.8 .848E+02 
4.47 
4.69 
4.92 
5.15 
5.37 
5.59 
5.82 
6.04 
6.27 
6.49 
6.72 
6.94 
7.16 
7.39 
7.61 
7.84 
8.06 
8.28 
8.51 
8.73 
8.95 
9.17 
9.39 
9.62 
9.84 

10.07 
10.29 
10.52 
10.74 
10.96 
11 . 18 
11.40 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

1.36 
1.35 
1.34 
1.33 
1.32 
1.31 
1.29 
1.27 
1.25 
1.23 
1.21 
1.18 
1.16 
1.13 
1.11 
1.08 
1.05 
1.02 

.99 

.96 

.93 

.90 

.87 

.84 

.81 

.78 

. 74 
• 71 
.68 
. 65 
. 62 
.58 

Cumulative travel time= 

12.2 .823E+02 
12.6 .796E+02 
13.0 .769E+02 
13.5 .742E+02 
14.0 .715E+02 
14.5 .689E+02 
15.1 .662E+02 
15.7 .637E+02 
16.4 .611E+02 
17.0 .588E+02 
17.7 .564E+02 
18.5 .542E+02 
19.2 .521E+02 
20.0 .500E+02 
20.8 .480E+02 
21.7 .461E+02 
22.5 .444E+02 
23.4 .427E+02 
24.3 .411E+02 
25.3 .396E+02 
26.2 .381E+02 
27.2 .368E+02 
28.2 .355E+02 
29.2 .342E+02 
30.2 .331E+02 
31. 3 . 319E+02 
32.4 .309E+02 
33.5 .299E+02 
34.6 .289E+02 
35.7 .280E+02 
36.8 . 271E+02 
38.0 .263E+02 

22. sec 

.30 

.30 

.31 

.31 

.32 

. 33 

. 34 

. 34 

. 35 

. 36 

. 37 

. 38 

. 39 

.40 

.41 

.42 

.43 

.43 

.44 

.45 

.46 

.47 

. 48 

. 49 

. 50 

.51 

. 52 

. 53 

.54 

. 55 

.56 

.57 

. 58 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

11.40 .00 . 58 38.0 . 263E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.58 

BH = top-hat half-width , measured horizontally in Y-direction 
ZU = upper plume boundary (2-coordinate) 
ZL = lowe r plume boundary (Z-coordinate) 
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s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.82 
11.00 
11.17 
11.35 
11.52 
11.70 
11.87 
12.04 
12.22 
12.39 
12.57 

y 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
38.0 .263E+02 
38.0 .263E+02 
38.0 .263E+02 
38.0 .263E+02 
39.0 .256E+02 
43.8 .228E+02 
50.5 .198E+02 
56.6 .177E+02 
60.8 .164E+02 
63.1 .159E+02 
64.5 .155E+02 

26. sec 

BV 
.00 
.76 
.90 

1.00 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.38 
. 54 
.66 
. 77 
.86 
.94 

1.01 
1.08 
1.15 
1.21 

zu 
.00 
.76 
.90 

1.00 
1.06 
1.11 
1.15 
1.18 
1.20 
1.21 
1.21 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
--------------------------- -- ------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
c = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

12.57 
13. 75 
14.93 
16.11 
17.29 
18.47 
19.65 
20.83 
22.01 
23.18 
24.36 
25.54 
26.72 
27.90 
29.08 
30.26 
31.44 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

64.5 
66.7 
68.8 
70.7 
72.6 
74.5 
76.3 
78.2 
80.1 
82.0 
84.0 
86.0 
88.2 
90.3 
92.6 
94 . 9 
97.4 

C 
.155E+02 
.150E+02 
.145E+02 
.141E+02 
.138E+02 
.134E+02 
.131E+02 
.128E+02 
.125E+02 
.122E+02 
.119E+02 
.116E+02 
.113E+02 
.111E+02 
.108E+02 
.105E+02 
.103E+02 

BV 
1.21 
1.12 
1.04 

. 99 

.94 

.90 

.87 

.84 

. 82 

.80 

.78 

.76 

.75 

.74 

.74 

.73 

. 72 

BH 
1.21 
1.36 
1. 50 
1.63 
1. 76 
1.89 
2.01 
2.12 
2 . 24 
2 . 35 
2.46 
2.56 
2.67 
2.77 
2.87 
2.96 
3.06 

zu 
1.21 
1.12 
1.04 

.99 

.94 

.90 

.87 

.84 

. 82 

.80 

. 78 

.76 

. 75 

.74 

.74 

.73 

. 72 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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32.62 
33.80 
34.98 
36.16 
37.34 
38.52 
39.70 
40.88 
42.06 
43.24 
44.42 
45.60 
46.78 
47.96 
49.13 
50.31 
51.49 
52.67 
53.85 
55.03 
56.21 
57.39 
58.57 
59.75 
60.93 
62 . 11 
63.29 
64.47 
65 . 65 
66.83 
68.01 
69.19 
70.37 
71.55 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

. 00 

.00 

.00 

.00 

.00 

.00 

.00 99.9 .100E+02 

.00 102.5 .976E+01 

.00 105.2 .951E+01 

.00 108.0 .926E+01 

.00 110.9 .902E+01 

.00 113.9 .878E+01 

.00 117.1 .854E+01 

.00 120.3 .831E+01 

.00 123.7 .809E+01 

.00 127.1 .787E+01 

.00 130.7 .765E+01 

.00 134.4 .744E+01 

.00 138.3 .723E+01 

.00 142.2 .703E+01 

.00 146.3 .683E+01 

.00 150.5 .664E+01 

.00 154.9 .646E+01 

.00 159.4 .628E+01 

.00 164.0 .610E+01 

.00 168.7 .593E+01 

.00 173.6 .576E+01 

.00 178.6 .560E+01 

.00 183.8 .544E+01 

.00 189 . 1 . 529E+01 

.00 194.5 .514E+01 

.00 200.1 .500E+01 

.00 205.8 . 486E+01 

.00 211.7 .472E+01 

.00 217.7 .459E+01 

.00 223.8 .447E+01 

.00 230.2 .434E+01 

.00 236.6 .423E+01 

. 00 243.2 . 411E+01 

.00 250.0 .400E+01 
Cumulative travel time= 231. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
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BEGIN MOD161 : PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

3.16 
3.25 
3.34 
3.43 
3.52 
3.61 
3.70 
3 . 79 
3.87 
3.96 
4.04 
4.12 
4.20 
4.29 
4.37 
4.45 
4 . 52 
4.60 
4.68 
4.76 
4.83 
4.91 
4.98 
5.06 
5 . 13 
5.21 
5.28 
5.35 
5.43 
5.50 
5.57 
5.64 
5.71 
5 . 78 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value) : 

.222E-01 mA2/s 

.555E-01 mA2/s 

Profile definitions: 

.72 
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BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaus sian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z- coordinate) 
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ZL = lower plume boundary (Z-coordinate) 
s ;;; hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

71.55 .00 .00 250.0 .400E+01 .99 5.78 .99 .00 
74.43 .00 .00 258.8 .386E+01 .99 S.93 .99 .00 
77.31 .00 .00 267.7 .374E+01 1.00 6.07 1.00 .00 
80.20 .00 .00 276.6 .361E+01 1.01 6.22 1.01 .00 
83.08 .00 .00 285.7 .350E+01 1.02 6.36 1.02 .00 
85.96 .00 .00 294.9 .339E+01 1.03 6.49 1.03 .00 
88.85 .00 .00 304.3 .329E+01 1.05 6.63 1.05 .00 
91.73 .00 .00 313.8 .319E+01 1.06 6.76 1.06 .00 
94.61 .00 .00 323. 5 .309E+01 1.07 6.89 1.07 .00 
97.49 .00 .00 333.4 .300E+01 1.08 7.01 1.08 .00 

100.38 .00 .00 343.5 .291E+01 1.10 7.14 1.10 .00 
103.26 .00 .00 353.9 .283E+01 1.11 7.26 1.11 .00 
106.14 .00 .00 364.5 .274E+01 1.12 7.38 1.12 .00 
109.03 .00 .00 375.3 .266E+01 1.14 7.49 1.14 .00 
111.91 .00 .00 386.5 .259E+01 1.16 7.61 1.16 .00 
114. 79 .00 .00 398.0 .251E+01 1.17 7.72 1.17 .00 
117.68 .00 .00 409.7 .244E+01 1.19 7.84 1.19 . 00 
120.56 .00 .00 421.9 .237E+01 1.21 7.95 1.21 .00 
123.44 .00 .00 434.4 .230E+01 1.23 8.06 1.23 .00 
126.33 .00 .00 447 . 2 .224E+01 1.25 8.17 1.25 .00 
129.21 .00 .00 460.5 .217E+01 1.27 8.27 1.27 .00 
132.09 .00 .00 474.2 . 211E+01 1.29 8.38 1.29 . 00 
134.98 .00 .00 488.3 .205E+01 1.31 8.48 1.31 .00 
137.86 .00 .00 502.9 .199E+01 1.33 8.58 1.33 .00 
140.74 .00 .00 518.0 .193E+01 1.36 8.69 1.36 .00 
143.63 .00 .00 533.6 .187E+01 1.38 8.79 1.38 .00 
146 . 51 .00 .00 549.7 .182E+01 1.41 8.89 1.41 .00 
149.39 .00 .00 566.3 .177E+01 1.44 8.98 1.44 .00 
152.28 .00 .00 583.6 .171E+01 1.46 9.08 1.46 .00 
155 . 16 .00 .00 601.4 .166E+01 1.49 9.18 1.49 .00 
158.04 .00 .00 619.8 .161E+01 1.52 9 . 27 1.52 .00 
160.93 .00 .00 638.9 .157E+01 1.55 9.37 1.55 .00 
163.81 .00 .00 658.6 .152E+01 1.59 9.46 1.59 .00 
166.69 . 00 .00 679.0 .147E+01 1.62 9.55 1.62 .00 
169.58 .00 .00 700.1 .143E+01 1.65 9.64 1.65 .00 
172.46 .00 . 00 721.9 .139E+01 1.69 9 . 73 1.69 .00 
175.34 . 00 . 00 744.4 .134E+01 1. 73 9.82 1. 73 .00 
178.23 .00 .00 767.7 .130E+01 1. 76 9.91 1. 76 .00 
181.11 .00 .00 791.7 .126E+01 1.80 10.00 1.80 .00 
183.99 .00 .00 816.5 .122E+01 1.84 10.09 1.84 . 00 
186.87 .00 . 00 842.0 .119E+01 1.88 10.17 1.88 . 00 
189.76 .00 .00 868.4 .115E+01 1.93 10.26 1.93 .00 
192.64 .00 .00 895.5 .112E+01 1.97 10.34 1.97 .00 
195.52 .00 .00 923.4 .108E+01 2.02 10.43 2.02 .00 
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198.41 .00 .00 952.1 .105E+01 2.06 10.51 2.06 .00 
201.29 .00 .00 981.6 .102E+01 2.11 10.59 2 . 11 .00 
204.17 .00 .00 1011.8 .988E+00 2.16 10.68 2.16 .00 
207.06 .00 .00 1042.9 .959E+00 2.21 10.76 2.21 .00 
209.94 .00 . 00 1074.7 .931E+00 2.26 10.84 2.26 .00 
212.82 .00 .00 1107.2 .903E+00 2.31 10.92 2.31 .00 
215.71 .00 .00 1140.5 .877E+00 2.36 11.00 2.36 .00 

Cumulative travel time = 733. sec 

--------------------------------------------------- ~-- -----------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
215.71 11.00 .00 1140.5 .877E+00 2.36 22.00 2.36 .00 
231.39 11.00 .00 1295.5 .772E+00 2.66 22.22 2.66 .00 
247.08 11.00 .00 1459.4 .685E+00 2.96 22.43 2.96 .00 
262.76 11.00 .00 1629.4 .614E+00 3.28 22.64 3.28 .00 
278.45 11.00 .00 1803.0 .555E+00 3.59 22.85 3.59 .00 
294.14 11.00 .00 1978.4 .505E+00 3.91 23.06 3.91 .00 
309 . 82 11.00 . 00 2154.1 .464E+00 4.22 23.26 4.22 .00 
325.51 11.00 .00 2329.4 .429E+00 4.52 23.47 4.52 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
341.19 11.00 .00 2359.9 .424E+00 4 . 54 23.67 4 . 54 . 00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 344.33 m. 
356.88 11.00 .00 2379.9 .420E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section . 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
372. 57 11.00 .00 2363.9 .423E+00 4.54 23. 71 4.54 .00 
388. 25 11.00 . 00 2363 . 9 .423E+00 4.54 23. 71 4.54 .00 
403.94 11.00 .00 2363 . 9 .423E+00 4.54 23.71 4.54 .00 
419.62 11 .00 .00 2363.9 .423E+00 4 . 54 23. 71 4.54 .00 
435.31 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 . 00 
450.99 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
466.68 11.00 .00 2363.9 .423E+00 4.54 23.71 4 . 54 . 00 
482.37 11.00 .00 2363.9 .423E+00 4 . 54 23. 71 4.54 . 00 
498.05 11.00 .00 2363.9 .423E+00 4.54 23.71 4 . 54 .00 
513.74 11.00 .00 2363.9 .423E+00 4 . 54 23.71 4 . 54 .00 
529.42 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
545.11 11.00 . 00 2363 . 9 .423E+00 4 . 54 23. 71 4 . 54 .00 
560.80 11.00 . 00 2363.9 .423E+00 4.54 23.71 4.54 .00 
576.48 11.00 .00 2363.9 .423E+00 4 . 54 23.71 4.54 .00 
592.17 11 .00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
607.85 11.00 . 00 2363.9 .423E+00 4.54 23.71 4.54 .00 
623 . 54 11 . 00 . 00 2363.9 .423E+00 4.54 23.71 4.54 .00 
639 . 23 11.00 .00 2363.9 .423E+00 4.54 23 . 71 4 . 54 .00 
654. 91 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 . 00 
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670.60 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
686.28 11.00 .00 2363.9 .423E+00 4.54 23. 71 4.54 .00 
701.97 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
717.65 11.00 .00 2363.9 . 423E+00 4.54 23.71 4.54 .00 
733.34 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
749.03 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
764 . 71 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
780.40 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
796.08 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
811.77 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
827.46 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
843.14 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
858.83 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
874.51 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
890.20 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
905.88 11.00 .00 2363.9 .423E+00 4.54 23. 71 4.54 .00 
921.57 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
937.26 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
952.94 11.00 .00 2363.9 .423E+00 4.54 23 . 71 4.54 . 00 
968.63 11.00 .00 2363.9 .423E+00 4.54 23 . 71 4.54 .00 
984.31 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 

1000.00 11.00 .00 2363.9 .423E+00 4.54 23.71 4.54 .00 
Cumulative travel time = 3465. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
---------------------------------------------------------------------- -------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_l996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MA(HABIGAMUDDYARIVER 
CASEA4A · APORTA1AMAXIMUMAFLOW 
cormix\sim\MAC4-1Xl.cxl 
01/13/20--20:38:34 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 38.11 ICHREG= 2 

= 4.54 HD = 4.54 HA 
UA 
uw 

.354 F = .058 USTAR = .3016E-01 
2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND= U RHOAM ~ 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .025 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2502E-01 M0 = .1373E+00 J0 
Associated length scales (meters) 
LQ = .07 LM = 3.73 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 51.96 R = 15.50 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class {CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

.- .56 

= .2502E-01 
=-.1463E+00 

= .0000E+00 

=-.3662E-02 

= 1.05 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.08 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 

BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

-----------------------------------------------------------------------------

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.82 SIGMAE= .00 
LE = .34 XE = .30 YE = .00 ZE = .73 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.30 .00 .73 1.0 .100E+04 .04 
.69 .00 .93 2.2 .457E+03 .09 

1.09 .00 1.10 3.7 .273E+03 .14 
1.51 .00 1.24 5.2 .191E+03 .19 
1.93 .00 1.37 6.9 .146E+03 .23 
2.36 .00 1.47 8.4 .118E+03 .27 
2.80 .00 1.56 10.0 .996E+02 .30 
3.23 .00 1.64 11.5 .867E+02 .33 
3.67 ,00 1.70 13.0 .772E+02 .36 
4.10 .00 1.76 14.3 .699E+02 . 39 
4.54 .00 1.81 15.6 .642E+02 .41 
4.99 .00 1.85 16.8 .595E+02 .43 
5.43 .00 1.88 17.9 .557E+02 .45 
5.87 .00 1.91 19.0 .527E+02 .47 
6.30 .00 1.94 20.0 .501E+02 .48 
6.74 .00 1.96 20.9 .479E+02 .49 
7.19 .00 1.97 21. 7 .460E+02 .51 
7.63 .00 1.98 22.S .445E+02 .52 
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8.07 
8.51 

Maximum jet 
8.95 
9.40 
9.84 

10.28 
10.72 
11.16 
11.61 
12.05 
12.49 
12.93 
13.36 
13.81 
14.25 
14.69 
15.13 
15.57 
16.01 
16.45 
16.89 
17.33 
17.76 
18.20 
18.65 
19.09 
19.52 
19.96 
20.40 
20.85 
21.28 
21. 72 
22.16 

.00 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.99 23.2 .431E+02 
1.99 23.8 .420E+02 

has been reached. 
1.99 24.4 .409E+02 
1.98 25.1 .398E+02 
1.97 25.8 .387E+02 
1.96 26.6 .375E+02 
1.95 27.5 .364E+02 
1.93 28.4 .352E+02 
1.91 29.4 .341E+02 
1.89 30.4 .329E+02 
1.86 
1.83 
1.80 
1. 77 
1. 74 
1. 70 
1.66 
1.63 
1. 59 
1.55 
1.50 
1.46 
1.42 
1.37 
1.33 
1.28 
1.24 
1.19 
1.15 
1.10 
1.05 
1.00 

.96 

31.4 
32.6 
33.7 
35.0 
36.2 
37.5 
38.9 
40.3 
41. 7 
43.2 
44.7 
46.2 
47.8 
49.4 
51.1 
52.8 
54.5 
56.2 
58.0 
59.8 
61.6 
63.5 
65.3 

.318E+02 

.307E+02 

.297E+02 

.286E+02 

.276E+02 

.267E+02 

.257E+02 

.248E+02 

.240E+02 

.232E+02 

.224E+02 

.216E+02 

.209E+02 

.202E+02 

.196E+02 

.189E+02 

.184E+02 

.178E+02 

.172E+02 

.167E+02 

.162E+02 

.158E+02 

.153E+02 
Cumulative travel time= 36. sec 

.53 

.54 

.54 

.55 

.56 

.57 

.58 

.60 

.61 

.62 

.63 

.65 

.66 

.67 

.69 

.70 

.72 

.73 

.74 

.76 

.77 

.79 

.80 

.82 

.83 

.85 

.87 

.88 

.90 

.91 

.93 

.94 

.96 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z 5 C 

22.16 .00 .96 65.3 .153E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.96 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
21.20 
21.49 
21.77 
22.06 
22.35 
22.63 
22.92 
23.21 
23.50 
23.78 
24.07 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
65.3 .153E+02 
65.3 .153E+02 
65.3 .153E+02 
65.3 .153E+02 
67.1 .149E+02 
75. 5 .133E+02 
87.0 .115E+02 
97.4 .103E+02 

104.6 .956E+01 
108.5 .921E+01 
111.1 .900E+01 

42. sec 

BV 
.00 

1.25 
1.48 
1.63 
1. 73 
1.82 
1.88 
1.92 
1.96 
1.98 
1.98 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 

BH 
.00 
.63 
.89 

1.09 
1.25 
1.40 
1. 53 
1.66 
1. 77 
1.88 
1.98 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 

zu 
.00 

1.25 
1.48 
1.63 
1.73 
1.82 
1.88 
1.92 
1.96 
1.98 
1.98 

C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 
X 

24.07 
25.06 
26.05 
27.04 
28 . 03 
29.02 
30.01 
31.00 
31.99 
32.98 
33.97 
34.96 
35.95 
36.94 
37.93 
38.92 
39.91 

1 (not bank attached): 
y z s 
.00 .00 111.1 
.00 .00 112.9 
.00 .00 114.6 
.00 .00 116.3 
.00 .00 118.0 
.00 .00 119.7 
.00 .00 121.4 
.00 .00 123.1 
. 00 .00 124.8 
. 00 .00 126.5 
.00 .00 128.2 
.00 .00 130.0 
.00 .00 131.7 
.00 .00 133.5 
. 00 .00 135.3 
.00 .00 137.2 
.00 .00 139.1 

C 
.900E+01 
.886E+01 
.873E+01 
.860E+01 
.847E+01 
.835E+01 
.824E+01 
.813E+01 
.801E+01 
.791E+01 
.780E+01 
.770E+01 
.759E+01 
,749E+01 
.739E+01 
.729E+01 
,719E+01 

BV 
1.98 
1.92 
1.86 
1.81 
1.76 
1.72 
1.68 
1.65 
1.62 
1.59 
1.57 
1. 54 
1.52 
1.50 
1.49 
1.47 
1.46 

BH 
1.98 
2.08 
2.18 
2.27 
2.37 
2.46 
2.55 
2.64 
2.72 
2.81 
2.89 
2.98 
3.06 
3.14 
3.22 
3.30 
3.37 

zu 
1.98 
1.92 
1.86 
1.81 
1. 76 
1. 72 
1.68 
1.65 
1.62 
1.59 
1.57 
1.54 
1.52 
1.50 
1.49 
1.47 
1.46 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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40.90 .00 .00 141.0 .709E+01 1.44 3.45 1.44 .00 
41.89 .00 .00 142.9 .700E+01 1.43 3.53 1.43 .00 
42.88 .00 .00 144.9 .690E+01 1.42 3.60 1.42 . 00 
43.87 .00 .00 146.9 .681E+01 1.41 3.68 1.41 .00 
44.86 .00 .00 149.0 .671E+01 1.40 3.75 1.40 . 00 
45.85 .00 .00 151.1 .662E+01 1.40 3.82 1.40 . 00 
46.84 .00 .00 153.3 .652E+01 1.39 3.90 1.39 .00 
47.83 .00 .00 155.5 .643E+01 1.38 3.97 1.38 .00 
48.83 .00 .00 157.7 .634E+01 1.38 4.04 1.38 .00 
49.82 .00 .00 160.0 .625E+01 1.38 4.11 1.38 .00 
50.81 .00 .00 162.3 .616E+01 1.37 4.18 1.37 . 00 
51.80 .00 .00 164.7 .607E+01 1.37 4.25 1.37 .00 
52.79 .00 .00 167.2 .598E+01 1.37 4.32 1.37 .00 
53.78 .00 .00 169.7 .589E+01 1.37 4.38 1.37 .00 
54. 77 .00 .00 172.2 .581E+01 1.37 4.45 1.37 . 00 
55.76 .00 .00 174.8 .572E+01 1.37 4.52 1.37 .00 
56.75 .00 .00 177.4 .564E+01 1.37 4.59 1.37 .00 
57.74 .00 .00 180.1 .555E+01 1.37 4.65 1.37 .00 
58.73 .00 .00 182.9 .547E+01 1.37 4.72 1.37 .00 
59.72 .00 .00 185.7 .538E+01 1.37 4.78 1.37 .00 
60.71 .00 .00 188.6 .530E+01 1.37 4.85 1.37 .00 
61.70 .00 .00 191.5 .522E+01 1.38 4.91 1.38 .00 
62.69 .00 .00 194.5 .514E+01 1.38 4.98 1.38 .00 
63.68 .00 .00 197.5 .506E+01 1.39 5.04 1.39 .00 
64.67 .00 .00 200.6 .498E+01 1.39 5.10 1.39 .00 
65.66 .00 .00 203.8 .491E+01 1.39 5.16 1.39 .00 
66.65 .00 .00 207.0 .483E+01 1.40 5.23 1.40 .00 
67.64 .00 .00 210.3 .475E+01 1.41 5.29 1.41 .00 
68.63 .00 .00 213.7 .468E+01 1.41 5.35 1.41 .00 
69.62 .00 .00 217.1 .461E+01 1.42 5.41 1.42 .00 
70.61 .00 .00 220.6 .453E+01 1.42 5.47 1.42 .00 
71.60 .00 .00 224.1 .446E+01 1.43 5.53 1.43 .00 
72.59 .00 .00 227.7 .439E+01 1.44 5.59 1.44 .00 
73.58 .00 .00 231.4 .432E+01 1.45 5.65 1.45 .00 

Cumulative travel time = 181. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 
------------ ------------------ -----------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) ;;; .274E-01 mA2/s 
Horizontal diffusivity (initial value) ;:: .685E-01 m/\2/s 

Profile definitions: 
BV"' Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

"'or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached) : 
X y z s C BV BH zu ZL 

73.58 .00 .00 231.4 .432E+01 1.45 5.65 1.45 .00 
76.51 .00 .00 240.4 .416E+01 1.46 5.81 1.46 .00 
79.44 .00 .00 249.5 .401E+01 1.48 5.96 1.48 .00 
82.38 .00 .00 258.7 .387E+01 1.50 6.11 1.50 .00 
85.31 .00 .00 268.1 .373E+01 1.52 6.25 1.52 .00 
88.24 .00 .00 277. 7 .360E+01 1.54 6.39 1.54 .00 
91.17 .00 .00 287.4 .348E+01 1.56 6.53 1.56 .00 
94.10 .00 .00 297.4 .336E+01 1.58 6.66 1.58 .00 
97.03 .00 .00 307.5 .325E+01 1.60 6.80 1.60 .00 
99.97 .00 .00 317.9 .315E+01 1.62 6.93 1.62 .00 

102.90 .00 .00 328.6 .304E+01 1.65 7.05 1.65 .00 
105.83 .00 .00 339.5 .295E+01 1.67 7.18 1.67 .00 
108.76 .00 .00 350.7 .285E+01 1. 70 7.30 1. 70 .00 
111.69 .00 .00 362.2 .276E+01 1. 72 7.42 1.72 .00 
114.62 .00 .00 374.0 .267E+01 1. 75 7.54 1. 75 .00 
117.56 .00 .00 386.2 .259E+01 1. 78 7.66 1. 78 .00 
120.49 .00 .00 398.6 .251E+01 1.81 7.77 1.81 .00 
123.42 .00 .00 411.5 .243E+01 1.84 7.89 1.84 .00 
126.35 .00 .00 424.6 .236E+01 1.88 8.00 1.88 .00 
129.28 .00 .00 438.2 .228E+01 1.91 8.11 1.91 .00 
132.21 .00 .00 452.1 .221E+01 1.94 8.22 1.94 .00 
135 .15 .00 .00 466.4 .214E+01 1.98 8.33 1.98 .00 
138. 08 .00 .00 481.2 .208E+01 2.02 8.43 2.02 .00 
141.01 .00 .00 496.3 .201E+01 2.05 8. 54 2.05 .00 
143.94 .00 .00 511.8 .195E+01 2.09 8.64 2.09 .00 
146.87 .00 .00 527.8 .189E+01 2.13 8.75 2.13 .00 
149.80 .00 .00 544.2 .184E+01 2.17 8.85 2.17 .00 
152.73 .00 .00 561.1 .178E+01 2.22 8.95 2.22 .00 
155.67 . 00 .00 578.3 .173E+01 2.26 9.05 2.26 .00 
158.60 .00 .00 596.0 .168E+01 2.30 9.14 2.30 .00 
161.53 .00 .00 614.2 .163E+01 2.35 9.24 2.35 .00 
164.46 .00 . 00 632.8 .158E+01 2 .40 9.34 2.40 .00 
167.39 .00 .00 651.8 .153E+01 2.44 9.43 2.44 .00 
170.32 .00 .00 671.2 .149E+01 2.49 9.52 2.49 .00 
173.26 .00 .00 691.1 .145E+01 2.54 9.62 2.54 .00 
176.19 .00 . 00 711.4 .141E+01 2.59 9.71 2.59 .00 
179.12 .00 .00 732.1 .137E+01 2.64 9.80 2.64 .00 
182.05 .00 .00 753.3 .133E+01 2.69 9.89 2.69 .00 
184.98 .00 .00 774.8 .129E+01 2.74 9.98 2.74 .00 
187.91 .00 .00 796.7 .126E+01 2.80 10.07 2.80 .00 
190.85 .00 .00 819 . 0 .122E+01 2.85 10.16 2.85 . 00 
193.78 .00 .00 841 . 7 .119E+01 2.90 10.25 2.90 .00 
196.71 .00 .00 864.8 .116E+01 2.96 10.33 2.96 .00 
199.64 .00 .00 888.2 .113E+01 3.01 10.42 3.01 .00 
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202.57 .00 .00 911.9 .110E+01 3.07 10. 50 3.07 .00 
205.50 .00 .00 936.0 .107E+01 3.12 10. 59 3.12 .00 
208.44 .00 .00 960.5 .104E+01 3.18 10.67 3.18 .00 
211.37 .00 .00 985.2 .102E+01 3.24 10.75 3.24 .00 
214.30 .00 .00 1010.2 .990E+00 3.29 10.84 3.29 .00 
217.23 .00 .00 1035.5 .966E+00 3.35 10.92 3.35 .00 
220.16 .00 .00 1061.1 .942E+00 3.41 11.00 3.41 .00 

Cumulative travel time = 595. sec 

----------------------- ------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
220.16 11.00 .00 1061.1 .942E+00 3.41 22.00 3.41 .00 
235.76 11.00 .00 1167.7 .856E+00 3.72 22.21 3.72 .00 
251.36 11.00 .00 1275.4 .784E+00 4.02 22.43 4.02 .00 
266.95 11.00 .00 1383.4 .723E+00 4.32 22.64 4.32 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
282.55 11.00 .00 1467.4 .681E+00 4.54 22.85 4.54 .00 
298.15 11.00 .00 1480.7 .675E+00 4.54 23.05 4.54 .00 
313. 74 11.00 .00 1493.8 .669E+00 4.54 23.26 4.54 .00 
329.34 11.00 .00 1506.8 .664E+00 4.54 23.46 4.54 .00 
344.94 11.00 .00 1519.8 .658E+00 4.54 23.66 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 348.83 m. 
360.53 11.00 .00 1532.6 .653E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section . 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
376.13 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
391.73 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
407.32 11.00 .00 1523.0 .657E+00 4 . 54 23.71 4.54 .00 
422.92 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
438.52 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
454.11 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
469.71 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
485.31 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
500.90 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
516.50 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
532.10 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
547.69 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
563.29 11.00 .00 1523.0 .657E+00 4.54 23.71 4 . 54 .00 
578.89 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
594.48 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
610.08 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
625.68 11.00 .00 1523.0 .657E+00 4 . 54 23.71 4. 54 .00 
641.27 11.00 .00 1523.0 .657E+00 4. 54 23.71 4 . 54 .00 
656.87 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
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672.47 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
688.06 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
703.66 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
719.26 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
734.85 11.00 .00 1523.0 .657E+00 4.54 23. 71 4.54 .00 
750.45 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
766.05 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
781.64 11.00 .00 1523.0 .657E+00 4.54 23. 71 4.54 .00 
797.24 11.00 .00 1523.0 .657E+00 4. 54 23.71 4.54 .00 
812.84 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
828.44 11.00 .00 1523.0 .657E+00 4.54 23.71 4 . 54 .00 
844.03 11.00 .00 1523.0 .657E+00 4. 54 23.71 4. 54 .00 
859 . 63 11.00 .00 1523.0 .657E+00 4. 54 23.71 4. 54 .00 
875.23 11.00 .00 1523.0 .657E+00 4. 54 23.71 4. 54 .00 
890.82 11.00 .00 1523.0 .657E+00 4.54 23.71 4. 54 .00 
906.42 11.00 .00 1523.0 .657E+00 4. 54 23.71 4.54 .00 
922.02 11.00 .00 1523.0 .657E+00 4. 54 23.71 4.54 .00 
937.61 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
953.21 11.00 .00 1523.0 .657E+00 4 . 54 23.71 4.54 .00 
968.81 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
984.40 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 

1000.00 11.00 .00 1523.0 .657E+00 4.54 23.71 4.54 .00 
Cumulative travel time = 2797. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-------------------------------------- ---------------------------------------
-------------------------------------------------------- ---------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHhBIGhMUDDYhRIVER 
CASEh4h · hPQRTh3hNORMALhFLOW 
cormix\sim\MAC4-3Nl.cxl 
01/13/20--20:09:41 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 30.89 ICHREG= 2 

= 4.54 HD ~ 4.54 HA 
UA 
uw 

= .287 F = .058 USTAR = .2445E-01 
= 2.000 UWSTAR= .2198E· 02 

Uniform density environment 
STRCND= u RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 ::; .102 A0 = .008 H0 
THETA = 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .023 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .2324E-01 M0 = .6659E-01 J0 
Associated length scales (meters) 
LQ = .09 LM = 2.25 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 23.50 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .55 

= .2324E-01 
=-.1463E+00 

= .0000E+00 

=-.3400E-02 

= .90 
= 99999.00 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.14 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

ENO OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00 
LE = .43 XE = .37 YE = .00 ZE = .76 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.37 .00 .76 1.0 .100E+04 .05 
. 57 .00 .86 1.4 .720E+03 .08 
.78 .00 .95 1.9 .516E+03 .10 
.99 .00 1.03 2.5 .398E+03 .13 

1.21 .00 1.11 3.1 .320E+03 .15 
1.42 .00 1.17 3.7 .270E+03 .18 
1.64 .00 1.23 4.3 .233E+03 .20 
1.87 .00 1.28 4.9 .205E+03 .22 
2.09 .00 1.32 5.4 .184E+03 .23 
2.31 .00 1.36 6 . 0 .168E+03 .25 
2.53 .00 1.40 6.5 .155E+03 .26 
2.77 .00 1.42 7.0 .144E+03 .28 
2.99 .00 1.45 7.4 .135E+03 .29 
3.21 .00 1.47 7.8 .128E+03 .30 
3 .45 .00 1.49 8 . 2 .121E+03 .31 
3.67 .00 1.50 8.6 .116E+03 .32 
3.90 .00 1.51 8.9 .112E+03 .33 
4.13 .00 1.52 9.3 .108E+03 .34 
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4.35 .00 1.52 9.5 .105E+03 .34 
Maximum jet height has been reached. 

4.58 .00 1.52 9.8 .102E+03 .35 
4.80 . 00 1.52 10.1 .994E+02 .36 
5.04 
5.26 
5.49 
5. 72 
5.94 
6.17 
6.39 
6.62 
6.85 
7.07 
7.30 
7.53 
7.75 
7.98 
8.20 
8.43 
8.65 
8.88 
9.10 
9.32 
9.56 
9 . 78 

10.00 
10.23 
10.45 
10.67 
10.89 
11.13 
11.35 
11.57 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1. 51 
1. 50 
1.49 
1.48 
1.46 
1.45 
1.43 
1.41 
1.38 
1.36 
1.33 
1.30 
1.27 
1.24 
1.21 
1.18 
1.15 
1.11 
1.08 
1.04 
1.01 

.97 

.93 

. 90 

.86 

. 82 

.79 

.75 

.71 

.67 
Cumulative travel time= 

10.4 .964E+02 
10.7 .935E+02 
11.0 .905E+02 
11.4 .874E+02 
11.8 .844E+02 
12.3 .815E+02 
12.7 .786E+02 
13.2 . 756E+02 
13.7 .728E+02 
14.3 .701E+02 
14.8 .674E+02 
15.4 .649E+02 
16.0 .625E+02 
16.6 .601E+02 
17.3 .578E+02 
17.9 .557E+02 
18.6 .537E+02 
19.4 .517E+02 
20.1 .498E+02 
20.8 .481E+02 
21. 6 .463E+02 
22.4 .447E+02 
23.1 .432E+02 
24.0 .417E+02 
24.8 .403E+02 
25.6 .390E+02 
26.5 .378E+02 
27.4 .365E+02 
28 . 2 . 354E+02 
29.1 .343E+02 

20. sec 

.36 

.37 

.38 

.39 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.58 

.59 

.60 

.61 

.62 

.63 

.65 

.66 

.67 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

11.57 .00 .67 29.1 .343E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.67 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.90 
11.10 
11.30 
11.50 
11.70 
11.90 
12.10 
12.30 
12.51 
12.71 
12.91 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C BV 
29.1 .343E+02 .00 
29.1 .343E+02 .89 
29.1 .343E+02 1.06 
29.1 .343E+02 1.16 
29.9 .334E+02 1.24 
33.6 .297E+02 1.30 
38.8 .258E+02 1.34 
43.4 .230E+02 1.38 
46.6 .214E+02 1.40 
48.4 .207E+02 1.41 
49.5 .202E+02 1.42 

25. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.45 
.63 
.78 
.90 

1.00 
1.10 
1.18 
1.27 
1.34 
1.42 

zu 
.00 
.89 

1.06 
1.16 
1.24 
1.30 
1.34 
1.38 
1.40 
1.41 
1.42 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
---------------------------------------- -------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

12.91 .00 .00 49.5 
15.13 .00 .00 52.5 
17. 36 . 00 . 00 55 .1 
19.59 .00 .00 57 . 4 
21.82 .00 .00 59.7 
24.04 .00 .00 61.9 
26. 27 . 00 • 00 64. 2 
28.50 .00 .00 66.5 
30 . 73 .00 .00 68.9 
32.95 .00 .00 71.4 
35.18 .00 .00 74.1 
37.41 .00 .00 76.9 
39.64 .00 .00 79.8 
41 . 86 . 00 .00 82.9 
44.09 .00 .00 86.2 
46.32 .00 .00 89.7 
48.55 .00 .00 93.4 

C 
.202E+02 
.190E+02 
.182E+02 
.174E+02 
.168E+02 
.162E+02 
.156E+02 
.150E+02 
.145E+02 
.140E+02 
.13SE+02 
.130E+02 
.125E+02 
.121E+02 
.116E+02 
.111E+02 
.107E+02 

BV 
1.42 
1.21 
1.08 

.99 

.93 

.87 

.84 

.80 

.78 

.76 

.75 

.74 

.73 

.73 

.73 

.73 

.73 

BH 
1.42 
1. 75 
2.06 
2.34 
2.61 
2.86 
3.11 
3.34 
3.57 
3.79 
4.00 
4.21 
4.41 
4.61 
4.81 
5.00 
5.18 

zu 
1.42 
1.21 
1.08 

.99 

.93 

.87 

.84 

.80 

. 78 

.76 

.75 

.74 

.73 

.73 

.73 

.73 

.73 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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50.77 
53.00 
55.23 
57.45 
59.68 
61.91 
64.14 
66.36 
68.59 
70.82 
73.05 
75.27 
77.50 
79.73 
81.96 
84.18 
86.41 
88.64 
90.87 
93.09 
95.32 
97.55 
99.78 

102.00 
104.23 
106.46 
108.69 
110.91 
113.14 
115.37 
117.60 
119.82 
122.05 
124.28 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 97.2 .103E+02 .73 

.00 101.3 .987E+01 .74 

.00 105.6 .947E+01 .75 

.00 110.0 .909E+01 .76 

.00 114.8 .871E+01 .77 

.00 119.7 .835E+01 .78 

.00 124.9 .801E+01 .79 

.00 130.3 .768E+01 .80 

.00 135.9 .736E+01 .82 

.00 141.8 .705E+01 .83 

.00 147.9 .676E+01 .85 

.00 154.3 .648E+01 .87 

.00 160.9 .621E+01 .88 

.00 167.8 .596E+01 .90 

.00 175.0 .571E+01 .92 

.00 182.4 .548E+01 .94 

.00 190.1 .526E+01 .96 

.00 198.1 .505E+01 .99 

.00 206.3 .485E+01 1.01 

.00 214.8 .466E+01 1.03 

.00 223.6 .447E+01 1.06 

.00 232.7 .430E+01 1.08 

.00 242.0 .413E+01 1.11 

. 00 251 . 7 . 397E+01 1.13 

.00 261.6 .382E+01 1.16 

.00 271.8 .368E+01 1.19 

.00 282.4 .354E+01 1.22 

.00 293.2 .341E+01 1.24 

.00 304.3 .329E+01 1.27 

.00 315.7 .317E+01 1.30 

.00 327.5 .305E+01 1.33 

.00 339.5 .295E+01 1.36 

.00 351.8 .284E+01 1.39 

.00 364.5 . 274E+01 1.43 
Cumulative travel time = 412. sec 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

5.37 
5.55 
5.72 
5.90 
6.07 
6.24 
6.41 
6.57 
6.74 
6.90 
7.06 
7.21 
7.37 
7.52 
7.68 
7.83 
7.98 
8.13 
8.27 
8.42 
8.56 
8.71 
8.85 
8.99 
9.13 
9.27 
9.41 
9.54 
9.68 
9.81 
9.95 

10.08 
10.21 
10.34 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

. 222E-01 m"2/s 

.555E-01 m"2/s 

Profile definitions: 

.73 

.74 

.75 

.76 

.77 

.78 

.79 

.80 

.82 

.83 

.85 

.87 

.88 

.90 

.92 

.94 

.96 

.99 
1.01 
1.03 
1.06 
1.08 
1.11 
1.13 
1.16 
1.19 
1.22 
1.24 
1.27 
1.30 
1.33 
1.36 
1.39 
1.43 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

zu = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

124.28 .00 .00 364.5 .274E+01 1.43 10.34 1.43 .00 
124.74 .00 .00 365.6 .274E+01 1.43 10.36 1.43 .00 
125.20 .00 .00 366.8 .273E+01 1.43 10.37 1.43 .00 
125.66 .00 .00 367.9 .272E+01 1.43 10.38 1.43 .00 
126.12 .00 .00 369.1 .271E+01 1.44 10.40 1.44 .00 
126.58 .00 .00 370.2 .270E+01 1.44 10.41 1.44 .00 
127.04 .00 .00 371.4 .269E+01 1.44 10.42 1.44 .00 
127.51 .00 .00 372.5 .268E+01 1.44 10.44 1.44 .00 
127.97 .00 .00 373.7 .268E+01 1.45 10.45 1.45 .00 
128.43 .00 .00 374.9 .267E+01 1.45 10.46 1.45 .00 
128.89 .00 .00 376.0 .266E+01 1.45 10.48 1.45 .00 
129.35 .00 .00 377.2 .265E+01 1.46 10.49 1.46 .00 
129.81 .00 .00 378.4 .264E+01 1.46 10.50 1.46 .00 
130. 27 .00 .00 379.6 .263E+01 1.46 10.52 1.46 .00 
130.73 .00 .00 380.8 .263E+01 1.46 10.53 1.46 .00 
131.19 .00 .00 381.9 .262E+01 1.47 10.54 1.47 .00 
131.66 .00 .00 383.1 . 261E+01 1.47 10.56 1.47 .00 
132.12 .00 .00 384.3 .260E+01 1.47 10.57 1.47 .00 
132. 58 .00 .00 385.6 .259E+01 1.47 10.58 1.47 .00 
133.04 .00 .00 386.8 .259E+01 1.48 10.60 1.48 .00 
133.50 .00 .00 388.0 .258E+01 1.48 10.61 1.48 .00 
133.96 .00 .00 389.2 .257E+01 1.48 10.62 1.48 .00 
134.42 .00 .00 390.4 .256E+01 1.49 10.64 1.49 .00 
134.88 .00 .00 391.6 .255E+01 1.49 10.65 1.49 .00 
135. 34 .00 .00 392.9 .255E+01 1.49 10.66 1.49 .00 
135.81 .00 .00 394.1 .254E+01 1.49 10.68 1.49 .00 
136. 27 .00 .00 395.4 .253E+01 1. 50 10.69 1.50 .00 
136. 73 .00 .00 396.6 .252E+01 1.50 10.70 1.50 .00 
137.19 .00 .00 397.9 .251E+01 1.50 10.72 1.50 .00 
137.65 .00 .00 399.1 .251E+01 1.51 10.73 1.51 .00 
138.11 .00 .00 400.4 .250E+01 1. 51 10.74 1.51 . 00 
138. 57 .00 .00 401.6 . 249E+01 1.51 10.76 1.51 .00 
139.03 .00 .00 402.9 .248E+01 1.51 10.77 1.51 .00 
139.49 .00 .00 404.2 .247E+01 1. 52 10.78 1.52 .00 
139.96 .00 .00 405. 5 .247E+01 1.52 10.79 1.52 .00 
140.42 .00 .00 406.7 .246E+01 1.52 10.81 1.52 . 00 
140 . 88 .00 .00 408.0 .245E+01 1.53 10.82 1.53 .00 
141.34 .00 .00 409.3 .244E+01 1.53 10.83 1.53 .00 
141.80 .00 .00 410.6 .244E+01 1.53 10.85 1.53 .00 
142.26 .00 .00 411.9 .243E+01 1.54 10.86 1.54 .00 
142.72 .00 .00 413.2 .242E+01 1.54 10.87 1.54 .00 
143.18 .00 .00 414.5 .241E+01 1.54 10.88 1.54 .00 
143.65 .00 .00 415.8 .240E+01 1.54 10.90 1.54 .00 
144.11 .00 .00 417.2 .240E+01 1.55 10.91 1.55 .00 



R01759.. 

144.57 .00 .00 418.5 .239E+01 1.55 10.92 1.55 .00 
145.03 .00 .00 419.8 .238E+01 1.55 10.94 1. 55 .00 
145.49 .00 .00 421.2 .237E+01 1.56 10.95 1. 56 .00 
145.95 .00 .00 422.5 .237E+01 1.56 10.96 1. 56 .00 
146.41 .00 .00 423.9 .236E+01 1.56 10.97 1. 56 .00 
146.87 .00 .00 425.2 .235E+01 1.57 10.99 1. 57 .00 
147.33 .00 .00 426.6 .234E+01 1.57 11.00 1. 57 .00 

Cumulative travel time = 493. sec 

---··-··-·------- -- -----------~---·9·--------- ------- ------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
147.33 11.00 .00 426.6 .234E+01 1.57 22.00 1.57 .00 
164. 39 11.00 .00 465.4 .215E+01 1.69 22.23 1.69 .00 
181.44 11.00 .00 509.1 .196E+01 1.83 22.47 1.83 .00 
198.49 11.00 .00 558.2 .179E+01 1.99 22.70 1.99 .00 
215.55 11.00 .00 612.9 .163E+01 2.16 22.92 2.16 .00 
232.60 11.00 .00 673.4 .148E+01 2.36 23.15 2.36 .00 
249.65 11.00 .00 739.7 .135E+01 2.56 23.37 2.56 .00 
266.71 11.00 .00 811.6 .123E+01 2.79 23.59 2.79 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 276.00 m. 
283.76 11.00 .00 888.7 .113E+01 3.02 23.71 3.02 .00 
300.81 11.00 .00 957.3 .104E+01 3.27 23.71 3.27 .00 
317.87 11.00 .00 1031.8 .969E+00 3.52 23.71 3.52 .00 
334.92 11.00 .00 1107.7 .903E+00 3.78 23.71 3.78 .00 
351.97 11.00 .00 1184.6 .844E+00 4.04 23.71 4.04 .00 
369.03 11.00 .00 1261.9 .792E+00 4 . 31 23.71 4.31 . 00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
386.08 11.00 .00 1329. 6 .752E+00 4.54 23.71 4. 54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
403.13 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
420.19 11.00 .00 1329. 6 .752E+00 4 . 54 23.71 4.54 .00 
437.24 11.00 .00 1329. 6 .752E+00 4 . 54 23.71 4.54 .00 
454.29 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
471.35 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
488.40 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
505.45 11.00 .00 1329. 6 . 752E+00 4.54 23 . 71 4 . 54 . 00 
522.51 11.00 .00 1329.6 .752E+00 4 . 54 23.71 4.54 . 00 
539.56 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
556.61 11 . 00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
573.67 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
590.72 11 . 00 .00 1329. 6 .752E+00 4. 54 23.71 4.54 .00 
607.77 11.00 .00 1329.6 .752E+00 4.54 23.71 4 . 54 .00 
624.83 11.00 .00 1329. 6 .752E+00 4 . 54 23.71 4.54 .00 
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641.88 11.00 .00 1329. 6 .752E+00 4.54 23.71 4.54 .00 
658.93 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
675.99 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
693.04 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
710.09 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
727.15 11.00 .00 1329.6 .752E+00 4.54 23. 71 4.54 .00 
744.20 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
761.25 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
778.31 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
795.36 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
812.41 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
829.47 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
846.52 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
863.57 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
880.63 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
897.68 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
914. 73 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
931.79 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
948.84 11.00 . 00 1329.6 .752E+00 4 . 54 23.71 4.54 . 00 
965.89 11.00 . 00 1329.6 .752E+00 4.54 23.71 4 . 54 .00 
982.95 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 

1000.00 11.00 .00 1329.6 .752E+00 4.54 23.71 4.54 .00 
Cumulative travel time = 3461. sec 

Simulation limit based on maximum specified distance= 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
------------------------------------------------------------- ----------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version : 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Timf of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A_APORTA3AMAXIMUMAFLOW 
cormix\sim\MAC4-3Xl.cxl 
01/13/20--20:35:48 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .354 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= u RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11 .00 
D0 = .102 A0 = .008 H0 
THETA = 30.00 SIGMA = .00 
U0 = 5.487 Q0 = .044 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .4448E-01 M0 = .2441E+00 ]0 
Associated length scales (meters) 
LQ = .09 LM = 4.30 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 44.99 R = 15.50 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class {CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 38.11 

= .3016E-01 

= .55 

= .4448E-01 
=-.1463E+00 

= .0000E+00 

=-.6510E-02 

= 1.40 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.15 
99999 .00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.82 SIGMAE= .00 
LE = .46 XE = .40 YE = .00 ZE = • 77 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.40 .00 . 77 1.0 .100E+04 .05 
.79 .00 .98 1.9 .538E+03 .10 

1.21 .00 1.17 3.0 .336E+03 .16 
1.63 .00 1.33 4.1 .242E+03 .21 
2.07 .00 1.47 5 . 4 .186E+03 .26 
2.50 .00 1.59 6.6 .152E+03 .30 
2.94 .00 1.70 7.8 .128E+03 .34 
3.38 .00 1.80 9.0 .111E+03 .38 
3.83 .00 1.88 10.2 .985E+02 .41 
4 . 28 .00 1.95 11. 2 .890E+02 .44 
4.73 .00 2.02 12.3 .812E+02 .47 
5.19 .00 2.07 13.3 .750E+02 .49 
5.63 .00 2.12 14.3 . 701E+02 .52 
6.09 .00 2.16 15.2 .660E+02 . 54 
6 . 54 .00 2.19 16.0 .625E+02 .56 
7.00 .00 2.22 16.8 .596E+02 .57 
7.44 .00 2.24 17.5 .571E+02 .59 
7.90 .00 2.26 18.2 .550E+02 .60 

,. 
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8.35 
8.81 
9.26 

.00 

.00 

.00 

2.27 
2.28 
2.28 

18.8 .532E+02 
19.4 .516E+02 
19.9 .502E+02 

.62 

.63 

.64 
Maximum jet height has been reached. 

9.72 .00 2.28 20.4 .490E+02 .65 
.66 
.67 
.68 
.70 

10.18 
10.62 
11.08 
11.53 
11.99 
12.44 
12.90 
13.34 
13.80 
14.26 
14.71 
15.16 
15.61 
16.07 
16.51 
16.97 
17.41 
17.87 
18.32 
18.77 
19.23 
19.67 
20.13 
20. 57 
21.03 
21.47 
21.93 
22.37 
22.83 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.28 
2.27 
2.26 
2.24 
2.22 
2.20 
2.17 
2.14 
2.11 
2.07 
2.04 
2.00 
1.96 
1.91 
1.87 
1.82 
1.77 
1. 72 
1.67 
1.62 
1. 57 
1. 52 
1.46 
1.41 
1. 35 
1.29 
1.24 
1.18 
1.12 

Cumulative travel time= 

21.0 .477E+02 
21. 5 . 464E+02 
22.2 .451E+02 
22.8 .438E+02 
23.6 .424E+02 .71 
24.3 .411E+02 .72 
25.1 .398E+02 .74 
26.0 .385E+02 .75 
26.9 .372E+02 .77 
27.8 .359E+02 .78 
28.8 .348E+02 .80 
29.8 .336E+02 .82 
30.8 .324E+02 .83 
31.9 .313E+02 .85 
33.0 .303E+02 .87 
34.2 .292E+02 .88 
35.4 .283E+02 .90 
36.6 .273E+02 .92 
37.8 .264E+02 .94 
39.1 .256E+02 .96 
40.5 .247E+02 .97 
41.8 .239E+02 .99 
43.2 .232E+02 1.01 
44.5 .225E+02 1.03 
46.0 .217E+02 1.05 
47 .4 .211E+02 1.07 
48.9 .204E+02 1 . 08 
50.4 .199E+02 1.10 
51.9 .193E+02 1.12 

34. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C B 

22.83 .00 1.12 51.9 .193E+02 1.12 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
21. 71 
22.05 
22.38 
22.72 
23.06 
23.39 
23.73 
24.07 
24.40 
24.74 
25.07 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
51.9 .193E+02 
51.9 .193E+02 
51.9 .193E+02 
51.9 .193E+02 
53.3 .188E+02 
59.9 .167E+02 
69.1 .145E+02 
77.4 .129E+02 
83.1 .120E+02 
86.2 .116E+02 
88.2 .113E+02 

41. sec 

BV 
.00 

1.48 
1. 76 
1.93 
2.06 
2.16 
2.23 
2.29 
2.32 
2.35 
2.35 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

** End of NEAR-FIELD REGION (NFR) ** 

BH 
.00 
.74 

1.05 
1.29 
1.49 
1.66 
1.82 
1.97 
2.11 
2.23 
2.35 

zu 
.00 

1.48 
1.76 
1.93 
2.06 
2.16 
2.23 
2.29 
2.32 
2.35 
2.35 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

------------------------------------------------------------------- ----------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

25.07 .00 .00 88.2 
27.37 . 00 .00 91.1 
29.66 .00 .00 93.9 
31.96 .00 .00 96.5 
34.25 .00 . 00 99.1 
36.55 .00 .00 101.7 
38.84 .00 .00 104.2 
41.14 .00 .00 106.8 
43.43 .00 . 00 109.4 
45.73 .00 .00 112.1 
48.02 .00 .00 114.9 
50.31 .00 .00 117.7 
52.61 .00 .00 120.7 
54.90 .00 .00 123 . 7 
57.20 .00 . 00 126.9 
59.49 . 00 .00 130.1 
61.79 .00 .00 133.5 

C 
.113E+02 
.110E+02 
.106E+02 
.104E+02 
.101E+02 
.984E+01 
.960E+01 
.936E+01 
.914E+01 
.892E+01 
.871E+01 
. 850E+01 
.829E+01 
. 808E+01 
.788E+01 
.769E+01 
.749E+01 

BV 
2.35 
2.18 
2.04 
1.93 
1.84 
1.76 
1. 70 
1.65 
1.60 
1.57 
1.54 
1.51 
1.49 
1.47 
1.45 
1.44 
1.43 

BH 
2.35 
2.63 
2.90 
3 . 15 
3.39 
3.63 
3.85 
4.07 
4 . 29 
4. 50 
4. 70 
4 . 90 
5.10 
5.29 
5.48 
5.66 
5.85 

zu 
2.35 
2.18 
2.04 
1.93 
1.84 
1. 76 
1. 70 
1.65 
1.60 
1.57 
1. 54 
1.51 
1.49 
1.47 
1.45 
1.44 
1.43 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
. 00 
. 00 
.00 
. 00 
.00 
. 00 
.00 
.00 
.00 
.00 
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64.08 .00 .00 137.0 .730E+01 1.43 6.03 1.43 .00 
66.38 .00 .00 140.7 .711E+01 1.42 6.20 1.42 .00 
68.67 .00 .00 144.5 .692E+01 1.42 6.38 1.42 .00 
70.97 .00 .00 148.4 .674E+01 1.42 6.55 1.42 .00 
73.26 .00 .00 152.5 .656E+01 1.43 6.72 1.43 .00 
75.56 .00 .00 156.7 .638E+01 1.43 6.89 1.43 .00 
77.85 .00 .00 161.1 .621E+01 1.43 7.06 1.43 .00 
80.14 .00 .00 165.7 .604E+01 1.44 7.22 1.44 .00 
82.44 .00 .00 170.4 .587E+01 1.45 7.38 1.45 .00 
84.73 .00 .00 175.3 .571E+01 1.46 7.54 1.46 .00 
87.03 .00 .00 180.3 .555E+01 1.47 7.70 1.47 .00 
89.32 .00 .00 185.5 .539E+01 1.48 7.86 1.48 .00 
91.62 .00 .00 190.9 .524E+01 1.50 8.01 1.50 .00 
93.91 .00 .00 196.5 .509E+01 1.51 8.17 1.51 .00 
96.21 .00 .00 202.2 .495E+01 1.53 8.32 1.53 .00 
98.50 .00 .00 208.1 .480E+01 1.54 8.47 1.54 .00 

100.80 .00 .00 214.2 .467E+01 1.56 8.62 1.56 .00 
103.09 .00 .00 220.S .454E+01 1.58 8.77 1.58 .00 
105.39 .00 .00 227 . 0 . 441E+01 1.60 8.92 1.60 .00 
107.68 .00 .00 233.6 .428E+01 1.62 9.06 1.62 .00 
109.97 .00 .00 240.5 .416E+01 1.64 9.21 1.64 .00 
112.27 .00 .00 247.5 .404E+01 1.66 9.35 1.66 .00 
114.56 .00 .00 254.8 .393E+01 1.69 9.49 1.69 .00 
116.86 .00 .00 262.2 .381E+01 1.71 9.64 1. 71 .00 
119.15 .00 .00 269.9 .371E+01 1. 73 9.78 1.73 .00 
121.45 .00 .00 277.7 .360E+01 1. 76 9.92 1.76 .00 
123.74 .00 .00 285.7 .350E+01 1.79 10.06 1. 79 .00 
126.04 .00 .00 294.0 .340E+01 1.81 10.19 1.81 .00 
128.33 .00 .00 302.4 .331E+01 1.84 10 . 33 1.84 .00 
130.63 .00 .00 311.1 .321E+01 1.87 10.47 1.87 .00 
132.92 .00 .00 320.0 .313E+01 1.90 10.60 1.90 .00 
135. 21 .00 .00 329.0 .304E+01 1.93 10.73 1.93 .00 
137.51 . 00 .00 338 . 3 .296E+01 1.96 10.87 1.96 .00 
139.80 .00 .00 347.8 .287E+01 1.99 11.00 1.99 .00 

Cumulative travel time = 364. sec 

---- --- ------------------------------ ------- -~------ ----- -- ------------------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Discharge is non-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
------------- •··--- ----------- -- --- ---- ---- ------ -- -- --- ----~ --~-~----------
---------------------~ ---- •*•- -----------------------------------------------
BEGIN MOD161 : PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = .274E-01 m"2/s 
Horizontal diffusivity (initial value) = .685E-01 m"2/s 
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Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
ZU = upper plume boundary {Z-coordinate) 
ZL = lower plume boundary {Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X Y Z S C BV BH ZU ZL 

139.80 11.00 .00 347.8 .287E+01 1.99 22.00 1.99 .00 
157.01 11.00 .00 380.8 .263E+01 2.15 22.24 2.15 .00 
174.21 11.00 .00 417.3 .240E+01 2.33 22.47 2.33 .00 
191.42 11.00 .00 457.3 .219E+01 2.53 22.70 2.53 .00 
208.62 11.00 .00 500.8 .200E+01 2.74 22.93 2.74 .00 
225.82 11.00 .00 547.7 .183E+01 2.97 23.16 2.97 .00 
243.03 11.00 .00 597.5 .167E+01 3.21 23.38 3.21 .00 
260.23 11.00 .00 650.0 .154E+01 3.46 23.60 3.46 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 268.54 m. 
277.44 11.00 .00 704.7 .142E+01 3.72 23.71 3.72 .00 
294.64 11.00 .00 750.6 .133E+01 3.98 23.71 3.98 .00 
311.84 11.00 .00 800.2 .125E+01 4.24 23.71 4.24 .00 
329.05 11.00 .00 849.9 .118E+01 4 . 50 23.71 4.50 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
346.25 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
363.46 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
380.66 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
397.86 11 . 00 . 00 856.7 .117E+01 4.54 23.71 4.54 .00 
415.07 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 . 00 
432.27 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
449.47 11.00 .00 856.7 .117E+01 4.54 23.71 4 . 54 . 00 
466.68 11.00 . 00 856.7 .117E+01 4.54 23.71 4 . 54 .00 
483.88 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
501.09 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
518.29 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
535.49 11.00 .00 856.7 . 117E+01 4.54 23.71 4.54 . 00 
552.70 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
569.90 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 . 00 
587.11 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
604.31 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
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621.51 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
638.72 11.00 .00 856.7 .117E+01 4.54 23. 71 4.54 .00 
655.92 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
673.13 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
690.33 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
707.53 11.00 . 00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
724. 74 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 
741. 94 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
759.15 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
776.35 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
793.55 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
810.76 11.00 .00 856.7 .117E+01 4.54 23 . 71 4. 54 .00 
827.96 11.00 .00 856.7 .117E+01 4.54 23 . 71 4. 54 .00 
845.16 11.00 .00 856.7 .117E+01 4 . 54 23 . 71 4.54 . 00 
862.37 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
879.57 11.00 .00 856.7 .117E+01 4.54 23 . 71 4. 54 .00 
896.78 11.00 .00 856.7 .117E+01 4.54 23 . 71 4 . 54 .00 
913. 98 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
931.18 11.00 .00 856.7 .117E+01 4.54 23 . 71 4 . 54 .00 
948.39 11.00 .00 856.7 .117E+01 4.54 23 . 71 4 . 54 .00 
965.59 11.00 .00 856.7 .117E+01 4.54 23 . 71 4. 54 .00 
982.80 11.00 .00 856.7 .117E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 856.7 .117E+01 4.54 23 . 71 4.54 .00 
Cumulative travel time = 2791. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
----------------------------------------------------------------- ------------
----------------------------------------------------------------- ------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA4A_APQRTA4ANQRMALAFLOW 
cormix\sim\MAC4-4Nl.cxl 
01/13/20--20:05:56 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS .;; 107.64 QA 
HA = 4. 54 HD = 4.54 
UA = .287 F = .058 USTAR 
uw :. 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 = .152 A0 = .018 H0 
THETA = 30.00 SIGMA = .00 
U0 = 2.866 Q0 = .052 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = . 5228E-01 M0 = . 1498E+00 )0 
Associated length scales (meters) 
LQ = .14 LM = 2.75 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 19.19 R = 9.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 30.89 

= .2445E· 01 

= .53 

= .5228E-01 
=-.1463E+00 

= .0000E+00 

:a::-,7651E-02 

= 1.35 
= 99999.00 " 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

· 1.0 

.32 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 

-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.53 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.08 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.17 SIGMAE= .00 
LE = .64 XE = .56 YE = .00 ZE = .84 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.56 .00 .84 1.0 .100E+04 .08 
.76 .00 .94 1.2 .820E+03 .10 
.97 .00 1.04 1.6 .633E+03 .13 

1.19 .00 1.13' 2 . 0 .506E+03 .16 
1.41 .00 1.22 2 . 4 .424E+03 .18 
1.64 .00 1.29 2.8 .361E+03 .21 
1.86 .00 1.36 3.2 .317E+03 .23 
2.09 .00 1.43 3.6 .280E+03 .26 
2.31 .00 1.48 3.9 .253E+03 . 28 
2.55 .00 1.54 4 . 3 . 231E+03 .30 
2. 77 .00 1.58 4.7 .213E+03 .32 
3 . 01 .00 1.62 5.1 .198E+03 .33 
3.24 .00 1.66 5. 4 .186E+03 .35 
3 . 48 .00 1.69 5.7 .175E+03 . 37 
3. 71 .00 1. 71 6.0 .166E+03 .38 
3.95 .00 1. 74 6.3 .158E+03 .39 
4.18 .00 1. 75 6.6 .152E+03 .40 
4.42 .00 1. 77 6.8 .146E+03 .41 

I 
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4.65 
4.89 
5.12 

.00 

.00 

.00 

1. 78 
1. 78 
1. 79 

7.1 .141E+03 
7.3 .137E+03 
7.5 .133E+03 

Maximum jet height has been reached. 

.42 

.43 

.44 

5.36 .00 1.79 7.7 .130E+03 .45 
5.59 .00 1.78 7.9 .127E+03 .46 
5.84 .00 1.78 8.1 .123E+03 .47 
6.07 
6.31 
6.54 
6.78 
7.01 
7.25 
7.48 
7.70 
7.94 
8.17 
8.41 
8.64 
8.88 
9.10 
9.34 
9.57 
9.81 

10.03 
10.27 
10.50 
10.73 
10.96 
11.20 
11.42 
11.66 
11.88 
12.12 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1. 77 
1. 75 
1.74 
1. 72 
1. 70 
1.67 
1.65 
1.62 
1.59 
1.56 
1.52 
1.49 
1.45 
1.41 
1.37 
1.33 
1.28 
1.24 
1.20 
1.15 
1.10 
1.06 
1.01 

.96 

.91 

.87 

.82 
Cumulative travel time= 

8.4 .120E+03 
8.6 .116E+03 
8.9 .112E+03 
9.2 .109E+03 
9. 5 .105E+03 
9.8 .102E+03 

10.2 .982E+02 
10.5 .949E+02 
10.9 .915E+02 
11. 3 . 884E+02 
11.7 .851E+02 
12.2 .822E+02 
12.6 .792E+02 
13.1 .765E+02 
13.6 .737E+02 
14.1 .712E+02 
14.6 .686E+02 
15.1 .663E+02 
15.6 .640E+02 
16.2 .618E+02 
16.8 .597E+02 
17.3 .577E+02 
17.9 .558E+02 
18.5 .540E+02 
19.1 .522E+02 
19.8 .506E+02 
20.4 .491E+02 

18. sec 

.47 

.48 

.49 

.50 

.51 

.53 

.54 

.55 

.56 

.57 

.59 

.60 

.61 

.63 

.64 

.66 

.67 

.68 

.70 

.71 

.73 

.74 

.76 
• 77 
.79 
.80 
.82 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

12 .12 . 00 . 82 20.4 .491E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.82 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
11.31 
11.55 
11. 79 
12.04 
12.28 
12.53 
12.77 
13.02 
13.26 
13.51 
13.75 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C BV 
20.4 .491E+02 .00 
20.4 .491E+02 1.12 
20.4 .491E+02 1.32 
20.4 .491E+02 1.46 
20.9 .478E+02 1.56 
23.5 .425E+02 1.63 
27.1 .369E+02 1.68 
30.4 .329E+02 1.73 
32.6 .306E+02 1.75 
33.9 .295E+02 1.77 
34.7 .289E+02 1.78 

23. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.56 
.79 
.97 

1.12 
1.26 
1.38 
1.49 
1.59 
1.69 
1. 78 

zu 
.00 

1.12 
1.32 
1.46 
1.56 
1.63 
1.68 
1. 73 
1.75 
1. 77 
1. 78 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
------------------------------------------------ -----------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s 

13.75 .00 .00 34.7 
15.36 .00 .00 36 . 2 
16.97 .00 .00 37.5 
18. 57 .00 .00 38.7 
20.18 .00 .00 39 . 8 
21. 79 .00 .00 40.8 
23.39 .00 .00 41. 7 
25.00 .00 .00 42.6 
26 . 61 .00 .00 43.5 
28 . 22 .00 .00 44.4 
29.82 .00 .00 45.2 
31.43 .00 .00 46.1 
33.04 .00 .00 46.9 
34.64 . 00 .00 47.8 
36. 25 .00 .00 48.7 
37 .86 .00 .00 49.6 
39.46 .00 .00 50.5 

C 
.289E+02 
.276E+02 
.266E+02 
. 258E+02 
.251E+02 
.245E+02 
.240E+02 
.235E+02 
.230E+02 
.225E+02 
. 221E+02 
.217E+02 
.213E+02 
.209E+02 
.205E+02 
.202E+02 
.198E+02 

BV 
1. 78 
1.57 
1.42 
1.31 
1.22 
1.15 
1.09 
1.05 
1.00 

.97 

.94 

.91 

.89 

. 87 

.85 

.83 

.82 

BH 
1. 78 
2.10 
2.41 
2.69 
2.96 
3 . 22 
3.47 
3. 71 
3.95 
4.17 
4.39 
4.61 
4 . 82 
5.02 
5.22 
5.42 
5.61 

zu 
1.78 
1.57 
1.42 
1.31 
1.22 
1.15 
1.09 
1.05 
1.00 

. 97 

.94 

.91 

.89 

.87 

.85 

.83 

.82 

ZL 
.00 
.00 
.00 
. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

..; 
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41.07 .00 .00 51.4 . 194E+02 .81 5.81 .81 . 00 
42.68 .00 .00 52.4 .191E+02 .80 5.99 .80 .00 
44.29 .00 .00 53.4 .187E+02 .79 6.18 .79 . 00 
45.89 .00 .00 54.4 .184E+02 .78 6.36 .78 . 00 
47.50 .00 .00 55.4 .181E+02 .77 6.54 . 77 . 00 
49.11 .00 .00 56.4 .177E+02 .77 6.72 . 77 . 00 
50.71 .00 .00 57.5 .174E+02 .76 6.89 .76 . 00 
52.32 .00 .00 58.6 .171E+02 .76 7.06 .76 . 00 
53.93 .00 .00 59.8 .167E+02 .75 7.23 .75 .00 
55.53 .00 .00 61.0 .164E+02 .75 7.40 .75 .00 
57.14 .00 .00 62.2 .161E+02 .75 7.57 .75 . 00 
58.75 .00 .00 63.4 .158E+02 .75 7.73 .75 . 00 
60.36 .00 .00 64.7 .155E+02 .75 7.89 .75 . 00 
61.96 .00 .00 66.0 .151E+02 .75 8.05 . 75 . 00 
63.57 .00 .00 67.4 .148E+02 .75 8.21 . 75 . 00 
65.18 . 00 .00 68.8 .145E+02 .75 8.37 .75 . 00 
66.78 .00 .00 70.2 .142E+02 .75 8.53 .75 . 00 
68.39 .00 .00 71.7 .140E+02 .75 8.68 .75 . 00 
70.00 . 00 . 00 73.2 .137E+02 .75 8.84 . 75 .00 
71.60 .00 .00 74.7 .134E+02 .76 8.99 .76 . 00 
73.21 .00 .00 76.3 .131E+02 .76 9.14 .76 .00 
74.82 .00 .00 77.9 .128E+02 .76 9.29 .76 .00 
76.43 .00 . 00 79.6 .126E+02 .77 9.44 • 77 . 00 
78.03 . 00 .00 81.3 .123E+02 .77 9.59 • 77 . 00 
79.64 .00 .00 83.1 .120E+02 .78 9.73 .78 .00 
81.25 .00 .00 84.9 .118E+02 .78 9.88 .78 .00 
82.85 .00 .00 86.7 .115E+02 .79 10.02 .79 . 00 
84.46 .00 .00 88.6 .113E+02 .79 10.16 .79 .00 
86.07 .00 .00 90.6 .110E+02 . 80 10 . 31 .80 .00 
87.67 . 00 .00 92.6 .108E+02 .81 10.45 .81 .00 
89 . 28 .00 .00 94.6 . 106E+02 .81 10.59 .81 .00 
90.89 .00 .00 96.7 .103E+02 .82 10.73 .82 .00 
92.50 . 00 . 00 98.8 .101E+02 .83 10.86 . 83 .00 
94.10 .00 .00 101.0 .991E+01 .84 11.00 .84 .00 

Cumulative travel time = 303 . sec 

---- --- ----------------------------- --- ------- --------- --------------- -------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

94.10 11.00 .00 101 .0 .991E+01 . 84 22 .00 .84 .00 
94.51 11.00 .00 101.5 .985E+01 .84 22 .03 .84 .00 
94.92 11. 00 . 00 102.0 .980E+01 .84 22 .07 .84 .00 
95.33 11.00 .00 102.5 .975E+01 .84 22.10 .84 .00 
95.74 11.00 .00 103.0 .970E+01 .85 22.14 . 85 .00 
96.16 11.00 .00 103 .6 .965E+01 . 85 22 . 17 .85 . 00 
96.57 11.00 .00 104.1 .961E+01 .85 22.21 .85 .00 
96.98 11.00 .00 104.6 .956E+01 .86 22.24 .86 .00 
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97.39 11.00 .00 105.2 .951E+01 .86 22.28 .86 .00 
97.80 11.00 .00 105.7 .946E+01 .86 22.31 .86 .00 
98.21 11.00 .00 106.2 .941E+01 .87 22.35 .87 .00 
98.62 11.00 .00 106.8 .937E+01 .87 22.38 .87 .00 
99.03 11.00 .00 107.3 .932E+01 .87 22.42 .87 .00 
99.44 11.00 .00 107.9 .927E+01 .87 22.45 .87 .00 
99.85 11.00 .00 108.4 .923E+01 .88 22.49 .88 .00 

100.26 11.00 .00 108.9 .918E+01 .88 22.52 .88 .00 
100.67 11.00 .00 109.5 .913E+01 .88 22.55 .88 .00 
101.08 11.00 .00 110.0 .909E+01 .89 22.59 .89 .00 
101.49 11.00 .00 110.6 .904E+01 .89 22.62 .89 .00 
101.90 11.00 .00 111.1 .900E+01 .89 22.66 .89 .00 
102.31 11.00 .00 111. 7 .895E+01 .90 22.69 .90 .00 
102.72 11.00 .00 112.2 .891E+01 .90 22.73 .90 .00 
103.14 11.00 .00 112.8 .887E+01 .90 22.76 .90 .00 
103.55 11.00 .00 113.3 .882E+01 .91 22.79 .91 .00 
103.96 11.00 .00 113.9 .878E+01 .91 22.83 .91 .00 
104.37 11.00 .00 114.5 .874E+01 .91 22.86 .91 .00 
104.78 11.00 .00 115.0 .869E+01 .91 22.90 .91 .00 
105.19 11.00 .00 115.6 .865E+01 .92 22.93 .92 .00 
105.60 11.00 .00 116.2 .861E+01 .92 22.97 .92 .00 
106.01 11.00 .00 116.7 .857E+01 .92 23.00 .92 .00 
106.42 11.00 .00 117.3 .853E+01 .93 23.03 .93 .00 
106.83 11.00 .00 117.9 .848E+01 .93 23.07 .93 .00 
107.24 11.00 .00 118.4 .844E+01 .93 23.10 .93 .00 
107.65 11.00 .00 119.0 .840E+01 .94 23.14 .94 .00 
108.06 11.00 .00 119.6 .836E+01 .94 23.17 .94 .00 
108.47 11.00 .00 120 . 2 .832E+01 .94 23.20 .94 .00 
108.88 11.00 .00 120.7 .828E+01 .95 23.24 .95 .00 
109.29 11.00 .00 121.3 .824E+01 .95 23.27 .95 .00 
109.71 11.00 .00 121.9 .820E+01 .95 23.31 .95 .00 
110.12 11.00 .00 122.5 .816E+01 .96 23.34 .96 . 00 
110 . 53 11.00 .00 123.1 .813E+01 .96 23.37 .96 .00 
110.94 11.00 .00 123.7 .809E+01 .96 23.41 .96 .00 
111.35 11.00 .00 124.3 .80SE+01 .97 23.44 .97 .00 
111.76 11.00 .00 124.8 .801E+01 .97 23.47 .97 .00 
112.17 11.00 .00 125 .4 .797E+01 . 97 23.51 .97 .00 
112.58 11.00 .00 126.0 .793E+01 .97 23.54 .97 .00 
112.99 11.00 .00 126.6 .790E+01 .98 23.58 .98 .00 
113.40 11.00 .00 127.2 .786E+01 .98 23.61 .98 .00 
113.81 11.00 .00 127.8 .782E+01 .98 23.64 .98 .00 
114.22 11.00 .00 128.4 .779E+01 .99 23 . 68 .99 .00 
114.63 11.00 .00 129.0 .775E+01 .99 23.71 .99 .00 

Cumulative travel time = 374. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

ENO OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
-------------------------------------------------------------------------- ---
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = .222E-01 m"2/s 
Horizontal diffusivity (initial value) = .555E-01 m"2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half• width, 

measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

114.63 11.00 .00 129.0 .775E+01 .99 23.71 .99 .00 
132.34 11.00 .00 131.8 .759E+01 1.01 23.71 1.01 .00 
150.05 11.00 .00 134. 7 .742E+01 1.03 23.71 1.03 .00 
167.75 11.00 .00 137.7 .726E+01 1.06 23.71 1.06 .00 
185.46 11.00 .00 140.9 .710E+01 1.08 23.71 1.08 .00 
203.17 11.00 .00 144.2 .693E+01 1.11 23.71 1.11 .00 
220.88 11.00 .00 147.6 .677E+01 1.13 23.71 1.13 .00 
238.58 11.00 .00 151.2 .661E+01 1.16 23.71 1.16 .00 
256.29 11.00 .00 155.0 .645E+01 1.19 23.71 1.19 .00 
274.00 11.00 .00 158.9 .629E+01 1.22 23.71 1.22 .00 
291.71 11.00 .00 163.0 .614E+01 1.25 23.71 1.25 .00 
309.41 11.00 . 00 167.3 .598E+01 1.28 23.71 1.28 .00 
327.12 11.00 . 00 171.8 . 582E+01 1.32 23.71 1.32 .00 
344.83 11.00 .00 176.5 .567E+01 1.36 23.71 1.36 .00 
362.54 11.00 .00 181.5 .551E+01 1.39 23.71 1.39 .00 
380.24 11.00 .00 186.7 .536E+01 1.43 23.71 1.43 .00 
397.95 11.00 .00 192.1 .521E+01 1.48 23.71 1.48 .00 
415.66 11.00 .00 197 . 9 . 50SE+01 1.52 23 . 71 1.52 .00 
433.36 11.00 .00 203.9 .490E+01 1.57 23.71 1.57 .00 
451.07 11.00 .00 210.2 .476E+01 1.61 23.71 1.61 .00 
468.78 11.00 .00 216.9 .461E+01 1.67 23.71 1.67 .00 
486 . 49 11.00 .00 224.0 .446E+01 1. 72 23.71 1. 72 .00 
504.19 11.00 . 00 231.4 .432E+01 1.78 23.71 1. 78 .00 
521.90 11.00 .00 239.2 .418E+01 1.84 23 . 71 1 . 84 .00 
539.61 11.00 .00 247.S .404E+01 1.90 23.71 1.90 .00 
557.32 11.00 .00 256.2 .390E+01 1.97 23.71 1.97 .00 
575.02 11.00 .00 265.4 .377E+01 2.04 23.71 2.04 .00 
592.73 11.00 .00 275.1 .364E+01 2.11 23.71 2.11 .00 
610 . 44 11.00 .00 285.3 .351E+01 2.19 23.71 2.19 .00 
628.15 11.00 .00 296 . 0 .338E+01 2.27 23.71 2.27 .00 
645.85 11.00 .00 307.4 .325E+01 2.36 23.71 2.36 .00 
663.56 11. 00 . 00 319 . 3 . 313E+01 2 .45 23 . 71 2 . 45 .00 
681.27 11.00 .00 331.9 .301E+01 2 . 55 23 . 71 2.55 .00 
698.97 11. 00 .00 345.1 .290E+01 2.65 23.71 2.65 .00 
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716.68 11.00 .00 358.9 .279E+01 2.76 23.71 2.76 .00 
734.39 11.00 .00 373.5 .268E+01 2.87 23.71 2.87 .00 
752.10 11.00 .00 388.7 .257E+01 2.99 23.71 2.99 .00 
769.80 11.00 .00 404.S .247E+01 3.11 23.71 3.11 .00 
787.51 11.00 .00 421.1 .237E+01 3.23 23.71 3.23 .00 
805.22 11.00 .00 438.3 .228E+01 3.37 23.71 3.37 .00 
822.93 11.00 .00 456.2 ,219E+01 3.50 23.71 3.50 .00 
840.63 11.00 .00 474.7 .211E+01 3.65 23.71 3.65 .00 
858.34 11.00 .00 493.9 .202E+01 3.79 23.71 3.79 .00 
876.05 11.00 .00 513.6 .195E+01 3.95 23.71 3.95 .00 
893.76 11.00 .00 533.9 .187E+01 4.10 23.71 4.10 .00 
911.46 11.00 .00 554.7 .180E+01 4.26 23.71 4.26 .00 
929.17 11.00 .00 576.0 .174E+01 4.42 23.71 4.42 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
946.88 11.00 .00 591.1 .169E+01 4.54 23. 71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
964.58 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 
982.29 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 591.1 .169E+01 4.54 23.71 4.54 .00 
Cumulative travel time = 3454. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOO161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

. . 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MA(HABIGAMUODYARIVER 
CASEA4A_APORTA4AMAXIMUMAFLOW 
cormix\sim\MAC4-4Xl.cxl 
01/13/20--20:40:50 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HO = 4. 54 
UA = .354 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.00 
D0 = .152 A0 = .018 H0 
THETA= 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .100 
RH00 = 1013. 3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1001E+00 M0 = .5492E+00 J0 
Associated length scales (meters) 
LQ = .14 LM = 5.27 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 36.74 R = 15.50 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 38.11 

= .3016E-01 

= .53 

= .1001E+00 
=-.1463E+00 

= .0000E+00 

=-.1465E-01 

= 2.09 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTO = 0 

-1.0 

.33 
99999.00 
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REGMZ = 0 
XINT = 1000.00 XMAX = 1000.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.00 m from the LEFT bank/shore. 
x-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.53 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 . 100E+04 

B 
.08 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.82 SIGMAE= .00 

LE = .68 XE = .59 YE = .00 ZE = .86 

Profile definitions: 
B = Gaussian 1/e {37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.59 .00 .86 1.0 .100E+04 .08 

1.00 .00 1.07 1.5 .650E+03 .13 
1.44 .00 1.28 2.3 .438E+03 .19 
1.88 .00 1.47 3.1 .325E+03 .24 
2.33 .00 1.64 3.9 .256E+03 .30 
2.79 .00 1. 79 4.7 .211E+03 .35 
3.25 .00 1.93 5.6 .179E+03 .40 
3.71 .00 2.06 6.4 .156E+03 .44 
4.18 .00 2.17 7.3 .138E+03 .48 
4.65 .00 2.27 8.1 .124E+03 .52 
5.13 .00 2.35 8.9 .113E+03 .56 
5.60 .00 2.43 9.6 .104E+03 .59 
6.08 .00 2.50 10.3 .967E+02 .62 
6.56 .00 2.56 11.0 .906E+02 .65 
7.03 .00 2.61 11. 7 .855E+02 .68 
7.51 .00 2.66 12.3 .811E+02 .70 
7.99 .00 2.70 12.9 .774E+02 .73 
8.47 .00 2.73 13.5 .742E+02 .75 

.-
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8.96 
9.44 
9.92 

10.40 
10.88 

.00 

.00 

.00 

.00 

.00 

2.75 
2. 77 
2.79 
2.79 
2.80 

14.0 .715E+02 
14.5 .691E+02 
14.9 .670E+02 
15.3 .652E+02 
15.7 .636E+02 

.77 

.78 

.80 

.81 

.83 
Maximum jet height has been reached. 

11.36 .00 2.79 16.1 .621E+02 .84 
.85 
.87 
.88 
.90 

11.84 .00 2.79 16.5 .605E+02 
12.32 .00 2.77 17.0 .589E+02 
12.81 
13.29 
13. 77 
14.25 
14.73 
15.21 
15.69 
16.17 
16.65 
17.12 
17.60 
18.08 
18.56 
19.04 
19.51 
19.99 
20.47 
20.94 
21.42 
21.90 
22.37 
22.85 
23.32 
23.80 
24.28 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.76 
2.73 
2.71 
2.67 
2.64 
2.60 
2.56 
2.51 
2.46 
2.41 
2.36 
2.30 
2.24 
2.18 
2.12 
2.05 
1.98 
1.92 
1.85 
1. 78 
1. 70 
1.63 
1. 56 
1.48 
1.40 

Cumulative travel time= 

17.5 .572E+02 
18.0 .556E+02 
18.5 .540E+02 .92 
19.1 .523E+02 .94 
19.7 .S07E+02 .95 
20.4 .491E+02 .97 
21.1 .475E+02 .99 
21.8 .460E+02 1.01 
22.5 .445E+02 1.03 
23.3 .430E+02 1.05 
24.1 .416E+02 1.08 
24.9 .402E+02 1.10 
25.7 .389E+02 1.12 
26.6 .376E+02 1.14 
27.5 .363E+02 1.17 
28.4 .352E+02 1.19 
29.4 .340E+02 1.21 
30.4 .329E+02 1.24 
31.4 .319E+02 1.26 
32.4 .309E+02 1.28 
33.5 .299E+02 1.31 
34.5 .290E+02 1.33 
35.6 .281E+02 1.36 
36.7 .272E+02 1.38 
37.8 .264E+02 1.40 

32. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z s C B 

24.28 .00 1.40 37.8 .264E+02 1.40 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
22.87 
23.29 
23.71 
24.14 
24.56 
24.98 
25.40 
25.82 
26.24 
26.66 
27.08 

y 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
37.8 .264E+02 
37.8 .264E+02 
37.8 .264E+02 
37.8 .264E+02 
38.9 .257E+02 
43.7 .229E+02 
50.4 .199E+02 
56.4 .177E+02 
60.6 .165E+02 
62.9 .159E+02 
64.3 .155E+02 

40. sec 

BV 
.00 

1.90 
2.25 
2.48 
2.64 
2.77 
2.86 
2.93 
2.98 
3.01 
3.02 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.95 

1.35 
1.65 
1.91 
2.13 
2.34 
2.52 
2.70 
2.86 
3.02 

zu 
.00 

1.90 
2.25 
2.48 
2.64 
2.77 
2.86 
2.93 
2.98 
3.01 
3.02 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

27.08 .00 .00 64.3 
28.54 .00 .00 65.6 
30.00 .00 .00 66.9 
31.45 .00 .00 68.0 
32.91 .00 .00 69.1 
34.37 .00 .00 70.1 

71.2 
72.1 
73.1 
74.0 
74.9 
75.8 

C 
.155E+02 
.152E+02 
.150E+02 
.147E+02 
.145E+02 
.143E+02 
.141E+02 
.139E+02 
.137E+02 
.135E+02 
.133E+02 
.132E+02 

BV 
3.02 
2.85 
2.72 
2.60 
2.50 
2.41 
2.33 
2.25 
2.19 
2.13 
2.08 
2.03 

35.82 
37.28 
38.74 
40.19 
41.65 
43.10 
44.56 
46.02 
47.47 
48.93 
50.39 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

,00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

76.7 .130E+02 1.99 
77.6 .129E+02 1.95 
78.5 .127E+02 1.91 
79.4 .126E+02 1.88 
80.3 .125E+02 1.85 

BH 
3.02 
3.25 
3.48 
3.70 
3.91 
4.12 
4. 32 
4. 52 
4.72 
4.91 
5.09 
5.28 
5.46 
5.63 
5.81 
5.98 
6.15 

zu 
3.02 
2.85 
2.72 
2.60 
2.50 
2.41 
2.33 
2.25 
2.19 
2.13 
2.08 
2.03 
1.99 
1.95 
1.91 
1.88 
1.85 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

"' 
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51.84 .00 .00 81.2 .123E+02 1.82 6.32 1.82 .00 
53.30 .00 .00 82.1 .122E+02 1. 79 6.48 1.79 .00 
54.76 .00 .00 82.9 .121E+02 1. 77 6.64 1. 77 .00 
56.21 .00 .00 83.8 .119E+02 1. 74 6.80 1. 74 .00 
57.67 .00 .00 84.8 .118E+02 1. 72 6.96 1. 72 .00 
59.13 .00 .00 85.7 .117E+02 1. 70 7.12 1. 70 .00 
60.58 .00 .00 86.6 .115E+02 1.68 7.28 1.68 .00 
62.04 .00 .00 87.5 .114E+02 1.67 7.43 1.67 .00 
63.50 .00 .00 88.5 .113E+02 1.65 7.58 1.65 .00 
64.95 .00 .00 89.4 .112E+02 1.64 7.73 1.64 .00 
66.41 .00 .00 90.4 .111E+02 1.62 7.88 1.62 .00 
67.87 .00 .00 91.4 .109E+02 1.61 8.03 1.61 .00 
69.32 .00 .00 92.4 .108E+02 1.60 8.17 1.60 .00 
70.78 .00 .00 93.4 .107E+02 1.59 8.32 1.59 .00 
72.24 .00 .00 94.4 .106E+02 1.58 8.46 1.58 .00 
73.69 .00 .00 95.5 .105E+02 1.57 8.61 1.57 .00 
75.15 .00 .00 96.5 .104E+02 1.56 8.75 1.56 .00 
76.61 .00 .00 97.6 .102E+02 1.55 8.89 1.55 .00 
78.06 .00 .00 98.7 .101E+02 1.55 9.03 1.55 .00 
79.52 .00 .00 99.8 .100E+02 1.54 9.17 1.54 .00 
80.97 .00 .00 100.9 .991E+01 1.53 9.30 1.53 .00 
82.43 .00 .00 102.1 .980E+01 1.53 9.44 1.53 .00 
83.89 .00 .00 103.2 .969E+01 1.52 9.57 1.52 .00 
85.34 .00 .00 104.4 .958E+01 1.52 9.71 1.52 .00 
86.80 .00 .00 105.6 .947E+01 1.52 9.84 1.52 .00 
88.26 .00 .00 106.9 .936E+01 1. 51 9.97 1. 51 .00 
89.71 .00 .00 108.1 .925E+01 1. 51 10.10 1.51 .00 
91.17 .00 .00 109.4 .914E+01 1. 51 10.24 1.51 .00 
92.63 .00 .00 110.7 .904E+01 1.51 10.37 1.51 .00 
94.08 .00 .00 112.0 .893E+01 1.51 10.49 1.51 .00 
95.54 .00 .00 113.3 .883E+01 1.51 10.62 1. 51 .00 
97.00 .00 .00 114.7 .872E+01 1.51 10.75 1.51 .00 
98.45 .00 .00 116.0 .862E+01 1.51 10.88 1.51 .00 
99.91 .00 .00 117.4 .852E+01 1.51 11.00 1. 51 .00 

Cumulative travel time = 245. sec 

-♦ •T**•~---- - --- --------------------- - -------------- ---- ---------------------

Plume is ATTACHED to LEFT bank/shore. 
Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

99.91 11.00 .00 117 .4 .852E+01 1.51 22.00 1.51 .00 
100.32 11.00 .00 117.8 .849E+01 1.51 22.03 1.51 .00 
100.72 11.00 .00 118.1 .847E+01 1.51 22.07 1.51 .00 
101.13 11.00 .00 118.5 .844E+01 1.52 22.10 1.52 .00 
101. 53 11.00 .00 118.8 .842E+01 1. 52 22.14 1.52 .00 
101. 94 11.00 .00 119.2 .839E+01 1. 52 22.17 1.52 .00 
102.35 11.00 .00 119.5 .837E+01 1.52 22.21 1. 52 .00 
102.75 11.00 .00 119.9 .834E+01 1. 52 22.24 1. 52 .00 
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103.16 11.00 .00 120.2 .832E+01 1.53 22.28 1.53 .00 
103.56 11.00 .00 120.6 .829E+01 1.53 22.31 1. 53 .00 
103.97 11.00 .00 120.9 .827E+01 1.53 22.35 1. 53 .00 
104.37 11.00 .00 121.3 .824E+01 1.53 22.38 1.53 .00 
104.78 11.00 .00 121.7 .822E+01 1.53 22.42 1.53 .00 
105.19 11.00 .00 122.0 .820E+01 1.54 22.45 1.54 .00 
105.59 11.00 .00 122.4 .817E+01 1.54 22.49 1.54 .00 
106.00 11.00 .00 122.7 .815E+01 1. 54 22.52 1.54 .00 
106.40 11.00 .00 123.1 .812E+01 1.54 22.55 1.54 .00 
106.81 11.00 .00 123.5 .810E+01 1. 54 22.59 1.54 .00 
107.22 11.00 .00 123.8 .808E+01 1. 55 22.62 1.55 .00 
107.62 11.00 .00 124.2 .805E+01 1. 55 22.66 1.55 .00 
108.03 11.00 .00 124.5 .803E+01 1.55 22.69 1.55 .00 
108.43 11.00 .00 124.9 .801E+01 1.55 22.73 1.55 .00 
108.84 11.00 .00 125.3 .798E+01 1.56 22.76 1.56 .00 
109.24 11.00 .00 125.6 ,796E+01 1.56 22.80 1.56 .00 
109.65 11.00 .00 126.0 .794E+01 1.56 22.83 1.56 .00 
110.06 11.00 .00 126.4 • 791E+01 1.56 22.86 1. 56 .00 
110.46 11.00 .00 126.8 .789E+01 1.56 22.90 1.56 .00 
110. 87 11.00 .00 127.1 .787E+01 1.57 22.93 1.57 .00 
111.27 11.00 .00 127.5 .784E+01 1.57 22.97 1.57 .00 
111.68 11.00 .00 127.9 .782E+01 1.57 23.00 1.57 .00 
112.09 11.00 .00 128.2 .780E+01 1.57 23.03 1.57 .00 
112.49 11.00 .00 128.6 .777E+01 1.58 23.07 1.58 .00 
112.90 11.00 .00 129.0 .775E+01 1.58 23.10 1.58 .00 
113.30 11.00 .00 129.4 .773E+01 1.58 23.14 1.58 .00 
113. 71 11.00 .00 129.8 .771E+01 1.58 23.17 1.58 .00 
114.11 11.00 .00 130.1 .768E+01 1.59 23.20 1.59 .00 
114. 52 11.00 .00 130.5 .766E+01 1.59 23.24 1.59 .00 
114.93 11.00 .00 130.9 .764E+01 1.59 23.27 1.59 .00 
115.33 11.00 .00 131.3 .762E+01 1.59 23.31 1.59 .00 
115.74 11.00 .00 131.7 .759E+01 1.59 23.34 1.59 .00 
116.14 11.00 .00 132.1 .757E+01 1.60 23.37 1.60 .00 
116.55 11.00 .00 132.4 .755E+01 1.60 23.41 1.60 .00 
116.96 11.00 .00 132.8 .753E+01 1.60 23.44 1.60 .00 
117.36 11.00 .00 133.2 .751E+01 1.60 23.48 1.60 .00 
117.77 11.00 .00 133.6 .748E+01 1.61 23.51 1.61 .00 
118.17 11.00 .00 134.0 .746E+01 1.61 23.54 1.61 .00 
118.58 11.00 .00 134.4 .744E+01 1.61 23.58 1.61 .00 
118.98 11.00 .00 134.8 .742E+01 1.61 23.61 1.61 .00 
119.39 11.00 .00 135 .2 .740E+01 1.62 23.64 1.62 .00 
119.80 11.00 .00 135.6 .738E+01 1.62 23.68 1.62 .00 
120.20 11.00 .00 136.0 .736E+01 1.62 23.71 1.62 .00 

Cumulative travel time = 302. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

ENO OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
------------ --~ ------------- -------------------------------------------------
BEGIN M00161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.274E-01 m"2/s 

.685E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X Y Z s 

136.0 
140.1 

C 
.736E+01 
.714E+01 

120.20 11.00 .00 
137.80 
155.39 
172.99 
190.59 
208.18 
225.78 
243.37 
260.97 
278.57 
296.16 
313.76 
331.35 
348.95 
366.55 
384.14 
401.74 
419.33 
436.93 
454.53 
472.12 
489.72 
507.31 
524.91 
542.51 
560.10 
577.70 
595.29 
612.89 

11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 

.00 

.00 144.6 .692E+01 

.00 149.2 .670E+01 

.00 154.1 .649E+01 

.00 159.2 .628E+01 

.00 164.6 .608E+01 

.00 170.3 .587E+01 

.00 176.3 .567E+01 

.00 182.6 .548E+01 

.00 189.3 .528E+01 

.00 196.3 .510E+01 

.00 203.6 .491E+01 

.00 211.4 .473E+01 

.00 219.5 .456E+01 

.00 228.0 .439E+01 

.00 236.9 .422E+01 

.00 246.3 .406E+01 

.00 256.0 .391E+01 

.00 266.2 .376E+01 

.00 276.8 .361E+01 

.00 287.8 .347E+01 

.00 299.2 .334E+01 

.00 311.0 .322E+01 

.00 323.2 .309E+01 

.00 335.7 .298E+01 

.00 348.6 .287E+01 

.00 361.8 .276E+01 

.00 375.3 .266E+01 
Plume interacts with SURFACE. 

BV 
1.62 
1.67 
1. 72 
1. 78 
1.84 
1.90 
1.96 
2.03 
2.10 
2.18 
2.26 
2.34 
2.43 
2.52 
2.62 
2.72 
2.82 
2.94 
3.05 
3.17 
3.30 
3.43 
3.57 
3.71 
3.85 
4.00 
4.16 
4.31 
4.47 

BH 
23.71 
23. 71 
23. 71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

zu 
1.62 
1.67 
1. 72 
1. 78 
1.84 
1.90 
1.96 
2.03 
2.10 
2.18 
2.26 
2.34 
2.43 
2.52 
2.62 
2.72 
2.82 
2.94 
3.05 
3.17 
3.30 
3.43 
3.57 
3.71 
3.85 
4.00 
4.16 
4.31 
4.47 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

630.48 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
Effluent is FULLY MIXED over the entire channel cross-section. 
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.. 

Except for possible far-field decay or reaction processes, there are 
NO FURTHER CHANGES with downstream direction. 

648.08 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
665.68 11.00 .00 380.8 .263E+01 4. 54 23.71 4.54 .00 
683.27 11.00 .00 380.8 .263E+01 4. 54 23.71 4.54 .00 
700.87 11.00 .00 380.8 .263E+01 4. 54 23.71 4.54 .00 
718.46 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
736.06 11.00 .00 380.8 .263E+01 4. 54 23.71 4.54 .00 
753.66 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
771. 25 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
788.85 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
806.44 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
824.04 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
841.64 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
859.23 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
876.83 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
894.42 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
912.02 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
929.62 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
947.21 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
964.81 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
982.40 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 

1000.00 11.00 .00 380.8 .263E+01 4.54 23.71 4.54 .00 
Cumulative travel time = 2781. sec 

Simulation limit based on maximum specified distance = 1000.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_l996 

CASE DESCRIPTION 
Site name/label: 
Design case: 

MACHABIGAMUDDYARIVER 
CASEASA_APORTAlA_ANORMALAFLOW 

FILE NAME: 
Time of Fortran run: 

cormix\sim\MACS-lNl.cxl 
01/09/20--13:10:35 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107 .64 QA 
HA = 4. 54 HD = 4.54 
UA = .239 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .076 A0 = .005 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .013 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .1300E-01 M0 = .3726E-01 ]0 
Associated length scales (meters) 
LQ = .07 LM = 1.94 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 27.17 R = 11.97 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 25.76 

= .2039E-01 

.56 

= .1300E-01 
=-.1463E+00 

= .0000E+00 

=-.1903E-02 

= .81 
= 99999.00 

ICHREG:. 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
ce = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.14 
99999.00 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-------------------------------------------------------------------------- ---
BEGIN M00101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.56 

ENO OF M00101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

--------------------------------------------------------------------------- --
--------------------------------------------------------------------------- --
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.47 SIGMAE= .00 
LE = .33 XE = .29 YE = .00 ZE = .72 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
. 29 .00 . 72 1.0 .100E+04 .04 
.47 .00 .82 1.5 .678E+03 .06 
.65 .00 .90 2.1 .471E+03 .09 
.84 .00 .97 2.8 .357E+03 .11 

1.03 .00 1.04 3.5 .286E+03 .13 
1. 22 .00 1.10 4.2 .238E+03 .15 
1.42 .00 1.15 4.9 .204E+03 .17 
1.62 .00 1.20 5.6 .178E+03 .19 
1.82 .00 1.24 6.3 .159E+03 .20 
2.02 .00 1.27 6.9 .145E+03 .22 
2.22 .00 1.30 7.5 .133E+03 .23 
2.42 .00 1.33 8.1 .123E+03 .24 
2.62 .00 1.35 8.6 .116E+03 .26 
2.82 .00 1.37 9.2 .109E+03 .27 
3.03 .00 1.39 9.6 .104E+03 .27 
3.23 .00 1.40 10.1 .992E+02 .28 
3.43 .00 1.40 10.5 .953E+02 .29 
3.63 .00 1.41 10.9 .921E+02 .30 

,. ... 
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3.83 
Maximum jet 

4.04 
4.24 
4.44 
4.65 
4.85 
5.05 
5.26 
5.46 
5.66 
5.86 
6.06 
6.26 
6.46 
6.67 
6.87 
7.07 
7.27 
7.47 
7.67 
7.87 
8.07 
8.27 
8.47 
8.67 
8.87 
9.07 
9.27 
9.47 
9.67 
9.87 

10.07 
10.27 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.41 11.2 .893E+02 
has been reached. 

1.41 11.5 .868E+02 
1.41 11.9 .843E+02 
1.40 12.2 .816E+02 
1.39 12.7 .790E+02 
1.38 13.1 .763E+02 
1.37 13.6 .736E+02 
1.36 14.1 .708E+02 
1.34 14.7 .682E+02 
1.32 15.2 .656E+02 
1.30 15.8 .631E+02 
1.28 16.5 .607E+02 
1.25 
1. 23 
1. 20 
1.17 
1.14 
1.11 
1.08 
1.05 
1.02 

.99 

.95 

.92 

.89 

.85 

.82 

.78 

.75 
• 71 
.68 
.64 
.61 

17.1 .583E+02 
17.8 .561E+02 
18.6 .538E+02 
19.3 .517E+02 
20.1 .497E+02 
20.9 .478E+02 
21.8 .460E+02 
22.6 .442E+02 
23.5 .425E+02 
24.4 .410E+02 
25.3 .395E+02 
26.3 .380E+02 
27.2 .367E+02 
28.2 .354E+02 
29.3 .342E+02 
30.3 .330E+02 
31.4 .319E+02 
32.4 .309E+02 
33.5 .299E+02 
34.6 .289E+02 
35.7 .280E+02 

Cumulative travel time= 21. sec 

.30 

.31 

.32 

.32 

.33 

.34 

.34 

.35 

.36 

.37 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

.60 

.61 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

10.27 .00 .61 35.7 .280E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.61 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
9.67 
9.85 

10.03 
10.21 
10.40 
10.58 
10.76 
10.94 
11.12 
11.30 
11.49 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
35.7 .280E+02 
35.7 .280E+02 
35.7 .280E+02 
35.7 .280E+02 
36.7 .273E+02 
41.2 .243E+02 
47.5 .210E+02 
53.2 .188E+02 
57.2 .175E+02 
59.3 .169E+02 
60.7 .165E+02 

26. sec 

BV 
.00 
.81 
.96 

1.05 
1.12 
1.18 
1.22 
1.25 
1.27 
1.28 
1.28 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.41 
.57 
.70 
.81 
.91 
.99 

1.07 
1.15 
1.22 
1.28 

zu 
.00 
.81 
.96 

1.05 
1.12 
1.18 
1.22 
1.25 
1.27 
1.28 
1.28 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S 

11.49 .00 .00 60. 7 
13 . 64 . 00 . 00 64. 7 
15.80 .00 .00 68.0 
17.96 .00 .00 71.1 
20.12 .00 .00 74.0 
22.28 .00 .00 76.9 
24.44 .00 .00 79.9 
26.60 .00 .00 83.0 
28.75 .00 .00 86.1 
30.91 .00 .00 89.5 
33.07 .00 .00 93.0 
35.23 .00 .00 96.8 
37.39 .00 .00 100.7 
39.55 .00 .00 104.9 
41.71 .00 .00 109.4 
43.86 .00 .00 114.1 
46.02 .00 .00 119.0 

C 
.165E+02 
.155E+02 
.147E+02 
.141E+02 
.135E+02 
.130E+02 
.125E+02 
.121E+02 
.116E+02 
.112E+02 
.107E+02 
.103E+02 
.993E+01 
.953E+01 
.914E+01 
.877E+01 
.840E+01 

BV 
1.28 
1.09 

.96 

.88 

.82 

.77 

.74 

.71 

.69 

.67 

.66 

.65 

.65 

.65 

.65 

.65 

.65 

BH 
1.28 
1.62 
1.92 
2.20 
2.46 
2.71 
2.95 
3.18 
3.40 
3.62 
3.82 
4.03 
4.22 
4.42 
4.61 
4.79 
4.97 

zu 
1.28 
1.09 

.96 

.88 

.82 
• 77 
.74 
.71 
.69 
.67 
.66 
.65 
.65 
.65 
.65 
.65 
.65 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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48.18 
50.34 
52.50 
54.66 
56.82 
58.97 
61.13 
63.29 
65.45 
67.61 
69.77 
71.93 
74.08 
76.24 
78.40 
80.56 
82. 72 
84.88 
87.04 
89.19 
91.35 
93.51 
95.67 
97.83 
99.99 

102.14 
104.30 
106.46 
108.62 
110.78 
112.94 
115.10 
117.25 
119.41 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 124.3 .804E+01 

.00 129.8 .770E+01 

.00 135.7 .737E+01 

.00 141.8 .705E+01 

.00 148.3 .674E+01 

.00 155.0 .645E+01 

.00 162.1 .617E+01 

.00 169.6 .590E+01 

.00 177.3 .564E+01 

.00 185.4 .539E+01 

.00 193.9 .516E+01 

.00 202.7 .493E+01 

.00 211.8 .472E+01 

.00 221.4 .452E+01 

.00 231.2 .432E+01 

.00 241.5 .414E+01 

.00 252.1 .397E+01 

.00 263.2 .380E+01 

.00 274.6 .364E+01 

.00 286.3 .349E+01 

.00 298.5 .335E+01 

.00 311.1 .321E+01 

.00 324.1 .309E+01 

.00 337.5 .296E+01 

.00 351.2 .285E+01 

.00 365.4 .274E+01 

.00 380.1 .263E+01 

.00 395.1 .253E+01 

.00 410.5 .244E+01 

.00 426.4 .235E+01 

.00 442.7 .226E+01 

.00 459.5 .218E+01 

.00 476.6 .210E+01 

.00 494.2 .202E+01 
Cumulative travel time= 477. sec 

ENO OF MOD141: BUOYANT AMBIENT SPREADING 

.66 

.66 

.67 

.68 

.69 

.70 

.71 

.73 

.74 

.76 

.78 

.79 

.81 

.83 

.85 

.87 

.89 

.91 

.94 

.96 

.98 
1.01 
1.03 
1.06 
1.08 
1.11 
1.14 
1.17 
1.19 
1.22 
1.25 
1.28 
1.31 
1.35 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

5.15 
5.33 
5.50 
5.67 
5.83 
6.00 
6.16 
6.32 
6.48 
6.64 
6.79 
6.94 
7.10 
7.25 
7.39 
7.54 
7.69 
7.83 
7.97 
8.11 
8.25 
8.39 
8.53 
8.67 
8.80 
8.94 
9.07 
9.20 
9.33 
9.47 
9.60 
9.72 
9.85 
9.98 

Vertical diffusivity (initial value) = .185E-01 mA2/s 
Horizontal diffusivity (initial value)= .463E-01 mA2/s 

Profile definitions: 

.66 

.66 

.67 

.68 

.69 

.70 

.71 

.73 

.74 

.76 

.78 

.79 

.81 

.83 

.85 

.87 

.89 

.91 

.94 

.96 

.98 
1.01 
1.03 
1.06 
1.08 
1.11 
1.14 
1.17 
1.19 
1.22 
1.25 
1.28 
1.31 
1.35 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z•coordinate) 
s = hydrodynamic centerline dilution 
C ;:: centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

119.41 .00 .00 494.2 .202E+01 1.35 9.98 1.35 .00 
120.72 .00 .00 498.7 .201E+01 1. 35 10.02 1.35 .00 
122.02 .00 .00 503.1 .199E+01 1.36 10.06 1.36 .00 
123.33 .00 .00 507.6 .197E+01 1.37 10.10 1.37 .00 
124.63 .00 .00 512.2 .195E+01 1.37 10.14 1.37 .00 
125.93 .00 .00 516.8 .193E+01 1.38 10.18 1.38 .00 
127.24 .00 .00 521.5 .192E+01 1.39 10.22 1.39 .00 
128.54 .00 .00 526.2 .190E+01 1.39 10.25 1.39 .00 
129.85 .00 .00 530.9 .188E+01 1.40 10.29 1.40 .00 
131.15 .00 .00 535.7 .187E+01 1.41 10.33 1.41 .00 
132.46 .00 .00 540.5 .185E+01 1.42 10.37 1.42 .00 
133.76 .00 .00 545.4 .183E+01 1.42 10.41 1.42 .00 
135.07 .00 .00 550.4 .182E+01 1.43 10.45 1.43 .00 
136. 37 .00 .00 555.4 .180E+01 1.44 10.48 1.44 .00 
137.67 .00 .00 560.4 .178E+01 1.45 10.52 1.45 .00 
138.98 .00 .00 565.5 .177E+01 1.45 10.56 1.45 .00 
140.28 .00 .00 570.7 .175E+01 1.46 10.60 1.46 .00 
141.59 .00 .00 575.9 .174E+01 1.47 10.63 1.47 .00 
142.89 .00 .00 581.2 .172E+01 1.48 10.67 1.48 .00 
144.20 .00 .00 586.5 .171E+01 1.49 10.71 1.49 .00 
145.50 .00 .00 591.9 .169E+01 1.50 10.75 1.50 .00 
146.81 .00 .00 597.3 .167E+01 1.50 10.78 1.50 .00 
148.11 .00 .00 602.8 .166E+01 1.51 10.82 1.51 .00 
149.41 .00 .00 608.4 .164E+01 1.52 10.86 1.52 .00 
150.72 .00 .00 614.0 .163E+01 1.53 10.89 1.53 .00 
152.02 .00 .00 619.7 .161E+01 1.54 10.93 1.54 .00 
153.33 .00 .00 625.4 .160E+01 1.55 10.96 1.55 .00 
154.63 .00 .00 631.2 .158E+01 1.56 11.00 1.56 .00 
155.94 .00 .00 637.1 .157E+01 1.57 11.04 1.57 .00 
157.24 .00 .00 643.0 .156E+01 1.58 11.07 1.58 .00 
158.54 .00 .00 649.0 .154E+01 1.59 11.11 1.59 .00 
159.85 .00 .00 655.1 .153E+01 1.60 11.14 1.60 .00 
161.15 .00 .00 661.2 .151E+01 1.61 11.18 1.61 .00 
162.46 .00 .00 667.5 .150E+01 1.62 11.21 1.62 .00 
163.76 .00 .00 673.7 .148E+01 1.63 11.25 1.63 .00 
165.07 .00 .00 680.1 .147E+01 1.64 11.28 1.64 .00 
166.37 .00 .00 686.5 .146E+01 1.65 11.32 1.65 .00 
167.68 .00 .00 693.0 .144E+01 1.66 11.35 1.66 .00 
168.98 .00 .00 699.5 .143E+01 1.67 11.39 1.67 .00 
170.28 .00 .00 706.2 .142E+01 1.68 11.42 1.68 .00 
171.59 .00 .00 712.9 .140E+01 1.69 11.46 1.69 .00 
172.89 .00 .00 719.6 .139E+01 1. 70 11.49 1. 70 .00 
174.20 .00 .00 726.5 .138E+01 1.71 11.53 1. 71 .00 
175.50 .00 .00 733.4 .136E+01 1. 72 11. 56 1. 72 .00 
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176.81 .00 .00 740.4 .135E+01 1.73 11.60 1. 73 .00 
178.11 .00 .00 747.5 .134E+01 1.75 11.63 1. 75 .00 
179.41 .00 .00 754.7 .133E+01 1. 76 11.66 1. 76 .00 
180.72 .00 .00 762.0 .131E+01 1. 77 11. 70 1.77 .00 
182.02 .00 .00 769.3 .130E+01 1. 78 11. 73 1.78 .00 
183.33 .00 .00 776.7 .129E+01 1. 79 11. 77 1. 79 .00 
184.63 .00 .00 784.2 .128E+01 1.81 11.80 1.81 .00 

Cumulative travel time = 749. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
184.63 11.80 .00 784.2 .128E+01 1.81 23.60 1.81 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 193.20 m. 
204.94 11.80 .00 882.2 .113E+01 2.01 23.71 2.01 .00 
225.25 11.80 .00 976.6 .102E+01 2.24 23.71 2.24 .00 
245.55 11.80 .00 1086.9 .920E+00 2.49 23. 71 2.49 .00 
265.86 11.80 .00 1206.4 .829E+00 2.76 23. 71 2.76 .00 
286.17 11.80 .00 1333. 5 .750E+00 3.06 23.71 3.06 .00 
306.48 11.80 .00 1466.5 .682E+00 3.36 23.71 3.36 .00 
326.78 11.80 .00 1603.3 .624E+00 3.67 23.71 3.67 .00 
347.09 11.80 .00 1742.4 .574E+00 3.99 23.71 3.99 .00 
367.40 11.80 .00 1882.2 .531E+00 4.31 23.71 4.31 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
387.71 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
408.01 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
428.32 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
448.63 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
468.94 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
489.24 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
509.55 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
529.86 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
550.16 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
570.47 11.80 .00 1981.4 .50SE+00 4.54 23.71 4.54 .00 
590.78 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
611.09 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
631.39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
651.70 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
672.01 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
692.32 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
712.62 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
732.93 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
753.24 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
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773.55 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 ,00 
793.85 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
814.16 11.80 .00 1981.4 .50SE+00 4.54 23.71 4.54 .00 
834.47 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
854.78 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
875.08 11.80 .00 1981.4 .505E+00 4.54 23.71 4. 54 .00 
895.39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
915.70 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
936.00 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
956.31 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
976.62 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
996.93 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 

1017.23 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1037.54 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1057.85 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1078.16 11.80 .00 1981.4 .505E+00 4. 54 23.71 4.54 .00 
1098.46 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1118.77 11.80 .00 1981.4 .505E+00 4. 54 23.71 4.54 .00 
1139.08 11.80 .00 1981.4 .505E+00 4. 54 23.71 4.54 .00 
1159.39 11.80 .00 1981.4 .505E+00 4.54 23.71 4.54 .00 
1179.69 11.80 .00 1981.4 .505E+00 4. 54 23.71 4.54 .00 
1200.00 11.80 .00 1981.4 .505E+00 4. 54 23.71 4.54 .00 

cumulative travel time = 4990. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOO161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTA1A-AMAXIMUMAFLOW 
cormix\sim\MAC5-1X1.cx1 
01/09/20--13:28:45 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .076 A0 = .005 H0 
THETA = 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .025 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .2489E-01 M0 = .1366E+00 J0 
Associated length scales (meters) 
LQ = .07 LM = 3.72 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 52.02 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 84.50 

= .6688E-01 

= .56 

= .2489E-01 
=-.1463E+00 

= .0000E+00 

=-.3643E-02 

= .47 
= 99999.00 

ICHREG= 2 

SIGNJ0;;;; 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.01 
99999.00 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
------------------------------------------------------------------------- ··--
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.56 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.04 

------------------------------------------------------------------------- ----
------------------------------------------------------------------------- --- -
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.38 SIGMAE= .00 
LE = .29 XE = .26 YE = .00 ZE = .70 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .56 1.0 .100E+04 .04 
.26 .00 .70 1.0 .100E+04 .04 
.95 .00 .96 3.5 .282E+03 .12 

1.67 .00 1.11 6.3 .160E+03 .17 
2.40 .00 1.22 8.7 .115E+03 .21 
3.14 .00 1.29 10.9 .919E+02 .25 
3.88 .00 1.35 12.8 .779E+02 .27 
4.62 .00 1.40 14.6 .685E+02 .29 
5.35 .00 1.44 16.2 .618E+02 .31 
6.09 .00 1.47 17.6 .567E+02 .33 
6.83 .00 1.49 19.0 .528E+02 .34 
7.57 .00 1.51 20.2 .496E+02 .35 
8.31 .00 1.53 21. 2 .471E+02 .36 
9.05 .00 1.54 22.2 .450E+02 .37 
9.79 .00 1.55 23.1 .433E+02 .38 

10.53 .00 1.55 23.9 .419E+02 .39 
Maximum jet height has been reached. 

11.27 .00 1.55 24.6 .407E+02 .39 
12.01 .00 1.55 25.3 .396E+02 .40 

.. 
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12.75 .00 1.55 26.0 .384E+02 .41 
13.49 .00 1. 54 26.9 .372E+02 .41 
14.23 .00 1. 53 27.8 .360E+02 .42 
14.97 .00 1. 52 28.8 .348E+02 .43 
15.71 .00 1. 51 29.8 .336E+02 .44 
16.45 .00 1.49 30.9 .324E+02 .44 
17.19 .00 1.47 32.0 .312E+02 .45 
17.94 .00 1.45 33.3 .301E+02 .46 
18.67 .00 1.43 34.5 .290E+02 .47 
19.41 .00 1.41 35.8 .279E+02 .48 
20.15 .00 1.39 37.2 .269E+02 .49 
20.89 .00 1. 36 38.6 .259E+02 .50 
21.63 .00 1. 34 40.0 .250E+02 .51 
22.37 .00 1. 31 41.5 .241E+02 .52 
23.11 .00 1. 29 43.0 .232E+02 .53 
23.85 .00 1.26 44.6 .224E+02 .54 
24.59 .00 1.23 46.2 .217E+02 .55 
25.33 .00 1.20 47.8 .209E+02 .56 
26.07 .00 1.18 49.4 .202E+02 .57 
26.81 .00 1.15 51.1 .196E+02 .58 
27.55 .00 1.12 52.8 .189E+02 .59 
28.29 .00 1.09 54.6 .183E+02 .60 
29.03 .00 1.06 56.3 .178E+02 .61 
29.77 .00 1.03 58.1 .172E+02 .62 
30.51 .00 1.00 59.9 .167E+02 .63 
31.24 .00 .97 61. 7 .162E+02 .64 
31.99 .00 .94 63.6 .157E+02 .65 
32.73 .00 .91 65.5 .153E+02 .66 
33.46 .00 .88 67.4 .148E+02 .67 
34.20 .00 .84 69.3 .144E+02 .68 
34.95 .00 .81 71.2 .140E+02 .69 
35.68 .00 .78 73.2 .137E+02 .70 
36.42 .00 .75 75.1 .133E+02 .71 
37.16 .00 .72 77.1 .130E+02 .72 

Cumulative travel time = 37. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X y z s C B 

37.16 .00 .72 77 .1 .130E+02 .72 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X y z s C BV BH zu ZL 
36.44 .00 .00 77.1 .130E+02 .00 .00 .00 . 00 
36.66 .00 .00 77 .1 .130E+02 .91 .46 ,91 .00 
36.87 .00 .00 77 .1 .130E+02 1.07 .64 1.07 .00 
37.09 .00 .00 77.1 .130E+02 1.18 .79 1.18 .00 
37.31 .00 .00 79.2 .126E+02 1.26 .91 1.26 .00 
37.52 .00 .00 89.1 .112E+02 1.32 1.02 1.32 .00 
37.74 .00 .00 102.6 .974E+01 1.37 1.12 1.37 .00 
37.95 .00 .00 115.0 .869E+01 1.40 1.21 1.40 .00 
38.17 .00 .00 123.S .810E+01 1.42 1.29 1.42 .00 
38.39 .00 .00 128.1 .781E+01 1.44 1.37 1.44 .00 
38.60 .00 .00 131.1 .763E+01 1.44 1.44 1.44 .00 

Cumulative travel time= 39. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 
-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Discharge is non-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
--- --------· --- ------- ---- ---------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.607E-01 m"2/s 

.152E+00 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction 

Plume Stage 1 (not 
X y 

38.60 .00 
43.12 .00 
47.63 .00 
52.15 .00 

bank attached): 
z s 
.00 131.1 
.00 213.7 
.00 290.S 
.00 369.9 

C BV 
.763E+01 1.44 
.468E+01 1.54 
.344E+01 1.67 
.270E+01 1.83 

effects, if any) 

BH zu 
1.44 1.44 
2.20 1.54 
2.75 1.67 
3.21 1.83 

ZL 
.00 
.00 
.00 
.00 

... 
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56.66 .00 .00 453.4 .221E+01 1.99 3.61 1.99 .00 
61.18 .00 .00 541.2 .185E+01 2.16 3.97 2.16 .00 
65.69 .00 .00 632.6 .158E+01 2.33 4.31 2.33 .00 
70.21 .00 .00 726.9 .138E+01 2.50 4.61 2.50 .00 
74.72 .00 .00 823.7 .121E+01 2.66 4.90 2.66 .00 
79.24 .00 .00 922.4 .108E+01 2.83 5.17 2.83 .00 
83.75 .00 .00 1022.6 .978E+00 2.98 5.43 2.98 .00 
88.27 .00 .00 1124.0 .890E+00 3.14 5.68 3.14 .00 
92.78 .00 .00 1226.5 .815E+00 3.29 5.92 3.29 .00 
97.30 .00 .00 1329.8 .752E+00 3.43 6.14 3.43 .00 

101.81 .00 .00 1433.8 .697E+00 3.57 6.36 3.57 .00 
106.33 .00 .00 1538.3 .650E+00 3.71 6.57 3.71 .00 
110.84 .00 .00 1643.4 .609E+00 3.84 6.78 3.84 .00 
115.36 .00 .00 1748.8 .572E+00 3.97 6.98 3.97 .00 
119.88 .00 .00 1854.6 .539E+00 4.10 7.17 4.10 .00 
124.39 .00 .00 1960.7 .510E+00 4.22 7.36 4.22 .00 
128.91 .00 .00 2067.1 .484E+00 4.34 7.55 4.34 .00 
133.42 .00 .00 2173.7 .460E+00 4.46 7.73 4.46 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
137.94 .00 .00 2262.8 .442E+00 4.54 7.90 4.54 .00 
142.45 .00 .00 2312.0 .433E+00 4.54 8.07 4.54 .00 
146.97 .00 .00 2360.1 .424E+00 4.54 8.24 4.54 .00 
151.48 .00 .00 2407.3 .415E+00 4.54 8.41 4.54 .00 
156.00 .00 .00 2453.6 .408E+00 4.54 8.57 4.54 .00 
160.51 .00 .00 2499.0 .400E+00 4.54 8.73 4.54 .00 
165.03 .00 .00 2543.6 .393E+00 4.54 8.88 4.54 .00 
169.54 .00 .00 2587.5 .386E+00 4.54 9.04 4.54 .00 
174.06 .00 .00 2630.6 .380E+00 4.54 9.19 4.54 .00 
178.57 .00 .00 2673.0 .374E+00 4.54 9.33 4.54 .00 
183.09 .00 .00 2714.8 .368E+00 4.54 9.48 4.54 .00 
187.60 .00 .00 2755.9 .363E+00 4.54 9.62 4.54 .00 
192.12 .00 .00 2796.4 .358E+00 4.54 9.76 4.54 .00 
196.63 .00 .00 2836.4 .353E+00 4 . 54 9.90 4.54 .00 
201.15 .00 .00 2875.8 .348E+00 4.54 10.04 4.54 .00 
205.66 .00 .00 2914.6 .343E+00 4.54 10.18 4.54 .00 
210.18 .00 .00 2953.0 .339E+00 4.54 10.31 4.54 .00 
214.69 .00 .00 2990.8 .334E+00 4.54 10.44 4.54 .00 
219.21 .00 .00 3028.2 .330E+00 4.54 10.57 4.54 .00 
223.72 .00 .00 3065.1 .326E+00 4.54 10.70 4.54 .00 
228.24 .00 .00 3101.6 .322E+00 4.54 10.83 4.54 .00 
232.75 .00 .00 3137.7 .319E+00 4.54 10.96 4.54 .00 
237.27 .00 .00 3173.3 .315E+00 4.54 11.08 4.54 .00 
241.78 .00 .00 3208.6 .312E+00 4.54 11.20 4.54 .00 
246.30 .00 .00 3243.4 .308E+00 4.54 11.33 4.54 .00 
250.81 .00 .00 3277.9 .305E+00 4.54 11.45 4.54 .00 
255.33 .00 .00 3312.1 .302E+00 4 . 54 11.57 4.54 .00 
259.84 .00 .00 3345.9 .299E+00 4.54 11.68 4.54 .00 
264.36 .00 .00 3379.3 .296E+00 4 . 54 11.80 4.54 .00 
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___,j 

Cumulative travel time; 327. sec 

•- ---------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
264.36 11.80 .00 3379.3 .296E+00 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 272.92 m . 
283.07 11.80 .00 3413.6 . 293E+00 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction . 
301.78 11.80 .00 3395.1 • 295E+00 4. 54 23.71 4.54 .00 
320. 50 11.80 .00 3395.1 .295E+00 4. 54 23.71 4.54 .00 
339.21 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
357.92 11.80 .00 3395.1 .295E+00 4. 54 23.71 4.54 .00 
376.63 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
395.35 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
414.06 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
432.77 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
451.49 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
470.20 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
488.91 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
507.62 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
526.34 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
545.05 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
563.76 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
582.48 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
601.19 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
619.90 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
638.61 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
657.33 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
676.04 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
694.75 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
713.47 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
732.18 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
750.89 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
769.60 11.80 .00 3395.1 .295E+00 4.54 23.71 4. 54 .00 
788.32 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
807.03 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
825.74 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
844.46 11.80 .00 3395.1 .295E+00 4.54 23. 71 4.54 .00 
863.17 11.80 .00 3395.1 .295E+00 4.54 23. 71 4.54 .00 
881.88 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
900.59 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
919.31 11.80 .00 3395.1 .295E+00 4.54 23. 71 4.54 .00 
938.02 11.80 .00 3395.1 .295E+00 4.54 23. 71 4.54 .00 
956.73 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
975.45 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
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994.16 11.80 .00 3395.1 .295E+00 4.54 23.71 4. 54 .00 
1012.87 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1031.58 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1050.30 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1069.01 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1087.72 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1106.44 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1125.15 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1143.86 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1162.57 11.80 .00 3395 .1 .295E+00 4.54 23.71 4.54 .00 
1181.29 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 
1200.00 11.80 .00 3395.1 .295E+00 4.54 23.71 4.54 .00 

Cumulative travel time ~ 1518. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEASA-AP0RTA3A_AN0RMALAFLOW 
cormix\sim\MACS-3Nl.cxl 
01/09/20--13:06:58 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS 107.64 QA 25.76 ICHREG= 2 

= 4.54 HD = 4.54 HA 
UA 
uw 

.239 F = .058 USTAR = .2039E-01 
2.000 UWSTAR= .2198E-02 

Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .102 A0 = .008 H0 
THETA= 30.00 SIGMA= .00 
U0 
RH00 
C0 
!POLL 

= 2.866 Q0 = .023 
= 1013.3900 DRH00 =-.1490E+02 GP0 
= .1000E+04 CUNITS= PPM 
= 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 

= .55 

= .2342E-01 
=-.1463E+00 

= .0000E+00 

Q0 = .2342E-01 M0 = .6712E-01 J0 
(meters) 

=-.3427E-02 SIGNJ0= -1.0 
Associated length scales 
LQ = .09 LM = 2.25 

NON-DIMENSIONAL PARAMETERS 
FR0 = 23.45 R = 11.97 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 1.08 Lb 
= 99999.00 Lbp 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

= .25 
= 99999.00 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-2 COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, 2-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET {MOD110}: JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 28.47 SIGMAE= .00 

LE = .44 XE = .39 YE = .00 ZE = .77 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.39 .00 • 77 1.0 .100E+04 .05 
.57 .00 .86 1.3 .754E+03 .08 
.75 .00 .95 1.8 .554E+03 .10 
.94 .00 1.03 2.3 .434E+03 .12 

1.14 .00 1.10 2.8 .355E+03 .15 
1.33 .00 1.17 3.3 .299E+03 .17 
1.53 .00 1.23 3.9 .259E+03 .19 
1.74 .00 1.29 4.4 .227E+03 .21 
1.94 .00 1.33 4.9 .203E+03 .23 
2.14 .00 1.38 5.4 .185E+03 .25 
2.34 .00 1.42 5.9 .170E+03 .26 
2.54 .00 1.45 6.4 .157E+03 .28 
2.74 .00 1.48 6.8 .147E+03 .29 
2.96 .00 1.50 7.2 .138E+03 .30 
3.16 .00 1.53 7.6 .131E+03 .31 
3.37 .00 1.54 8.0 .125E+03 .33 
3.57 .00 1.56 8.4 .120E+03 .34 
3.78 .00 1.57 8.7 .11SE+03 .34 

• 
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' .. 

3.99 
4.20 

.00 

.00 
1.57 
1.58 

9.0 .111E+03 
9.3 .108E+03 

Maximum jet height has been reached. 

.35 

.36 

4.41 .00 1.58 9.5 .105E+03 .37 
4.61 .00 1.58 9.8 .102E+03 .37 
4.82 
5.02 
5.23 
5.45 
5.65 
5.86 
6.06 
6.27 
6.47 
6.67 
6.89 
7.09 
7.29 
7.50 
7.70 
7.90 
8.12 
8.32 
8.52 
8.72 
8.93 
9.13 
9.34 
9.54 
9.74 
9.94 

10.15 
10.35 
10.56 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.57 
1.56 
1.55 
1.54 
1.52 
1.50 
1.48 
1.46 
1.44 
1.41 
1.38 
1.35 
1.32 
1.29 
1.25 
1.22 
1.18 
1.14 
1.11 
1.07 
1.03 

.99 

.95 

.91 

.87 

.82 

.78 

.74 

.70 

10.1 
10.4 
10.7 
11.1 
11.5 
11.9 
12.3 
12.8 
13.3 
13.8 
14.3 
14.9 
15.4 
16.0 
16.6 
17.3 
18.0 
18.6 
19.3 
20.1 
20.8 
21.5 
22.3 
23.1 
23.9 
24.7 
25.6 
26.4 
27.3 

.994E+02 

.964E+02 

.934E+02 

.902E+02 

.871E+02 

.841E+02 

.812E+02 

.783E+02 

.754E+02 

.727E+02 

.698E+02 
.673E+02 
.648E+02 
.624E+02 
.601E+02 
.579E+02 
.556E+02 
.536E+02 
.517E+02 
.499E+02 
.481E+02 
.464E+02 
.448E+02 
.432E+02 
.418E+02 
.404E+02 
.391E+02 
.378E+02 
.366E+02 

.38 

.39 

.40 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.48 

.49 

.50 

.51 

.52 

.53 

.55 

.56 

.57 

.58 

.59 

.61 

.62 

.63 

.65 

.66 

.67 

.68 

.70 
Cumulative travel time= 19. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

10.56 .00 .70 27.3 .366E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.70 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
c = average (bulk) concentration (includes reaction effects, if any) 

X 
9.86 

10.07 
10.28 
10.49 
10.70 
10.91 
11.12 
11.33 
11.53 
11. 74 
11.95 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C BV 
27.3 .366E+02 .00 
27.3 .366E+02 .95 
27.3 .366E+02 1.12 
27.3 .366E+02 1.24 
28.0 .357E+02 1.32 
31.5 .317E+02 1.38 
36.3 .275E+02 1.43 
40.7 .246E+02 1.46 
43.7 .229E+02 1.49 
45.3 .221E+02 1.50 
46.4 .216E+02 1.51 

25. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.48 
.67 
.83 
.95 

1.07 
1.17 
1.26 
1.35 
1.43 
1.51 

z_u 
.00 
.95 

1.12 
1.24 
1.32 
1.38 
1.43 
1.46 
1.49 
1.50 
1.51 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

· ----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
c = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S C BV 

11.95 .00 .00 46.4 .216E+02 1.51 
14.02 .00 .00 49.3 .203E+02 1.27 
16.09 .00 .00 51.7 .193E+02 1.12 
18.17 .00 .00 53.8 .186E+02 1.02 
20.24 .00 .00 55.7 .179E+02 .94 
22.31 .00 .00 57.6 .174E+02 .88 
24.38 .00 .00 59.3 .169E+02 .83 
26.45 .00 .00 61.1 .164E+02 .80 
28.52 .00 .00 62.9 .159E+02 .77 
30.59 .00 .00 64.7 .155E+02 .74 
32.67 .00 .00 66.5 .150E+02 .72 
34.74 .00 .00 68.4 .146E+02 .70 
36.81 .00 .00 70.4 .142E+02 .69 
38.88 .00 .00 72.5 .138E+02 .68 
40.95 .00 .00 74.6 .134E+02 .67 
43.02 .00 .00 76.9 .130E+02 .66 
45.09 .00 .00 79.2 .126E+02 .66 

BH 
1. 51 
1.90 
2.26 
2.59 
2.91 
3.20 
3.48 
3.76 
4.02 
4.27 
4. 52 
4.76 
4.99 
5.22 
5.44 
5.66 
5.88 

zu 
1.51 
1.27 
1.12 
1.02 

.94 

.88 

.83 

.80 

.77 

.74 

.72 

.70 

.69 

.68 

.67 

.66 

.66 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 



R01803

47.17 .00 .00 81.6 .123E+02 .66 6.09 .66 .00 
49.24 .00 .00 84.2 .119E+02 .65 6.30 .65 .00 
51.31 .00 .00 86.8 .115E+02 .65 6.50 .65 .00 
53.38 .00 .00 89.6 .112E+02 .65 6.70 .65 .00 
55.45 .00 .00 92.5 .108E+02 .66 6.90 .66 .00 
57.52 .00 .00 95.5 .105E+02 .66 7.09 .66 .00 
59.59 .00 .00 98.7 .101E+02 .66 7.28 .66 .00 
61.67 .00 .00 101.9 .981E+01 .67 7.47 .67 .00 
63.74 .00 .00 105.3 .949E+01 .67 7.66 .67 .00 
65.81 .00 .00 108.9 .918E+01 .68 7.85 .68 .00 
67.88 .00 .00 112.6 .888E+01 .69 8.03 .69 .00 
69.95 .00 .00 116.4 .859E+01 .69 8.21 .69 .00 
72.02 .00 .00 120.3 .831E+01 .70 8.39 .70 .00 
74.09 .00 .00 124.4 .804E+01 .71 8.57 .71 .00 
76.16 .00 .00 128.7 .777E+01 . 72 8.74 .72 .00 
78.24 .00 .00 133.1 .751E+01 .73 · 8.92 .73 .00 
80.31 .00 .00 137.7 .726E+01 . 74 9.09 .74 .00 
82.38 .00 .00 142.4 .702E+01 .75 9.26 .75 .00 
84.45 .00 .00 147.2 .679E+01 .76 9.43 .76 .00 
86.52 .00 .00 152.3 .657E+01 .78 9.59 .78 .00 
88.59 .00 .00 157.4 .635E+01 .79 9.76 .79 .00 
90.66 .00 .00 162.8 .614E+01 .80 9.92 .80 .00 
92.74 .00 .00 168.3 .594E+01 .82 10.09 .82 .00 
94.81 .00 .00 173.9 .575E+01 .83 10.25 .83 .00 
96.88 .00 .00 179.8 .556E+01 .85 10.41 .85 .00 
98.95 .00 .00 185.8 .538E+01 .86 10.57 .86 .00 

101.02 .00 .00 192.0 .521E+01 .88 10.73 .88 .00 
103.09 .00 .00 198.3 .504E+01 .89 10.88 .89 .00 
105.16 .00 .00 204.8 .488E+01 .91 11.04 .91 .00 
107.24 .00 .00 211.5 .473E+01 .92 11.19 .92 .00 
109.31 .00 .00 218.3 .458E+01 .94 11.35 .94 .00 
111.38 .00 .00 225.4 .444E+01 .96 11.50 .96 .00 
113.45 .00 .00 232.6 .430E+01 .98 11.65 .98 .00 
115.52 .00 .00 240.0 .417E+01 1.00 11.80 1.00 .00 

Cumulative travel time = 457. sec 

---------------------- ----------------------------- -----···- -------- ---------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

115.52 11.80 .00 240.0 .417E+01 1.00 23.60 1.00 .00 
115.55 11.80 .00 240.1 .417E+01 1.00 23.60 1.00 .00 
115.58 11.80 .00 240.2 .416E+01 1.00 23.60 1.00 .00 
115.61 11.80 .00 240.3 .416E+01 1.00 23.61 1.00 .00 
115.64 11.80 .00 240.4 .416E+01 1.00 23.61 1.00 .00 
115.67 11.80 .00 240.5 .416E+01 1.00 23.61 1.00 .00 
115.70 11.80 .00 240.6 .416E+01 1.00 23.61 1.00 .00 
115.74 11.80 .00 240.7 .415E+01 1.00 23.62 1.00 .00 
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... 

115.77 11.80 .00 240.8 .415E+01 1.00 23.62 1.00 .00 
115.80 11.80 .00 240.9 .415E+01 1.00 23.62 1.00 .00 
115.83 11.80 .00 241.0 .415E+01 1.00 23.62 1.00 .00 
115.86 11.80 .00 241.1 .41SE+01 1.00 23.62 1.00 .00 
115.89 11.80 .00 241.2 .41SE+01 1.00 23.63 1.00 .00 
115.92 11.80 .00 241.3 .414E+01 1.00 23.63 1.00 .00 
115.95 11.80 .00 241.5 .414E+01 1.00 23.63 1.00 .00 
115.98 11.80 .00 241.6 .414E+01 1.00 23.63 1.00 .00 
116.01 11.80 .00 241.7 .414E+01 1.00 23.64 1.00 .00 
116.04 11.80 .00 241.8 .414E+01 1.00 23.64 1.00 .00 
116.07 11.80 .00 241.9 .413E+01 1.00 23.64 1.00 .00 
116.10 11.80 .00 242.0 .413E+01 1.00 23.64 1.00 .00 
116.13 11.80 .00 242.1 .413E+01 1.00 23.64 1.00 .00 
116.16 11.80 .00 242.2 .413E+01 1.00 23.65 1.00 .00 
116.19 11.80 .00 242.3 .413E+01 1.00 23.65 1.00 .00 
116.22 11.80 .00 242.4 .413E+01 1.00 23.65 1.00 .00 
116.26 11.80 .00 242.5 .412E+01 1.00 23.65 1.00 .00 
116.29 11.80 .00 242.6 .412E+01 1.00 23.66 1.00 .00 
116.32 11.80 .00 242.7 .412E+01 1.00 23.66 1.00 .00 
116.35 11.80 .00 242.8 .412E+01 1.00 23.66 1.00 .00 
116.38 11.80 .00 242.9 .412E+01 1.00 23.66 1.00 .00 
116.41 11.80 .00 243.0 .411E+01 1.01 23.66 1.01 .00 
116.44 11.80 .00 243.1 .411E+01 1.01 23.67 1.01 .00 
116.47 11.80 .00 243.2 .411E+01 1.01 23.67 1.01 .00 
116.50 11.80 .00 243.3 .411E+01 1.01 23.67 1.01 .00 
116.53 11.80 .00 243.5 .411E+01 1.01 23.67 1.01 .00 
116.56 11.80 .00 243.6 .411E+01 1.01 23.67 1.01 .00 
116.59 11.80 .00 243.7 .410E+01 1.01 23.68 1.01 .00 
116.62 11.80 .00 243.8 .410E+01 1.01 23.68 1.01 .00 
116.65 11.80 .00 243.9 .410E+01 1.01 23.68 1.01 .00 
116.68 11.80 .00 244.0 .410E+01 1.01 23.68 1.01 .00 
116.71 11.80 .00 244.1 .410E+01 1.01 23.69 1.01 .00 
116.75 11.80 .00 244.2 .410E+01 1.01 23.69 1.01 .00 
116.78 11.80 .00 244.3 .409E+01 1.01 23.69 1.01 .00 
116.81 11.80 .00 244.4 .409E+01 1.01 23.69 1.01 .00 
116.84 11.80 .00 244.5 .409E+01 1.01 23.69 1.01 .00 
116.87 11.80 .00 244.6 .409E+01 1.01 23.70 1.01 .00 
116.90 11.80 .00 244.7 .409E+01 1.01 23.70 1.01 .00 
116.93 11.80 .00 244.8 .408E+01 1.01 23.70 1.01 .00 
116.96 11.80 .00 244.9 .408E+01 1.01 23.70 1.01 .00 
116.99 11.80 .00 245.0 .408E+01 1.01 23.71 1.01 .00 
117.02 11.80 .00 245.1 .408E+01 1.01 23.71 1.01 .00 
117.05 11.80 .00 245.3 .408E+01 1.01 23.71 1.01 .00 

Cumulative travel time = 464. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value) = 

Profile definitions: 

.185E-01 m"2/s 

.463E-01 m"2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in Y-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary {Z-coordinate) 
5 = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 
X 

117.05 
138.71 
160. 37 
182.03 
203.69 
225.35 
247.00 
268.66 
290.32 
311.98 
333.64 
355.30 
376.96 
398.62 
420.28 
441.94 
463.59 
485.25 
506.91 
528.57 
550.23 
571.89 
593.55 
615.21 
636.87 
658.53 
680.18 
701.84 

2 (bank 
y 

11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 
11.80 

attached}: 
Z 5 
.00 245.3 
.00 254.9 
.00 265.4 
.00 276.5 
.00 288.6 
.00 301.6 
.00 315.7 
.00 330.9 
.00 347.4 
.00 365.3 
.00 384.8 
.00 405.9 
.00 428.9 
.00 454.0 

C 
.408E+01 
.392E+01 
.377E+01 
.362E+01 
.347E+01 
.332E+01 
.317E+01 
.302E+01 
.288E+01 
.274E+01 
.260E+01 
.246E+01 
.233E+01 
.220E+01 

BV 
1.01 
1.05 
1.10 
1.14 
1.19 
1.24 
1.30 
1.37 
1.43 
1.51 
1.59 
1.68 
1. 77 
1.87 

.00 481.2 .208E+01 1.99 

.00 510.8 .196E+01 2.11 

.00 542.9 .184E+01 2.24 

.00 577.6 .173E+01 2.38 

.00 615.1 .163E+01 

.00 655.3 .153E+01 

.00 698.3 .143E+01 

.00 744.0 .134E+01 

.00 792.4 .126E+01 

.00 843.2 .119E+01 

.00 896.3 .112E+01 

.00 951.4 .105E+01 

.00 1008.2 .992E+00 

.00 1066.5 .938E+00 

2.54 
2.70 
2.88 
3.07 
3.27 
3.48 
3.70 
3.93 
4.16 
4.40 

Plume interacts with SURFACE. 

BH 
23.71 
23.71 
23. 71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 
23.71 

zu 
1.01 
1.05 
1.10 
1.14 
1.19 
1.24 
1.30 
1.37 
1.43 
1.51 
1. 59 
1.68 
1. 77 
1.87 
1.99 
2.11 
2.24 
2.38 
2.54 
2.70 
2.88 
3.07 
3.27 
3.48 
3.70 
3.93 
4.16 
4.40 

The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 
prediction interval. 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

723.50 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 . 00 
Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 
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NO FURTHER CHANGES with downstream direction. 
745.16 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 . 00 
766.82 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
788.48 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
810.14 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 . 00 
831.80 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
853.46 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 . 00 
875.12 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
896.77 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
918.43 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
940.09 11.80 .00 1100.0 .909E+00 4. 54 23.71 4.54 .00 
961.75 11.80 .00 1100.0 .909E+00 4. 54 23.71 4.54 .00 
983.41 11.80 .00 1100.0 .909E+00 4. 54 23.71 4.54 .00 

1005.07 11.80 .00 1100.0 .909E+00 4. 54 23.71 4.54 .00 
1026.73 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1048.39 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 ,00 
1070.05 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1091.71 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1113.36 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1135. 02 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1156.68 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1178.34 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 
1200.00 11.80 .00 1100.0 .909E+00 4.54 23.71 4.54 .00 

Cumulative travel time = 4985. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
----------------------------------------------------------- ~= ----------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTA3A_AMAXIMUMAFLOW 
cormix\sim\MAC5-3Xl.cxl 
01/09/20--13:34:43 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .102 A0 = .008 H0 
THETA = 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .045 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .4483E-01 M0 = .2460E+00 J0 
Associated length scales (meters) 
LQ = .09 LM = 4.31 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 44.91 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 84.50 

= .6688E-01 

= .55 

= .4483E-01 
=-.1463E+00 

= .0000E+00 

=-.6561E-02 

= .63 
= 99999.00 

ICHREG= 2 

SIGNJ0= -1.0 

Lb = .01 
Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, z-axis points upward. 

NSTEP = 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.55 

END OF M0D101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.05 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.38 SIGMAE= .00 
LE = .39 XE = .34 YE = .00 ZE = .74 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .55 1.0 .100E+04 .05 
.34 .00 .74 1.0 .100E+04 .05 

1.02 .00 1.01 2.8 .355E+03 .13 
1. 73 .00 1.19 4.9 .206E+03 .20 
2.45 .00 1.32 6.8 .148E+03 .25 
3.18 .00 1.42 8.5 .117E+03 .28 
3.91 .00 1.49 10.1 .988E+02 .32 
4.64 .00 1.55 11.6 .864E+02 .34 
5.37 .00 1.60 12.9 .775E+02 .37 
6.10 .00 1.65 14.1 .708E+02 .38 
6.84 .00 1.68 15.2 .656E+02 .40 
7.57 .00 1.71 16.3 .615E+02 .42 
8.31 .00 1.73 17.2 .581E+02 .43 
9.04 .00 1. 75 18.1 .554E+02 .44 
9.77 .00 1. 76 18.8 .531E+02 .45 

10.51 .00 1.77 19.5 .512E+02 .46 
11.24 .00 1. 78 20.2 .496E+02 .47 
11.97 .00 1. 78 20.7 .482E+02 .48 

Maximum jet height has been reached. 

I 
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12.71 
13.44 
14.18 
14.91 
15.64 
16.37 
17.11 
17.84 
18.58 
19. 31 
20.04 
20.78 
21.51 
22.24 
22.97 
23.71 
24.44 
25.18 
25.91 
26.64 
27.37 
28.11 
28.84 
29.57 
30.30 
31.03 
31.77 
32.50 
33.24 
33.97 
34.70 
35.43 
36.16 
36.90 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1. 78 
1.77 
1.77 
1. 76 
1. 74 
1. 73 
1. 71 
1.69 
1.67 
1.65 
1.62 
1.60 
1.57 
1.54 
1.51 
1.48 
1.45 
1.42 
1.39 
1.35 
1.32 
1.29 
1.25 
1.22 
1.18 
1.14 
1.11 
1.07 
1.04 
1.00 

.96 

.93 

.89 

.85 
Cumulative travel time= 

21.3 .470E+02 
21.9 .458E+02 
22.5 .444E+02 
23.2 .431E+02 
23.9 .418E+02 
24.7 .404E+02 
25. 6 . 391E+02 
26.5 .378E+02 
27.4 .365E+02 
28.4 .352E+02 
29.4 .340E+02 
30.5 .328E+02 
31.5 .317E+02 
32.7 .306E+02 
33.8 .296E+02 
35.0 .286E+02 
36.2 .276E+02 
37.5 .267E+02 
38.8 .258E+02 
40.1 .250E+02 
41. 4 . 242E+02 
42.7 .234E+02 
44.1 .227E+02 
45.5 .220E+02 
46.9 .213E+02 
48.4 .207E+02 
49.8 .201E+02 
51.3 .195E+02 
52.8 .189E+02 
54.3 .184E+02 
55.8 .179E+02 
57.4 .174E+02 
58.9 .170E+02 
60.5 .165E+02 

35. sec 

.49 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

.59 

.60 

.62 

.63 

.64 

.65 

.66 

.67 

.69 

.70 

.71 

.72 

.73 

.75 

.76 

.77 

.78 

.79 

.81 

.82 

.83 

.84 

.85 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

36.90 .00 .85 60.5 .165E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.85 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
36.05 
36.31 
36.56 
36.82 
37.07 
37.33 
37.58 
37.84 
38.10 
38.35 
38.61 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
60.5 .165E+02 
60.5 .165E+02 
60.5 .165E+02 
60.5 .165E+02 
62. 2 .161E+02 
69.9 .143E+02 
80.5 .124E+02 
90.2 .111E+02 
96.9 .103E+02 

100.5 .995E+01 
102.8 .972E+01 

38. sec 

BV 
.00 

1.08 
1.28 
1.41 
1.50 
1.57 
1.63 
1.66 
1.69 
1.71 
1. 71 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.54 
.77 
.94 

1.08 
1.21 
1.33 
1.43 
1.53 
1.63 
1. 71 

zu 
.00 

1.08 
1.28 
1.41 
1.50 
1.57 
1.63 
1.66 
1.69 
1. 71 
1. 71 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

----------------------------------------·· ------------ -----------------------
** End of NEAR-FIELD REGION (NFR) ** 
--------------- ------------- ·~~ ----------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Discharge is non-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-- ----- ----- ----------- ------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) 
Horizontal diffusivity (initial value) 

Profile definitions: 

g .607E-01 mA2/s 
= .152E+00 mA2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in ¥-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic centerline dilution 
c = centerline concentration (includes reaction 

Plume Stage 1 (not bank attached): 
X Y Z S C BV 

38.61 .00 .00 102.8 .972E+01 1.71 
43. 10 . 00 . 00 148. 9 .671E+01 1. 79 
47.58 .00 .00 190.8 .524E+01 1.88 
52.07 .00 .00 232.4 .430E+01 1.99 

effects, if any) 

BH zu 
1.71 1. 71 
2.38 1. 79 
2.90 1.88 
3.33 1.99 

ZL 
.00 
.00 
.00 
.00 
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56.56 .00 .00 275.1 .363E+01 2.11 3.72 2.11 .00 
61.05 .00 .00 319.4 .313E+01 2.24 4.07 2.24 .00 
65.54 .00 .00 365.4 .274E+01 2.38 4.39 2.38 .00 
70.02 .00 .00 413.0 .242E+01 2.51 4.69 2.51 .00 
74.51 .00 .00 462.1 .216E+01 2.65 4.97 2.65 .00 
79.00 .00 .00 512.6 .195E+01 2.79 5.24 2.79 .00 
83.49 .00 .00 564.2 .177E+01 2.93 5.50 2.93 .00 
87.98 .00 .00 616.8 .162E+01 3.07 5.74 3.07 .00 
92.46 .00 .00 670.2 .149E+01 3.21 5.97 3.21 .00 
96.95 .00 .00 724.4 .138E+01 3.34 6.19 3.34 .00 

101.44 .00 .00 779.2 .128E+01 3.47 6.41 3.47 .00 
105.93 .00 .00 834.6 .120E+01 3.60 6.62 3.60 .00 
110.41 .00 .00 890.4 .112E+01 3.73 6.82 3.73 .00 
114.90 .00 .00 946.6 .106E+01 3.85 7.02 3.85 .00 
119.39 .00 .00 1003.2 .997E+00 3.97 7.21 3.97 .00 
123.88 .00 .00 1060.1 .943E+00 4.09 7.40 4.09 .00 
128.37 .00 .00 1117.3 .895E+00 4.21 7.58 4.21 .00 
132.85 .00 .00 1174. 7 .851E+00 4.32 7.76 4.32 .00 
137.34 .00 .00 1232.3 .811E+00 4.44 7.93 4.44 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
141.83 .00 .00 1288.0 .776E+00 4.54 8.10 4.54 .00 
146.32 .00 .00 1314. 5 . 761E+00 4.54 8.27 4.54 .00 
150.81 .00 .00 1340.4 .746E+00 4.54 8.43 4.54 .00 
155.29 .00 .00 1365.9 .732E+00 4.54 8.59 4.54 .00 
159.78 .00 .00 1390.9 .719E+00 4.54 8.75 4.54 . 00 
164.27 .00 .00 1415.4 .706E+00 4.54 8.90 4.54 .00 
168.76 .00 .00 1439.6 .695E+00 4.54 9.05 4.54 .00 
173.25 .00 .00 1463.3 .683E+00 4.54 9.20 4.54 .00 
177.73 .00 . 00 1486.7 .673E+00 4.54 9.35 4.54 .00 
182.22 .00 .00 1509.7 .662E+00 4.54 9.50 4.54 .00 
186.71 .00 .00 1532.3 .653E+00 4.54 9.64 4.54 .00 
191.20 .00 .00 1554.6 .643E+00 4.54 9.78 4.54 .00 
195.68 .00 .00 1576.6 .634E+00 4.54 9.92 4.54 .00 
200.17 .00 .00 1598.3 .626E+00 4.54 10.05 4.54 .00 
204.66 .00 .00 1619.7 .617E+00 4.54 10.19 4.54 .00 
209.15 .00 .00 1640.9 .609E+00 4.54 10.32 4.54 .00 
213.64 .00 .00 1661.7 .602E+00 4.54 10.45 4.54 .00 
218.12 .00 .00 1682.3 .594E+00 4.54 10.58 4.54 .00 
222.61 .00 .00 1702.7 .587E+00 4.54 10.71 4.54 .00 
227.10 .00 .00 1722.8 .580E+00 4. 54 10.84 4.54 .00 
231.59 .00 .00 1742.7 .574E+00 4.54 10.96 4.54 .00 
236.08 .00 .00 1762.3 .567E+00 4. 54 11.09 4.54 .00 
240. 56 .00 .00 1781.8 .561E+00 4.54 11.21 4.54 .00 
245.05 . 00 .00 1801.0 .555E+00 4.54 11.33 4.54 .00 
249.54 .00 .00 1820.0 .549E+00 4. 54 11.45 4.54 .00 
254.03 .00 .00 1838.9 .544E+00 4. 54 11.57 4.54 .00 
258.51 .00 .00 1857.5 .538E+00 4.54 11.68 4.54 .00 
263.00 .00 .00 1876.0 .533E+00 4.54 11.80 4.54 .00 
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Cumulative travel time~ 323. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
263.00 11.80 .00 1876.0 .533E+00 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 271. 57 m. 
281. 74 11.80 .00 1895.0 .528E+00 4. 54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
300.48 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
319.22 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
337.96 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
356.70 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
375.44 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
394.18 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
412.92 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
431.66 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
450.40 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
469.14 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
487.88 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
506.62 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
525.36 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
544.10 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
562.84 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
581.58 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
600.32 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
619.06 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
637.80 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
656.54 11.80 .00 1884.7 . 531E+00 4. 54 23.71 4.54 .00 
675.28 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
694.02 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
712.76 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
731. 50 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
750.24 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
768.98 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
787.72 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
806.46 11.80 .00 1884.7 . 531E+00 4.54 23.71 4.54 .00 
825.20 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
843.94 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
862.68 11.80 .00 1884.7 .531E+00 4.54 23.71 4. 54 .00 
881.42 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
900.16 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
918.90 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
937.64 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
956.38 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
975.12 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
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993.86 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
1012.60 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
1031.34 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
1050.08 11.80 .00 1884.7 .531E+00 4.54 23. 71 4.54 .00 
1068.82 11.80 .00 1884.7 .531E+00 4. 54 23.71 4.54 .00 
1087.56 11.80 .00 1884.7 .531E+00 4.54 23. 71 4.54 .00 
1106.30 11.80 .00 1884 . 7 .531E+00 4.54 23.71 4.54 .00 
1125.04 11.80 .00 1884.7 .531E+00 4.54 23. 71 4.54 .00 
1143.78 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1162.52 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1181.26 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 
1200.00 11.80 .00 1884.7 .531E+00 4.54 23.71 4.54 .00 

Cumulative travel time = 1516. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 



R01814.. 

CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTA4A_ANORMALAFLOW 

FILE NAME: 
Time of Fortran run: 

cormix\sim\MAC5-4Nl.cxl 
01/09/20--13:02:58 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .239 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .152 A0 = .018 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .052 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .5200E-01 M0 = .1490E+00 J0 
Associated length scales (meters) 
LQ = .13 LM = 2.75 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 19.21 R = 11.97 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 25.76 

= .2039E-01 

= .53 

= .5200E-01 
=-.1463E+00 

= .0000E+00 

=-.7611E-02 

= 1.61 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.56 
99999.00 
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REGMZ;:;; 0 
XINT ;:;; 1200.00 XMAX ;:;; 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
x-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP;:;; 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 
.00 

z 
.53 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.08 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE;:;; 28.47 SIGMAE= .00 
LE ;:;; .66 XE = .57 YE ;:;; .00 ZE = .85 

Profile definitions: 
B ;:;; Gaussian 1/e (37%) half-width, normal to trajectory 
s ;:: hydrodynamic centerline dilution 
C ;:: centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.57 .00 .85 1.0 .100E+04 .08 
.76 .00 .94 1.2 .847E+03 .10 
.96 .00 1.04 1.5 .657E+03 .13 

1.15 .00 1.13 1.9 .540E+03 .15 
1.36 .00 1.22 2.2 .452E+03 .18 
1.56 .00 1.29 2.6 .391E+03 .20 
1.77 .00 1.37 2.9 .341E+03 .23 
1.97 .00 1.43 3.3 .305E+03 .25 
2.19 .00 1.49 3.6 .274E+03 .27 
2.39 .00 1.55 4.0 .251E+03 .29 
2.61 .00 1.60 4.3 .230E+03 .31 
2.82 .00 1.64 4.7 .214E+03 .33 
3.04 .00 1.68 5.0 .200E+03 .35 
3.24 .00 1.72 5.3 .188E+03 .36 
3.47 .00 1. 75 5.6 .178E+03 .38 
3.69 .00 1. 78 5.9 .169E+03 .39 
3.90 .00 1.80 6.2 .162E+03 .41 
4.13 .00 1.82 6.5 .1SSE+03 .42 
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4.34 
4.56 
4.77 
5.00 

Maximum jet 
5.21 
5.43 
5.64 
5.87 
6.08 
6.30 
6.53 
6.74 
6.96 
7.17 
7.39 
7.60 
7.82 
8.03 
8.25 
8.46 
8.68 
8.88 
9.10 
9.32 
9.53 
9.75 
9.95 

10.17 
10.38 
10.60 
10.80 
11.02 
11.22 

.00 

.00 

.00 

.00 
height 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.83 6.7 .150E+03 
1.84 6.9 .144E+03 
1.85 7.1 .140E+03 
1.85 7.3 .136E+03 

has been reached. 
1.85 7.5 .133E+03 
1.85 7.7 .129E+03 
1.84 7.9 .126E+03 
1.83 8.2 .122E+03 
1.82 8.4 .119E+03 
1.80 8.7 .115E+03 
1.78 9.0 .111E+03 
1.76 9.3 .108E+03 
1.73 9.6 .104E+03 
1.70 9,9 .101E+03 
1.67 10.3 .971E+02 
1.64 10.7 .938E+02 
1.60 11.1 .904E+02 
1.57 11.4 .874E+02 
1.53 11.9 .842E+02 
1.49 12.3 .813E+02 
1.44 12.8 .784E+02 
1.40 13.2 .757E+02 
1.35 13.7 .730E+02 
1.31 14.2 .703E+02 
1.26 14.7 .680E+02 
1.21 15.3 .656E+02 
1.16 15.8 .634E+02 
1.11 16.3 .612E+02 
1.06 16.9 .592E+02 
1.00 17.5 .572E+02 

.95 18.1 .554E+02 

.90 18.7 .535E+02 

.85 19.3 .519E+02 
Cumulative travel time= 17. sec 

.43 

.44 

.45 

.46 

.47 

.47 

.48 

.49 

.50 

.51 

.52 

.54 

.55 

.56 

.57 

.59 

.60 

.61 

.63 

.64 

.66 

.67 

.69 

.70 

.72 

.73 

. 75 

.76 

.78 

.79 

.81 

.83 

.84 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C 

11.22 .00 .85 19.3 .519E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.84 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.38 
10.63 
10.88 
11.14 
11.39 
11.64 
11.89 
12.15 
12.40 
12.65 
12.91 

y 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C 
19.3 .519E+02 
19.3 .519E+02 
19.3 .519E+02 
19.3 .519E+02 
19.8 .505E+02 
22.3 .449E+02 
25.6 .390E+02 
28.7 .348E+02 
30.9 .324E+02 
32.0 .312E+02 
32.8 .305E+02 

24. sec 

BV 
.00 

1.19 
1.41 
1. 55 
1.65 
1. 73 
1. 79 
1.83 
1.86 
1.88 
1.89 

END OF MOO131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.60 
.84 

1.03 
1.19 
1.33 
1.46 
1. 58 
1.69 
1. 79 
1.89 

zu 
.00 

1.19 
1.41 
1.55 
1.65 
1. 73 
1. 79 
1.83 
1.86 
1.88 
1.89 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 

BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 
X 

12.91 
14.27 
15.64 
17.00 
18.37 
19.73 
21.10 
22.46 
23.83 
25.19 
26.56 
27.92 
29.29 
30.65 
32.02 
33.38 
34.75 

1 (not bank attached): 
y z s 
.00 .00 32.8 
.00 .00 34. 2 
.00 .00 35. 5 
.00 .00 36.5 
.00 .00 37.5 
.00 .00 38.3 
.00 .00 39.2 
.00 .00 39.9 
.00 .00 40. 6 
.00 .00 41.3 
.00 .00 42.0 
.00 .00 42.7 
.00 .00 43.3 
.00 .00 43.9 
.00 .00 44.6 
.00 .00 45.2 
.00 .00 45.8 

C 
.305E+02 
.292E+02 
.282E+02 
.274E+02 
.267E+02 
.261E+02 
.255E+02 
.251E+02 
.246E+02 
.242E+02 
.238E+02 
.234E+02 
.231E+02 
.228E+02 
.224E+02 
. 221E+02 
.218E+02 

BV 
1.89 
1.66 
1.50 
1.38 
1.29 
1.21 
1.15 
1.09 
1.05 
1.01 

.97 

.94 

.91 

.89 

.87 

.85 

.83 

BH 
1.89 
2.24 
2.57 
2.88 
3.17 
3.45 
3.71 
3.97 
4.22 
4.47 
4.70 
4.93 
5.16 
5.38 
5.60 
5.81 
6.02 

zu 
1.89 
1.66 
1.50 
1.38 
1.29 
1.21 
1.15 
1.09 
1.05 
1.01 

.97 

.94 

.91 

.89 

.87 

.85 

.83 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
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36.11 .00 .00 46.5 .215E+02 .81 6.22 .81 .00 
37.48 .00 .00 47.1 .212E+02 .80 6.42 .80 .00 
38.85 .00 .00 47.7 .210E+02 .78 6.62 .78 .00 
40.21 .00 .00 48.4 .207E+02 .77 6.82 .77 .00 
41.58 .00 .00 49.0 .204E+02 . 76 7.01 .76 .00 
42.94 .00 .00 49.7 .201E+02 .75 7.20 .75 .00 
44.31 .00 .00 50.3 .199E+02 .74 7.39 .74 .00 
45.67 .00 .00 51.0 .196E+02 .73 7.57 .73 .00 
47.04 .00 .00 51. 7 .193E+02 . 72 7.75 .72 .00 
48.40 .00 .00 52.4 .191E+02 . 72 7.93 .72 .00 
49. 77 .00 .00 53.1 .188E+02 .71 8.11 .71 .00 
51.13 .00 .00 53.8 .186E+02 .71 8.29 . 71 .00 
52.50 .00 .00 54.6 .183E+02 .70 8.46 .70 .00 
53.86 .00 .00 55.3 .181E+02 .70 8.64 .70 .00 
55.23 .00 .00 56.1 .178E+02 .69 8.81 .69 .00 
56.59 .00 .00 56.9 .176E+02 .69 8.98 .69 .00 
57.96 .00 .00 57.6 .173E+02 .68 9.15 .68 .00 
59.32 .00 .00 58.5 .171E+02 .68 9.31 .68 .00 
60.69 .00 .00 59.3 .169E+02 .68 9.48 .68 .00 
62.06 .00 .00 60.1 .166E+02 .68 9.64 .68 .00 
63.42 .00 .00 61.0 .164E+02 .68 9.80 .68 .00 
64.79 .00 .00 61.9 .162E+02 .67 9.96 .67 .00 
66.15 .00 .00 62.8 .159E+02 .67 10.12 .67 .00 
67.52 .00 .00 63.7 .157E+02 .67 10.28 .67 .00 
68.88 .00 .00 64.6 .155E+02 .67 10.44 .67 .00 
70.25 .00 .00 65.6 .153E+02 .67 10.59 .67 .00 
71.61 .00 .00 66.5 .150E+02 .67 10.75 .67 .00 
72.98 .00 .00 67.5 .148E+02 .67 10.90 .67 .00 
74.34 .00 .00 68.6 .146E+02 .67 11.05 .67 .00 
75.71 .00 .00 69.6 .144E+02 .67 11.21 .67 .00 
77.07 .00 .00 70.6 .142E+02 .68 11.36 .68 .00 
78.44 .00 .00 71. 7 .139E+02 .68 11.51 .68 .00 
79.80 .00 .00 72.8 .137E+02 .68 11.65 .68 .00 
81.17 .00 .00 73.9 .135E+02 .68 11.80 .68 .00 

Cumulative travel time = 309. sec 

-----------------------------------------------------------------------------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

81.17 11.80 .00 73.9 .135E+02 .68 23.60 .68 .00 
81.19 11.80 .00 73.9 .135E+02 .68 23.60 .68 .00 
81.21 11.80 .00 74.0 .13SE+02 .68 23.60 .68 .00 
81.23 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.25 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.27 11.80 .00 74.0 .13SE+02 .68 23.61 .68 .00 
81.29 11.80 .00 74.0 .135E+02 .68 23.61 .68 .00 
81.31 11.80 .00 74.0 .135E+02 .68 23.62 .68 .00 
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81.33 11.80 .00 74.1 .135E+02 .68 23.62 .68 .00 
81.35 11.80 .00 74.1 .135E+02 .68 23.62 .68 .00 
81.38 11.80 .00 74.1 .135E+02 .68 23.62 .68 .00 
81.40 11.80 .00 74.1 .135E+02 .68 23.62 .68 .00 
81.42 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.44 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.46 11.80 .00 74.1 .135E+02 .68 23.63 .68 .00 
81.48 11.80 .00 74.2 .135E+02 .68 23.63 .68 .00 
81.50 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.52 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.54 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.56 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.58 11.80 .00 74.2 .135E+02 .68 23.64 .68 .00 
81.60 11.80 .00 74.2 .135E+02 .68 23.65 .68 .00 
81.62 11.80 .00 74.3 .135E+02 .68 23.65 .68 .00 
81.64 11.80 .00 74.3 .135E+02 .68 23.65 .68 .00 
81.66 11.80 .00 74.3 .135E+02 .68 23.65 .68 .00 
81.69 11.80 .00 74.3 .135E+02 .68 23.66 .68 .00 
81.71 11.80 .00 74.3 .135E+02 .68 23.66 .68 .00 
81.73 11.80 .00 74.3 .135E+02 .68 23.66 .68 .00 
81. 75 11.80 .00 74.4 .134E+02 .68 23.66 .68 .00 
81.77 11.80 .00 74.4 .134E+02 .68 23.66 .68 .00 
81. 79 11.80 .00 74.4 .134E+02 .68 23.67 .68 .00 
81.81 11.80 .00 74.4 .134E+02 .68 23.67 .68 .00 
81.83 11.80 .00 74.4 .134E+02 .68 23.67 .68 .00 
81.85 11.80 .00 74.4 .134E+02 .68 23.67 .68 .00 
81.87 11.80 .00 74.4 .134E+02 .68 23.68 .68 .00 
81.89 11.80 .00 74.5 .134E+02 .68 23.68 .68 .00 
81.91 11.80 .00 74.5 .134E+02 .68 23.68 .68 .00 
81.93 11.80 .00 74.5 .134E+02 .68 23.68 .68 . 00 
81.95 11.80 .00 74.5 .134E+02 .68 23.68 .68 .00 
81.97 11.80 .00 74.5 .134E+02 .68 23.69 .68 .00 
81.99 11.80 .00 74.5 .134E+02 .68 23.69 .68 . 00 
82.02 11.80 .00 74.6 .134E+02 .68 23.69 .68 .00 
82.04 11.80 .00 74.6 .134E+02 .68 23.69 .68 .00 
82.06 11.80 .00 74.6 .134E+02 .68 23.69 .68 .00 
82.08 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.10 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.12 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.14 11.80 .00 74.6 .134E+02 .68 23.70 .68 .00 
82.16 11.80 .00 74.7 .134E+02 .68 23.71 .68 .00 
82.18 11.80 .00 74.7 .134E+02 .68 23.71 .68 .00 
82.20 11.80 .00 74.7 .134E+02 .68 23.71 .68 .00 

Cumulative travel time = 313. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
· ----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = .185E-01 m"2/s 
Horizontal diffusivity (initial value) = .463E-01 m"2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z- coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

82.20 11.80 .00 74.7 .134E+02 .68 23.71 .68 .00 
104. 56 11.80 .00 75.3 .133E+02 .69 23.71 .69 .00 
126.91 11.80 .00 76.0 .132E+02 .70 23.71 . 70 .00 
149.27 11.80 .00 76.7 .130E+02 .70 23.71 .70 .00 
171.63 11.80 .00 77.4 .129E+02 .71 23.71 .71 .00 
193.98 11.80 .00 78.1 .128E+02 .72 23.71 .72 .00 
216.34 11.80 .00 78.8 .127E+02 .72 23.71 • 72 .00 
238.69 11.80 .00 79.5 .126E+02 .73 23.71 .73 .00 
261.05 11.80 .00 80.2 .125E+02 .74 23.71 .74 .00 
283.41 11.80 .00 81.0 .123E+02 .74 23.71 .74 .00 
305.76 11.80 .00 81.8 .122E+02 .75 23.71 .75 .00 
328.12 11.80 .00 82.5 .121E+02 .76 23.71 .76 .00 
350.47 11.80 .00 83.3 .120E+02 .76 23.71 .76 .00 
372.83 11.80 .00 84.1 .119E+02 .77 23.71 . 77 .00 
395.18 11.80 .00 85.0 .118E+02 .78 23.71 .78 .00 
417.54 11.80 .00 85.8 .117E+02 .79 23.71 .79 .00 
439.90 11.80 .00 86.7 .115E+02 .79 23.71 .79 .00 
462.25 11.80 .00 87.5 .114E+02 .80 23.71 .80 .00 
484.61 11.80 .00 88.4 .113E+02 .81 23.71 .81 .00 
506.96 11.80 .00 89.3 .112E+02 .82 23.71 .82 .00 
529.32 11.80 .00 90.3 .111E+02 .83 23.71 .83 .00 
551.68 11.80 .00 91.2 .110E+02 .84 23.71 .84 .00 
574.03 11.80 .00 92.2 .108E+02 .84 23.71 .84 .00 
596.39 11.80 .00 93.2 .107E+02 .85 23.71 .85 .00 
618.74 11.80 . 00 94.2 .106E+02 .86 23.71 .86 .00 
641.10 11.80 .00 95.2 .105E+02 .87 23.71 .87 .00 
663.46 11.80 .00 96.2 .104E+02 .88 23.71 .88 .00 
685.81 11.80 .00 97.3 .103E+02 .89 23.71 .89 .00 
708.17 11.80 .00 98.4 .102E+02 .90 23.71 .90 .00 
730.52 11.80 .00 99.5 .100E+02 .91 23.71 .91 .00 
752.88 11.80 .00 100. 7 .993E+01 .92 23.71 .92 .00 
775.24 11.80 .00 101.8 .982E+01 .93 23.71 .93 .00 
797.59 11.80 .00 103.0 .971E+01 .94 23.71 .94 .00 
819.95 11.80 .00 104.2 .959E+01 .96 23.71 .96 .00 
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842.30 11.80 .00 105.5 .948E+01 .97 23.71 .97 .00 
864.66 11.80 .00 106.8 .937E+01 .98 23.71 .98 . 00 
887.02 11.80 .00 108.1 .925E+01 .99 23.71 .99 .00 
909.37 11.80 .00 109.4 .914E+01 1.00 23.71 1.00 .00 
931. 73 11.80 .00 110.8 .903E+01 1.02 23 . 71 1.02 .00 
954.08 11.80 .00 112.2 .891E+01 1.03 23.71 1.03 .00 
976.44 11.80 .00 113.6 .880E+01 1.04 23.71 1.04 .00 
998.80 11.80 .00 115.1 .869E+01 1.06 23.71 1.06 .00 

1021.15 11.80 .00 116.6 .857E+01 1.07 23.71 1.07 .00 
1043.51 11.80 .00 118.2 .846E+01 1.08 23.71 1.08 .00 
1065.86 11.80 .00 119.8 .835E+01 1.10 23.71 1.10 .00 
1088.22 11.80 .00 121.4 .824E+01 1.11 23.71 1.11 .00 
1110.58 11.80 .00 123.1 .812E+01 1.13 23.71 1.13 .00 
1132. 93 11.80 .00 124.8 .801E+01 1.14 23.71 1.14 .00 
1155.29 11.80 .00 126.6 .790E+01 1.16 23.71 1.16 .00 
1177.64 11.80 .00 128.4 .779E+01 1.18 23.71 1.18 .00 
1200.00 11.80 .00 130.3 .768E+01 1.19 23.71 1.19 .00 

Cumulative travel time= 4975. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEASA_APORTA4A_AMAXIMUMAFLOW 
cormix\sim\MAC5-4Xl.cxl 
01/09/20--13:38:06 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4. 54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .152 A0 = .018 H0 
THETA = 30.00 SIGMA= .00 
U0 = 5.487 Q0 = .100 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .9956E-01 M0 = .5463E+00 J0 
Associated length scales (meters) 
LQ = .13 LM = 5.26 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 36.79 R = 6.98 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 84.50 

= .6688E-01 

= .53 

= .9956E-01 
=-.1463E+00 

= .0000E+00 

=-.1457E-01 

= .94 
= 99999.00 

ICHREG= 2 

SIGNJ0= -1.0 

Lb = .03 
Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port : 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
---------------------------------- -------------------------------------------
------------------------------------------ · -------------------- · -------------
BEGIN M00101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.53 

ENO OF M00101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.08 

------------------------------------ · •---------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110}: JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE= 27.38 SIGMAE:a .00 

LE = .58 XE = .51 YE = .00 ZE = .81 

Profile definitions: 
B = Gaussian 1/e (37%} half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .53 1.0 .100E+04 .08 
.51 .00 .81 1.0 .100E+04 .08 

1.19 .00 1.10 2.1 .466E+03 .16 
1.89 .00 1.32 3.5 .285E+03 .23 
2.61 .00 1.48 4.9 .205E+03 . 29 
3.33 .00 1.61 6.2 .163E+03 .34 
4.07 .00 1. 72 7.4 .136E+03 .39 
4.80 .00 1.80 8.5 .118E+03 .42 
5.54 .00 1.88 9.5 .105E+03 .45 
6.27 .00 1.94 10.5 .957E+02 .48 
7.01 .00 1.99 11.3 .882E+02 .50 
7.75 .00 2.03 12.2 .823E+02 .53 
8.49 .00 2.06 12.9 .774E+02 .54 
9.22 .00 2.09 13.6 .735E+02 .56 
9.97 .00 2.12 14.3 . 701E+02 .58 

10.70 .00 2.14 14.8 .673E+02 .59 
11.45 .00 2.15 15.4 .650E+02 .60 
12.18 .00 2.16 15.9 .630E+02 .61 
12.92 .00 2.17 16.3 .612E+02 .62 

I l 
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Maximum jet 
13.66 
14.40 
15.14 
15.88 
16.61 
17.36 
18.09 
18.84 
19.57 
20.31 
21.05 
21.79 
22.52 
23.27 
24.00 
24.73 
25.48 
26.21 
26.95 
27.69 
28.43 
29.16 
29.90 
30.64 
31.38 
32.11 
32.86 
33.59 
34.33 
35.06 
35.81 
36. 54 
37.28 

height 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

has been reached. 
2.17 16.7 .598E+02 .63 

.64 

.65 

.66 

.67 

2.16 17.1 .584E+02 
2.16 17.6 .569E+02 
2.15 18.1 .554E+02 
2.14 18.6 .538E+02 
2.12 
2.10 
2.08 
2.05 
2.03 
2.00 
1.97 
1.94 
1.90 
1.86 
1.83 
1. 79 
1. 75 
1. 71 
1.67 
1.62 
1. 58 
1. 54 
1.49 
1.45 
1.40 
1.36 
1.31 
1.27 
1.22 
1.17 
1.12 
1.08 

19.1 .522E+02 .68 
19.7 .507E+02 .70 
20.4 .491E+02 .71 
21.0 .475E+02 .72 
21.7 .460E+02 .73 
22.5 .445E+02 .75 
23.2 .431E+02 .76 
24.0 .417E+02 .77 
24.8 .403E+02 .79 
25.7 .390E+02 .80 
26.5 .377E+02 .82 
27.4 .365E+02 .83 
28.3 .353E+02 .85 
29.2 .342E+02 .86 
30.2 .331E+02 .88 
31.2 .321E+02 .89 
32.2 .311E+02 .91 
33.2 .301E+02 .92 
34.2 .292E+02 .94 
35.3 .284E+02 .95 
36.3 .275E+02 .97 
37.4 .267E+02 .99 
38.5 .260E+02 1.00 
39.6 .252E+02 1.02 
40.7 .245E+02 1.03 
41.9 .239E+02 1.05 
43.0 .232E+02 1.06 
44.2 .226E+02 1.08 

Cumulative travel time= 33. sec 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C B 

37.28 .00 1.08 44.2 .226E+02 1.08 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X y z s C BV BH zu ZL 
36.20 .00 .00 44.2 .226E+02 .00 .00 .00 .00 
36.53 .00 .00 44.2 .226E+02 1.37 .69 1.37 .00 
36.85 .00 .00 44.2 .226E+02 1.63 .98 1.63 .00 
37.17 .00 .00 44.2 .226E+02 1. 79 1.20 1.79 .00 
37.50 .00 .00 45.4 .220E+02 1.91 1.38 1.91 .00 
37.82 .00 .00 51.0 .196E+02 2.00 1.54 2.00 .00 
38.14 .00 .00 58.8 .170E+02 2.07 1.69 2.07 .00 
38.47 .00 .00 65.9 .152E+02 2.12 1.83 2.12 .00 
38.79 .00 .00 70.8 .141E+02 2.16 1.95 2.16 .00 
39.11 .00 .00 73.4 .136E+02 2.18 2.07 2.18 .00 
39.44 .00 .00 75.1 .133E+02 2.18 2.18 2.18 .00 

Cumulative travel time = 36. sec 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 
-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Discharge is non-buoyant or weakly buoyant. 
Therefore BUOYANT SPREADING REGIME is ABSENT. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
---------- ------------ -------------------------------------- ---·-- ------ ---- -
----------------------------------------------------------- ·~ ----------------
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = 
Horizontal diffusivity (initial value)= 

Profile definitions: 

.607E-01 ml\2/s 

.152E+00 mA2/s 

BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 
= or equal to layer depth, if fully mixed 

BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 
measured horizontally in ¥-direction 

ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary {Z-coordinate) 
S = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X Y Z S C BV 

39.44 .00 .00 75.1 .133E+02 2.18 
43.87 .00 .00 96.1 .104E+02 2.23 
48.30 .00 .00 115.1 .869E+01 2.29 
52.73 .00 .00 133.4 .750E+01 2.36 

BH 
2.18 
2.73 
3.18 
3.58 

zu 
2.18 
2.23 
2.29 
2.36 

ZL 
.00 
.00 
.00 
.00 

J 
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57.16 .00 .00 151.4 .660E+01 2.44 3.94 2.44 .00 
61.59 .00 .00 169.6 .590E+01 2.52 4.27 2.52 .00 
66.02 .00 .00 188.0 .532E+01 2.61 4.57 2.61 .00 
70.45 .00 .00 206.9 .483E+01 2.70 4.86 2.70 .00 
74.88 .00 .00 226.1 .442E+01 2.80 5.13 2.80 .00 
79.31 .00 .00 245.8 .407E+01 2.90 5.38 2.90 .00 
83. 74 .00 .00 266.0 .376E+01 3.00 5.63 3.00 .00 
88.17 .00 .00 286.7 .349E+01 3.10 5.86 3.10 .00 
92.60 .00 .00 307.7 .325E+01 3.21 6.09 3.21 .00 
97.03 .00 .00 329.2 .304E+01 3.31 6.30 3.31 .00 

101.46 .00 .00 351.1 .285E+01 3.42 6.51 3.42 .00 
105.89 .00 .00 373.3 .268E+01 3.52 6.72 3.52 .00 
110.32 .00 .00 395.8 .253E+01 3.63 6.91 3.63 .00 
114. 76 .00 .00 418.7 .239E+01 3.74 7.11 3.74 .00 
119.19 .00 .00 441.8 .226E+01 3.84 7.29 3.84 .00 
123.62 .00 .00 465.2 .215E+01 3.95 7.47 3.95 .00 
128.05 .00 .00 488.8 .205E+01 4.05 7.65 4.05 .00 
132.48 .00 .00 512.6 .195E+01 4.15 7.83 4.15 .00 
136. 91 .00 .00 536.6 .186E+01 4.26 8.00 4.26 .00 
141.34 .00 .00 560.7 .178E+01 4.36 8.16 4.36 .00 
145.77 .00 .00 585.1 .171E+01 4.46 8.33 4.46 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. , 

150.20 .00 .00 607.5 .165E+01 4.54 8.49 4.54 .00 
154.63 .00 .00 618.7 .162E+01 4.54 8.64 4.54 .00 
159.06 .00 .00 629.8 .159E+01 4.54 8.80 4.54 .00 
163.49 .00 .00 640.6 .156E+01 4.54 8.95 4.54 .00 
167.92 .00 .00 651.3 .154E+01 4. 54 9.10 4.54 .00 
172. 35 .00 .00 661.8 .151E+01 4. 54 9.24 4.54 .00 
176.78 .00 .00 672.1 .149E+01 4. 54 9.39 4.54 .00 
181.21 .00 .00 682.3 .147E+01 4.54 9.53 4.54 .00 
185.64 .00 .00 692.3 .144E+01 4.54 9.67 4.54 .00 
190.08 .00 .00 702.2 .142E+01 4. 54 9.81 4.54 .00 
194. 51 .00 .00 712.0 .140E+01 4.54 9.94 4.54 .00 
198.94 .00 .00 721.6 .139E+01 4. 54 10.08 4.54 .00 
203.37 .00 .00 731.1 .137E+01 4.54 10.21 4.54 .00 
207.80 .00 .00 740.4 .135E+01 4. 54 10.34 4.54 .00 
212.23 .00 .00 749.7 .133E+01 4.54 10.47 4.54 .00 
216.66 .00 .00 758.8 .132E+01 4. 54 10.60 4.54 .00 
221.09 .00 .00 767.9 .130E+01 4.54 10.73 4.54 .00 
225.52 .00 .00 776.8 .129E+01 4. 54 10.85 4.54 .00 
229.95 .00 .00 785.6 .127E+01 4. 54 10.97 4.54 .00 
234.38 .00 .00 794.3 .126E+01 4. 54 11.10 4.54 .00 
238.81 .00 .00 803.0 .125E+01 4. 54 11.22 4.54 .00 
243.24 .00 .00 811.5 .123E+01 4. 54 11.33 4.54 .00 
247.67 .00 .00 819.9 .122E+01 4. 54 11.45 4.54 .00 
252.10 .00 .00 828.3 .121E+01 4. 54 11. 57 4.54 .00 
256.53 .00 .00 836.6 .120E+01 4. 54 11.69 4.54 .00 
260.96 .00 .00 844.8 .118E+01 4. 54 11.80 4.54 .00 
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Cumulative travel time= 318. sec 

-----------------------------------------------------------------------------
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
260.96 11.80 .00 844.8 .118E+01 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 269.54 m. 
279.75 11.80 .00 853.4 .117E+01 4.54 23.71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
298.53 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
317.31 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
336.09 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
354.87 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
373.65 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
392.43 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
411.21 11.80 .00 848.7 .118E+01 4.54 23.71 4. 54 .00 
429.99 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
448.77 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
467.55 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
486.33 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
505.11 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
523.89 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
542.67 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
561.46 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
580.24 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
599.02 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
617.80 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
636.58 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
655.36 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
674.14 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
692.92 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
711.70 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
730.48 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
749.26 11.80 .00 848.7 .118E+01 4. 54 23.71 4.54 .00 
768.04 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
786.82 11.80 .00 848.7 .118E+01 4.54 23. 71 4.54 .00 
805.60 11.80 .00 848.7 .118E+01 4.54 23. 71 4.54 .00 
824.39 11.80 .00 848.7 .118E+01 4.54 23. 71 4.54 .00 
843.17 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
861. 95 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
880.73 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
899.51 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
918.29 11.80 .00 848.7 .118E+01 4.54 23.71 4. 54 .00 
937.07 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
955.85 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
974.63 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
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993.41 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1012.19 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1030.97 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1049.75 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1068.53 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1087.32 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1106.10 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1124.88 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1143.66 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1162.44 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1181.22 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 
1200.00 11.80 .00 848.7 .118E+01 4.54 23.71 4.54 .00 

Cumulative travel time = 1513. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
-----------------------------------------------------------------------------

CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 
Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTASA_ANORMALAFLOW 

FILE NAME: 
Time of Fortran run: 

cormix\sim\MAC5-5N3.cxl 
01/09/20--12:56:44 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA 
HA = 4.54 HD = 4.54 
UA = .239 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
00 = .203 A0 = .032 H0 
THETA= 30.00 SIGMA= .00 
U0 = 2.866 Q0 = .093 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
C0 = .1000E+04 CUNITS= PPM 
IPOLL = 1 KS = .0000E+00 KD 

FLUX VARIABLES (metric units) 
Q0 = .9276E-01 M0 = .2658E+00 ]0 
Associated length scales (meters) 
LQ = .18 LM = 3.18 Lm 

Lmp 

NON-DIMENSIONAL PARAMETERS 
FR0 = 16.62 R = 11.97 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= 25.76 

= .2039E-01 

= .50 

= .9276E-01 
=-.1463E+00 

= .0000E+00 

=-.1357E-01 

= 2.15 
= 99999.00 

ICHREG= 2 

SIGNJ0= 

Lb = 
Lbp = 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 CUNITS= PPM 
NTOX = 0 
NSTD = 0 

-1.0 

.99 
99999.00 
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REGMZ = 0 
XINT = 1200.00 XMAX = 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port : 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP = 50 display intervals per module 
----------------------------------------------------------- ·· ----------------
------------------------------ · ----------- -----------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.50 

END OF MOD101: DISCHARGE MODULE 

S C 
1.0 .100E+04 

B 
.10 

------------------------------------------------- •------------ ----------- •---
--------------------------------- ------------ ·• ---------- --------------------
BEGIN CORJET (M0D110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong cross flow. 

Zone of flow establishment: THETAE= 28.47 SIGMAE= .00 
LE = .88 XE ;:;; .77 YE = .00 ZE = .93 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z 5 C B 
.00 .00 .50 1.0 .100E+04 .10 
• 77 .00 .93 1.0 .100E+04 .10 
.96 .00 1.03 1.1 .902E+03 .13 

1.17 .00 1.13 1.4 .729E+03 .16 
1.36 .00 1.23 1.6 .617E+03 .18 
1.58 .00 1.32 1.9 .527E+03 .21 
1.80 .00 1.41 2.2 .459E+03 .24 
2.00 .00 1.48 2.4 .410E+03 .26 
2.23 .00 1.56 2.7 .367E+03 .29 
2.45 .00 1.63 3.0 .332E+03 .31 
2.66 .00 1.69 3.3 .306E+03 .33 
2.89 .00 1. 76 3.5 .282E+03 .35 
3.12 .00 1.81 3.8 .262E+03 .38 
3.33 .00 1.86 4.1 .246E+03 .39 
3.56 .00 1.90 4.3 .231E+03 .41 
3.80 .00 1.94 4.6 .219E+03 .43 
4.01 .00 1.97 4.8 .209E+03 .45 
4.24 .00 2.01 5 .0 .199E+03 .47 
4.48 .00 2.03 5.2 .191E+03 .48 

, ..., 
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4.69 
4.93 
5.17 
5.38 
5.62 

.00 

.00 

.00 

.00 

.00 

2.05 
2.07 
2.08 
2.09 
2.09 

5.4 .184E+03 
5.6 .177E+03 
5.8 .172E+03 
6.0 .167E+03 
6.2 .163E+03 

Maximum jet height has been reached. 
5.86 .00 2.09 6.3 .158E+03 
6.07 
6.31 
6.54 
6.76 
7.00 
7.23 
7.45 
7.68 
7.92 
8.13 
8.36 
8.60 
8.81 
9.04 
9.27 
9.48 
9.71 
9.94 

10.15 
10.38 
10.61 
10.82 
11.05 
11.28 
11.48 
11. 71 
11.94 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.09 
2.08 
2.07 
2.05 
2.03 
2.01 
1.98 
1.95 
1.92 
1.89 
1.85 
1.81 
1.77 
1. 72 
1.67 
1.62 
1. 57 
1. 51 
1.46 
1.40 
1.34 
1.29 
1.22 
1.16 
1.10 
1.03 

.97 
Cumulative travel time= 

6.5 .155E+03 
6.6 .150E+03 
6.8 .146E+03 
7.0 .142E+03 
7.2 .138E+03 
7.5 .134E+03 
7.7 .130E+03 
8.0 .125E+03 
8.2 .121E+03 
8.5 .118E+03 
8.8 .114E+03 
9.1 .110E+03 
9.4 .106E+03 
9.8 .102E+03 

10.1 .988E+02 
10.5 .957E+02 
10.8 .923E+02 
11. 2 . 891E+02 
11.6 .863E+02 
12.0 .833E+02 
12.4 .804E+02 
12.8 .779E+02 
13.3 .752E+02 
13.8 .727E+02 
14.2 .704E+02 
14.7 .681E+02 
15.1 .660E+02 

16. sec 

.49 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.58 

.59 

.61 

.62 

.63 

.64 

.66 

.67 

.69 

.70 

.72 

.74 

.75 

.77 

.79 

.80 

.82 

.84 

.86 

.87 

.89 

.91 

.93 

.95 

.97 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z s C 

11.94 .00 .97 15.1 .660E+02 

Profile definitions: 
BV = top-hat thickness, measured vertically 

B 
.97 

BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
10.97 
11.26 
11.55 
11.84 
12.13 
12.42 
12.71 
13.00 
13.29 
13.58 
13.87 

y 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Cumulative travel time= 

S C BV 
15.1 .660E+02 .00 
15.1 .660E+02 1.40 
15.1 .660E+02 1.67 
15.1 .660E+02 1.83 
15.6 .643E+02 1.96 
17.5 .572E+02 2.05 
20.2 .496E+02 2.12 
22.6 .443E+02 2.17 
24.3 .412E+02 2.21 
25.2 .398E+02 2.23 
25.7 .388E+02 2.23 

24. sec 

END OF M0D131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.71 

1.00 
1.22 
1.41 
1.58 
1. 73 
1.87 
2.00 
2.12 
2.23 

zu 
.00 

1.40 
1.67 
1.83 
1.96 
2.05 
2.12 
2.17 
2.21 
2.23 
2.23 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached) : 
X y z s 

13.87 .00 .00 25.7 
14.87 .00 .00 26.6 
15.88 .00 .00 27.4 
16.88 .00 .00 28.1 
17 .88 .00 .00 28.7 
18.89 .00 .00 29.2 
19.89 .00 .00 29.8 
20.89 .00 .00 30.2 
21. 90 .00 .00 30.7 
22. 90 .00 .00 31.1 
23 .90 .00 .00 31.5 
24.91 .00 .00 31.9 
25.91 .00 .00 32.3 
26.91 .00 .00 32.7 
27.92 .00 .00 33.0 
28.92 .00 .00 33.4 
29.92 .00 .00 33.7 

C 
.388E+02 
.375E+02 
.365E+02 
.356E+02 
.349E+02 
.342E+02 
.336E+02 
.331E+02 
.326E+02 
.321E+02 
.317E+02 
.313E+02 
.310E+02 
.306E+02 
.303E+02 
.300E+02 
.297E+02 

BV 
2.23 
2.02 
1.86 
1. 73 
1.63 
1.54 
1.46 
1.40 
1.34 
1.30 
1.25 
1.21 
1.18 
1.14 
1.11 
1.09 
1.06 

BH 
2.23 
2.56 
2.86 
3.14 
3.42 
3.68 
3.94 
4.18 
4.42 
4.66 
4.88 
5.11 
5.32 
5.54 
5.75 
5.95 
6.15 

zu 
2. 23 
2.02 
1.86 
1. 73 
1.63 
1.54 
1.46 
1.40 
1.34 
1.30 
1.25 
1.21 
1.18 
1.14 
1.11 
1.09 
1.06 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.. 
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30.93 .00 .00 34.0 .294E+02 1.04 6.35 1.04 .00 
31.93 .00 .00 34.3 .291E+02 1.02 6.55 1.02 .00 
32.93 .00 .00 34.7 .289E+02 1.00 6.74 1.00 .00 
33.94 .00 .00 35.0 .286E+02 .98 6.93 .98 .00 
34.94 .00 .00 35.3 .284E+02 .96 7.12 .96 .00 
35.94 .00 .00 35.6 .281E+02 .94 7.30 . 94 .00 
36.95 .00 .00 35.9 .279E+02 .93 7.48 .93 .00 
37.95 .00 .00 36.2 .276E+02 .91 7.66 .91 .00 
38.95 .00 .00 36.5 .274E+02 .90 7.84 .90 .00 
39.96 .00 .00 36.8 .272E+02 .89 8.02 .89 .00 
40.96 .00 .00 37.1 .270E+02 .88 8.19 .88 .00 
41.96 .00 .00 37.4 .268E+02 .87 8.37 .87 .00 
42.97 .00 .00 37.7 .266E+02 .86 8.54 .86 .00 
43.97 .00 .00 38.0 .263E+02 .85 8.70 .85 .00 
44.97 .00 .00 38.3 .261E+02 .84 8.87 .84 .00 
45.98 .00 .00 38.6 .259E+02 .83 9.04 .83 .00 
46.98 .00 .00 38.8 .257E+02 .82 9.20 .82 .00 
47.98 .00 .00 39.1 .255E+02 .81 9.36 .81 .00 
48.99 .00 .00 39.4 .253E+02 .80 9.53 .80 .00 
49.99 .00 .00 39.8 .252E+02 .80 9.69 .80 .00 
50.99 .00 .00 40.1 .250E+02 .79 9.84 .79 .00 
52.00 .00 .00 40.4 .248E+02 .78 10.00 .78 .00 
53.00 .00 .00 40.7 .246E+02 .78 10.16 .78 .00 
54.00 .00 .00 41.0 .244E+02 .77 10.31 .77 .00 
55.00 .00 .00 41.3 .242E+02 .76 10.47 .76 .00 
56.01 .00 .00 41.6 .240E+02 .76 10.62 .76 .00 
57.01 .00 .00 41.9 .239E+02 .75 10.77 .75 .00 
58.01 .00 .00 42.2 .237E+02 .75 10.92 .75 .00 
59.02 .00 .00 42.6 .235E+02 .75 11.07 .75 .00 
60.02 .00 .00 42.9 .233E+02 .74 11.22 .74 .00 
61.02 .00 .00 43.2 .231E+02 .74 11.37 .74 .00 
62.03 .00 .00 43.6 .230E+02 .73 11.51 .73 .00 
63.03 .00 .00 43.9 .228E+02 .73 11.66 .73 .00 
64.03 .00 .00 44.2 .226E+02 .73 11.80 .73 .00 

Cumulative travel time = 233. sec 

------------------------------------------------ -------------------- -4·------
Plume is ATTACHED to LEFT bank/shore. 

Plume width is now determined from LEFT bank/shore. 

Plume Stage 2 (bank attached): 
X V z s C BV BH zu ZL 

64.03 11.80 .00 44.2 .226E+02 .73 23.60 .73 .00 
64.05 11.80 .00 44.2 .226E+02 .73 23.60 .73 .00 
64.07 11.80 .00 44.2 .226E+02 .73 23.60 .73 .00 
64.08 11.80 .00 44.3 .226E+02 .73 23.61 .73 .00 
64.10 11.80 .00 44.3 .226E+02 .73 23.61 .73 . 00 
64.11 11.80 .00 44.3 .226E+02 .73 23.61 .73 .00 
64.13 11.80 .00 44.3 .226E+02 .73 23.61 .73 .00 
64.14 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
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64.16 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.17 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.19 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.20 11.80 .00 44.3 .226E+02 .73 23.62 .73 .00 
64.22 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.24 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.25 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.27 11.80 .00 44.3 .226E+02 .73 23.63 .73 .00 
64.28 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.30 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.31 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.33 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.34 11.80 .00 44.3 .226E+02 .73 23.64 .73 .00 
64.36 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.37 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.39 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.41 11.80 .00 44.3 .226E+02 .73 23.65 .73 .00 
64.42 11.80 .00 44.3 .226E+02 .73 23.66 .73 .00 
64.44 11.80 .00 44.3 .225E+02 .73 23.66 .73 .00 
64.45 11.80 .00 44.4 .225E+02 .73 23.66 .73 .00 
64.47 11.80 .00 44.4 .225E+02 .73 23.66 .73 .00 
64.48 11.80 .00 44.4 .225E+02 .73 23.66 .73 .00 
64.50 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.51 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.53 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.54 11.80 .00 44.4 .225E+02 .73 23.67 .73 .00 
64.56 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.58 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.59 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.61 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.62 11.80 .00 44.4 .225E+02 .73 23.68 .73 .00 
64.64 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.65 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.67 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.68 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64. 70 11.80 .00 44.4 .225E+02 .73 23.69 .73 .00 
64.71 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.73 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.75 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.76 11.80 .00 44.4 .225E+02 .73 23.70 .73 .00 
64.78 11.80 .00 44.4 .225E+02 .73 23.71 .73 .00 
64.79 11.80 .00 44.4 .225E+02 .73 23.71 .73 .00 
64.81 11.80 .00 44.5 .225E+02 .73 23.71 .73 .00 

Cumulative travel time = 236. sec 
Plume is LATERALLY FULLY MIXED at the end of the buoyant spreading regime. 

END OF MOD141: BUOYANT AMBIENT SPREADING 
-----------------------------------------------------------------------------
------------------------------------------------------------- --------···-----
BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
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Vertical diffusivity (initial value) = .185E-01 m"2/s 
Horizontal diffusivity (initial value) = .463E-01 m"2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
zu = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 2 (bank attached): 
X y z s C BV BH zu ZL 

64.81 11.80 .00 44.5 .225E+02 .73 23.71 .73 .00 
87.51 11.80 .00 44.6 .224E+02 .73 23.71 .73 .00 

110.22 11.80 .00 44.8 .223E+02 .73 23. 71 .73 .00 
132.92 11.80 .00 45.0 .222E+02 . 74 23.71 .74 .00 
155.62 11.80 .00 45.2 .221E+02 . 74 23.71 .74 .00 
178.33 11.80 .00 45.3 .221E+02 .74 23.71 .74 .00 
201.03 11.80 .00 45.5 .220E+02 .74 23. 71 . 74 .00 
223.73 11.80 .00 45.7 .219E+02 .75 23.71 .75 .00 
246.44 11.80 .00 45.9 .218E+02 .75 23.71 .75 .00 
269.14 11.80 .00 46.1 .217E+02 .75 23. 71 .75 .00 
291.85 11.80 .00 46.3 .216E+02 .76 23.71 . 76 .00 
314. 55 11.80 .00 46.5 .215E+02 .76 23.71 .76 .00 
337.25 11.80 .00 46.7 .214E+02 .76 23.71 .76 .00 
359.96 11.80 .00 46.8 .213E+02 .77 23.71 .77 .00 
382.66 11.80 .00 47.0 .213E+02 .77 23.71 .77 .00 
405.37 11.80 .00 47.2 .212E+02 .77 23.71 .77 .00 
428.07 11.80 .00 47.4 .211E+02 .78 23. 71 .78 .00 
450.77 11.80 .00 47.6 .210E+02 .78 23. 71 .78 .00 
473.48 11.80 .00 47.8 .209E+02 .78 23.71 .78 .00 
496.18 11.80 .00 48.0 .208E+02 .79 23.71 .79 .00 
518.88 11.80 .00 48.2 .207E+02 .79 23.71 .79 .00 
541.59 11.80 .00 48.S .206E+02 .79 23.71 .79 .00 
564.29 11.80 .00 48.7 .205E+02 .80 23.71 .80 .00 
587.00 11.80 .00 48.9 .205E+02 .80 23.71 .80 .00 
609.70 11.80 .00 49.1 .204E+02 .80 23.71 .80 .00 
632.40 11.80 .00 49.3 .203E+02 .81 23.71 .81 .00 
655.11 11.80 .00 49.5 .202E+02 .81 23.71 .81 .00 
677.81 11.80 .00 49.7 .201E+02 .81 23.71 .81 .00 
700.52 11.80 .00 50.0 .200E+02 .82 23.71 .82 .00 
723.22 11.80 .00 50.2 .199E+02 .82 23.71 .82 .00 
745.92 11.80 .00 50.4 .198E+02 .82 23.71 .82 .00 
768.63 11.80 .00 50.6 .198E+02 .83 23.71 .83 .00 
791.33 11.80 .00 50.8 .197E+02 .83 23.71 .83 .00 
814.03 11.80 .00 51.1 .196E+02 .83 23.71 .83 .00 
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836.74 11.80 .00 51.3 .195E+02 .84 23.71 .84 .00 
859.44 11.80 .00 51.5 .194E+02 .84 23.71 .84 .00 
882.15 11.80 .00 51.8 .193E+02 .85 23.71 .85 .00 
904.85 11.80 .00 52.0 .192E+02 .85 23.71 .85 .00 
927.55 11.80 .00 52.3 .191E+02 .85 23.71 .85 .00 
950.26 11.80 .00 52.5 .190E+02 .86 23.71 .86 .00 
972.96 11.80 .00 52.7 .190E+02 .86 23.71 .86 .00 
995.67 11.80 .00 53.0 .189E+02 .87 23.71 .87 .00 

1018.37 11.80 .00 53.2 .188E+02 .87 23.71 .87 .00 
1041.07 11.80 .00 53.5 .187E+02 .87 23.71 .87 .00 
1063.78 11.80 .00 53.7 .186E+02 .88 23.71 .88 . 00 
1086.48 11.80 .00 54.0 .185E+02 .88 23.71 .88 .00 
1109.19 11.80 .00 54.3 .184E+02 .89 23.71 .89 .00 
1131.89 11.80 .00 54.5 .183E+02 .89 23.71 .89 .00 
1154. 59 11.80 .00 54.8 .183E+02 .90 23.71 .90 .00 
1177.30 11.80 .00 55.0 .182E+02 .90 23.71 .90 .00 
1200.00 11.80 .00 55.3 .181E+02 .90 23.71 .90 .00 

Cumulative travel time = 4963. sec 

Simulation limit based on maximum specified distance = 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
--------------------------------------------------------------- --------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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CORMIXl PREDICTION FILE: 
11111111111111111111111111111111111111111111111111111111111111111111111111111 

CORNELL MIXING ZONE EXPERT SYSTEM 
Subsystem CORMIXl: Subsystem version: 

Submerged Single Port Discharges CORMIX_v.3.20 __ September_1996 

CASE DESCRIPTION 
Site name/label: 
Design case: 
FILE NAME: 
Time of Fortran run: 

MACHABIGAMUDDYARIVER 
CASEA5A_APORTASA_AMAXIMUMAFLOW 
cormix\sim\MACS-5Xl.cxl 
01/09/20--13:40:21 

ENVIRONMENT PARAMETERS (metric units) 
Bounded section 
BS = 23.71 AS = 107.64 QA = 84.50 ICHREG= 2 
HA = 4.54 HD = 4.54 
UA = .785 F = .058 USTAR 
uw = 2.000 UWSTAR= .2198E-02 
Uniform density environment 
STRCND= U RHOAM = 998.4901 

DISCHARGE PARAMETERS (metric units) 
BANK = LEFT DISTB = 11.80 
D0 = .203 A0 = .032 H0 
THETA= 30.00 SIGMA = .00 
U0 = 5.487 Q0 = .178 
RH00 = 1013.3900 DRH00 =-.1490E+02 GP0 
(0 = .1000E+04 CUNITS= PPM 
!POLL = 1 KS = .0000E+00 KO 

FLUX VARIABLES (metric units) 
Q0 = .1776E+00 M0 
Associated length scales 

= .9744E+00 J0 
(meters) 

LQ = .18 LM 

NON-DIMENSIONAL PARAMETERS 
FR0 = 31. 83 R 

= 6.08 

6.98 

Lm 
Lmp 

FLOW CLASSIFICATION 
111111111111111111111111111111111111111111 
1 Flow class (CORMIXl) = NH4 1 
1 Applicable layer depth HS= 4.54 1 
111111111111111111111111111111111111111111 

= .6688E-01 

= • 50 

= .1776E+00 
=-.1463E+00 

= .0000E+00 

=-.2599E-01 SIGNJ0= -1.0 

= 1.26 Lb = .05 
= 99999.00 Lbp = 99999.00 

MIXING ZONE/ TOXIC DILUTION/ REGION OF INTEREST PARAMETERS 
C0 = .1000E+04 (UNITS= PPM 
NTOX = 0 
NSTD = 0 
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REGMZ:;;; 0 
XINT :;;; 1200.00 XMAX :;;; 1200.00 

X-Y-Z COORDINATE SYSTEM: 
ORIGIN is located at the bottom and below the center of the port: 

11.80 m from the LEFT bank/shore. 
X-axis points downstream, Y-axis points to left, Z-axis points upward. 

NSTEP:;;; 50 display intervals per module 
-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN MOD101: DISCHARGE MODULE 

X 
.00 

y 

.00 
z 
.50 

END OF MOD101: DISCHARGE MODULE 

S C 
1. 0 .100E+04 

B 
.10 

-----------------------------------------------------------------------------
-----------------------------------------------------------------------------
BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

Jet/plume transition motion in strong crossflow. 

Zone of flow establishment: THETAE:;;; 27.38 SIGMAE:;;; .00 
LE :;;; .78 XE = .68 YE = .00 ZE = .87 

Profile definitions: 
B = Gaussian 1/e (37%) half-width, normal to trajectory 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

X y z s C B 
.00 .00 .50 1.0 .100E+04 .10 
.68 .00 .87 1.0 .100E+04 .10 

1.36 .00 1.18 1.8 .550E+03 .19 
2.07 .00 1.43 2.9 .350E+03 .27 
2.80 .00 1.62 3.9 .256E+03 .34 
3.54 .00 1. 78 4.9 .204E+03 .40 
4.27 .00 1.91 5.9 .171E+03 .44 
5.02 .00 2.02 6.8 .148E+03 .49 
5.77 .00 2.11 7.6 .131E+03 .53 
6.52 .00 2.19 8.4 .119E+03 .56 
7.27 .00 2.26 9.2 .109E+03 .59 
8.01 .00 2.31 9.8 .102E+03 .62 
8.76 .00 2.36 10.5 .953E+02 .64 
9.51 .00 2.40 11.1 .902E+02 .66 

10.27 .00 2.43 11.6 .858E+02 .68 
11.02 .00 2.46 12.2 .822E+02 .70 
11. 76 .00 2.48 12.6 .792E+02 .72 
12.52 .00 2.50 13.1 .765E+02 .73 
13.27 .00 2.51 13.5 .743E+02 .75 

.. 
r 
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14.03 .00 2.52 
Maximum jet height has been 

14.77 .00 2.52 
15.52 
16.28 
17.03 
17.79 
18.53 
19.28 
20.04 
20.79 
21.54 
22.28 
23.04 
23.79 
24.55 
25.30 
26.04 
26.79 
27.55 
28.30 
29.04 
29.79 
30.54 
31.30 
32.05 
32.79 
33.54 
34.29 
35.05 
35.80 
36.54 
37.29 
38.04 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

2.52 
2.51 
2.50 
2.48 
2.47 
2.44 
2.42 
2.39 
2.36 
2.33 
2.29 
2.25 
2.21 
2.17 
2.13 
2.08 
2.03 
1.98 
1.93 
1.88 
1.83 
1. 78 
1. 73 
1.67 
1.62 
1.56 
1.51 
1.45 
1.39 
1.34 
1.28 

Cumulative travel time= 

13.8 .723E+02 
reached. 
14.1 .707E+02 
14.5 .691E+02 
14.8 .674E+02 
15.2 .657E+02 
15.6 .639E+02 
16 .1 . 622E+02 
16.6 .604E+02 
17.1 .586E+02 
17.6 .568E+02 
18.2 .550E+02 
18.7 .533E+02 
19.4 .517E+02 
20.0 .500E+02 
20.6 .484E+02 
21. 3 .469E+02 
22.0 .454E+02 
22.7 .440E+02 
23.5 .426E+02 
24.2 .413E+02 
25.0 .400E+02 
25.8 .388E+02 
26.6 .376E+02 
27.4 .364E+02 
28.3 .354E+02 
29.1 .343E+02 
30.0 .333E+02 
30.9 .324E+02 
31. 8 • 315E+02 
32.7 .306E+02 
33.6 .297E+02 
34.6 .289E+02 
35.5 .282E+02 

32. sec 

.76 

.77 

.78 

.79 

.80 

.81 

.83 

.84 

.86 

.87 

.89 

.90 

.92 

.93 

.95 

.97 

.99 
1.00 
1.02 
1.04 
1.06 
1.08 
1.09 
1.11 
1.13 
1.15 
1.17 
1.19 
1.21 
1.22 
1.24 
1.26 
1.28 

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION 

BEGIN MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

Control volume inflow: 
X Y Z S C B 

38.04 .00 1.28 35.5 .282E+02 1.28 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in ¥-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
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s = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

X 
36.76 
37.15 
37.53 
37.92 
38.30 
38.68 
39.07 
39.45 
39.83 
40.22 
40.60 

y 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

cumulative travel time= 

S C 
35.5 .282E+02 
35.5 .282E+02 
35.5 .282E+02 
35.5 .282E+02 
36.5 .274E+02 
41. 0 • 244E+02 
47.2 .212E+02 
52.9 .189E+02 
56.9 .176E+02 
59.0 .170E+02 
60.4 .166E+02 

35. sec 

BV 
.00 

1.64 
1.95 
2.14 
2.29 
2.40 
2.48 
2.54 
2.58 
2.60 
2.61 

END OF MOD131: LAYER BOUNDARY/TERMINAL LAYER APPROACH 

BH 
.00 
.83 

1.17 
1.43 
1.65 
1.85 
2.02 
2.19 
2.34 
2.48 
2.61 

zu 
.00 

1.64 
1.95 
2.14 
2.29 
2.40 
2.48 
2.54 
2.58 
2.60 
2.61 

ZL 
.00 
.00 
.00 
.00 
.00 
. 00 
.00 
. 00 
.00 
.00 
. 00 

-----------------------------------------------------------------------------
** End of NEAR-FIELD REGION (NFR) ** 
-----------------------------------------------------------------------------
BEGIN MOD141: BUOYANT AMBIENT SPREADING 

Profile definitions: 
BV = top-hat thickness, measured vertically 
BH = top-hat half-width, measured horizontally in Y-direction 
ZU = upper plume boundary (Z-coordinate) 
ZL = lower plume boundary (Z-coordinate) 
S = hydrodynamic average (bulk) dilution 
C = average (bulk) concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached) : 
X y z s 

40.60 .00 .00 60.4 
41.01 .00 .00 60.6 
41.42 .00 .00 60.9 
41. 82 .00 .00 61.2 
42. 23 .00 .00 61.5 
42.63 .00 .00 61.9 
43.04 .00 .00 62.2 
43.45 .00 .00 62.5 
43.85 .00 .00 62.8 
44.26 .00 .00 63.1 
44.66 .00 .00 63.4 
45.07 .00 .00 63.7 
45 .48 .00 .00 64.0 
45.88 .00 .00 64.3 
46.29 . 00 .00 64.6 
46. 70 .00 .00 65.0 
47.10 .00 .00 65.3 

C 
.166E+02 
.165E+02 
.164E+02 
.163E+02 
.162E+02 
.162E+02 
.161E+02 
.160E+02 
.159E+02 
.159E+02 
.158E+02 
.157E+02 
.156E+02 
.155E+02 
.155E+02 
.154E+02 
.153E+02 

BV 
2.61 
2.60 
2.58 
2.57 
2.55 
2.54 
2.53 
2.51 
2.50 
2.49 
2.48 
2.46 
2.45 
2.44 
2.43 
2.42 
2.41 

BH 
2.61 
2.64 
2.67 
2.70 
2.73 
2.76 
2.78 
2.81 
2.84 
2.87 
2.90 
2.92 
2.95 
2.98 
3.01 
3.03 
3.06 

zu 
2.61 
2.60 
2.58 
2.57 
2.55 
2.54 
2.53 
2.51 
2.50 
2 . 49 
2.48 
2.46 
2.45 
2.44 
2.43 
2.42 
2.41 

ZL 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.. . 
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f ... 

47 .51 
47.91 
48.32 
48.73 
49.13 
49.54 
49.95 
50.35 
50.76 
51.16 
51.57 
51.98 
52.38 
52.79 
53.20 
53.60 
54.01 
54.41 
54.82 
55.23 
55.63 
56.04 
56.45 
56.85 
57.26 
57.66 
58.07 
58.48 
58.88 
59.29 
59.69 
60.10 
60. 51 
60.91 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
Cumulative travel time= 

65.6 .152E+02 
65.9 .152E+02 
66.2 .151E+02 
66.6 .150E+02 
66.9 .149E+02 
67.2 .149E+02 
67.6 .148E+02 
67.9 .147E+02 
68.3 .147E+02 
68.6 .146E+02 
68.9 .145E+02 
69.3 .144E+02 
69.6 .144E+02 
70.0 .143E+02 
70.3 .142E+02 
70.7 .141E+02 
71.1 .141E+02 
71.4 .140E+02 
71.8 .139E+02 
72.1 .139E+02 
72. 5 .138E+02 
72.9 .137E+02 
73.3 .137E+02 
73.6 .136E+02 
74.0 .135E+02 
74.4 .134E+02 
74.8 .134E+02 
75.2 .133E+02 
75.6 .132E+02 
76.0 .132E+02 
76.4 .131E+02 
76.8 .130E+02 
77. 2 .130E+02 
77.6 .129E+02 

61. sec 

2.40 
2.40 
2.39 
2.38 
2.37 
2.36 
2.36 
2.35 
2.34 
2.34 
2.33 
2.32 
2.32 
2.31 
2.31 
2.30 
2.30 
2.29 
2.29 
2.28 
2.28 
2.27 
2.27 
2.27 
2.26 
2.26 
2.26 
2.26 
2.25 
2.25 
2.25 
2.25 
2.24 
2.24 

3.09 
3.11 
3.14 
3.17 
3.19 
3.22 
3.24 
3.27 
3.30 
3.32 
3.35 
3.37 
3.40 
3.42 
3.45 
3.47 
3.50 
3.52 
3.55 
3.57 
3.60 
3.62 
3.65 
3.67 
3.70 
3.72 
3.75 
3.77 
3.79 
3.82 
3.84 
3.87 
3.89 
3.91 

2.40 
2.40 
2.39 
2.38 
2.37 
2.36 
2.36 
2.35 
2.34 
2.34 
2.33 
2.32 
2.32 
2.31 
2.31 
2.30 
2.30 
2.29 
2.29 
2.28 
2.28 
2.27 
2.27 
2.27 
2.26 
2.26 
2.26 
2.26 
2.25 
2.25 
2.25 
2.25 
2.24 
2.24 

END OF MOD141: BUOYANT AMBIENT SPREADING 

BEGIN MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 

Vertical diffusivity (initial value) = .607E-01 mA2/s 
Horizontal diffusivity (initial value) = .152E+00 mA2/s 

Profile definitions: 
BV = Gaussian s.d.*sqrt(pi/2) (46%) thickness, measured vertically 

= or equal to layer depth, if fully mixed 
BH = Gaussian s.d.*sqrt(pi/2) (46%) half-width, 

measured horizontally in Y-direction 
ZU = upper plume boundary (Z- coordinate) 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
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ZL = lower plume boundary (Z-coordinate) 
s = hydrodynamic centerline dilution 
C = centerline concentration (includes reaction effects, if any) 

Plume Stage 1 (not bank attached): 
X y z s C BV BH zu ZL 

60.91 .00 .00 77.6 .129E+02 2.24 3.91 2.24 .00 
65.00 .00 .00 85.2 .117E+02 2.28 4.22 2.28 .00 
69.09 .00 .00 92.8 .108E+02 2.33 4.50 2.33 .00 
73.17 .00 .00 100.5 .995E+01 2.38 4.77 2.38 .00 
77.26 .00 .00 108.2 .924E+01 2.44 5.02 2.44 .00 
81.35 .00 .00 116.1 .861E+01 2.49 5.26 2.49 .00 
85.43 .00 .00 124.1 .805E+01 2.56 5.49 2.56 .00 
89.52 .00 .00 132.4 .755E+01 2.62 5.72 2.62 .00 
93.61 .00 .00 140.8 .710E+01 2.69 5.93 2.69 .00 
97.69 .00 .00 149.4 .669E+01 2.75 6.13 2.75 .00 

101.78 .00 .00 158.2 .632E+01 2.83 6.33 2.83 .00 
105.86 .00 .00 167.3 .598E+01 2.90 6.53 2.90 .00 
109.95 .00 .00 176.6 .566E+01 2.98 6.71 2.98 .00 
114.04 .00 .00 186.1 .537E+01 3.05 6.90 3.05 .00 
118.12 .00 .00 195.8 .511E+01 3.13 7.07 3.13 .00 
122.21 .00 .00 205.7 .486E+01 3.21 7.25 3.21 .00 
126.30 .00 .00 215.8 ,463E+01 3.29 7.41 3.29 .00 
130.38 .00 .00 226.1 .442E+01 3.37 7.58 3.37 .00 
134.47 .00 .00 236.6 .423E+01 3.46 7.74 3.46 .00 
138. 56 .00 .00 247.2 .404E+01 3.54 7.90 3.54 .00 
142.64 .00 .00 258.1 .388E+01 3.62 8.06 3.62 .00 
146.73 .00 .00 269.0 .372E+01 3.71 8.21 3.71 .00 
150.82 .00 .00 280.2 .357E+01 3.79 8.36 3.79 .00 
154.90 .00 .00 291.5 .343E+01 3.88 8.50 3.88 .00 
158.99 .00 .00 302.9 .330E+01 3.96 8.65 3.96 .00 
163.07 .00 .00 314.4 .318E+01 4.05 8.79 4.05 .00 
167.16 .00 .00 326.1 .307E+01 4.13 8.93 4.13 .00 
171.25 .00 .00 337.8 .296E+01 4.21 9.07 4.21 .00 
175.33 .00 .00 349.7 .286E+01 4.30 9.20 4.30 .00 
179.42 .00 .00 361.7 .276E+01 4.38 9.34 4.38 .00 
183.51 .00 .00 373.7 .268E+01 4.46 9.47 4.46 .00 

Plume interacts with SURFACE. 
The passive diffusion plume becomes VERTICALLY FULLY MIXED within this 

prediction interval. 
187.59 .00 .00 385.3 .260E+01 4.54 9.60 4.54 .00 
191.68 .00 .00 390.4 .256E+01 4.54 9.73 4.54 .00 
195.77 .00 .00 395.S .253E+01 4.54 9.85 4.54 .00 
199.85 .00 .00 400.S .250E+01 4.54 9.98 4.54 .00 
203.94 .00 .00 405.5 .247E+01 4. 54 10.10 4.54 .00 
208.03 .00 .00 410.4 .244E+01 4. 54 10.22 4.54 .00 
212.11 .00 .00 415.2 .241E+01 4. 54 10.35 4.54 .00 
216.20 .00 .00 420.0 .238E+01 4. 54 10.46 4.54 .00 
220.28 .00 .00 424.7 .235E+01 4. 54 10.58 4.54 .00 
224.37 .00 .00 429.4 .233E+01 4.54 10.70 4.54 .00 
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228.46 .00 .00 434.0 .230E+01 4. 54 10.81 4. 54 .00 
232.54 .00 .00 438.6 .228E+01 4. 54 10.93 4.54 .00 
236.63 .00 .00 443.1 .226E+01 4.54 11.04 4.54 .00 
240.72 .00 .00 447.6 .223E+01 4.54 11.15 4.54 .00 
244.80 .00 .00 452.0 .221E+01 4.54 11.26 4.54 .00 
248.89 .00 .00 456.4 .219E+01 4.54 11.37 4.54 .00 
252.98 .00 .00 460.8 .217E+01 4.54 11.48 4.54 .00 
257.06 .00 .00 465.1 .215E+01 4.54 11.59 4.54 .00 
261.15 .00 .00 469.4 .213E+01 4.54 11.69 4.54 .00 
265.24 .00 .00 473.6 .211E+01 4.54 11.80 4.54 .00 

Cumulative travel time = 321. sec 

----------------------------------------------- ----- -------------------- -----
Plume Stage 2 (bank attached): 

X y z s C BV BH zu ZL 
265.24 11.80 .00 473.6 .211E+01 4.54 23.60 4.54 .00 

The passive diffusion plume becomes LATERALLY FULLY MIXED over the channel 
width during the current prediction interval. 

The x-coordinate of bank attachment is 273.82 m. 
283.93 11.80 .00 478.4 .209E+01 4.54 23. 71 4.54 .00 

Effluent is FULLY MIXED over the entire channel cross-section. 
Except for possible far-field decay or reaction processes, there are 

NO FURTHER CHANGES with downstream direction. 
302.63 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
321.32 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
340.02 11.80 .00 475.8 .210E+01 4.54 23. 71 4.54 .00 
358.71 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
377.41 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
396.10 11.80 .00 475.8 .210E+01 4.54 23. 71 4.54 .00 
414.80 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
433.49 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
452.19 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
470.88 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
489.58 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
508.27 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
526.97 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
545.66 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
564.36 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
583.06 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
601.75 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
620.45 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
639.14 11.80 .00 475.8 .210E+01 4.54 23.71 4. 54 .00 
657.84 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
676.53 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
695.23 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
713.92 11.80 .00 475.8 .210E+01 4.54 23.71 4. 54 .00 
732.62 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
751. 31 11.80 .00 475.8 .210E+01 4.54 23.71 4. 54 .00 
770.01 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
788.70 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
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807.40 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
826.09 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
844.79 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
863.49 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
882.18 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
900.88 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
919.57 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
938.27 11.80 .00 475.8 .210E+01 4.54 23.71 4. 54 .00 
956.96 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
975.66 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 
994.35 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 

1013.05 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 
1031. 74 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 
1050.44 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 
1069.13 11.80 .00 475.8 .210E+01 4. 54 23.71 4.54 .00 
1087.83 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1106.52 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1125.22 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1143.91 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1162.61 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1181.31 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 
1200.00 11.80 .00 475.8 .210E+01 4.54 23.71 4.54 .00 

Cumulative travel time = 1509. sec 

Simulation limit based on maximum specified distance= 1200.00 m. 
This is the REGION OF INTEREST limitation. 

END OF MOD161: PASSIVE AMBIENT MIXING IN UNIFORM AMBIENT 
------------------------- · ---------------------------------------------------
-----------------------------------------------------------------------------
CORMIXl: Submerged Single Port Discharges End of Prediction File 
11111111111111111111111111111111111111111111111111111111111111111111111111111 
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OPINIONS OF THE ECOLOGICAL EFFECTS OF WILLIAMSON 
ENERGY'S RENEW AL OF NATIONAL POLLUTANT DISCHARGE 

ELIMINATION SYSTEM PERMIT IL0077666 

1.0 INTRODUCTION 

This report summarizes the opinions of Dr. Mindy Yeager-Annstead on the Williamson Energy 
Renewal of National Pollutant Discharge Elimination System (NPDES) Permit IL0077666 being 
issued for the Pond Creek Mine discharging into the Muddy River in Franklin County, Illinois. 
Formation of the opinions herein relied on documents provided to me (listed below), review of the 
draft permit and comments on the permit, review of relevant literature. and my experience. My 
educational background is described in my Curriculum Vita. My experience includes 15 years of 
consulting experience with the mining industry, specifically mining permitting and compliance, 
and 8 years of teaching and research experience at Marshall University. Since joining the faculty 
at Marshall University in August of 2011 as an assistant professor, I have established a productive 
research group, obtained tenure and full professorship, and now serve as Chair of the Department 
of Natural Resources and the Environment. My review is divided into 3 sections which include: 
review of the permitting procedures employed in permit issuance; consideration of the potential 
for biological effects from the permit in Muddy Branch; and a response to issues raised by 
commenters on the draft permit. 

2.0 ITEMS REVIEWED 

♦ Draft NPDES Pennit No. IL0077666, Notice No 7516c Williamson Energy. LLC Pond 
Creek Mine Draft Renewed Permit and Fact Sheet 

♦ Williamson Energy's Antidegradation Document for NPDES Permit No. IL0077666, 
Notice No. 7516c Williamson Energy. LLC, Pond Creek Mine. 

♦ Comments provided to Illinois Environmental Protection Agency (IEPA) Bureau of Water. 
Water Pollution Control Permit Section (August 12, 2019) by Sierra Club. Illinois Chapter. 

♦ IEPA Memorandum to Iwona Ward from Scott Twait, December 13, 2016, pertaining to 
Water Quality Based Effluent Limitations for Williamson Energy, LLC - Pond Creek Mine 
NPDES Permit No. 11007766. 

• Additional data collected in response to comments on the draft permit. 
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♦ Memorandum to James Plumley from John Michael Corn, P.E. and Pam Hoover, P.E., 
AquAeTer, Inc. on April 26, 2019 regarding 2019 Mach Mine Pond 009 Effluent Results. 

♦ Illinois Department of Natural Resources Endangered Species Act (and others) 
Consultation Review Letter dated September 26, 2019 EcoCA T Review# 2001813. 

♦ Water Quality Data from sites in the Big Muddy River watershed obtained from IEPA by 
Freedom of Information Act. 

♦ Freshwater Mussels of the Big Muddy River, INHS Technical Report, 2012. 

♦ Benthic Macroinvertebrate Community Survey in the Big Muddy River. conducted by 
Alliance Consulting, December 2019. 

♦ Big Muddy River Total Maximum Daily Load (TMDL) Report, IEPA 2004. 

♦ Stage 3 TMDL Report, Upper Big Muddy River Watershed, LimnoTech 2018. 

♦ Figures prepared for the public meeting on December 18, 2019 and general information on 
the mixing/dilution studies prepared by consultants. 

♦ Historic documents and other information on the watershed obtained by internet searching. 

3.0 PERMITTING PROCEDURES 

A review of the draft permit and associated information indicates the permit was developed using 
appropriate methods consistent with the industry standards and protective of in-stream water 
quality criteria. The permit development included an exceptional and thorough anti-degradation 
review containing alternatives analysis, endangered species consultation. appropriate presentation 
of mixing zone and diffuser design considerations, and a real-time water quality management 
strategy. The real-time water quality management strategy has been sparsely used in permitting 
historically. but advances in remote sensing technology make this strategy feasible. The location 
of an United States Geological Survey (USGS) gaging station in the permit area and the ability to 
hold discharges when necessary optimize conditions to employ this permitting strategy. 

Use of a mixing zone is acceptable to achieve permit compliance, which is widely used and 
consistent with federal and state regulations. Mixing zones are particularly desirable when 
pollutants are not persistent or bio-accumulative. such as with salts that are decidedly not toxic in 
lower levels. Additionally, salt discharges are well suited for mixing or dilution because treatment 
or removal has inherent environmental costs such as the high-energy demands of reverse osmosis, 
evaporation. and crystallization. Additionally. the consistent relationship between individual salts 
and specific conductivity. once established, will allow for real-time monitoring of stream and 
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discharge constituent concentrations. Generally, the relative mineral concentrations of water from 
the same source are consistent allowing specific conductivity. a surrogate measurement. to 
represent chloride in permit evaluations. This consistency is demonstrated with 7 samples 
collected from the holding basin location ( 417) on sampling dates from October 25, 20 I 9 to 
January 13, 2020. Major ion concentrations (alkalinity. sulfate, chloride. and hardness) were 
summed to estimate total dissolved solids that was not determined. The relative contribution of 
chloride to the total ions ranged from 34.1 % to 3 7 .9% in these 7 samples with this minimal 
variability suggesting high confidence in the ability to develop a predictive relationship between 
chloride and specific conductivity. which can be measured in real-time. Utilization of this 
advanced sensor technology is required in the permit; it will support monitoring of real-time stream 
conditions. demonstrate consistent compliance with permit conditions. and notify operators of 
deviations from compliance continuously. The state-of-the-art monitoring discussed in detail 
below will reliably protect the stream from chloride excursions. It should be noted that my review 
of the mixing zone and diffuser design does not constitute an engineering review, only that the 
information is presented and was apparently found to be consistent with regulatory expectations 
by the agency for permit development. 

The extensive and thorough anti-degradation analysis and supporting documents provided by the 
permittee were reviewed by IEPA for permit development. IEPA conducted a review based on 
Illinois Pollution Control Board (]PCB) Antidegradation regulations (35 Ill. Adm. Code 302.105) 
and concluded that the discharge would attain water quality standards and maintain existing uses 
of the stream based on the information provided and pursuant to additional information provided 
in comments. I concur with their findings and have seen nothing presented in the public comments 
reviewed that undermines the agency conclusions. 

Consultation with the Illinois Department of Natural Resources (IDNR) was undertaken to ensure 
protection of threatened and endangered (T&E) species in the permit area. The consultation 
indicated no T &E aquatic species present in the discharge location (letter dated 
September 26, 2019), but indicates adherence to the permit conditions is requested to protect fish 
and mussel populations in the area. No concern was expressed by IDNR regarding aquatic 
community impairment under the permit conditions. The IEPA permit writer also indicates the 
web-based database was consulted and confirms no T &E species. This information appears to 
have been appropriately considered in permit development. 

4.0 BIOLOGICAL EFFECTS 

A benthic macroinvertebrate survey was conducted in the v1cm1ty of the diffuser on 
November 20, 2019 by Alliance Consulting. Sampling was conducted by dredge due to river depth 
and accessibility. Sample results are qualitative due to deviation from optimal sampling 
timeframes. sample collection methods and habitat necessitated by study objectives. and river 
condition. However, consideration of the type and diversity of macroinvertebrates collected, with 
knowledge of their life histories and tolerance values. still provides information on the stream 
conditions. Land use in the diffuser and mixing zone location is dominated by agriculture. 
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Riparian zones are forested, wide to narrow, and contribute to fair woody debris that appears to be 
the only stable substrate in the stream. Steep undercut banks in the area downstream of the diffuser 
indicate historic instability and heavy erosion. Sediment bar formation is substantial, as is 
deposition. Substrate in the area is dominated by silty, sandy bottoms with hard packed clay also 
found. Stream morphology is pool with no riffle/ run or gravel/cobble substrate noted in the 0.77 
mile surveyed. Stream macroinvertebrate community is considered in the context of the sampling 
limitations. The benthic macroinvertebrate community is dominated by tolerant taxa generally of 
the gatherer/collector or filter/collector trophic groups. This community is indicative of the slow 
moving pool conditions. The community does not appear robust or healthy with limitations 
potentially resulting from habitat degradation as evidenced by the presence of several less tolerant 
taxa. 

A mussel survey reported in 2012 by the Illinois Natural History survey offers an excellent 
description of the current (2009/20 l 0) and historical condition of the Big Muddy River. It 
confirms the aforementioned dominance of silt/clay or "mud" stream bottoms, dominance of 
woody debris as the primary stable substrate. and the dominance of agriculture with lesser-forested 
land use in the watershed. 

The potential for biological effects resulting from discharge mixing in the Big Muddy River is low 
due to poor habitat conditions, heavy sedimentation, and historic and ongoing anthropogenic 
impacts in the watershed. While no unique or highly valued mussel populations were found on 
the main stem of Big Muddy River, the sampling location most representative of the stream in the 
discharge area was ranked as moderate. Thirteen taxa were found at this specific site in the main 
stem of the Big Muddy, with 19 of 25 historically collected taxa also collected in the survey. 
Restricted or limited mussel communities were found at 75% of the locations sampled. 
Gravel/cobble/boulder substrate were found to be non-existent in the basin, as reported recently in 
the aforementioned benthic macroinvertebrate survey. Sediment/siltation may influence the lack 
of mussel species (INH 2012). These factors were also listed as impairing aquatic life at many 
locations in the Big Muddy River in the 20 l 0 IEP A Water Quality Report and 303( d) list indicated 
in the mussel survey and specifically in the reach where the diffuser will be located in the 2018 
TMDL Report prepared by LimnoTech for the Big Muddy River. Given these geologic and 
biologic factors, it is not likely that mussel communities will be adversely impacted by this 
discharge. 

Generally. fish are less sensitive to increases in salinity than other taxa evaluated and are well 
protected by the 500 mg/I single threshold standard. Fish communities in the Big Muddy River 
demonstrate moderate abundance and richness indicative of anthropogenically influenced 
watersheds. Historical record indicates the Big Muddy River has traditionally displayed lowland 
characteristics with muddy banks, predominantly silt substrate, and sluggish flow. The naturally 
limited habitat and environmental damage already prevalent in the watershed likely contribute to 
the limited fish community and to selection for tolerant taxa. 
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The potential for biological effects resulting from discharge mixing in the Big Muddy River is low 
due to current/historical poor habitat conditions from heavy sedimentation/siltation which have 
already limited biological communities in the vicinity of the discharge. The moderately healthy 
fish and mussel communities are comprised of taxa tolerant of the current conditions and are likely 
to continue to persist if water with the proposed discharge in compliance with the permitting 
conditions. The historic and ongoing anthropogenic impacts in the watershed, mainly agricultural, 
are not likely to abate any time in the future. Although better management practices may improve 
loading, the substrate in the Big Muddy River is likely to remain unfavorable for establishing 
optimal habitat conditions necessary to support exceptional aquatic populations. 

5.0 RESPONSE TO COMMENTS 

Comment: 

Comment: 

Comment: 

Response: 

The facility has current and recent violations of their NPDES permit that have yet 
to be resolved. 

The mL-.:ing zone and updated real-time discharge limits conlained in the drafl 
permit represent a long-term solution lo previous permit exceedances. Pond Creek 
Mine has worked with !EPA to develop acceptable regulatory methods to achieve 
compliance in the river. 

In view of the frequent violations and the danger of discharges of chemicals that 
are toxic to aquatic life. the monitoring is inadequate. 

The permit limits calculate real-lime discharge limits to ensure !he constituents of 
the discharge are not in concentrations toxic to aquatic l(fe and is computer 
controlled such that the .\ystem will shut down to prevent permit exceedances. As 
indicated above, prelimina,y evaluations show a substantial relationship between 
chloride concenlralion and estimated to/a/ dissolved solids; the chloride 
concentration is relatively stable with respect to the other major ions and should 
be predictable.from the .\pec(fic conductivity measurements. This relationship will 
be con_firmed with additional measurements and a predictive equalion developed. 
When the discharge is initiated, the continuous, real-time monitoring <?fOuffall 011 
in-stream will further ensure compliance with permit conditions and prolect 
aquatic l(fefrom toxicity. 

The chloride acute limit is too weak and the permit lacks a chronic chloride limit 
and thus fails to protect aquatic life and violates 35 Ill. Adm. Code 302. l 05(a), 
302.210, 304.105 . and 309.143. 

The hardness values in the mixing zone will be influenced by the discharge which 
has an average hardness of 610 mg/I CaCO;. The permit derivations are in 
compliance with the mixing zone regulations, water quality standards, and effluent 
limitations referenced in the comments. The single-standard approach for 
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Comment: 

Response: 

Comment: 

Re.\ponse: 

chlorides is consistent with low acute to chronic ratios in salt toxicity and the 
''pass-through" exposure scenario of organisms moving through the mixing zone. 
The in-place chloride standard is deemed acceplable by the /EPA and the United 
States Environmenlal Protection Agency (USEPA). Changes lo the in-place water 
quality criteria are beyond the purview of !his permit which puts in place 
mechanisms to ensure compliance with the currently approved water quality 
standard,;; which are developed lo be protective of daily and long term biological 
exposures. Chlorides are not "accumulative". 
If !he standard was to be changed, the permit conditions would be reevaluated; 
however, the 500 mg/I chloride standard is no/ subslantially d[[ferenl than Iha! 
calculated using Soucek 's equations. The current single-value standard has been 
acceptable lo USEPA in recent considerations o_f !he /EPA for chloride standard 
revisions in parls of Illinois where road salt application has resulted in 
exceedances of the s/andard (PCB 18-32). 

Mixing zone concentralions are calculaled as '·worsl case" with highest discharge 
concentrations and flow volumes mixed under low stream flow conditions lo ensure . . 
compliance with the water quality criteria. Water qualily standards are also 
determined as worst case; designed to protect for the most sensitive taxa and with 
a built in margin of safety. Permit conditions limil discharge volumes and 
concentrations to be protective under bolh low7flow and high-flow conditions again 
utilizing '·worst case" conditions for each. For these reasons, the biota in Big 
Muddy River will be protected from adverse conditions continuously when the 
diffuser is discharging. 

The Reasonable Potential Analysis is improper because the IEP A did not use the 
multipliers recommended by USEPA to assure measured reasonable potential or 
require an adequate amount of testing. See Des Plaines Watershed Alliance v. 
Illinois EPA, 2007111. Env. Lexis 149 *138 (IPCB 2007). 

Reasonable polenlial analysis is used to predict upper contaminant concentrations 
in discharges using the variability in the discharge.for ensuring stream prolection 
in the previously mentioned ···worst case" discharge scenario. The upper 
contaminant concentration in Ou(fall O 11 is determined in the permit to be 12,000 
mg/ I chloride and will be measured in real-time using !he relalionship between 
chloride and conductivity, an easily monitored indicator. Eslimating this upper 
limit using reasonable potential calculations is not necessary. 

The potential effect of the increased discharges has not been determined as to 
flooding, groundwater use and other factors. 

The permit discusses the increased flow to the stream which may occur under 
high:f/Olt: scenarios and states the maximum pumped volume would raise the waler 
level by less than an inch. I did not conduct an engineering review, but relied on 
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Comment: 

Re.\ponse: 

the permillee and the !EPA 's review to ensure these calculations are correcl. The 
comments present no evidence to the contrary. This has clearly been included in 
the permit development and approval. There is no evidence that increased chloride 
concentrations increase the toxicity of algal blooms. The reference suggesting this 
relationship provided by the comments refers to the condition o.ffreshwater algae 
flowing into the ocean where they die and release toxins. This spec{fic situation, 
which occurs in the drainage.from Lake Okeechobee in Florida, is not relevant to 
the discharges in the Big Muddy River. 

The permit describes that the volumes of discharge will not exacerbate flooding. as 
indicated above, under worst case condilions and thus would exist within the range 
of natural-flmr conditions under lower flows. The channel can thus ''handle" the . . . 

discharge without increasing the risk of.flooding. the condition of the channel 
banks, vegetative cover, and in-stream substrates is known to be suboptimal 
throughout the watershed, but unrelated to !his permit. 

Increased chloride levels may increase toxicity of algal blooms in Big Muddy and 
other waters. 

There is no evidence to indicate thal lhe chloride levels in Big Muddy River will 
increase !he toxicity of algal blooms in the river. On the conlrary, references 
provided in the comments demonstrate the safety of chloride concentrations in the 
range of those which tvill be found in !he Big Muddy River 011/side of the mixing 
zone with effects levels higher than in-stream concentrations. 

Suggeslions that the discharges in Big Muddy River will contribute to the toxicily 
of algal blooms are unfounded as the chloride concentralions included in the study 
provided were not consistenl with the concenlrations which will be present in Big 
Muddy River but were more consistent with ocean water. The USGS reference 
spec{fically pertained to the introduction o.ffreshwater blooms to marine conditions 
where salinity is well above the levels occurring in this case. Additionally, the 
ecological risks suggested.from lake sllldies are not representative of conditions in 
the Big Muddy River as comparison of ecological e.ffects.from lentic to lotic systems 
is not feasible. In lakes, particularly those with no ou(flow, evaporation 
concentrates salts and continued elevated inputs will concentrate. In .flowing 
systems, the dissolved salts dis1Jerse downstream, generally becoming more di/wed 
until reaching the ocean. However, it is noteworthy thal the Lind. et al study 
provided in the comments actually demonstrates, as other peer-reviewed litera/ure 
demonstrates, the safety of chlorides discharges in concentrations thal will be 
present in the river outside of the mixing zone. 
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6.0 CLOSING 

The scope of this report is limited to the specific project and location described herein and 
represents my understanding of the factors as presented in this report. If these factors change as 
additional data concerning this report is obtained, I should be informed so that I may examine the 
data and, if necessary, modify or revise the opinions presented in this report. 

Sincerely. 

MYA/rlh 

Opinions on the Ecological Effcc1s of W1lhamson Fncrg) NPDl:s Pcnmt Rcnc11al (0 IO 1-19-0375). January 17. 2020 Page 8 
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Cherry, D.S., J.H. Van Hassel, M.M. Yeager, and J. Cairns, Jr. 1995. Avoidance of rn·enty-four 
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Population of the Central Mudminnow, Umbra limi (Kirtland), in the Greenbottom 
Wildlife Management Area, Cabell County, West Virginia. Bulletin of the West Virginia 
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Hendricks, S. (Presenter), M. Armstead, B. Ford, J. Fox, and D. White. 2017. Sensing and 
Educating the Nexus to Sustain Ecosystems (SENSE): A Kentucky-West Virginia 
Partnership. Poster Presentation at the Kentucky Water Research Institute Annual 
Meeting. Lexington, Kentucky. March 20-21, 2017. 

Armstead, M. (Presenter), M. Wilson. 2016. Effects of total dissolved solids on benthic 
macroinvertebrate communities and individual taxa from streams in West Virginia. 
Platform Presentation at the 71h SET AC World Congress/SET AC North America 3 7th 

Annual Meeting in Orlando, Florida. November 8-12 2016. 

Edwards, G.G., D. Brady, M. Armstead, and M. Wilson. 2016. Development of culturing and 
rearing methodology for Ephemeroptera taxa. Accepted for Poster Presentation at the 7th 

SETAC World Congress/SETAC North America 37th Annual Meeting in Orlando, 
Florida. November 8-12 2016. 

Chapman, M., M. Armstead, and M. Wilson. 2016. Changes in physical factors following low­
level disturbance in a West Virginia watershed. Accepted for Poster Presentation at the 
7th SETAC World Congress/SETAC North America 371h Annual Meeting in Orlando, 
Florida. November 8-12 2016. 
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Environmental Considerations in Energy Production Conforence. Pittsburgh, 
Pennsylvania. September 20-23, 2015 
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Environmental Considerations in Energy Production Conference. Pittsburgh, 
Pennsylvania. September 20-23, 2015. 
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.fi>1· Natil•e Mayfzv Taxa for use in !ahoralmy toxicity testing. Oral presentation at the 
Second Environmental Considerations in Energy Production Conference. Pittsburgh, 
Pennsylvania. September 20-23, 2015. 

Chapman, A., Armstead, M.M .. Wilson, M., Kinney, J. 2015. 711e effects <~l e!el'ated dissolved 
solids 011 benthic macroin\'C'rlebrate taxa. Poster presentation at the Society for 
Freshwater Science Annual Meeting. Milwaukee, Wisconsin. May 17-21, 2015. 

Rowsey, K., Armstead, M.M., Wilson, M .. 2015. lm•e.,tigation ~/' parthenogenesis in 
Ephemeroptera and de,·elopment rf methods.for rearing nath·e mayfly ta.rn in lahorato1:v 
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c11lt11re. Poster presentation at the Society for Freshwater Science Annual Meeting. 
Milwaukee, Wisconsin. May 17-21, 2015. 

Armstead, M.M., Wilson, M. (Presenter). Kinney, L. 2015. Ohserl'atio11s 011 variability i11 
selenium hioacc11mulatio11 rates and i111pleme11tativ11 qf tissue criteria. Oral presentation 
at the Society for Freshwater Science Annual Meeting. Milwaukee, Wisconsin. 
May 17-21,2015. 

Rowsey, K., Armstead, M. M., Wilson, M., 2014 "Method development for rearing field 
collected mayflies to provide consistently available healthy organisms for use in toxicity 
evaluations. Oral presentation at Society of Environmental Toxicology and Chemistry 
North America 35th Annual Meeting, Vancouver, BC, Canada. (November 12, 2014). 

Wilson, M., Armstead, M. M., Keller, L. 2014. A Consen1ative Seasonal Selenium Monitoring 
Concept. Poster presentation at Society of Environmental Toxicology and Chemistry, 
35th Annual Meeting. Vancouver, BC, Canada. (November 11, 2014). 

Armstead, M. M. (Presenter), Wilson, M., Parsons-White, A., 2014. The Efficacy of a Novel 
Control Strategy for Golden Algae Management. Poster presentation at Joint Aquatic 
Sciences Meeting Society for Freshwater Science. Portland Oregon. (May 22, 2014). 

Parsons-White, A., Armstead, M. M., Wilson, M., Mayfield, B. 2014. Establishing Variability in 
Toxins Produced by Prymensium pan1um Exposed to Differing Culture and Toxicity 
Inducing Conditions. Oral presentation at Joint Aquatic Sciences Meeting Society for 
Freshwater Science. Portland Oregon. (May 21, 2014). 

Mayfield, B., Armstead, M. M., Wilson, M., Parsons-White, A. 2014. The Analysis of In Vivo 
and In Vitro Bioassay Sensitivities and Responses to P,ymnesium parvum Toxins. Poster 
presentation at Joint Aquatic Sciences Meeting. Society for Freshwater Science, Portland 
Oregon. (May 20, 2014). 

Wilson, M., Armstead, M. M., Kinney, L. 2015. An Evaluation of the Seasonal Concentrations 
of Selenium in an Aquatic Food Chain. Poster presentation at Joint Aquatic Sciences 
Meeting, Society for Freshwater Science, Portland Oregon. (May 19, 2014). 

Armstead, M. M. (Presenter), ARIES Update - Marshall University, At the Appalachian 
Research Initiative for Environmental Science, annual meeting, Lexington, Kentucky. 
(April 29, 2014). 

Kinney, J., Armstead, M. M., Wilson, M., 2013. A comparison of the sensitivity of mayfly taxa 
to a simulated mine discharge. Poster presentation at Harmonizing Across Disciplines 
34th Annual Meeting Society of Environmental Toxicology and Chemistry, Nashville, 
Tennessee. (November 21, 2013 ). 
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Keller, L., Armstead, M. M., Wilson, M., 2013. Trophic Transfer Modeling of Selenium how 
much data do we need. Poster presentation at Harmonizing Across Disciplines 34th 
Annual Meeting, Society of Environmental Toxicology and Chemistry, Nashville, 
Tennessee. (November 20, 2013). 

Parsons White, Armstead, M. M., A., Wilson, M., 2013 . Evaluation of a novel control method 
for Prymnesium parvum. Poster presentation at Harmonizing Across Disciplines 34th 
Annual Meeting, Society of Environmental Toxicology and Chemistry, Nashville, 
Tennessee. (November 18, 2013). 

Yeager, J., Armstead, M. M. 2013. Baetidae dominance in the Tug Fork watershed in West 
Virginia. Oral presentation at the Society of Freshwater Science. Jacksonville, Florida. 
(May 23, 2013). 

Keller, L., Armstead, M. M., Wilson, M. 2013. A trophic transfer study associated with selenium 
bioaccumulation in West Virginia. Poster presentation at the Society of Freshwater 
Science. Jacksonville, Florida. (May 23, 2013 ). 

Kinney, J., Armstead, M. M., Wilson, M., 2013. Effects of elevated dissolved solids on benthic 
macroinvertebrate communities. Poster presentation at the Society of Freshwater Science. 
Jacksonville, Florida. (May 23, 2013). 

ParsonswWhite, A., Armstead, M. M., Wilson, M. 2013. Establishing the variability in the toxins 
produced by P,ymensium parvum exposed to variable culturing and toxicity inducing 
conditions. Poster presentation at the Society of Freshwater Science, Jacksonville, 
Florida. (May 23, 2013). 

Armstead, M. M. (Presenter), Creathers, L., Wilson, M., Keller, L., 2013. A summa,y of chronic 
toxicity testing in mining influenced streams in West Virginia. Oral presentation at the 
Society of Freshwater Science, Jacksonville, Florida. (May 23, 2013). 

Armstead, M. M. (Presenter). 2013. Selenium F;!Jects 011 fish reproduction in mining influenced 
watersheds in West Virginia. Oral presentation at the Society of Freshwater Science. 
Jacksonville, Florida. (May 23, 2013). 

Armstead, M. M. (Presenter). 2013. Chronic Toxicity Testing in Mining Influenced Streams. 
Environmental Considerations in Energy Production, Appalachian Research Initiate for 
Environmental Studies, Charleston, West Virginia. (April 16, 2013). 

Armstead, M. M. (Presenter), Wilson, M., Keller, L., Kinney, J., McGill, K., Snyder, E. 2013. 
Effects of a Simulated Mine Effluent with Elevated Ionic concentration on Field Collected 
Benthic Macroinvertebrates. Environmental Considerations in Energy Production, 
Appalachian Research Initiative for Environmental Studies. Charleston West Virginia. 
(April 16, 2013). 
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Armstead, M. M. (Presenter), 2013. Selenium Toxicity to Aquatic Organisms. 34th West 
Virginia Mine Drainage Task Force Symposium. Oral presentation to WV Mine Drainage 
Task Force. Morgantown, West Virginia. (March 27, 2013). 

Armstead, M. M., Kinney, J., Wilson, A. 2013. Evaluating the Effects of Total Dissolved Solids 
on Benthic Macroinvertebrate Communities and Individual Taxa. Poster presentation at 
Joint meeting of the West Virginia and Ohio Chapters of the American Fisheries Society. 
American Fisheries Society. Huntington, West Virginia. (February 20, 2013). 

Armstead, M. M., Keller, L., Wilson, A. 2013. Trophic Transfer of Selenium Throughout the 
Food Chain of Aquatic Ecosystems. Poster presentation at Joint meeting of the West 
Virginia and Ohio Chapters of the American Fisheries Society. American Fisheries 
Society. Huntington, West Virginia. (February .20, 2013). 

Armstead, M. M. 2012. Area I - Research Update. Presented at the Appalachian Research 
Initiative for Environmental Science Annual Meeting. Morgantown, West Virginia. 
(September 11, 2012). 

Armstead, M. M. (Presenter), Wilson, M., Keller, L., Kinney, J. , McGill, K., Parsons White, A., 
2012. Methods for Evaluating the Effects of Total Dissolved Solids on Benthic 
Macroinvertebrate Communities and Individual Taxa. Oral presentation at West Virginia 
Water Research Conference. West Virginia Water Research Institute. Morgantown, West 
Virginia. (October 31, 2012). 

Armstead, M. M. (Presenter), Bitzer Creathers, L. 2012. An Evaluation of Chronic Toxicity in 
Mining Influenced Streams of West Virginia. Oral presentation at West Virginia Water 
Research Conference. West Virginia Water Research Institute. Morgantown, West 
Virginia. (October 31, 2012). 

Armstead, M. 201 I. Invited presentation. The Drinking Water Use Predicament. West Virginia 
Chamber of Commerce Environmental Meeting. 

Armstead, M. 2011. Invited presentation. Water Quality Standard Revisions and Compliance 
Alternatives. West Virginia Chamber of Commerce Environmental Meeting. 

FUNDED GRANTS 

Armstead, M.M. (Principal), "Development of tox1c1ty evaluations 
bioassay organisms to sense low levels of contaminants. " 
Watershed Complexity, West Virginia EPSCor RII. $52,000. 
2017). 

using non-traditional 
Marshall University 

(August 2015 - June 

Armstead, M.M. Co-Principal Investigator with S.E. Sweeten and S.D. Klopfer, Laboratory 
Investigation of the Effects of Conductivity on a Suite of Stream Organisms found in the 
coal mining regions of the United States: amphibians, Benthic Macroinvertebrates, and 
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Fish. Sponsored by the Office of Surface Mining and Reclamation, S l 6AC20026. 
$44,996. (July I, 2016 -6-30-2018) 

Armstead, M.M. (Principal), West Virginia American Water's 2016 Environmental Grant 
Program, $1,400, (April 2016 December 2016) 

Armstead, Mary M (Principal), "Marshall University's Statement of Work for Evaluation of 
Aquatic Community Health - Research includes mayfly culturing and testing and stream 
effects of watershed disturbance," Sponsored by ARIES, Private, $90,000.00. 
(June 30, 2015 - June 30, 2016). 

Armstead, M.M. (Principal), "The influence of culture conditions and toxicity induction methods 
on toxin production in Prymnesium parvum." Marshall University Emerging Areas, 
West Virginia EPSCor RII. $25,000. {August 2014 June 2015). 

Armstead, Mary M (Principal), "Marshall University's Statement of Work for Evaluation of 
Aquatic Community Health Research includes mayfly culturing and testing and stream 
effects of watershed disturbance," Sponsored by ARIES, Private, $150,000.00. 
(June 30, 2014 - June 30, 2015). 

Armstead, Mary M (Principal), "Marshall University's Statement of Work for Evaluation of 
Aquatic Community Health - Research includes mesocosm toxicity testing of benthic 
macroinvertebrates and mayfly culturing and testing," Sponsored by ARIES, Private, 
$125,000.00. (June 30, 2013 - June 30, 2014). 

Armstead, M. M. (Principal), "Marshall University's Statement of Work for Completion of 
Tasks 1.5, 1.6, and 2.2.5," Sponsored by ARIES, Private, $102,634.00. (June 30, 2012 -
June 30, 2013). 

Armstead, M. M. (Principal), "Marshall University's Statement of Work for Completion of 
Tasks 1.5, 1.6, and 2.2.5," Sponsored by ARIES, Private, $49,984.00. (June 30, 2012 -
June 30, 2013). 

Armstead, M. M. (Principal), "Marshall University's Statement of Work for Completion of 
Tasks 1.5, 1.6, and 2.2.5," Sponsored by ARIES, Private, $72,359.00. (January 1, 2012 -
June 30, 2012). 

Armstead, M. M. (Supporting), "Assessing Geomorphic Reclamation in Valley Fill Design for 
West Virginia," Sponsored by Office of Surface Mining, Federal, $19,834.00. 
(May I, 2012 - December 2014). 

TECHNICAL REPORTS 

White, D.S., S. Hendricks, M. Armstead, J. Fox, and B. Ford. May 2017. RII Track-2 FEC 
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Sensing and Educating the Nexus to Sustain Ecosystems (SENSE). A Kentucky-West 
Virginia Partnership. Award number: OIA-1632888. Reporting period dates: 1 August 
2016 30 April 2017. 

Armstead, M., Sweeten, S. (Multiple dates). Laboratory Investigation of the Effect of 
Conductivity on a Suite of Stream Organisms Found in the Coal Mining Regions of the 
United States: Amphibians, Benthic Macroinvertebrates and Fish. OSMRE-MU ADTI 
Cooperative Agreement, SI 6AC20026. Quarterly Reports for periods ending 9/30/2016, 
12/3112016, 3/31 /20 l 7. 

Hopkins, L. Quaranta, J., Armstead, M. Hause, J., DePriest, N. 2014. Assessing Geomorphic 
Reclamation in Valley Fill Designs for WV. OSM Cooperative Agreement Number 
Sl2AC20020. 

MM Yeager Armstead, CV, Page I 0 
Revised: June 201 7 



R01865I 
C 

L 

Illinois 
Environmental 
Protection Agency 

IEPNBOW/04-015 

Bureau of Water 
P.O. Box 19276 
Springfield, IL 62794-9276 

BIG MUDDY RIVER 
TMDLREPORT 

- .,. .[.'t ~ 
w·111s ille 

Printed on Recycled Paper 

October 2004 



R01866

0 

THIS PAGE INTENTIONALLY LEFT BLANK 

0 
V 

FINAL REPORT 



R01867I 
r. 

L 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONS 

13 SEP~ 

Marcia Willhite, Chief 
Bureau of Water 
IEPA 
P.O. Box 19276 
1021 North Grand Avenue East 
Springfield, Illinois 62794-9276 

Dear Ms. Willhite: 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 

)c} l;(glmff1£~n£ATTENTK)NOF 
~ WW-161 

00' 0 8 2004 

Watershed Management Secti<il EC EI VE D 
BUP.£AU OF WATal 

ocr -4 zao4 
BUREAU 0 

BUREAU CHIE:.s ~1i R 

The United States Environmental Protection Agency (U.S. EPA) has conducted a complete 
review of the final Total Maxif!1um Daily Loads (TMDl.s) for phosphorus, manganese, and 
sulfate, including supporting documentation, for the Big Muddy River watershed, located in 
Jackson County, Illinois. Based on this review, U.S. EPA has determined that Illinois's TMDLs 
for these waterbodies meets the requirements of Section 303(d) of the Clean Water Act (CWA) 
and U.S. EPA's implementing regulations at 40 C.F.R. Part 130. Therefore, by this letter, U.S. 
EPA hereby approves three TMDl.s for the Big Muddy River watershed as listed below: 

Waterbody Pollutant 

Kinkaid Lake (RNC) phosphorus 

Big Muddy River (N12) manganese, sulfate 

The statutory and regulatory requirements, and U.S. EPA's review of Illinois's compliance with 
each requirement, are described in the enclosed decision document. 

We wish to acknowledge Illinois's effort in these submitted TMDl.s, and look forward to future 
quality TMDL submissions by the State of Illinois. H you have any questions, please contact Mr. 
Kevin Pierard, Chief of the Wetlands and Watersheds Branch at 312-886-4448. 

Sincerely yours, 

~%~ion 
Enclosure 

Recycled/Rec:yclabi. . Pr,nted with Vege1ab•e 011 Based lnka on 100~ Recycled Paper (50'111 Poatconsumerl 
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Parameter changes for developing TMDLs 
In May 2001, Illinois EPA entered into a contract with Camp Dresser & McKee to 
develop Total Maximum Daily Loads (TMDL) for Big Muddy River (NI 2) and 
Kinkaid Lake. In the l 998 Section 303( d) List, Big Muddy River (N 12) was listed as 
impaired for the following parameters: Manganese, cyanide, sulfates, nitrogen, pH, 
siltation, low dissolved oxygen (DO), total dissolved solids (TDS), and total suspended 
solids (TSS). Kinkaid Lake was initially listed as impaired for: Manganese, mercury, 
phosphorus, nitrogen, siltation, low DO, TSS, excessive algal growth, and chlorophyll­
a. 

Since then, new data assessed in 2002 showed that Big Muddy River (NI 2). is now 
impaired for manganese, sulfates, pH, low DO, and TSS. The listing of cyanide as a 
cause of impairment for Big Muddy River (N 12) was done so in error and should not 
have been listed as such. New data assessed in 2002 for Kinkaid Lake showed it is now 
impaired only for pH, mercury, and siltation. 

Illinois EPA has since determined that at this time TMDLs will only be developed for 
those parameters with numeric water quality standards. These numeric water quality 
standards will serve as the target endpoints for TMDL development and provide a 
greater degree of clarity and certainty about the TMDL and implementation plans. As a 
result, the TMDL for Big Muddy River (N 12) will only focus on the parameters of 
manganese, sulfates, pH, and low DO, for which numeric water quality standards exist. 
Likewise, the TMDL for Kinkaid Lake will only focus on the parameter of pH. While 
the impairment caused by mercury is acknowledged, a TMDL will not be developed 
for it at this time, as mercury contamination is considered to be an interstate and 
international issue caused primarily by air deposition. 

Causes of impairment not based on numeric water quality standards will be assigned a 
lower priority for TMDL development. Pending the development of numeric water 
quality standards for these parameters, as may be proposed by the Agency and adopted 
by the Illinois Pollution Control Board, Illinois EPA will continue to work toward 
improving water quality throughout the state by promoting and administering existing 
programs and working toward creating new methods for treating these potential causes 
of impairment. 
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oc degrees Celsius 

OF degrees Fahrenheit 

µg/L micrograms per liter 

ALMP Ambient Lake Monitoring Program 

AMLRD Abandoned Mined Lands Reclamation Division 

AS acute standard 

AWQMN Ambient Water Quality Monitoring Network 

BMP best management practice 

BOD biochemical oxygen demand 

BODs 5-day biochemical oxygen demand 

CBOD20 20-day carbonaceous biochemical oxygen demand 

CBODs 5-day carbonaceous biochemical oxygen demand 

CCC Commodity Credit Corporation 

cfs cubic feet per second 

CO2 carbon dioxide 

CRP Conservation Reserve Program 

cs chronic standard 

CWA Clean Water Act 

DEM Digital Elevation Model 

DO dissolved oxygen 

EQIP Environmental Quality Incentive Program 

ET evapotranspiration 

FSA Farm Service Agency 

GIS geographic information system 

GWLF Generalized Watershed Loading Function 

HUC Hydrologic Unit Code 

IBI Index of Biotic Integrity 

JCLP Illinois Clean Lakes Program 

IDA Illinois Department of Agriculture 

IDNR Illinois Department of Natural Resources 

Illinois EPA Illinois Environmental Protection Agency 

IPCB Illinois Pollution Control Board 

ISWS Illinois State Water Survey 

KAWP Kinkaid Arca Watershed Project, Inc. 

KOEP Kentucky Department of Environmental Protection 

kg/km2-yr kilograms per kilometer squared per year 
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C- Executive Summary 
Big Muddy River Watershed 

TMDL Fact Sheet 

Watershed Name: Kinkaid Lake Big Muddy River 
Impaired Segments: RNC N12 
Location: Jackson County, Illinois Jackson County, UJinc>is 
Size: 2,350 acres at normal storage 8.0 miles 
Prima Watershed Land Uses: Forest, rassland, and agriculture Forest, grassland, and agriculture 
Criteria of Concern: pH and Mercury Manganese. sulfates, pH, a_n-d_D_O ___ _ 
Desi nated Uses Affected: General use General use 
Environmental lndica"-=-t=o""rs.;;;.:'-------p':-':H""'m.;;..o""n.;.,,it;;;.;o ;..,;rin- g----------,M~ an..;.;g;;.;.a;;;;;n--=e=-=se.;;..,_s_ul=-=-fa-te_s_,_p":"CH_a_n__,d--=D--=o,----

General use and public monitoring 
and food processing 
watersu I 

Major Sources: 

Loading Capacity: 

Waste Load Allocation: 
Margin of Safety: 

Nonpolnt from agriculture 

13,983 pounds/year total 
phosphorus 

Zero; No point sources 
Implicit through conservative 
modeling; additional explicit of 
10 percent 

Potentially contaminated groundwater, 
stagnant stream conditions, elevated 
instream temperatures, and nonpoint 
source loading from agriculture 
Mn = 2,244 lbs/day 
Sulfate = 1, 163,422 lbs/day 
pH = No Allocation 
DO = No allocation 
No Allocation 
Implicit through data selected for 
development of TMDL; additional explicit 
of 10 percent 

This Total Maximum Daily Load (TMDL) assessment for impaired water bodies in the 
Big Muddy River Watershed addresses the sources of water body impairments, 
reductions in source loading necessary to comply with water quality standards, and the 
implementation of procedures to mitigate the impairment. 

A correlation between pH and total phosphorus was established for Kinkaid Lake, and 
modeling demonstrates a reduction of 43 percent total phosphorus necessary so that pH 
water quality standards can be achieved. Primary sources of phosphorus loading to 
Kinkaid Lake include runoff from agricultural lands. Procedures outlined in the 
implementation plan to decrease phosphorus loading to the lake include measures 
applied to the watershed to control nutrients in surface runoff and eroded sediment. 
Watershed controls include filter strips and wetlands to prevent phosphorus in surface 
runoff from reaching the lake, conservation tillage to decrease nutrient-rich soil 
erosion from agricultural fields, and development of nutrient management plans to 
ensure that excess phosphorus is not applied to agricultural fields. 

The TMDLs for manganese and sulfates in Big Muddy River segment N 12 was based 
on analyses performed in a Monte Carlo simulation. The simulation for manganese 
showed a manganese reduction of 70 percent necessary to achieve water quality 
standards. Results of the Monte Carlo simulation for sulfates showed a 62 percent 
reduction for segment N 12 necessary to achieve the water quality standard. The 
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Executive Summary 
Big Muddy River Watershed 

potential source of manganese and sulfates in the Big Muddy River Watershed is 0 
contaminated groundwater. The groundwater is potentially contaminated by abandoned 

ES.2 

coal mines; however, further source identification is recommended. Confirmation that 
abandoned mines are a source of manganese and sulfates in the watershed would 
require reclamation of the mines. Passive treatment for mine reclamation is 
recommended. 

The TMDL analysis for DO in Big Muddy River segment N 12 was made through 
investigation of the relationship between DO, total organic carbon (TOC), 5-day 
biochemical oxygen demand (BODS), and rcacration in the creek. The likely source of 
DO impairments in the segment is primarily a lack of aeration caused by stagnant 
stream conditions and elevated instream temperatures. BOD loadings in runoff from 
nonpoint source loads may also contribute to DO impairments. However, examination 
of BOD in the stream segment showed that the concentrations of BOD are low and 
likely represent ambient conditions in the stream; therefore, reductions in BOD 
concentrations are not recommended at this time. Due to data limitations and technical 
considerations of implementation difficulties, a load allocation cannot be developed for 
reaeration or temperature, so allocations were not developed for segment N 12. 
Procedures to alleviate low DO caused by slow-moving waters can be addressed with 
in-stream mitigation methods such as reaeration. Additionally, riparian buffer strips aid 
in decreasing instream temperatures, which could help to alleviate the DO impairment. 
Excess nutrients can cause excessive algal growth that can also deplete DO in streams; 
however, analytical tools were not used to assess nutrients, algae, and DO as no algal 
data was available for Big Muddy River segment N 12. Methods to control nutrients 
were still included in the implementation plan, such as buffer strips along the stream 
banks, which are similar to filter strips in their ability to remove nutrients from surface 
runoff. The potential contributions to BOD from nonpoint source loads are attributed 
to agricultural land uses requiring mitigation methods to control nutrients in sediment 
erosion and surface runoff from the land contributing to segment N 12. These methods 
include filter strips, wetlands, conservation tillage, and nutrient management plans as 
discussed above. 

The analysis for pH was based on hydrogen ion concentrations and the three-year flow 
observed in Big Muddy River segment Nl2. Analysis showed that the existing average 
hydrogen ion concentration was below the allowable loading, so allocations were not 
developed for pH in segment N 12 at this time. Although an allocation was not 
developed, mitigation measures for manganese, sulfates, and DO will help control pH 
in Big Muddy River segment N 12. 
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Section 1 
Goals and Objectives for Big Muddy River 
Watershed (ILN12) 

1.1 Total Maximum Daily Load (TMDL) Overview 
A Total Maximum Daily Load, or TMDL, is a calculation of the maximum amount of 
a pollutant that a water body can receive and still meet water quality standards. 
TMDLs are a requirement of Section 303(d) of the Clean Water Act (CWA). To meet 
this requirement, the Illinois Environmental Protection Agency (Illinois EPA) must 
identify water bodies not meeting water quality standards and then establish TMDLs 
for restoration of water quality. Illinois EPA lists water bodies not meeting water 
quality standards every two years. This list is called the 303(d) list, and water bodies on 
the list are then targeted for TMDL development. 

In general, a TMDL is a quantitative assessment of water quality problems, 
contributing sources, and pollution reductions needed to attain water quality standards. 
The TMDL specifics the amount of pollution or other strcssor that needs to be reduced 
to meet water quality standards, allocates pollution control or management 
responsibilities among sources in a watershed, and provides a scientific and policy 
basis for taking actions needed to restore a water body (U.S. Environmental Protection 
Agency [USEPA] 1998a). 

Water quality standards arc laws or regulations that states authorize to enhance water 
quality and protect public health and welfare. Water quality standards provide the 
foundation for accomplishing two of the principal goals of the CW A. These goals are: 

■ restore and maintain the chemical, physical, and biological integrity of the nation's 
waters, 

■ where attainable, to achieve water quality that promotes protection and propagation 
of fish, shellfish, and wildlife, and provides for recreation in and on the water. 

Water quality standards consist of three clements: 

■ the designated beneficial use or uses of a water body or segment of a water body, 

■ the water quality criteria necessary to protect the use or uses of that particular water 
body, 

■ an antidegradation policy. 

Examples of designated uses are swimming, recreation, and protection of aquatic life. 
Water quality criteria describe the quality of water that will support a designated use. 
Water quality criteria can be expressed as numeric limits or as a narrative statement. 
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Section 1 
Goals and Objectives for Big Muddy River Watershed (ILN12) 

Antidegradation policies are adopted so that water quality improvements are 
conserved, maintained, and protected. 

1.2 TMDL Goals and Objectives for Big Muddy River 
Watershed 
The TMDL goals and objectives for the Big Muddy River Watershed include 
developing TMDLs for all impaired water bodies within the watershed, describing all 
of the necessary elements of the TMDL, developing an implementation plan for each 
TMDL, and gaining public acceptance of the process. Following are the impaired 
water body segments in the Big Muddy River Watershed, which are also shown in 
Figure 1-1: 

■ Big Muddy River (N 12) 
■ Kinkaid Lake (RNC) 

The TMDL for each of the segments listed above will specify the following elements: 

■ Loading Capacity (LC) or the maximum amount of pollutant loading a water body 
can receive without violating water quality standards 

■ Waste Load Allocation (WLA) or the portion of the TMDL allocated to existing or 
future point sources 

■ Load Allocation (LA) or the portion of the TMDL allocated to existing or future 
nonpoint sources and natural background 

■ Margin of Safety (MOS) or an accounting of uncertainty about the relationship 
between pollutant loads and receiving water quality 

These elements are combined into the following equation: 

TMDL = LC = IWLA + ILA + MOS 

Each TMDL developed must also take into account the seasonal variability of pollutant 
loads so that water quality standards are met during all seasons of the year. Also, 
reasonable assurance that the TMDLs will be achieved is described in the 
implementation plan. The implementation plan for the Big Muddy River Watershed 
describes how water quality standards wilt be attained. This implementation plan 
includes recommendations for implementing best management practices (BMP), cost 
estimates, institutional needs to implement BMPs and controls throughout the 
watershed, and timeframe for completion of implementation activities. 
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Section 1 
Goals and Objectives for Big Muddy River Watershed (/LN 12) 

1.3 Report Overview 
The remaining sections of this report contain: 

■ Section 2 Big Muddy River Watershed Description provides a description of the 
impaired water bodies and general watershed characteristics. 

■ Section 3 Public Participation and Involvement discusses public participation 
activities that occurred throughout the TMDL development. 

■ Section 4 Big Muddy River Watershed Water Quality Standards defines the 
water quality standards for the impaired water bodies. Pollution sources will also be 
discussed in this section. 

■ Section 5 Big Muddy River Watershed Data Review provides an overview of 
available data for the Big Muddy River Watershed. 

■ Section 6 Methodologies to Complete TMDLs for the Big Muddy River 
Watershed discusses the models and analyses needed for TMDL development. 

■ Section 7 Model Development for Kinkaid Lake provides an explanation of 
model development for Kinkaid Lake. 

■ Section 8 Total Maximum Daily Load for the Kinkaid Lake Watershed 
discusses the allowable loadings to water bodies to meet water quality standards and 
the reduction in existing loadings needed to meet allowable loads. 

■ Section 9 Implementation Plan for Kinkaid Lake provides methods to reduce 
loadings to impaired water bodies. 

■ Section 10 Methodology Development for Big Muddy River describes the 
analytical procedures used to examine Big Muddy River. 

■ Section 11 Total Maximum Daily Load for Big Muddy River discusses the 
allowable loadings to water bodies to meet water quality standards and the reduction 
in existing loadings needed to meet allowable loads. 

■ Section 12 Implementation Plan for Big Muddy River provides methods to 
reduce loadings to impaired water bodies. 

■ Section 13 References lists references used in this report. 
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Section 2 
Big Muddy River Watershed Description 

2.1 Big Muddy River Watershed Overview 
The Big Muddy River originates in Jefferson County and flows southward. It then 
flows west towards Kinkaid Lake in Jackson County. Kinkaid Lake is located in 
Jackson County where the flow moves cast towards the Big Muddy River. Big Muddy 
River segment Nl2 is located entirely in Jackson County. The entire Big Muddy River 
watershed, including Kinkaid Lake and all tributaries to Big Muddy River, 
encompasses an area of approximately 200 square miles and is located in the U.S. 
Geological Survey (USGS) Big Muddy Basin (Hydrologic Unit Code [HUC] 
07140106). Figure 1-1 shows the impaired river and lake segments within the 
watershed. Impaired segments are shown in red. Table 2-1 lists the water body 
segments, water body size, and potential causes of impairment for each water body. 

Table 2-1 Impaired Water Bodies in Bio Muddy River Watershe d 
Water Body Water Body 
Seament ID Name Size Potential Causes of Impairment 
N12 Big Muddy River 8 miles Manganese, sulfates, pH, dissolved oxygen lDOl 
RNC Kinkaid Lake 3,475 acres pH, mercury 

Land use data was obtained from the Critical Trends Assessment Land Cover Database 
of Illinois (Illinois Department of Natural Resources [IDNR] 1996). Land use in the 
watershed is predominantly forested followed by rural grassland and agricultural land 
uses. Farmers in the area primarily raise cash crops, such as com and soybeans. 

Soils within the Big Muddy River Watershed arc primarily silty soils over clayey 
sediment. The surface layer is typically seven inches of dark grayish brown silt loam. 
The subsurface layer is about five inches of light brownish silt loam. The subsoil is a 
grayish silty clay loam that extends to a depth of more than 60 inches. Permeability is 
slow, and the available water capacity is moderate to high (U.S. Department of 
Agriculture [USDA] 1979). 

The climate in Big Muddy River Watershed is cold in the winter and warm in the 
summer. In the winter, October through March, the average temperature is 43 degrees 
Fahrenheit (°F) and the average daily minimum temperature is 32<>F, according to data 
collected at DuQuoin, Illinois. Summer temperatures are typically 70°F with an 
average daily maximum of 82°F. Annual precipitation is 46 inches, of which 25 
inches, approximately 54 percent, usually falls in April through September (NCDC 
2002). 

2-1 
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Big Muddy River Watershed Description 

2.2 Stream Segment Site Reconnaissance of Big Muddy River Q 
Watershed 

2-2 

The project team conducted a site reconnaissance of the Big Muddy River Watershed 
on June 19, 200 I. This section briefly describes the stream segment and the site 
reconnaissance. 

Table 2-1 lists the impaired stream segments in the Big Muddy River Watershed. 
Based on the 1998 303(d) list, Illinois EPA determined that one segment of Big Muddy 
River was impaired, Segment N 12. This segment is shown in Figure 1-1. Segment N 12 
flows from roughly east to west, and includes a large bend to the south. The segment is 
located entirely in Jackson County, Illinois. 

2.3 Lake Segment Site Reconnaissance of Big Muddy River 
Watershed 
The project team visited one site on Kinkaid Lake during the site reconnaissance of the 
Big Muddy River Watershed on June 19, 2001. This section briefly describes a lake 
segment and the site reconnaissance. 

Kinkaid Lake at Illinois Rt. 151 crossing. 

Illinois EPA has listed one lake segment as impaired 
based on 1998 303(d) list data in the Big Muddy River 
Watershed. Kinkaid Lake, Segment RNC, is located on 
Kinkaid Creek in eastern Jackson County as shown in 
Figure 1-1. Crissenberry Dam was constructed on 
Kinkaid Creek in 1972. The dam is owned by the 
IDNR. The dam structure is 980 feet in length and 96 
feet tall enabling it to store a maximum of 153,000 
acre-feet, although the normal storage volume is 78,500 
acre-feet. The lake is used for both recreation and a 
water supply (U.S. Army Corps of Engineers [USA CE] 
1999). The drainage area of Kinkaid Lake is 

approximately 62 square miles and is fed by Kinkaid, Little Kinkaid, Spring and 
Johnson Creeks. 

Kinkaid Lake was observed from the Boat 
Access at Marina Road. The spillway was also 
observed, although the lake was not visible 
from the bottom of the spillway. Kinkaid Lake 
is a recreational area with both boating and 
swimming. A marina houses several boats at 
the lake. The spillway from Kinkaid Lake is a 
natural rock formation with a few 
enhancements, and was busy with swimmers 
and anglers at the time of observation. 
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Public Participation and Involvement 

3.1 Big Muddy River Watershed Public Participation and 
Involvement 
Public knowledge, acceptance, and follow through are necessary to implement a plan 
to meet recommended TMDLs. It was important to involve the public as early in the 
process as possible to achieve maximum cooperation and counter concerns as to the 
purpose of the process and the regulatory authority to implement the 
recommendations. Public meetings were held to discuss the Big Muddy River 
Watershed at 3:00 p.m. and 6:20 p.m. on December 12, 2001 at the Davis McCann 
Center in Murphysboro, Illinois. A total of 44 interested citizens including public 
officials and organizations other than Illinois EPA attended the public meeting. 
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Section 4 
Big Muddy River Watershed Water Quality 
Standards 

4.1 Illinois Water Quality Standards 
Water quality standards are developed and enforced by the state to protect the 
"designated uses" of the state's waterways. In the state of Illinois, setting the water 
quality standards is the responsibility of the Illinois Pollution Control Board (IPCB). 
Illinois is required to update water quality standards every three years in accordance 
with the CW A. The standards requiring modifications are identified and prioritized by 
Illinois EPA, in conjunction with USEPA. New standards are then developed or 
revised during the three-year period. 

Illinois EPA is also responsible for developing scientifically based water quality 
criteria and proposing them to the IPCB for adoption into state rules and regulations. 
The Illinois water quality standards are established in the Illinois Administrative Rules 
Title 35, Environmental Protection; Subtitle C, Water Pollution; Chapter I, Pollution 
Control Board; Part 302, Water Quality Standards. 

4.2 Designated Uses 
The waters of Illinois are classified by designated uses, which include: General Use, 
Public and Food Processing Water Supplies, Lake Michigan, and Secondary Contact 
and Indigenous Aquatic Life Use (Illinois EPA 2000). The only designated uses 
applicable to the Big Muddy River are General Use. 

The General Use classification provides for the protection of indigenous aquatic life, 
primary and secondary contact recreation (e.g., swimming or boating), and agricultural 
and industrial uses. The General Use is applicable to the majority of Illinois streams 
and lakes (Illinois EPA 2000). 

4.3 Illinois Water Quality Standards 
To make 303(d) listing determinations, Illinois EPA compares collected data for the 
water body to the available water quality standards developed by Illinois EPA for 
assessing water body impairment. Table 4-1 presents the water quality standards of the 
potential causes of impairment for TMDLs that will be developed in the Big Muddy 
River Watershed. These water quality standards arc further discussed in the remainder 
of the section. 
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Table 4-1 Summarv of General Use Water Qualitv Standards for Bio Muddv River Watershed 
Parameter General Use Water Qualitv Standard 
pH 6.5 to 9.0 
DO Greater than 5.0 milligrams per liter (mg/L) 

Greater than 6.0 ma/L (16 hours of anv 24-hour oeriodl 
Phosphorus 0.05 mg/L 

Lakes/reservoirs >20 acres and streams enterino lakes or reservoirs 
Mercury AS= 2.6 micrograms per liter (µg/L) 

CS= 1.3 uo/L 

Manoanese 1.0 ma/L 
Sulfates 500 ma/L 

4.3.1 pH 
The parameter pH is listed as a cause of impairment for the Big Muddy River segment 
N 12. The General Use water quality standard for pH is a range with a minimum of 6.5 
and maximum of 9.0. This is with the exception of pH levels outside this range due to 
natural causes. 

The pH parameter is listed as a cause of less than full support use attainment in streams 
if there is at least one General Use water quality violation based on the last three years 
of Ambient Water Quality Monitoring Network (A WQMN) data, or at least one 
violation determined from the most recent basin survey or facility survey data. The 
A WQMN is a series of fixed stations throughout Illinois streams that are sampled 
every six weeks for a minimum of 55 parameters. Segments without A WQMN stations 
are sampled as part of the intensive basin survey, which occurs every five years. 

4.3.2 Dissolved Oxygen 
DO is listed as a cause of impairment for Big Muddy River and Kinkaid Lake. The 
General Use water quality standard for DO is based on a minimum value of 5.0 mg/L. 
Therefore, DO levels shall not be less than 5.0 mg/L at any time. In addition, DO 
levels should not be less than 6.0 mg/L for more than 16 hours of any 24-hour period. 

DO is listed as a cause of less than full support use attainment in streams if there is at 
least one General Use water quality violation based on the last three years of A WQMN 
data or at least one violation determined from the most recent basin survey or facility 
survey data. DO is a source of impairment in lakes and reservoirs if there is at least one 
General Use water quality violation based on Ambient Lake Monitoring Program 
(ALMP), or Illinois Clean Lakes Program (ICLP) data, or if there was a known fish kill 
due to DO depletion. 

4.3.3 Mercury 
Mercury is listed as a cause of impairment for Kinkaid Lake. The General Use water 
quality standard for mercury is based on an acute standard (AS) and chronic standard 
(CS). The AS for mercury is 2.6 µg/L and the CS is 1.3 µg/L. 
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Big Muddy River Watershed Water Quality Standards 

Mercury is listed as a cause of less than full support use attainment in lakes and 
reservoirs if there is at least one General Use water quality violation based on ALMP 
or ICLP data. Mercury is also listed as a cause of less than full support if the sediment 
concentration is 0.701 milligrams per kilogram (mg/kg) or higher based on dry weight, 
or if there have been fish advisory reports due to mercury. 

4.3.4 Manganese 
Manganese is listed as a cause of impairment for Big Muddy River segment N 12. The 
General Use water quality standard for manganese is 1.0 mg/Land is based on total 
manganese. Manganese is listed as a cause of less than full support use attainment in 
streams if there is at least one General Use water quality violation based on the last 
three years of A WQMN data, or at least one violation determined from the most recent 
basin survey or facility survey data. Manganese is also listed as a cause of less than full 
support if there have been fish advisory reports due to manganese or the manganese 
concentration in the sediment is 2,800 mg/kg or higher (Illinois EPA 2000). 

Manganese is listed as a cause of less than full support use attainment in lakes or 
reservoirs if there is at least one General Use water quality violation based on ICLP, or 
if the sediment concentration exceeds 2,800 mg/kg (M.B. Short 1997). 

4.3.5 Sulfates 
Sulfates are listed as a cause of impairment for the Big Muddy River. The General Use 
water quality standard for sulfates is 500 mg/Land the public and food processing 
water supplies standard is 250 mg/L. Sulfate is listed as a cause of a less than full 
support use attainment in streams if there is at least one General Use water quality 
violation based on the last three years of A WQMN data, or at least one violation from 
the most recent basin survey or facility survey data. 

4.3.6 Parameters without Water Quality Standards 
It should be noted that although formal TMDLs will not be developed for parameters 
without water quality standards in the Little Muddy River Watershed, many of the 
management measures discussed in Section 9 of this report will result in reductions of 
the parameters listed in the 1998 and 2002 303(d) lists that do not currently have 
adopted water quality standards. For example, many of the management measures that 
will be discussed in Section 9 address the other parameters of concern for the 
watershed. For total suspended sediments (TSS) and siltation management measures 
that control erosion, such as filter strips and wetlands, will reduce sediment from 
entering the waterways thereby reducing TSS caused by eroding stream banks. 
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4.4 Pollution Sources 
As part of the Illinois EPA use assessment presented in the annual Illinois Water 
Quality Report, the causes of the pollutants resulting in a less than full support use 

Table 4-2 Summary of Potential Sources of 
attainment are associated with a potential 
source, based on data, observations, and other 
existing information. The following is a 
summary of the sources associated with the 
listed causes for the TMDL listed segments 

Pollutants 
Cause of 

Potential Source Impairment 
Municipal Point Source DO 
Agriculture DO 

in this watershed. They are summarized in 
Table 4-2. 

4-4 

Nonirrigated crop production 
Pasture Land 
Animal HoldinQ/Management Areas 

Resource Extraction Sulfates 4.4.1 Municipal Point Sources 
Municipal point sources include wastewater 
treatment plants (WWTP) operated by 
municipalities to treat municipal wastewater 
generated by the community. A National 
Pollutant Discharge Elimination System 

Mining pH 
Mine Tailings Mercury 

ManQanese 
Contaminated Sediments Mercury 

Manganese 
DO 

Urban Runoff/Storm Sewers DO 

(NPDES) permit issued by Illinois EPA regulates the discharge. The NPDES permit 
sets limits that must be met at the discharge to the receiving stream. 

Historically, these point sources have impacted water quality of the receiving streams, 
particularly during low flow conditions. Many municipal WWTPs have upgraded the 
facilities through grant and low-interest loan programs, thereby improving effluent 
quality and reducing impacts to the receiving stream. 

Municipal point source effluents are typically regulated for ammonia nitrogen and 
biochemical oxygen demand (BOD). BOD is associated with oxygen demand. The 
higher the BOD, the more likely the effluent is to reduce the DO levels in the stream. 

Phosphorous can be attributed to municipal point sources and can originate from 
domestic sources. Control of phosphorous entering the stream may reduce the amount 
of algal growth/chlorophyll "a" in the stream. 

There are a total of 186 NPDES permits issued to dischargers in the Big Muddy River 
basin. A total of nine WWTPs discharge to the Big Muddy River mainstem, all 
downstream of Rend Lake. Four of these dischargers are considered major municipal 
dischargers (design average flow greater than one million gallons per day) (Muir et al. 
1997). The point sources specific to the Big Muddy River N 12 and Kinkaid Lake 
watersheds are discussed in Section 5. 

4.4.2 Agriculture 
The southern Illinois area is largely agriculture land use. Row crop agriculture is the 
largest single category land use in the basin. Agricultural land uses potentially 
contribute sediment, TSS, nutrients, and BOD loads to the water resource loading. The 
amount that is contributed is a function of the soil type, slope, crop management, 
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precipitation, total amount of cropland, and the distance to the water resource 
(D.B. Muir, R.L. Hite, M.M. King, and M.R. Matson 1995). 

Erosion of the land and streambanks carries sediment to the streams and lakes, 
resulting in higher levels of BOD, which impacts DO concentrations, TSS, and 
siltation. This can also be caused by livestock on pastures and feedlots. Wastes from 
livestock can enter streams, adding to the ammonia nitrogen loading and impact DO. 

4.4.3 Resource Extraction 
Resource extraction consists of both active mining and abandoned mine lands. Runoff 
and discharges from mines can contain sulfates, salinity/total dissolved solids (TDS)/ 
chlorides, metals, TSS, and can affect the pH of the stream or lake. There are currently 
47 permitted coal mines with 169 authorized discharges in the Big Muddy River basin. 
In addition, I, 177 inactive or abandoned mines have been identified. There are 4 pre­
law inactive coal mines located in the Big Muddy River segment N 12 Watershed and 
no permitted mines within the Kinkaid Lake Watershed. Mining is most concentrated 
in Beaucoup Creek, Galum Creek, Little Muddy River, Pond Creek, Hurricane Creek, 
and Rend Lake watersheds (Muir et al. 1997). 

Drainage from the mines can be impacted by contact with exposed soil, spoil piles, or 
pumped water from pits. Acid mine drainage occurs when water and oxygen come in 
contact with iron pyrite material. This combination makes ferrous iron and sulfuric 
acid, creating acidic runoff and impacting the stream pH. Although acid mine drainage 
may come from active mines, most acid mine drainage entering streams is from 
abandoned mine lands. 

4.4.4 Contaminated Sediments 
Sediments arc carried to streams, lakes, and reservoirs during runoff conditions and are 
generally deposited in streambeds or lake bottoms. Constituents contained in sediment 
may include nutrients, which can impact BOD loads, and metals. Both agricultural 
lands and urban areas contribute to the nutrient loading in the sediment. 

Suspended sediments settle out to stream bottoms during periods of low flow. During 
periods of high flow, sediments arc resuspended and carried downstream to be 
deposited in another location. Once the sediment reaches a lake or reservoir, the 
sediments arc deposited and typically accumulate in these areas. The source of the 
contaminated sediment can therefore be located much farther upstream than the 
location detected. 

Contaminated sediments can slowly leach contaminants to the water column, thereby 
being a continual source of impact to the water body. Phosphorous is commonly 
released from sediment into the water column especially when anoxic conditions 
persist. 

4.5 
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4.4.5 Urban Runoff/Storm Sewers 
Urban areas in the Big Muddy River Watershed constitute a small percentage of land 
use in the watershed; however, polluted runoff from urban sections can be significant. 
Runoff from urban areas reaches streams or lakes either by sheet flow runoff or 
through storm sewer discharges. The runoff can originate from any number of areas 
including highways; roadways; parking lots; industrial, commercial, or residential 
areas; or undeveloped lands. Phosphorous, which can influence BOD loads, can 
originate from fertilizer use, natural phosphorous levels in sediment, and from sanitary 
waste where combined sewer overflows are present. 
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5.1 Existing Data Review 
The following data sources were reviewed for model selection and analysis: 

■ mapping data 
■ topography data 
■ flow data 
■ precipitation data 
■ temperature data 
■ evaporation data 
■ existing water quality data 
■ land use 
■ soil data 
■ cropping practices 
■ reservoir characteristics 
■ point sources 
■ dairy and animal confinement locations 
■ septic systems 

5.1.1 Mapping Data 
USGS quadrangle maps (scale l :24,000) were collected for the watershed in paper and 
electronic form. These were utilized for base mapping. 

5.1.2 Topography Data 
A Digital Elevation Model (DEM) was used to delineate watersheds in a geographic 
information system (GIS) for Kinkaid Lake and Big Muddy River impaired segment 
N 12. A DEM is a digital representation of the landscape as a GIS-compatible grid in 
which each grid cell is assigned an elevation. DEMs of90-meter resolution were 
downloaded from the BASINS database (USEPA 2002a) for watershed delineation. 
GIS watershed delineation defines the boundaries of a watershed by computing flow 
directions from elevations and locating elevation peaks on the DEM. The GIS­
dclincated watershed was checked against USGS 7.5-minute topographic maps to 
ensure agreement between the watershed boundaries and natural topographic 
boundaries. Figure 5-1 at the end of this section shows the location of historic flow and 
water quality gages for the Kinkaid Lake segment RNC and Big Muddy River segment 
N 12 Watersheds and the boundaries for each watershed. The watershed boundaries 
define the area investigated for causes of impairments in each segment. Purple areas in 
Figure 5-1 represent features of the topographic maps that have been updated through 
aerial photography but have not been field verified. 

The watershed for segment N 12 only represents the area that drains directly to segment 
N 12. Beaucoup Creek converges with the main stem of the Big Muddy River directly 
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upstream of segment Nl2. The Big Muddy River segment directly downstream of 
segment N 12 is also listed as full support. Sources of impaired constituents in 
Beaucoup Creek segment NC07 (upstream of segment N 12) will be addressed 
separately. Therefore, the sources of impairments in segment Nl2 will focus on areas 
draining directly to the segment. 

5.1.3 Flow Data 
Analyses of the Kinkaid Lake and Big Muddy River Watersheds require an 
understanding of flow into Kinkaid Lake and through the Big Muddy River segment 
N 12. A gage is located in segment N 12; however, no gage for the tributaries to 
Kinkaid Lake exists. Therefore, the drainage area ratio method, represented by the 
following equation, was used to estimate flows into the lake. 

where Qgaged 
Qungagcd 
Areagagcd 
Areaungaged 

( 

Areaungaged J 
Qgaged A = Qungaged 

reagaged 

streamflow of the gaged basin 
= stream flow of the ungaged basin 

area of the gaged basin 
= area of the ungaged basin 

The assumption behind the equation is that the flow per unit area is equivalent in 
watersheds with similar characteristics. Therefore, the flow per unit area in the gaged 
watershed times the area of the ungaged watershed will result in a flow for the ungaged 
watershed. 

USGS gage 05595820 (Casey Fork at Mt. Vernon, Illinois) was chosen as an 
appropriate gage from which to compute flow into Kinkaid Lake. Gage 05595820 
captures flow from a drainage area of 77 square miles in an upstream section of the 
Casey Fork Watershed, which is about 50 miles northeast of the Kinkaid Lake 
Watershed. Daily streamflow data for the gage were downloaded from the USGS 
National Water Inventory System (NWIS) for the entire period of record from October 
I, 1985 to September 30, 2000 (USGS 2002a). Figure 5-2 at the end of this section 
shows the average monthly flows over the period of record into Kinkaid Lake 
calculated from the drainage area ratio method using gage 05595820. 

USGS gage 05599500 (Big Muddy River at Murphysboro, Illinois) is located at the 
downstream end of segment N 12 as shown in Figure 5-1. Gage 05599500 captures 
flow from a drainage area of approximately 2,169 square miles. Daily stream flow data 
for the gage were downloaded from the USGS NWIS for the entire period of record 
from January l, 1972 to September 30, 2000 (USGS 2002a). Figure 5-3 at the end of 
this section shows the seasonal patterns of stream flow through segment N 12 over the 
period of record. Flows are higher in the spring months of March through May. For 
Big Muddy River segment N 12, average monthly flows range from 403 to 
4,180 cubic feet per second (cfs) with a mean annual flow of2,080 cfs. The 7Ql0 flow 
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(lowest average 7 consecutive day low flow with an average recurrence frequency of 
once in 10 years) is typically utilized as the critical low flow for NPDES permitting 
and is estimated to 55 cfs for segment N 12 (ISWS 2000). 

5.1.4 Precipitation, Temperature, and Evaporation Data 
Two sites with historical temperature and precipitation data were identified in Jackson 
County through the NCDC database. The data from gage 1265 were used for analysis 
because the recent dataset was more complete than the data set from gage 5983. 
Fifteen months of data were missing from gage 1265 over the period from I 985 to 
200 I. Missing data were supplemented with data from the gage in neighboring 
Williamson County. Table 5-1 lists the station details for the Jackson County and 
Williamson County gages (NCDC 2002). 

Table 5-1 Historical Precipitation Data for the Big Muddy River Watershed (NCDC 2002) 
NCDC Gage Number Station Location (Name) Period of Record 
5983 Jackson County (Murphysboro 2SW) 1948 to present 
1265 Jackson County (Carbondale Sewaae Plant) 1970 to present 
5342 Williamson Countv {Marion 4NNE) 1948 to present 

Table 5-2 Average Monthly Precipitation Table 5-2 shows the average monthly 
precipitation of the dataset developed for 
Jackson County for the years 1985 to 2001. 
The average annual precipitation over the same 
period is approximately 46 inches. 

in Jackson County from 1985 to 2001 
Average Precipitation 

Month (inches) 
Januarv 3 .2 
Februarv 3.2 
March 3.6 
April 4 .5 
May 4.9 
June 5 .3 
July 3.0 
August 3 .5 
September 3 .5 
October 3.1 
November 4 .8 
December 3 .5 
Total 46 

Pan evaporation data is available through the 
Illinois State Water Survey (ISWS) website at 
nine locations across Illinois (ISWS 2002). The 
Carlyle station was chosen for its proximity to 
the 303(d)-listed water bodies and stream 
segments in southern Illinois and the 
completeness of the dataset as compared to 
other stations. The Carlyle station is 
approximately 60 miles northeast of the 

Kinkaid Lake and Big Muddy River Watersheds. The average monthly pan 
evaporation for the years 1980 to 2001 at the Carlyle station was downloaded from the 
ISWS website and summed to produce an average annual pan evaporation of 
44.2 inches. Actual evaporation is typically less than pan evaporation, so the average 
annual pan evaporation was multiplied by 0.75 to calculate an average annual 
evaporation of 33.2 inches (ISWS 2002). 

5.1.5 Water Quality Data 
Twelve historic water quality stations exist within the Kinkaid Lake and Big Muddy 
River segment Nl2 watersheds and arc presented in Table 5-3. This table provides the 
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location, station identification number, and the agency that collected the water quality 
data. Location and station identification number are also shown in Figure 5-1. 

Table 5-3 Historic Water Quality Stations in the Big Muddy River Watershed 
Station Identification 

Location Number Data Collection Aaencv 
BiQ Muddy River N12 Illinois EPA Division of Water Pollution Control 
Big Muddy River 05599500 USGS 
Kinkaid Lake 05599540 USGS 

RNC-1 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorino 

Kinkaid Lake RNC-2 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorino 

Kinkaid Lake RNC-3 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitoring 

Kinkaid Lake RNC-4 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitoring 

Kinkaid Lake RNC-5 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake MonitorinQ 

Kinkaid Lake RNC-6 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-7 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitorina 

Kinkaid Lake RNC-8 Illinois EPA Division of Water Pollution Control 
Illinois EPA Volunteer Lake Monitoring 

Kinkaid Lake RNC-9 USEPA Region 5 Data 

The impaired water body segments in the Big Muddy River Watershed were presented 
in Section 2. For Kinkaid Lake, segment RNC, there are 10 historic water quality 
stations. For Big Muddy River segment N12 there are two historic water quality 
stations listed in Table 5-3 and shown in Figure 5-1. The Kinkaid Lake stations 
beginning with "RN" have a concurrent period of record. Stations RN-A08-C-l and 
05590540 are positioned in the same place in Kinkaid Lake and have overlapping 
periods of record. The two stations in segment N 12 are also located in the same place, 
but have different sampling periods. Table 5-4 summarizes available historic water 
quality data since 1990 from the USEPA Storage and Retrieval (STORED database 
associated with impairments discussed in Section 2 for segments RNC and Nl2. 
Stations RNC-5 through RNC-9 are not included in Table 5-4 because their periods of 
record ended prior to 1990. Illinois volunteer lake monitoring data was not utilized 
in modeling efforts. 
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Table 5-4 Summary of Constituents Associated with Potential Impairments for Big Muddy River 
Seaments N12 and RNC WSEPA 2002b and Illinois EPA 2002) 
Sample Location and Parameter Period of Record Examined for Samples Number of Samples 
Big Muddy River Segment N12; Sample Location 05599500 

Manoanese 1 /9/90-4/24/97 51 
Sulfates 1 /9/90-4/24/97 65 
pH 1 /9/90-4/24/97 102 
DO 1 /9/90-4/24/97 102 

Bia Muddy River Seament N12; Sample Location N12 
Manaanese 10/27 /97-9/6/00 27 
Sulfates 11/20/97-9/6/00 25 
pH 10/27 /97-9/6/00 27 
DO 10/27/97-9/6/00 27 

Kinkaid Lake Seament RNC; Sam lie Location 05599540, RNC-1, RNC-2, RNC-3, RNC-4 
05599540 

pH 1 /08/90-8/28/97 70 
RNC-1 

oH 4/30/90-10/11 /01 52 
RNC-2 

pH 4/30/90-1 0/11101 25 
RNC-3 

oH 4/30/90-1 0/11/01 25 
RNC-4 

PH 4/30/90-1 0/11/01 25 

5.1.5.1 Kinkaid Lake Water Quality Data 
There arc four active water quality stations in Kinkaid Lake as shown in Figure 5-1 
and listed in Table 5-4. The water quality station data for Kinkaid Lake were 
downloaded from the STORET onlinc database for the years of 1977 to 1998 (US EPA 
2002b ). Data collected after 1998 were available from the Illinois EPA and were 
incorporated into the electronic database. The data summarized in this section include 
water quality data for impaired constituents in Kinkaid Lake as well as constituents 
used in modeling efforts. The raw data are contained in Appendix A. 

The constituents of concern in Kinkaid Lake are pH and mercury. The mercury TMDL 
will be addressed in a regional TMDL by USEPA and will not be addressed at the state 
level. The regional TMDL will focus on air deposition of mercury. USEPA's strategy 
for addressing persistent, bioaccumulativc toxic chemicals (PBT) is a two-track 
approach. The "fast track" involves actions that can be implemented immediately, 
including pollution prevention and the "virtual elimination" project. The "science 
track" includes the study and assessment of the problems and solutions through 
modeling, monitoring, and emission inventories. The "virtual elimination" project, a 
cooperative Canadian - U.S. strategy to virtually eliminate persistent toxic substances 
in the Great Lakes Basin (the Bi-national Strategy), seeks to achieve quantifiable 
reduction goals between now and 2005 for specific toxic substances, including 
mercury (USEPA 2003). Mercury is addressed by USEPA with these strategies; 
therefore, Illinois EPA docs not address it as part of this TMDL. 
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Constituents are sampled at various depths throughout Kinkaid Lake, and compliance Q 
with water quality standards is determined by the sample at a one-foot depth from the 
lake surface. This section discusses the one-foot depth samples of water quality 
constituents used in modeling efforts for Kinkaid Lake. The exception is chlorophyll 
"a," which was sampled at various depths at each water quality station and will be 
presented as an average over all sample depths. Modeling of the reservoir required use 
of phosphorus samples at all depths, which is discussed and presented in Section 
7.3.3.2. 

5.1.5.1.1 pH 
The average pH measurements at one-foot depth for each year of available data after 
1990 at each monitoring site in Kinkaid Lake are presented in Table 5-5. At station 
RNC-1, samples were taken at one-foot depth from the lake surface and at the lake 
bottom. Samples at stations RNC-2, RNC-3, and RNC-4 were only taken at a one-foot 
depth from the lake surface. The TMDL endpoints for pH are a minimum of 6.5 and a 
maximum of 9.0. The annual averages at all three stations and the annual lake averages 
are all within the endpoint limits, but individual measurements in 1991, 1994, and 
2000 exceeded the upper limit. Specifically, the pH value at station RNC-3 on July 9, 
1991 was 9.1, and on July 12, 1994, the pH value was 9.1 at RNC-1. On June 5, 2000 
and August 2, 2000, the pH value measured was 9.2 at RNC-1 and RNC-3, 
respectively. At gage 05599540, three values were below the lower limit for pH. On 
September 25, 1991 and January 11, 1996, the pH was recorded as 6.3, and on 
December 14, 1995, the pH was recorded as 6.2. 

Table 5-5 Averaae oH {s.u.) Values in Kinkaid Lake 
Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Average 
1990 7.7 8.2 8.1 7.5 7.9 
1991 7.7 8.1 8.2 7.6 7.9 
1992 7.4 7.4 
1993 8.0 8.0 
1994 8.2 8.3 8.4 8.1 8.2 
1995 7.2 7.2 
1996 7.1 7.1 
1997 7.7 7.9 7.9 7.4 7.7 
2000 8.3 8.3 8.5 8.2 8.3 

Fluctuations in pH can be correlated to photosynthesis from algae. Plants and algae use 
carbon dioxide (CO2) during photosynthesis, which causes pH levels to rise. The 
photosynthetic rate progressively decreases as the residual CO2 concentration declines 
and ceases completely with the extinction of light. During the night, reaeration and 
respiration replenish CO2 causing the pH levels to decrease overnight (Welch 1980). 
Chlorophyll "a" indicates presence of excessive algal or aquatic plant growth. 
Reducing total phosphorus is likely to reduce algal growth thus resulting in attainment 
of the pH standard. Therefore, the relationship between pH, chlorophyll "a," and total 
phosphorus in Kinkaid Lake was investigated. The correlation between pH and 
chlorophyll "a" is expected to indicate a direct relationship between the two 
constituents. Likewise, the correlation between chlorophyll "a" and total phosphorus is 
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expected to indicate a direct relationship. These relationships would suggest that 
controlling phosphorus will decrease chlorophyll "a" concentrations, which will in turn 
control the pH. This hypothesis is supported by Wetzel who asserts that photosynthesis 
and respiration arc major influences on pH (I 983). 

5./.5.1.1 Total Phosphorus 
The average total phosphorus concentrations at one-foot depth for each year of 
available data from 1990 to 2000 at each monitoring site in Kinkaid Lake arc presented 
in Table 5-6. At station RNC-1, samples were taken at a one-foot depth from the lake 
surface and at the lake bottom. Samples at stations RNC-2 and RNC-3 were only taken 
at a one-foot depth from the lake surface. The water quality standard for total 
phosphorus is less than or equal to 0.05 mg/Lat one-foot depth. Additionally, multiple 
samples taken at one-foot depth since 1990 do violate the TMDL endpoint for 
phosphorus. It is apparent from Table 5-6 that concentrations at Station RNC-4 
repeatedly violate the phosphorus standard. The raw data for all sample depths arc 
contained in Appendix A. 

Table 5-6 Average Total Phosphorus Concentrations (mg/L) in Kinkaid Lake at One-foot Depth 
{USEPA 2002b and Illinois EPA 2002) 
Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Averaae 
1990 0.06 O.D1 0.02 0.09 0.05 
1991 0.02 0.02 0.03 0.10 0.04 
1992 0.02 0.02 
1993 0.02 0.03 0.02 
1994 0.03 0.02 0.04 0.14 0.06 
1995 0.02 0.02 
1996 0.03 0.03 
1997 0.02 0 .03 0.04 0.13 0.06 
1998 0.03 0.03 
2000 0.01 0 .01 0.02 0.05 0.03 

Phosphorus exists in water in either a particulate phase or a dissolved phase. 
Particulate matter includes living and dead plankton, precipitates of phosphorus, 
phosphorus adsorbed to particulates, and amorphous phosphorus. The dissolved phase 
includes inorganic phosphorus and organic phosphorus. Phosphorus in natural waters 
is usually found in the form of phosphates (P04 and PO3) . Phosphates can be in 
inorganic or organic form. Inorganic phosphate is phosphate that is not associated with 
organic material. Types of inorganic phosphate include orthophosphate and 
polyphosphates. Orthophosphate is sometimes referred to as "reactive phosphorus." 
Orthophosphate is the most stable kind of phosphate and is the form used by plants or 
algae. There arc several forms of phosphorus that can be measured. Total phosphorus 
is a measure of all the forms of phosphorus, dissolved or particulate, that arc found in a 
sample. Soluble reactive phosphorus is a measure of orthophosphate, the filterable 
(soluble, inorganic) fraction of phosphorus, the form directly taken up by plant cells. 
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5.1.5.1.3 Chlorophyll "a" 
The average chlorophyll "a" concentrations for each year of available data from 1990 
to 200 l at each active monitoring site in Kinkaid Lake are presented in Table 5-7. 
There was no chlorophyll "a" data available at station 05599540. The raw data for all 
sample depths are contained in Appendix A. 

Table 5-7 Average Chlorophyll "a" Concentrations (µg/L) In Kinkaid Lake (USEPA 2002b and 
Illinois EPA 2002} 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Averaae 
1990 9.8 13.6 14.5 32.7 17.6 
1991 9.0 10.5 17.1 43.1 19.9 
1994 19.1 23.4 24.3 52.1 29.7 
1997 13.2 19.4 27.5 48.9 27.3 
1998 21.9 21.9 
2000 18.4 12.7 16.4 38.0 21.4 

5.1.5.1.4 Tributary Data 
There is no water quality data available for the tributaries to Kinkaid Lake. The 
primary tributaries to Kinkaid Lake are Kinkaid Creek and Little Kinkaid Creek. 
Tributary water quality data along with flow information would be useful in assessing 
contributing loads from the watersheds to help differentiate between external loading 
and internal loading. External loads are those loadings from the watershed, such as 
nonpoint source runoff and point sources. Internal loads are caused by low DO 
conditions near lake sediments, which promote re-suspension of phosphorus from the 
sediments into the water column. External versus internal loads will be discussed 
further in Section 7.4. 

5.1.5.2 Big Muddy River Water Quality Data 
There is one active and one historic water quality station in Big Muddy River segment 
N 12 as shown in Figure 5-1. The water quality station data for segment N 12 were 
downloaded from the STORET online database for the years of I 990 to l 998 (USEPA 
2002b ). Data collected after l 998 were available from the Illinois EPA and were 
incorporated into the electronic database. The data summarized in this section include 
water quality data for impaired constituents in the Big Muddy River segment N 12 as 
well as constituents used in modeling efforts. The raw data are contained in Appendix 
A. 

5.1.5.2.1 Manganese and Sulfates 
Table 5-8 summarizes historical manganese and sulfates data since 1990 from the 
USEPA STORET database and recent data not yet entered into the STORET database 
for impaired segments in the Big Muddy River Watershed. The raw historical water 
quality data are contained in Appendix A. For impairments on segment Nl2, the average 
of the data sets do not exceed the water quality standard for either manganese and 
sulfates. The historical water quality samples were also taken during months with 
historically varying flow conditions. 
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Table 5-B Summary of Constituents Associated with Potential Impairments for the Big Muddy 
River Se ment N12 
Sample Location Period of Record and 
a Number of Data Points Mean Maximum Minimum 
Bi ment N12; Sam le Location 05599500 

1.0 1/9/90-4/24/97; 51 0.6 2.5 0.1 
500 1/9/90-4/24/97; 65 237 660 59 

ment N12; Sam le Location N12 
1.0 10/27/97-9/6/00; 27 0.6 1.9 0.2 
500 11/20/97-9/6/00; 24 285 653 68 

Figures 5-4 and 5-5 (at the end of this section) show concentrations of manganese and 
sulfates, respectively, with corresponding flows in segment N 12. Figures 5-4 and 5-5 
exclude samples taken between October 1993 and September 1995 because flow data 
was unavailable for those months. The flow for each sample date was compared to the 
monthly average flow shown in Figure 5-3 for the month the sample was taken. Based 
on this analysis, about 75 percent of manganese samples and 88 percent of sulfates 
samples were taken at below average flow conditions. This suggests that most 
historical samples were taken under low flow conditions in segment Nl2 of the Big 
Muddy River Watershed. Analysis of impaired sample dates showed that more than 
half of the impaired samples were taken at below average flows. 

5.1.5.2.2 DO and TOC 
Table 5-9 summarizes the available historic DO and total organic carbon (TOC) data 
since 1990 from the USEPA STORET database and recent data not yet entered into the 
STORET database for Big Muddy River segment N 12 (raw data contained in Appendix 
A). TOC data are presented here because they are used in the DO analysis. The 
average DO concentration for segment N 12 is above the water quality standard of 6.0 
mg/L (16 hours of any 24-hour period), but the minimum values observed are less than 
the water quality standard of 6.0 mg/L. 

Table 5-9 Existin DO and TOC Water Quali Data and TMDL End oints 
Sample Period of Record 
Location and Examined and Number 
Parameter of Data Points 

DO 1/9/90-4/24/97; 102 8.7 20.8 3.7 
4-hour eri 

6.0 (16 hours o 10/27/97-9/6/00; 25 7.7 12.4 4.7 
an 24-hour eri 

TOC 10/27/97-9/6/00; 2 5.6 5.6 5.5 

Historical flow data were presented in Section 5. 1 .3. The flow values during the 
historical sampling events for DO that had corresponding TOC measurements arc 
presented in Table 5-10. The flow for each sample date was compared to the monthly 
average flow shown in Figure 5-3 for the month the sample was taken. Based on this 
comparison, the September 6, 2000 sample was taken at below average flows, and the 
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July 24, 2000 sample was taken at above average flows. Low flow values within the 0 
stream segment result in slow-moving waters, which could decrease the amount of 
aeration occurring in the stream. In addition, the day with DO impairment (September 
6, 2000) occurred in a typically warm weather month. Elevated stream temperatures 
affect the aquatic environment by limiting the concentration of DO in the water 
column. For example, the DO concentration for 100 percent air saturated water at sea 
level is 14.6 mg O2/L at 0 degrees Celsius (0 C) (32°F) and decreases to 8.6 mg O2/L at 
25°C (77°F) (Brown and Brazier 1972). 

Table 5-10 DO Samplln1 Events and Associated Flow Values 
Flow DO 

Samole Location Date (cfs) (mall) 
Bia Muddy River (N12) 7/24/00 2,060 7.9 
Bia Muddv River (N12) 9/6/00 400 4.7 

5.1.5.1.3 pH and TDS 
Table 5-11 summarizes the available historic pH data from 1990 to 2001 from the 
US EPA STORET database and recent data not yet entered into the STORET database 
for Big Muddy River segment N 12 (raw data contained in Appendix A). Although the 
segment is not impaired for TDS, the data are used in the pH calculations. The average 
pH concentration for the segment is within the water quality boundaries of 6.5 and 9.0, 
but the minimum value observed is less than the water quality standard of 6.5. 

Table 5-11 Existin r Qualit Data and TMDL End oints 
Sample Location Period of Record and 
and Parameter Number of Data Points Mean Maximum Minimum 

Mudd River le Location 05599500 
1/9/90-4/24/97; 102 7.4 8.8 6.4 
1/9/90-2/29/96; 16 620 2,010 197 

River le Location N12 
10/27/97-9/6/00; 25 7.1 8.1 6.4 

7/24/00-9/6/00; 2 356 487 225 

Figure 5-6 shows a histogram of pH values in Segment N 12 of the Big Muddy River. 
This histogram illustrates that, based on historic data, three percent of the measured pH 
values in segment N 12 violated the pH standard. The last violation occurred in August 
of 1998. 

5.1.6 Land Use 
The Illinois Natural Resources Geospatial Clearinghouse distributes the Critical Trends 
Assessment Land Cover Database of Illinois. This database represents 23 land use 
classes created by satellite imagery captured between 1991 and 1995. The data were 
published in 1996 and are distributed by county in grid format for use in GIS. The 
GIS-delineated watershed for Kinkaid Lake and Big Muddy River segment N 12 were 
used to obtain the land use from the Critical Trends Assessment Land Cover grid. 
Tables 5-12 and 5-13 list the land uses contributing to the Kinkaid Lake Watershed 
and the segment N 12 watershed, as well as each land use area and percent of total area. Q· 

e 
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Table 5-12 Critical Trends Assessment Land Uses in Kinkaid Lake {IDNR 1996) 
Land Use Acres Percent of Area 
Deciduous Forest 21,597 56% 
Rural Grassland (pastureland, grassland, 
waterways, buffer strips, CRP land, etc.) 

Pasture 2,977 8% 
Grassland 5,953 16% 

Row Crop (corn, soybeans, and other tilled crops) 3,576 9% 
Ooen Water 2,703 7% 
Small Grains (wheat, oats, etc.) 751 2% 
Coniferous Forest 461 1% 
Forested Wetlands 368 1% 
Urban (hiah and medium densitvl 101 0% 
Shallow Water Wetlands 61 0% 
Shallow Marsh/Wetlands 27 0% 
Urban Grassland 17 0% 
Deeo Marsh 7 0% 
Barren Land 5 0% 
Cattle Feedlot 6 0% 
Total 38,610 100% 

*Subclasses of rural grassland were estimated by the Jackson County NRCS (2002a) 

Table 5-13 Land Use for Segment 2 aters e N1 W h d 
Land Use Area (Acres) Percent of Total 
Deciduous 7,164 39% 
Rural Grassland 5,175 28% 
Row Croo 1,989 11% 
Urban Grassland 1,241 7% 
Forested Wetland 813 4% 
Medium Densitv 529 2.5% 
Small Grains 491 2.5% 
Orchard/Nurseries 297 2% 
Open Water 292 2% 
Hioh Density 200 1% 
Shallow Water/Wetlands 159 1% 
Coniferous 27 0% 
Shallow Marsh/Wetlands 16 0% 
Low Density 11 0% 
Swamo 3 0% 
Deep Marsh 1 0% 
Total 18,408 100% 

Additional land use data were obtained from the Spatial Analysis Research Center's 
Cropland Data Layer to supplement the Critical Trends Assessment dataset. The data 
were requested from the National Agricultural Statistics Service (NASS) website for 
the years of 1999 and 2000 (NASS 2002). The Cropland Data Layer is also derived 
from satellite imagery, but the land use classes for crops are more detailed than those 
presented in the Critical Trends Assessment dataset. The detailing of crops in the 
Cropland Data Layer land use classes makes it a more accurate dataset for calculation 
of crop-related parameters. The dataset was also used to verify the land use obtained 
from the Critical Trends Assessment. Table 5-14 shows the cropland use classes of the 
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Cropland Data Layer and the Critical Trends Assessment classes to which they were 
applied. 

a e -T bl 5 14 C omDar,son o an se f L d U Cl asses n t e n a a e a ers e I h Ki k Id L k W t h d 
Crooland Data Laver Land Use Class Critical Trends Assessment Land Use Class 
Corn Row Crop 

Sori:ihum Small Grains 

Sovbeans Row Crop 
Winter Wheat Small Grains 
Other Small Grains & Hay Small Grains 
Double-Cropped Winter WheaUSoybeans Half to Small Grains 

Half to Row Crops 

5.1.7 Point Sources and Animal Confinement Operations 
5.1.7.1 Coal Mines and Oil and Gas Fields 
Acid mine drainage from coal mines could contribute to manganese and sulfates 
concentrations in a watershed. Data from the Illinois Natural Resources Geospatial 
Data Clearinghouse was reviewed for coal mines, oil fields, and non-coal mines within 
the Big Muddy River Watershed from the following references (full citation provided 
in Section 13): 

■ Chenoweth, Cheri, 1998, Areas Mined for the Springfield (No. 5) Coal in Illinois 

■ Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part I 

■ Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part 2 

■ Coal Section, Illinois State Geological Survey, 1991, Point Locations of Active and 
Abandoned Coal Mines in Illinois 

■ Illinois Office of Mines and Minerals, 1998, Coal Mine Permits Boundaries in 
Illinois 

■ Staff, ISGS, 1996, Non-coal Underground Mines of Illinois 

■ Staff, ISGS, 1996, Non-coal Underground Mines of Illinois - Points 

■ Illinois State Geological Survey, not published, Oil and Gas Fields in Illinois 

Figure 5-7 presents the findings from these databases for extraction operations in the 
Big Muddy River Watershed. Multiple coal mines were identified within the watershed 
and labeled on Figure 5-7. The mine names and dates of operation are listed in 
Appendix B. There are no permitted mines in this watershed, and a comparison of the 
existing and permitted mine databases suggests that non-permitted mines are likely 
abandoned or closed. No oil or gas fields or non-coal mines were located in the 
segment N 12 Watershed; however, the non-coal mine database contains only 20 
percent of the non-coal mines in Illinois due to the lack of a legal filing requirement. 
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Both Illinois EPA and IDNR Office of Mines and Minerals have responsibilities 
relating to the permitting of active coal mines and the regulation of mine drainage. 
Mine drainage is any groundwater, surface water, or rainwater that flows through, or in 
any way contacts an area affected by mining. Mine drainage from sites in Illinois arc 
either non-acid drainage or acid drainage and can be classified as pre-law and post­
law. Pre-law mines arc those mines operated prior to 1977, which arc abandoned and 
not permitted and arc typically acid drainage mines (Muir ct al. 1997). 

Acid mine drainage is formed when three essential components combine: iron pyrite 
material, oxygen, and water. Pyritic material may come in several different forms, 
some of which are very stable and difficult to break down while others are very 
reactive and break down readily. Iron pyrite is commonly found associated with coal 
and coal refuse materials. As water contacts iron pyrite in the presence of oxygen, a 
chemical reaction occurs that forms ferrous iron and sulfuric acid. The ferrous iron 
then undergoes oxidation to form ferric iron. With the presence of ferrous iron, ferric 
iron, pyrite, oxygen, and water, several chemical reactions occur that produce 
additional acidity, further lowering the pH of the water. The formation of new acid is 
practically continuous when erosion of the refuse material exposes unreacted pyrite in 
the presence of oxygen and water. The negative impacts of acid mine drainage arc high 
levels of dissolved solids, especially iron, sulfates, chlorides, and manganese 
associated with the mine drainage (Muir et al. 1997). 

As mentioned previously, the sampling data for manganese and sulfates, shown in 
Figures 5-4 and 5-5, were taken primarily under low-flow conditions. The figures 
show a decrease in concentrations with increases in flow indicating that groundwater is 
the potential source of these constituents. If the source of manganese and sulfates were 
due to surface runoff, an increase in concentrations would be expected with increased 
flows. The absence of exceedences of the water quality standards for manganese or 
sulfates at higher flows in the figures supports the conclusion that manganese and 
sulfates could have leached into the groundwater from pools within the mine sites and 
be the source of manganese and sulfates concentrations in segment N 12. In addition, 
no data arc available to assess the natural background of manganese and sulfates in the 
watershed. Natural background concentrations typically are attributed to what occurs 
naturally in groundwater due to mineral conditions of the soils (Water Environment 
Research Foundation [WERF] 1997). 

5.1.7.2 Animal Confinement Operations 
The Illinois EPA provided a GIS shape file illustrating the location of livestock 
facilities in the Big Muddy River Basin, which contains Kinkaid Lake and Big Muddy 
River segment N 12. The Illinois EPA assessed the potential impact of each facility on 
water quality with regard to the size of the facility, the site condition and management, 
pollutant transport efficiency, and water resources vulnerability. Two livestock 
facilities (cattle feedlots) were identified in the Kinkaid Lake watershed as shown in 
Figure 5-8. One of the feedlots was determined to have no impact on the receiving 
waters, and the other was determined to have a slight impact on receiving waters. Three 
animal management operations were located in the segment N 12 watershed; two arc 
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designated as having no impact on receiving waters, and the third was not assessed. 
Figure 5-9 shows the animal management operations within the segment N 12 
Watershed. 

5.1.7.3 Wastewater Treatment Plants 
Table 5-15 lists the wastewater treatment facilities within the N 12 watershed. No point 
sources were located within the Kinkaid Lake Watershed. Table 5-15 also provides 
information on whether there is potential for the facility to impact DO concentrations 
in Segment N12. With exception of the Carbondale Northwest Wastewater Treatment 
Plan, none of the facilities has the potential to impact DO concentrations in Segment 
N 12. The facilities are either no discharge or discharge such little effluent that it is 
unlikely that they impact the Big Muddy River. The Carbondale Northwest Plant will 
be further discussed in Section 10. 

Table 5-15 Wastewater Treatment Plants within N12 Watershed 
Potential to Impact DO 

Facility Name NPDES Number Concentrations in N12 
Lake Chautauqua Home IL0045705 No 
Fairway Motor Home Park IL0045306 No 
New Thompson Lake Fishin!l Club IL0048569 No 
Jackson Countrv Club IL0038521 No 
Fairway Vista Group IL0061786 No 
Paul Parrish Apartments IL0048089 No 
Green Tree Mobile Home Park IL0036935 No 
Haoov Ours Mobile Home Park IL0046299 No 
Carbondale Northwest Wastewater IL0027871 Yes 
Treatment Plant 

5.1.8 Soil Data 
State Soil Geographic (STATSGO) database data, created by the USDA - National 
Resource Conservation Service (NRCS) Soil Survey Division, are aggregated soil 
surveys for GIS use published for Illinois in 1994. The STATSGO shapefiles were 
downloaded by HUC from the USEPA BAS/NS website (USEPA 2002a). STATSGO 
data arc presented as map units of soils in which each map unit has a unique code 
linking it to attribute tables listing percentages of soil types within a map unit, soil 
layer depths, hydrologic soil groups, and soil texture among other soil properties. 

5.1.9 Cropping Practices 
Tillage practices can be categorized as conventional till, reduced till, mulch-till, and 
no-till. The percentage of each tillage practice for corn, soybeans, and small grains by 
county are generated by the Illinois Department of Agriculture from County Transect 
Surveys. Data specific to the Kinkaid Lake Watershed were not available; however, 
the Jackson County NRCS office recommended percentages of each tillage practice for 
application to the Kinkaid Lake Watershed as shown in Table 5-16 (NRCS 2002a). 
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Table 5-16 Tillage Practices in the Kinkaid Lake Watershed (NRCS 2002a) 
Tillage Practice Corn Soybeans Small Grains 
Conventional Till 20% 0% 20% 
Reduced Till 15% 10% 50% 
Mulch-Till 15% 5% 10% 
No-Till 50% 85% 20% 

5.1.10 Reservoir Characteristics 
Reservoir characteristics were obtained from GIS analysis, the Illinois EPA, the 
Kinkaid Lake watershed plan, and USEPA water quality data. The watershed plan for 
Kinkaid Lake lists a normal pool of 2,350 acres (Kinkaid Arca Watershed Project, Inc. 
[KA WP] 2000). Illinois EPA originally estimated the surface area of Kinkaid Lake as 
3,475 acres, resulting in a large discrepancy between this value and those obtained 
from the watershed plan and GIS. Based on recent studies in the watershed, the 
surface area of 2,350 acres from the watershed plan was used to validate the surface 
area of 2,402 acres obtained from GIS analysis. For modeling analyses, the area 
obtained through GIS analysis was scaled to equal the area from the resource plan. 

The water quality dataset described in Section 5.1 .5. l was used to determine the 
average depth of Kinkaid Lake. On each date sampled for water quality constituents, 
the total depth at the site was measured. Table 5-17 lists the average depth calculated 
for each water quality site in Kinkaid Lake for each year of available data after I 990. 

Table 5-17 Average Dei>ths in Feet for Kinkaid Lake 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Average 
1990 55.9 42.3 6.5 6 .5 27.8 
1991 63.0 40.3 22.0 3.4 32.2 
1992 80.4 15.2 13.8 4.3 28.4 
1993 73.0 22.4 15.6 6.5 29.4 
1994 60.0 35.7 24.7 4.0 31 .1 
1996 60.0 41 .1 9.2 9.2 29.9 
1997 57.9 40.2 27.4 9.4 33.7 
1998 57.9 39.5 29.0 10.5 34.2 
2000 51.3 39.4 26.8 10.2 31.9 

Reservoir characteristics that were unavailable were flows into and out of the reservoir. 

5.1.11 Septic Systems 
Typically, septic systems near lake waters have greater potential for impacting water 
quality than systems near streams due to their proximity to the water body of concern. 
The number of septic systems within the watersheds could not be confirmed from 
available data sources. There were no residences observed near the lake during the site 
visit described in Sections 2.2 and 2.3. It is anticipated that failing septic systems are a 
negligible source of pollutant loads in this watershed. 

FINAL REPORT 



R01918

Section 5 
Big Muddy River Watershed Data Review 

5-16 

5.1.12 Aerial Photography 
Aerial photographs of the Big Muddy River Watershed were obtained from the Illinois 
Natural Resources Geospatial Data Clearinghouse. The photographs were used to 
supplement the USGS quadrangle maps when locating facilities. 
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Figure 5-6: pH Histogram for Segment N12 
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Section 6 
Methodologies and Models to Complete 
TMDLs for the Big Muddy River 

6.1 Set Endpoints for TMDLs 
TMDLs arc used to define the total amount of pollutants that may be discharged into a 
particular water body within any given day based on a particular use of that water 
body. Developing TMDLs must, therefore, account for both present and future stream 
users, habitat, flow variability, and current and future point and nonpoint pollutant 
loadings that may impact the water body. Defining a TMDL for any particular stream 
segment must take into account not only the science related to physical, chemical, and 
biological processes that may impact water body water quality, but must also be 
responsive to temporal changes in the watershed and likely influences of potential 
solutions to water quality impairments on entities that reside in the watershed. 

Stream and lake water quality standards were presented in Section 4, specifically in 
Table 4-1. Biological data, such as the Index of Biotic Integrity (IBI) and the 
Macroinvertebrate Biotic Index (MBI), are used to support 305(b) and 303(d) listing 
decisions; however, TMDLs were not developed specifically to meet biological 
endpoints for the Big Muddy River Watershed. The endpoints presented in Section 4, 
which are chemical and physical endpoints of the following constituents, were 
targeted: 

■ stream segments: sulfates, pH, DO, manganese; 
■ lake segment: pH. 

6.2 Methodologies and Models to Assess TMD L Endpoints 
Methodologies and models were utilized to assess TMDL endpoints for the Big Muddy 
River Watershed. Model development is more data intensive than using simpler 
methodologies or mathematical relationships for the basis ofTMDL development. In 
situations where only limited or qualitative data exist to characterize impairments, 
methodologies were used to develop TMDLs and implementation plans as appropriate. 

In addition to methodologies, watershed and receiving water computer models arc 
available for TMDL development. Most models have similar overall capabilities but 
operate at different time and spatial scales and were developed for varying conditions. 
The available models range between empirical and physically based. However, all 
existing watershed and receiving water computer models simplify processes and often 
include obviously empirical components that omit the general physical laws. They are, 
in reality, a representation of data. 

Each model has its own set of limitations on its use, applicability, and predictive 
capabilities. For example, watershed models may be designed to project loads within 
annual, seasonal, monthly, or storm event time scales with spatial scales ranging from 

(i) 6-1 

FINAL REPORT 



R01936

Section 6 
Methodologies and Models to Complete TMDLs for the Big Muddy River 

6-2 

large watersheds to small subbasins to individual parcels such as construction sites. 
With regard to time, receiving water models can be steady state, quasi dynamic, or 
fully dynamic. As the level of temporal and spatial detail increases, the data 
requirements and level of modeling effort increase. 

6.2.1 Watershed Models 
Watershed or loading models can be divided into categories based on complexity, 
operation, time step, and simulation technique. USEP A has grouped existing 
watershed-scale models for TMDL development into three categories based on the 
number of processes they incorporate and the level of detail they provide (USEPA 
1997): 

■ simple models, 
■ mid-range models, 
■ detailed models. 

Simple models primarily implement empirical relationships between physiographic 
characteristics of the watershed and pollutant runoff. A list of simple category models 
with an indication of the capabilities of each model is shown in Table 6- I. Simple 
models may be used to support an assessment of the relative significance of different 
nonpoint sources, guide decisions for management plans, and focus continuing 
monitoring efforts. Generally, simple models aggregate watershed physiographic data 
spatially at a large-scale and provide pollutant loading estimates on large time-scales. 
Although they can easily be adopted to estimate storm event loading, their accuracy 
decreases since they cannot capture the large fluctuations of pollutant concentrations 
observed over smaller time-scales. 
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Table 6-1 Evaluation of Watershed Model Capabilities• Simple Models (USEPA 1997) 
Regressi 

USEPA Simple on SLOSS-
Criteria ScreeninQ1 Method1 Method1 PHOSPH2 Watershed FHWA WMM 
Land Urban 0 Q Q - Q Ql • Uses Rural Q - 0 Q Q 0 • 

Point Sources - - - - 0 - 0 

Time Annual • • • • • • • Scale Single Event 0 0 0 - - 0 -
Continuous - - - - - - -

Hydrology Runoff -4 Q - - - 0 0 

Baseflow - - - - - - 0 

Pollutant Sediment Q Q Q Q Q - -
Loading Nutrients Q Q Q Q Q Q Q 

Others 0 Q Q - Q Q Q 

Pollutant Transport - - - - - - -
Routing Transformation - - - - - - 0 

Model Statistics - - - - Q 0 0 
Output Graphics - - - - Q - 0 

Format Options - - - - Q - 0 

Input Requirements 0 0 0 0 0 0 0 
Data Calibration - - - 0 Q - Q 

Default Data • • Q Q 0 Q Q 

User Interface - - - - Q 0 Q 

BMPs Evaluation 0 0 - 0 Q Q Q 

Design Criteria - - - - - - -
Documentation • • • • • • Q 

Not a computer 
program 

2 Coupled with GIS 
3 Highway drainage 

basins 

4 Extended Versions 
recommended use of 
SGS-curve number 
method for runoff 
estimation 

•High gMedium oLow - Not Incorporated 

Mid-range models attempt a compromise between the empiricism of the simple models 
and complexity of detailed mechanistic models. Mid-range models are designed to 
estimate the importance of pollutant contributions from multiple land uses and many 
individual source areas in a watershed. Therefore, they require less aggregation of the 
watershed physiographic characteristics than the simple models. Mid-range models 
may be used to define large areas for pollution migration programs on a watershed 
basis and make qualitative evaluations of BMP alternatives. A list of models within the 
mid-range category and their capabilities is shown in Table 6-2. 
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Table 6-2 Evaluation of Watershed Model Ca oablllties - Mid-Ranae Models (USEPA 1997) 
Criteria SITEMAP GWLF P8-UCM Auto-QI AGNPS SLAMM 0 
Land Uses Urban • • • • - • 

Rural • • - - • -
Point Sources Q g • - • • 

Time Scale Annual - - - - - -
Single Event 0 - • - • -
Continuous • • • • - • 

Hydrology Runoff • • • • • • 
Baseflow 0 • 0 0 - 0 

Pollutant Sediment - • • • • • Loading Nutrients • • • • • • 
Others - - • • - • 

Pollutant Transport 0 0 0 g • g 
Routing Transformation - - - - - -
Model Output Statistics Q 0 - - - 0 

Graphics Q g • - • 0 

Format Options • • • 0 • • 
Input Data Requirements g Q Q g Q Q 

Calibration 0 0 0 g 0 Q 

Default Data • • Q 0 Q Q 

User Interface • • • g g • 
BMPs Evaluation 0 0 • Q Q 9 

Design Criteria - - • g Q 0 0 
Documentation • • • Q • Q 

eHigh QMedium o Low - Not Incorporated 

Detailed models use storm event or continuous simulation to predict flow and pollutant 
concentrations for a range of flow conditions. These models explicitly simulate the 
physical processes of infiltration, runoff, pollutant accumulation, instream effects, and 
groundwater/surface water interaction. These models are complex and were not 
designed with emphasis on their potential use by the typical state or local planner. 
Many of these models were developed for research into the fundamental land surface 
and instream processes that influence runoff and pollutant generation rather than to 
communicate information to decision-makers faced with planning watershed 
management (USEPA 1997). Although detailed or complex models provide a 
comparatively high degree of realism in form and function, complexity does not come 
without a price of data requirements for model construction, calibration, verification, 
and operation. If the necessary data are not available, and many inputs must be based 
upon professional judgment or taken from literature, the resulting uncertainty in 
predicted values undermine the potential benefits from greater realism. Based on the 
available data for the Big Muddy River Watershed, a detailed model could not be 
constructed, calibrated, and verified with certainty and the watershed model selection 
should focus on the simple or mid-range models. Q 
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6.2.l.1 Watershed Model Recommendation 
The watershed model recommendation for Kinkaid Lake is the Generalized Watershed 
Loading Function (GWLF) model. No watershed models will be utilized for stream 
TMDLs as methodologies will be utilized for stream segments in the Big Muddy River 
Watershed. The GWLF model was chosen for the Kinkaid Lake TMDL based on the 
following criteria: 

■ ease of use and Illinois EPA familiarity 
■ compatible with pollutants of concern and existing data 
■ provide adequate level of detail for decision making 

The GWLF manual estimates dissolved and total monthly phosphorus loads in 
streamflow from complex watersheds. Both surface runoff and groundwater sources 
arc included, as well as nutrient loads from point sources and onsite wastewater 
disposal (septic) systems. In addition, the model provides monthly streamflow, soil 
erosion, and sediment yield values (Haith et al. 1996). 

6.2.2 Receiving Water Quality Models 
Receiving water quality models differ in many ways, but some important dimensions 
of discrimination include conceptual basis, input conditions, process characteristics, 
and output. Table 6-3 presents extremes of simplicity and complexity for each 
condition as a point of reference. Most receiving water quality models have some mix 
of simple and complex characteristics that reflect tradeoffs made in optimizing 
performance for a particular task. 

a e -T bl 6 3G enera IR ece1vma w ater ua 1tv o e Q I" M d I Ch aractenst1cs 
Model Characteristic Simple Models Complex Models 
Conceotual Basis Emoirical Mechanistic 
Input Conditions Steady Stale Dynamic 
Process Conservative Nonconservative 
Output Conditions Deterministic Stochastic 

The concept behind a receiving water quality model may reflect an effort to represent 
major processes individually and realistically in a formal mathematical manner 
(mechanistic), or it may simply be a "black-box" system (empirical) wherein the output 
is determined by a single equation, perhaps incorporating several input variables, but 
without attempting to portray constituent processes mechanistically. 

In any natural system, important inputs, such as flow in the river, change over time. 
Most receiving water quality models assume that the change occurs sufficiently slowly 
so that the parameter (for example, flow) can be treated as a constant (steady state). A 
dynamic receiving water quality model, which can handle unsteady flow conditions, 
provides a more realistic representation of hydraulics, especially those conditions 
associated with short duration storm flows, than a steady-state model. However, the 
price of greater realism is an increase in model complexity that may be neither justified 
nor supportable. 
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The manner in which input data are processed varies greatly according to the purpose 0 
of the receiving water quality model. The simplest conditions involve conservative 
substances where the model need only calculate a new flow-weighted concentration 
when a new flow is added (conservation of mass). Such an approach is unsatisfactory 
for constituents such as DO or labile nutrients, such as nitrogen and phosphorus, which 
will change in concentration due to biological processes occurring in the stream. 

Whereas the watershed nonpoint model's focus is the generation of flows and pollutant 
loads from the watershed, the receiving water models simulate the fate and transport of 
the pollutant in the water body. Table 6-4 presents the steady-state (constant flow and 
loads) models applicable for this watershed. The steady-state models are less complex 
than the dynamic models. Also, as discussed above, the dynamic models require 
significantly more data to develop and calibrate an accurate simulation of a water 
body. 

T bl 6-4 D a e escnptlve ,st o o e L' fM d IC omponents - S d S tea 1v- tate w ater ua 1tv o es Q r Md I 
Water Body Parameters Process Simulated 

Model Type Simulated Physical Chemical/Biological 
USEPA River, lake/ Water body nitrogen, Dilution. First order decay -
Screening reservoir, phosphorus. advection, empirical relationships 
Methods estuary, coastal chlorophyll "a," or dispersion between nutrient loading 

chemical and eutrophication 
concentrations indices 

EUTROMOD Lake/reservoir DO, nitrogen, Dilution Empirical relationships 
phosphorus, between nutrient loading 
chlorophyll "a" and eutrophication 

indices 
BATHTUB Lake/reservoir DO, nitrogen, Dilution Empirical relationships 

phosphorus, between nutrient loading 
chlorophyll "a" and eutrophication 

indices 
QUAL2E Rivers (well DO, CBOD, arbitrary, Dilution, First order decay, DO-

mixed/shallow nonconservative advection, BOD cycle, nutrlent-algal 
lakes or substances, three dispersion cycle 
estuaries) conservative 

substances 
EXAMSII Rivers Conservative and Dilution, First order decay, 

nonconservative advection, process kinetics, 
substances dispersion daughter products, 

exposure assessment 
SYMPTOX3 River/reservoir Conservative and Dilution, First order decay, 

nonconservative advection, sediment exchange 
substances dispersion 

STREAMDO Rivers DO, CBOD, and Dilution First order decay, BOD-
ammonium DO cycle, limited algal 

component 

6.2.2.l Receiving Water Model Recommendation 
The receiving water model recommended for Kinkaid Lake is BATHTUB, which 
applies a series of empirical eutrophication models to reservoirs and lakes. The 
program performs steady-state water and nutrient balance calculations in a spatially 
segmented hydraulic network that accounts for advective and diffusive transport, and 
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nutrient sedimentation. Eutrophication-rclatcd water quality conditions arc predicted 
using empirical relationships (USEPA 1997). 

Because of the lack of spatial data sets for the stream segments within the Big Muddy 
River Watershed, methodologies based on the USEPA Screening Methods and Monte 
Carlo simulations will be utilized for stream TMDL development as discussed in the 
following section. 

6.2.3 Kinkaid Lake TMDL 
For Kinkaid Lake, a TMDL for pH will be completed 
using a watershed/receiving water model combination. 
The strategy for completing the watershed/receiving 
water model TMDL for Kinkaid Lake is shown in the 
schematic to the right. This strategy applies to 
constituents whose loads can be predicted using GWLF. 
This approach allows a linkage between source and 
endpoint resulting in an allocation to meet water quality 
standards. After loads arc predicted, the BATHTUB 
model will be used to determine the resulting phosphorus 
concentrations within Kinkaid Lake. Model development 
is discussed further in Section 7. 

Predict Loadings 

Allocation 

Schematic 1 
Strategy for Lake TMDL 

Modeling 

6.2.4 Stream TMDLs for the Big Muddy River Watershed 
Because of limited data available for watershed and receiving water model 
development for the Big Muddy River Watershed, TMDLs for the following 
constituents will be completed using methodologies: sulfates, pH, DO, and manganese. 
For DO, a Streeter-Phelps analysis based on the USEPA Screening Procedures was 
developed. This analysis is described in Section 8. For sulfates and manganese, a 
Monte Carlo simulation was conducted, and the description of this analysis is also 
contained in Section 8. For pH, an analysis based on recurrence interval and pH was 
created, and this discussion is also included in Section 8. 

6.2.5 Calibration and Validation of Models 
The results of loading and receiving water simulations are more meaningful when they 
arc accompanied by some sort of confirmatory analysis. The capability of any model to 
accurately depict water quality conditions is directly related to the accuracy of input 
data and the level of expertise required to operate the model. It is also largely 
dependent on the amount of data available. Calibration involves minimization of 
deviation between measured field conditions and model output by adjusting parameters 
of the model. Data required for this step arc a set of known input values along with 
corresponding field observation results. Validation involves the use of a second set of 
independent information to check the model calibration. The data used for validation 
should consist of field measurements of the same type as the data output from the 
model. Specific features such as mean values, variability, extreme values, or all 
predicted values may be of interest to the modeler and require testing. Models arc 
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tested based on the levels of their predictions, whether descriptive or predictive. More Q 
accuracy is required of a model designed for absolute versus relative predictions. If the 
model is calibrated properly, the model predictions will be acceptably close to the field 
predictions. 

The GWLF and BATHTUB models were calibrated based on existing data. As will be 
outlined in Section 7, the GWLF model was calibrated based on historical flow 
records. The calibration factors taken into account for the GWLF model were the 
recession constant and seepage constant. Water quality data on the tributaries to 
Kinkaid Lake were not available so the GWLF model could not be calibrated to 
tributary nutrient loads. Nutrient loads were based on literature values for Southern 
Illinois. GWLF model validation was not conducted, as the hydrology was calibrated 
based on 16 years of observed flow. Data collection activities needed to calibrate 
nutrient loads are outlined in Section 9 Implementation Plan. The calibration process 
for the BATHTUB model is also outlined in Section 7. For Kinkaid Lake, loads from a 
below normal, above normal, and dry precipitation year were taken from GWLF and 
entered into the BATHTUB model, which predicted average in-lake concentrations 
that were in turn compared to observed lake concentrations as the basis for calibration. 

6.2.6 Seasonal Variation 
Consideration of seasonal variation, such that water quality standards for the allocated 
pollutant will be met during all seasons of the year, is a requirement of a TMDL 
submittal. TMDLs must maintain or attain water quality standards throughout the year 
and consider variations in the water body's assimilative capacity caused by seasonal 
changes in temperature and flow (USEPA 1999). Seasonal variation for the Kinkaid 
Lake Watershed is discussed in Section 8 and for the Big Muddy River Watershed 
discussed in Section 11. 

6.2. 7 Allocation 
Establishing a TMDL requires the determination of the LC of each stream segment. 
The models or methodologies were used to establish what the LC is for each segment 
for each pollutant. The next step was to determine the appropriate MOS for each 
segment. After setting the MOS, WLA of point sources and LA from the nonpoint 
sources were set. 

The MOS can be set explicitly as a portion of the LC or implicitly through applying 
conservative assumptions in data analysis and modeling approaches. Data analyses and 
modeling limitations were taken into account when recommending a MOS. The 
allocation scheme (both LA and WLA) demonstrates that water quality standards will 
be attained and maintained and that the load reductions are technically achievable. The 
allocation is the foundation for the implementation and monitoring plan. Further 
discussion on the allocation is presented in Section 9. 
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6.2.8 Implementation and Monitoring 
For the Big Muddy River Watershed, a plan of implementation was produced to 
support the developed TMDL. The plan of implementation has reasonable assurance of 
being achieved. The plan provides the framework for the identification of the actions 
that must be taken on point and nonpoint sources to achieve the desired TMDLs. The 
accomplishment of the necessary actions to reach these targets may involve substantial 
efforts and expenditures by a large number of parties within the watershed. Depending 
upon the specific issues and their complexity in the Big Muddy River Watershed, the 
time frame for achieving water quality standards has been developed. 

The implementation plan delineates a recommended list of the sources of stressors that 
are contributing to the water quality impairments. The amount of the reduction needed 
from various sources to achieve the water quality limiting parameter was then 
delineated. For nonpoint sources, the use of BMPs is one way to proceed to get the 
desired reduction in loading. The effectiveness of various BMPs was factored into the 
modeling and methodologies to develop the range of options of BMPs to use. 
Associated with those BMPs is cost information, as available. Reductions from point 
services through waste stream management, pretreatment controls, and other structural 
and nonstructural programs were also identified as applicable. The implementation 
plan for the Big Muddy River Watershed is presented in Section 12. 
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7.1 Basis for pH TMDL 
The relationships between pH, chlorophyll "a," and phosphorus were discussed in 
Section 5.1.5.1.1. Figures 7-1 and 7-2 show the relationship between chlorophyll "a" 
and pH at Kinkaid Lake stations RNC-1 and RNC-3, respectively. The relationships 
arc only provided at these two locations because samples at stations RNC-2 and 
RNC-4 did not show cxcccdcnccs of the pH standard. As explained in Section 
5.1.5.1.1, the figures arc expected to show an increase with pH as chlorophyll "a" 
increases. Increased chlorophyll "a" concentrations may also lead to low pH values as 
the CO2 decreases during respiration. The relationship between chlorophyll "a" and 
phosphorus at stations RNC-1 and RNC-3 are shown in Figures 7-3 and 7-4, 
respectively. Likewise, these figures arc expected to show a direct relationship 
between the constituents. The relationships presented in Figures 7-1 through 7-4 
provide general trends between model constituents and represent the data available 
from sampling. The general relationships shown in Figures 7-1 through 7-4 suggest 
that controlling total phosphorus will decrease chlorophyll "a" concentrations, which 
will in turn bring pH into the range required for compliance with water quality 
standards. The TMDL will be based on the existing relationships 
with the knowledge that a larger data set would result in a more 
robust TMDL. It is therefore recommended that a TMDL GWLF 

endpoint of 0.05 mg/ L for total phosphorus for Kinkaid Lake be 
utilized so that the pH standard is achieved. 

7 .2 Model Overview 
The models used for the TMDL analysis of Kinkaid Lake were 
GWLF and BATHTUB. These models require input from several 
sources including online databases, GIS-compatible data, and 
hardcopy data from various agencies. This section describes the 
existing data reviewed for model development, model inputs, and 

TRANSPORT 
BLOCK 

NUTRIENT 
BLOCK 

WEATHER 
BLOCK 

model calibration and 
vcri fication. 

Schematic I shows how the 
GWLF model and 
BATHTUB model are utilized 

BATHTUB 

TMDL 
CALCULATIONS 

Schematic 1 
Models used for 

Kinkaid Lake 
TMDL calculation, 

in calculating the TMDL. The GWLF model 
predicts phosphorus loads from the watershed. 
These loads are then inputted in the BATHTUB 
model to assess resulting phosphorus 

Schematic 2 concentrations. The GWLF model outlined in 
GWLF Model. Schematic 2 shows how GWLF predicts 

phosphorus loads from the watershed. The transport 
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block of the GWLF model uses the Universal Soil Loss Equation to determine erosion 0 
in the watershed. The transport block also calculates runoff based on the SCS Curve 
Number equation. The nutrient block allows the model user to input concentrations of 
phosphorus contained in the soil and in the dissolved phase for runoff. These two 
blocks, in conjunction with the weather block, predict both solid and dissolved 
phosphorus loads. 

Schematic 3 shows how, by using total 
phosphorus concentrations predicted from 
GWLF, the resulting in-lake total 
phosphorus concentrations can be 
predicted. The BATHTUB model uses 
empirical relationships between mean 
reservoir depth, total phosphorus inputted 
into the lake, and the hydraulic residence 
time to determine in-reservoir 
concentrations. 

7.3 Model Development and 
Inputs 

Inflow 
Total P 
(GWLF) 

Mean 
Depth 

Hydraulic 
Residence 

Time 

Schematic 3 
BATHTUB Model Schematic. 

The ability of the GWLF and BATHTUB models to accurately reflect natural 
processes depends on the quality of the input data. The following sections describe the 
selection, organization, and use of existing data as input to the GWLF and BATHTUB 
models and outline assumptions made in the process. 

Due to the size of the Kinkaid Lake Watershed and the multiple tributaries contributing 
to the lake, the watershed area was divided into four sub~ atersheds for accurate 
representation in the GWLF model. Flows within each of the subbasins were 
calculated from gage 05595820 with the drainage area ratio method presented in 
Section 5.1 .3. To model Kinkaid Lake accurately in BATHTUB, the lake was divided 
in four sections surrounding each of the three monitoring stations. 

7.3.1 Watershed Delineation 
Prior to developing input parameters for the GWLF or BATHTUB models, a 
watershed for Kinkaid Lake was delineated with GIS analyses through use of the DEM 
as discussed in Section 5.1.2. The delineation indicates that Kinkaid Lake captures 
flows from a watershed of approximately 60.3 square miles, which is consistent with 
the drainage area of 60.5 square miles reported in the watershed plan (KA WP 2000). 
The flow through the lake is primarily from northeast to southwest. Figure 7-5 at the 
end of this section shows the location of each water quality station in Kinkaid Lake, 
the boundary of the GIS-delineated watershed contributing to Kinkaid Lake, the four 
subbasins used in GWLF modeling, and the division of the lake for BATHTUB 
modeling purposes. 
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7.3.2 GWLF Inputs 
GWLF requires input in the form of three data files that represent watershed 
parameters, nutrient contributions, and weather records. Each data file will be 
discussed in the following sections. The input files and actual values used for each 
parameter arc listed in Appendix C. The GWLF manual is contained in Appendix D. 

DEMs of 30-mcter resolution were downloaded from the USGS National Elevation 
Dataset for development of GWLF model parameters discussed in this section (USGS 
2002b). 

7.3.2.1 Transport Data File 
The transport data file provides watershed parameters including land use 
characteristics: cvapotranspiration and erosion coefficients, groundwater and 
strcamflow characteristics, and initial soil conditions. Table 7-1 presents each transport 
file input parameter and its source. Those requiring further explanation arc discussed in 
the next section. 

Table 7-1 Data Needs for GWLF Trans >ort File (Haith et al. 1996) 
Input Parameter Source 
Land Use Critical Trends Assessment Database, GIS 
Land Use Area GIS 
Curve Number STATSGO, GIS, Critical Trends Assessment Database, TR-55 

Manual, WMM Manual 
KLSCP STA TSGO, GIS, DEM, GWLF Manual oaaes 34 and 35, NRCS 
Evapotranspiration Cover Coefficient GWLF Manual paae 29 
Davliaht Hours GWLF Manual oaae 30 
Growing Season GWLF Manual Recommendation oaae 54 
Erosivity Coefficient GWLF Manual paaes 32 and 37 
Sediment Delivery Ratio GIS, GWLF Manual page 33 
5-dav Antecedent Rain and Snow GWLF Manual Recommendation page 37 
Initial Unsaturated Storaae GWLF Manual Recommendation oaae 30 
Initial Saturated Storage GWLF Manual Recommendation paQe 37 
Recession Constant Calibrated 
Seepage Constant Calibrated 
Initial Snow GWLF Manual Recommendation oaae 37 
Unsaturated Available Water Capacity GWLF Manual Recommendation page 37 

7.3.2.1.1 Land Use 
Land use for the Kinkaid Lake Watershed was extracted from the Critical Trends 
Assessment Database grid for Jackson County in GIS. Within the transport input file, 
each land use must be identified as urban or rural. The land uses were presented in 
Table 5-12. 

Individually identifying each field of crops or urban community in GWLF would be 
time intensive, so each land use class was aggregated into one record for GIS and 
GWLF representation. For example, the area of each row crop field was summed to 
provide a single area for row crops. Additionally, the parameters for each row crop 
field were averaged to provide a single parameter for the row crop land use. Details of 
the parameter calculation arc contained in the remainder of this section. 
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GWLF computes runoff, erosion, and pollutant loads from each land use, but it does Q 

7-4 

not route flow over the watershed. For example, the model does not recognize that 
runoff may flow from a field of corn over grassland and then into the river. The model 
assumes all runoff from the field of corn drains directly to the stream. Therefore, the 
location of each land use is irrelevant to the model allowing each land use class to be 
aggregated into a single record. 

To provide accurate modeling in GWLF, the rural grassland land use class, presented 
in Table 5-12, was separated into two subclasses of pasture and grassland based on the 
recommendation of the Jackson County NRCS (2002a). The GWLF model requires 
nutrient runoff concentrations for each land use, and the two subclasses of rural 
grassland have varying concentrations. The area of each subclass was estimated from 
the GIS-derived rural grassland area and suggested percentages of each subclass by the 
Jackson County NRCS (2002a). 

Due to the detailing of crops, the Cropland Data Layer land use classes, presented in 
Table 5-14, were used to generate evapotranspiration cover coefficients, cropping 
management factors, and to verify the land use obtained from the Critical Trends 
Assessment. Land uses used in GWLF correspond to land uses in the Critical Trends 
Assessment, so calculations based on the Cropland Data Layer land use classes were 
typically weighted by area to match the Critical Trends Assessment classes. Details of 
the calculations are presented in later sections and Appendix E. 

7.3.2.1.2 Land Use Area 
GIS was used to summarize the area of each aggregated land use in square meters as 
well as acres and hectares. Area in hectares was input for each land use in the transport 
data file. 

7.3.2.1.3 Curve Number 
The curve number, a value between zero and I 00, represents the ability of the land 
surface to infiltrate water, which decreases with increasing curve number. The curve 
number is assigned with consideration to hydrologic soil group and land use. The 
hydrologic soil group, represented by the letters A through D, denotes how well a soil 
drains. A well-drained, sandy soil would be classified as a type A soil, whereas clay 
would be classified as a type D soil. This property is identified in the STATSGO 
attribute table for each soil type. 

Assigning curve numbers to a large area with multiple soil types and land uses was 
streamlined using the GIS Arc View project, CRWR-PrePro (Olivera 1998), developed 
at the University of Texas at Austin. This process was used to develop a curve number 
grid. Scripts in the project intersect shapefiles ofland use and soil with the STATSGO 
attribute table to create a grid in which each cell contains a curve number based on the 
combination. 
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The transport data file requires that a single curve number be associated with each land 
use. To accomplish this, the curve number in each grid cell was averaged over each 
aggregated land use area. Details of the GIS process arc provided in Appendix E. 

7.3.2.1.4 KLSCP 
GWLF uses the Universal Soil Loss Equation, represented by the following equation 
(Novotny and Olem 1994), to calculate soil erosion. 

where A = 
R -
K -
LS -
C = 
p = 

A = (R)(K)(LS)(C)(P} 

calculated soil loss in tonslha for a given storm or period 
rainfall energy factor 
soil erodibility factor 
slope-length factor 
cropping management factor 
supporting practice factor 

The combined coefficient, KLSCP, is required as input to GWLF for each rural land 
use. The development of each factor will be discussed in the next sections. GWLF 
calculates the rainfall energy factor (R) with precipitation and a rainfall crosivity 
coefficient that will be discussed in Section 7.3.2.1.5. 

Soil Erodibility Factor (K). The soil erodibility factor, K, represents potential soil 
erodibility. The STATSGO soils representation in GIS is by map unit, which 
incorporates multiple soil types (and K-values) in each unit, but the STATSGO attribute 
table lists the K factor for each soil type. Using this column, a weighted K factor was 
developed for each GIS map unit. Details of this process are provided in Appendix E. 

Topographic Factor (LS). The topographic, or LS, factor represents the contribution 
to erosion from varying topography. This factor is independent of soil type, but 
dependent on land use and land surface elevations, requiring use of the DEM. Multiple 
equations and methodologies are used to calculate the LS factor and for this 
application we used methodology outlined in the TMDL USLE software package 
(USEPA 200 I). The LS factor was calculated with a series of equations that compute 
intermediate values of slope steepness, runoff length, and rill to interill erosion before 
combining them into the LS factor. This process was also performed with GIS analyses 
to automate computational tasks. Details of the GIS computation arc provided in 
Appendix E. 

Cropping Management Factor (C). The cropping management factor, C, represents 
the influence of ground cover, soil condition, and management practices on erosion. 
The Jackson County NRCS office provided a table of C factors for various crops and 
tillage practices (NRCS 2002a). The table is included as Appendix F. The NRCS office 
also estimated the percentage of each tillage practice for corn, soybeans, and small 
grains in the Kinkaid Lake Watershed (NRCS 2002a). Although the percentage of each 
tillage practice is known, the specific locations in the watershed to which these 
practices arc applied were unknown, so a weighted C-factor was created for these 
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crops. In Table 7-2, the weighted C factor for com, soybeans, and small grains and the 0 
C factor for other land uses are listed by the Cropland Data Layer land uses and areas 
in the Kinkaid Lake Watershed. 

a e . roo an ata aver Lan T bl 7 2 C I d D L dU ses an dCF actors 
Land Use Area (acres) C factor 
Corn 1,590 0 .21 
Sorahum 0 -
Sovbeans 1,702 0 .08 
Winter Wheat 271 0.13 
Other Small Grains & Hay 1,315 0.13 

Double-Croooed WW/SB 1,038 0.12 
Idle Cropland/CRP 20 0.02 
Fallow/Idle Cropland 2,310 0.02 
Pasture/Grassland/Nonaa 7,937 0.02 
Woods 19,220 0 .003 
Clouds 87 -
Urban 322 -
Water 1,962 -
Buildinas/Homes/Subdivisions 438 -
Wetlands 388 -

The identification of crops is more detailed in the Cropland Data Layer file than the 
Critical Trends Land Assessment file, but the latter is used for GWLF input. Therefore, 
the C factor associated with the Cropland Data Layer land uses was weighted by area 
to create a C factor for the Critical Trends Land Assessment land uses shown in Table 
7-3. A more detailed description of the weighting procedure is provided in Appendix 
E. 

Table 7-3 Critical Trends Land Assessment Land Uses and C Factors 
Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 

Area Area Area Area 
Land Use (acl C-factor (acl C-factor {acl C-factor tacl C-factor 
Hiah Densitv 12 - 0 - 0 - 0 -
Medium Densitv 89 - 0 - 0 - 0 -
Row Crop 2,618 0.14 217 0.11 35 0.12 705 0.14 
Smalt Grains 573 0.13 21 0.13 1 0.13 156 0.13 
Urban Grassland 17 0.02 0 - 0 - 0 -
Rural Grassland 6,080 0.02 984 0.02 142 0.020 1,724 0.02 
Deciduous1 11,850 0.003 4,330 0.003 1,916 0.003 3,402 0.003 
Deciduous2 54 0.003 7 0 .003 3 0.003 34 -
Coniferous 304 0.003 113 0 .003 44 0.003 0 -
Open Water 240 - 489 - 405 - 1,569 -
Shallow Marsh/ 23 - 2.7 - 0 - 1 -
Wetland 
Deep Marsh 5 - 0 - 0 - 2 -
Forested Wetland 308 - 2 - 9 - 49 -
Shallow Water 34 - 7 - 2 - 18 -
Wetland 
Barren Land 5 - 0 - 0 - 0 -

1--6 
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Supporting Prac:tice Factor (P). The supporting practice factor, P, represents erosion 
control provided by various land practices such as contouring or terracing. None of 
these land practices arc utilized in the Kinkaid Lake Watershed, so a P factor of one 
was assigned to each land use. 

7.3.2./.5 Ero.'livity Coefficient 
The crosivity coefficient varies spatially across the United States. Figure B-1 on page 
32 of the GWLF manual places Kinkaid Lake in Zone 19, which corresponds to a cool 
season rainfall erosivity coefficient of 0.14 and a warm season coefficient of 0.27. 

7.3.2./.6 Evapotranspiration (ET) Cover Coefficient 
An ET cover coefficient for each month is required as an input parameter to GWLF 
representing the effects of ground cover on evapotranspiration. Ground cover changes 
with land use and growing season, so the computation of a single cover coefficient for 
each month required a series of calculations. ET cover coefficients for corn, winter 
wheat, sorghum, and soybeans at l O percent increments of the growing season were 
obtained from GWLF Manual, page 29. These coefficients were weighted by the area 
of each crop in the Cropland Data Layer land use file to compute a single crop ET 
cover coefficient for each IO percent increment of the growing season. The crop 
coefficients for each portion of the growing season were averaged to obtain a single 
crop coefficient for each calendar month. Monthly ET cover coefficients for pasture, 
woods, and urban areas were also obtained from pages 29 and 30 of the GWLF 
Manual. A monthly cover coefficient for water and wetlands was assumed to be 0.75. 
Weighting the coefficient for each land use by the Cropland Data Layer land use area 
created a single ET cover coefficient for each month. Details of the ET cover 
coefficient calculation arc provided in Appendix E. 

7.3.2. I. 7 Recession Constant 
The recession coefficient controls the falling limb of the hydrograph in GWLF. This 
coefficient was calibrated to USGS streamflow and is discussed in Section 7.4.1. 

7.3.2.1.8 Seepage Constant 
The seepage constant controls the amount of water lost from the GWLF system by 
deep seepage. This value was also determined by calibration and is detailed in Section 
7.4.1. 

7.3.2.1.9 Sediment Delivery Ratio 
The sediment delivery ratio is based on watershed area. The watershed area determined 
by GIS was used to obtain the 
corresponding sediment delivery ratio from 
the chart on page 33 of the GWLF manual. 
The sediment delivery ratios representing 
the annual sediment yield per annual 
erosion for each subbasin contributing to 
Kinkaid Lake arc presented in Table 7-4. 

(j) 
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Table 7-4 Sediment Delivery Ratios in 
Kinkaid Lake Watershed 

Sediment Delivery 
Subbasin Area (ac) Ratio 

1 22,210 0.13 
2 6,175 0.18 
3 2,557 0.22 
4 7,661 0.17 
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7.3.2.2 Nutrient Data File 
The nutrient input file contains information about dissolved phosphorus and nitrogen 
from each rural land use, solid-phase phosphorus and nitrogen from urban runoff, 
solid-phase nutrient concentrations in the soil and groundwater, and any point source 
inputs of phosphorus or nitrogen. 

All solid-phase nutrient concentrations from runoff for Kinkaid Lake were obtained 
from the GWLF manual. Figure B-4 (page 39 of Appendix D) was utilized for 
determining solid-phase phosphorus concentrations in the soil. A mid-range value of 
0.07 percent phosphate was selected and then converted to 700 parts per million (ppm) 
using the relationship 0.1 percent - 1,000 ppm. Phosphate is composed of 44 percent 
phosphorus, so the 700 ppm phosphate was multiplied by 0.44 to obtain a value of 308 
ppm phosphorus in the sediment. This solid-phase phosphorus concentration was 
multiplied by the recommended enrichment ratio of 2.0 and therefore a total solid­
phase concentration of 616 ppm was utilized for modeling purposes. The enrichment 
ratio represents the ratio of phosphorus in the eroded soil to that in the non-eroded soil. 
Specific soil phosphorus data is not available, so the GWLF manual recommended 
enrichment ratio of 2.0 was used. Dissolved phosphorus concentrations in the runoff 
from each agricultural land use were obtained from page 41 of the GWLF manual with 
the exception of grassland under the rural grassland land use and concentrations from 
animal management facilities. The grassland dissolved phosphorus concentration was 
estimated from the dissolved phosphorus concentration for pasture. Grassland is 
assured to have less animals, and therefore less animal waste, than pasture land, so the 
concentration was reduced for hayland. The selection of dissolved phosphorus 
concentrations will be confirmed in Section 7.4.1. The runoff phosphorus 
concentration from the feedlots and animal management areas were obtained from 
Novotny and Olem with a range of 4 to 15 mg/L (1994). The concentrations used to 
model the animal management areas were dependent on the impact each facility had on 
the receiving waters as recorded in the GIS file discussed in Section 5.1.7. One feedlot 
was identified in the Kinkaid Lake Watershed as potentially having a slight impact on 

Table 7-5 Dissolved Phosphorus 
Concentrations in Runoff from the Kinkaid 
Lake Watershed 

Dissolved 
Phosphorus 

Land Use lma/Ll 
Row Crop 0.26 
Small Grains 0.30 
Rural Grasslands 

Pasture 0.25 
Grassland 0.15 

Deciduous Forest 0.009 
Coniferous Forest 0.009 
Animal ManaQement FaciHtv 4.5 - 15 
Barren Land 0.008 
Urban-HiQh Densitv O.Q1 

water quality and one facility was identified as 
potentially having no impact on water quality in 
the receiving stream. The animal management 
facilities in the Kinkaid Lake Watershed were 
assigned dissolved phosphorus concentrations of 4 
and 5.5 mg/L for the no impact and slight impact 
facilities, respectively, because these are at the 
lower end of the literature range. 

Table 7-5 lists the land uses in the Kinkaid Lake 
Watershed and associated runoff phosphorus 
concentrations used in the GWLF model. It should 
be noted that although the majority of dissolved 
phosphorus concentrations in Table 7-5 exceed the 

0 

endpoint of 0.05 mg/L of total phosphorus, once the surface runoff reaches Kinkaid 
Lake or its tributaries, it mixes with water already in the stream or lake and the Q 
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concentration decreases. Therefore, it cannot be concluded without analysis that 
constituents with dissolved concentrations above the endpoint for total phosphorus arc 
responsible for water quality impairments. 

The GWLF manual suggests nutrient concentrations in groundwater based on the 
percentage of agricultural versus forestlands. These percentages were calculated from 
the land use areas in the watershed, and the appropriate groundwater concentrations 
were selected from the GWLF manual, page 41. The percentage of agricultural lands in 
each subbasin and their corresponding groundwater dissolved phosphorus 
concentrations arc provided in Table 7-6. 

Table 7-6 Percentage of Agricultural and Forest Lands and Groundwater Phosphorus 
Concentrations In the Kinkaid Lake Watershed {Haith et al. 1996 

Dissolved Phosphorus 
Subbasin Aariculture Forest (mg/L) 

1 42% 55% 0.015 
2 20% 72% 0.012 

I 

3 7% 77% 0.012 
4 34% 45% 0.015 

7.3.2.3 Weather Data File 
The weather data file is a text file of daily precipitation and temperature and was 
compiled from weather data presented in Section 5. l .4. An excerpt of the weather data 
file is recorded in Appendix C. The precipitation data arc used in GWLF to determine 
runoff, erosion, and evapotranspiration, and temperature data arc used to compute 
potential evaporation and snowmclt. 

7.3.3 BATHTUB Inputs 
BATHTUB has three primary input interfaces: 
global, reservoir segment(s), and watershed inputs. 
The individual inputs for each of these interfaces arc 
described in the following sections and the data 
input screens arc provided in Appendix C. 

Multiple simulations of the BATHTUB model were 
run to investigate variations in total phosphorus 
concentrations in a wet, normal, and dry year of 
precipitation to bracket conditions for calibration. 
The first step in choosing the wet, normal, and dry 
years was to calculate average annual precipitation. 
BATHTUB models lake concentrations based on a 
water year (October to September), so the 
precipitation data presented in Section 5.1.4 were 
averaged to coincide with the water year. Table 7-7 
shows these annual and average annual precipitation 
values in Jackson County. Each water year was then 

FINAL REPORT 

Table 7-7 Annual Precipitation in 
Jackson Countv 

Precipitation 
Model Year (inches) 

1986 52 
1987 35 
1988 43 
1989 47 
1990 48 
1991 41 
1992 43 
1993 54 
1994 44 
1995 46 
1996 57 
1997 49 
1998 45 
1999 40 
2000 51 

Average 46 
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classified as wet, dry, or normal based on a comparison to the average water year 0 
precipitation of 46 inches. Another consideration in selecting the years for simulation 
was determining which years coincided with the collection dates of in-lake total 
phosphorus concentrations at the water quality stations within recent years. With these 
criteria, the only years available for modeling Kinkaid Lake are 1994, 1997, and 2000. 
Based on Table 7-7, 1994 is designated as the normal year and 1997 and 2000 are both 
designated as wet years. 

7.3.3.1 Global Inputs 
Global inputs represent atmospheric contributions of precipitation, evaporation, and 
atmospheric phosphorus. Precipitation was discussed in the previous section and is 
shown in Table 7-7 for the model years 1994, 1997, and 2000. An average annual 
evaporation was determined from pan evaporation data as discussed in Section 5. I .4. 
The default atmospheric phosphorus deposition rate suggested in the BATHTUB 
model was used in absence of site-specific data, which is a value of 30 kilograms per 
kilometer squared per year (kg/km2-yr) (USA CE 1999b ). 

7.3.3.2 Reservoir Segment Inputs 
The data included as segment inputs represents reservoir characteristics in BATHTUB. 
These data were used in BATHTUB simulations and for calibration targets. The 
calibration targets are observed water quality data summarized in Section 5.1.5.1. 

Kinkaid Lake was modeled as four segments in BATHTUB to represent the lake 
characteristics around each water quality station, so an average annual value of total 
phosphorus was calculated for each site for input of observed data. The lake segments 
are shown in Figure 7-5 at the end of this section. The averages of total phosphorus 
sampled at one-foot depth were presented in Table 5-6; however, the BATHTUB 
model calculates an average lake concentration. Therefore, total phosphorus samples at 
all depths were averaged to provide targets for the BATHTUB model. Table 7-8 shows 
the average annual total phosphorus concentrations for all sample depths at each 
station in Kinkaid Lake for the years modeled. As mentioned in Section 5.1.5.1.2, 
station RNC-1 had samples taken at one-foot depth from the surface and at the lake 
bottom, whereas stations RNC-2, RNC-3, and RNC-4 were only sampled at one-foot 
depth. The raw data for all sample depths arc contained in Appendix A. 

Table 7-8 Averaae Total Phosohorus Concentrations In Kinkaid Lake lma/U over All Deoths 
Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Averaae 
1994 0.03 0.02 0.04 0.14 0.05 
1997 0.04 0.03 0.04 0.13 0.06 
2000 0.03 O.Q1 0.02 0.05 0.03 

Other segment inputs include lake depth, lake length, and depth to the metalimnion. 
The lake depth was represented by the averaged data from the water quality stations 
shown in Table 5-16. The lake length was determined in GIS, and the depth to the 
metalimnion was estimated from a chart of temperature versus depth. The charts are 
presented in Appendix G. 
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Tributary inputs to BATHTUB arc drainage area, flow, and total phosphorus 
(dissolved and solid-phase) loading. The drainage area of each tributary is equivalent 
to the basin or subbasin it represents, which was determined with GIS analyses. For the 
Kinkaid Lake Watershed, the four subbasins modeled in GWLF represent tributary 
inputs. Loadings were calculated with the monthly flow and total phosphorus 
concentrations obtained from GWLF output. The monthly values were summed over 
the water year for input to BATHTUB. To obtain flow in units of volume per time, the 
depth of flow was multiplied by the drainage area and divided by one year. To obtain 
phosphorus concentrations, the nutrient mass was divided by the volume of flow. 

7.4 Model Calibration and Verification 
The GWLF model was calibrated prior to BATHTUB calibration. The GWLF model 
for the Kinkaid Lake Watershed was calibrated to flow data, as tributary phosphorus 
concentrations were not available. Nutrient concentrations entered into the GWLF 
model were calibrated based on response occurring in the BATHTUB model. 
Therefore, the nutrient block of the GWLF model and the BATHTUB model were 
calibrated together to reach agreement with observed data in Kinkaid Lake. 

7.4.1 GWLF Calibration 
The GWLF model must run from April to March to coincide with the soil erosion 
cycle. GWLF docs not retain erodible sediment between model years, so the model 
year must begin after the previous year's sediment has been washed off. The model 
assumes that the soil erosion cycle begins with spring runoff events in April and that 
erodible soil for the year has been washed off by the end of winter for the cycle to 
begin again the following April. GWLF generates monthly outputs including 
precipitation, flow, runoff and nutrient mass per watershed, and annual outputs 
including precipitation, flow, runoff, and nutrient mass per land use. These outputs are 
part of the input for the BATHTUB model. 

Instream nutrient data was not available for model calibration, so GWLF was only 
calibrated to flow. The monthly average flow output from GWLF was compared to the 
monthly average streamflow calculated from USGS gage 05595820 with the drainage 
area ratio method presented in Section 5.1.3. The model flow was calibrated visually 
through the recession constant and seepage constant. Visual calibration is a subjective 
approach to model calibration in which the modeler varies inputs to determine the 
parameter combination that looks like the best fit to the observed data (Chapra 1997). 
According to the GWLF manual, an acceptable range for the recession constant is 0.01 
to 0.2. No range suggestions arc provided for the seepage constant. Figure 7-6 (at the 
end of this section) shows the comparison between the two flows for sub basin I of 
Kinkaid Lake. The GWLF model for Kinkaid Lake was visually calibrated with a 
resulting recession constant of 0.15 and a seepage constant of 0.15 in each subbasin. 
Once calibrated, the model output data could properly be included as BATHTUB 
inputs. The GWLF model was not validated as flow was calibrated by visually 
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comparing 16 years of observed flow. The summary output from GWLF for each 
subbasin is included in Appendix C. 

Although instream nutrient concentrations are not available for the tributaries to 
Kinkaid Lake, Clean Lakes Studies have been conducted by the Illinois EPA on 
various Illinois lake watersheds, which do provide instream nutrient data for lake 
tributaries including dissolved and total phosphorus. A Clean Lake Study was 
conducted on Kinkaid Lake during the summer of 2003. The dissolved and total 
phosphorus concentrations predicted by GWLF for tributaries to the Kinkaid Lake 
subbasins were compared to the measured dissolved and total phosphorus 
concentrations from tributaries to lakes observed in the Clean Lakes studies as shown 
in Figure 7-7. 

Table 7-9 shows the comparison between dissolved and total phosphorus in watersheds 
from Clean Lakes Studies and in the Kinkaid Lake Watershed. The dissolved 
phosphorus concentration in Subbasin 3 in the Kinkaid Lake Watershed was too low to 
be calculated by GWLF, so it is assumed to be negligible and presented as zero 
concentration. 

Table 7-9 Percentage of Dissolved Phosphorus to Total Phosphorus Concentrations in Clean Lake 
Study Watersheds and the Kinkaid Lake Watershed 

Mean Dissolved Mean Total 
Phosphorus Phosphorus Dissolved/ Total 

Watershed Site (mg/L) lma/U Phosohorus 
Nashville Citv ROO02 0.68 0.89 0.76 
Paradise RCG02 0.06 0.07 0.87 
Raccoon RA02 0.30 0.46 0.66 

RA03 0.21 0.29 0.71 
RA04 0.46 0.63 0.73 
RA05 0.07 0.22 0.30 

Lake Lou Yeager A 0.06 0.13 0.46 
B 0.15 0.16 0.92 
C 0.05 0.25 0.20 
D 0.13 0.17 0.78 
E 0.06 0.1 2 0.46 
F 0.17 0.20 0.87 
G 0.33 0.41 0.79 
H 0.33 0.35 0.93 

i,-
I 0.13 0.14 0.96 

Kinkaid 1 0.06 0.18 0.31 

2 0.01 0.10 0.12 
3 0 .0 0.07 -
4 0.03 0.10 0.26 

The ratio of dissolved to total phosphorus in the Kinkaid Lake subbasins is within the 
range of ratios represented by the Clean Lakes Studies, except for Subbasin 2, which is 
below the low end of the range. 
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7.4.2 BATHTUB Comparison with Observed Data 
The BATHTUB model's response to changes in the GWLF nutrient block were 
compared to known in-lake concentrations of total phosphorus and chlorophyll "a" for 
each year of simulation. These known concentrations were presented in Tables 5-6 and 
5-7. The BATHTUB manual defines the limits of total phosphorus calibration factors 
as 0.5 and 2.0.The calibration factor accounts for sedimentation rates, and the limits 
were determined by error analysis calculations performed on test data sets (USACE 
1999). The calibration limits for chlorophyll "a" are not defined in the BATHTUB 
manual. 

The GWLF model was set at a total phosphorus soil concentration of 660 ppm based 
on comparison with observed data in the BATHTUB model. As part of the comparison 
process, the watershed was also modeled with a total phosphorus soil concentration of 
440 ppm to perform a sensitivity analysis on soil phosphorus. Decreasing the total soil 
phosphorus concentration shows little impact on the estimated in-lake concentrations 
(Table 7-10). The calibration factor range for total phosphorus modeling in 
BATHTUB is 0.5 to 2 and use of the 616-ppm total phosphorus in the soil falls within 
this accepted range. Table 7- IO also shows what calibration factors for chlorophyll "a" 
would be required so that estimated concentrations would match observed 
concentrations. The columns labeled target in Table 7-10 represent the average 
observed in-lake concentrations. The results of the modeling sensitivity analyses are 
contained in Appendix H. 

Table 7-10 Kinkaid Lake Calibration Sensitivitv Analvsis 

Year 

1994 
1997 
2000 

1994 
1997 
2000 

% of Total 
In-Lake Loads from In-Lake In-Lake 

In-Lake Estimated Internal Target Estimated Chlorophyll 
Target Total Total Loading Phosphorus Chlorophyll Chlorophyll .. a .. 
Phosphorus Phosphorus Required to Calibration "a" "a .. Calibration 

(mall) (ma/Ll Meet Taraet Factor (ualL) (ua/Ll Factor 
Soil Total Phosphorus 440 oom 

0.04 0.04 0 1.0 23.6 14.6 1.6 
0.05 0.04 0 1.4 19.9 9.9 2 .0 
0.03 0.04 0 0.6 18.9 12.4 1.5 

Soil Total Phosohorus 616 DDm 
0.04 0 .03 0 1.2 23.6 13.1 1.8 
0.05 0.03 0 1.6 19.9 9 2.2 
0.03 0.04 0 0.7 18.9 11.2 1.7 

A robust calibration and validation of Kinkaid Lake could not be completed because 
the following information was not available: observed nutrient concentrations in 
tributaries to the lake, site-specific data on internal cycling rates, reservoir outflow 
rates, and nutrient concentrations in reservoir releases. The analysis presented in Table 
7-10 is therefore considered a preliminary calibration. However, BATHTUB modeling 
results indicate a fair estimate between predicted and observed values for the years 
modeled based on error statistics calculated by the BATHTUB model and should be 
sufficient for estimating load reductions required in the watershed. BATHTUB 
calculates three measures of error on each output concentration. If the absolute value 
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of the error statistic is less than 2.0, the modeled output concentration is within the 95 0 
percent confidence interval for that constituent (USA CE I 999b ). A robust calibration 
and validation of Kinkaid Lake will be possible if data collection activities outlined in 
the future monitoring in Section 9 Implementation are implemented. 

Based on modeling results, it appears that internal cycling is not occurring in Kinkaid 
Lake. The BATHTUB manual notes that internal cycling can be significant in shallow 
prairie reservoirs and provides Lake Ashtabula (approximately 42 feet deep) as an 
example (USACE 1999b and 2003 ). Table 5-17 notes a depth of approximately 62 feet 
for Kinkaid Lake, which places it outside of the category of shallow reservoir making it 
appropriate that internal cycling is not occurring in modeled results. Literature sources 
suggest that internal loading for deeper, more stratified lakes could be in the range of 
10 to 30 percent of total loadings and that values for shallower reservoirs could be 
much higher (Wetzel 1983). 

Because the modeling of the Kinkaid Lake changes based on annual loadings and 
climatic conditions, a validation of the model could not be completed. The model was 
calibrated for three climatic conditions, which will be the basis for the TMDL analysis 
presented in Section 8. The preliminary calibrated model was used to estimate the 
amount of load reductions needed from the watershed to meet water quality standards. 
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Figure 7-1: Relationship between pH and 
Chlorophyll "a" at Kinkaid Lake Station RNC-1 
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Figure 7-2: Relationship between pH and 
Chlorophyll "a" at Kinkaid Lake Station RNC-3 
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Figure 7-3: Relationship between Total Phosphorus at One-Foot Depth 
and Chlorophyll "a" at Kinkaid Lake Station RNC-1 
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Figure 7-4: Relationship between Total Phosphorus at One-Foot Depth 
andChlorophyll "a" at Kinkaid Lake Station RNC-3 
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Figure 7-6: Kinkaid Lake Inflows 
Subbasin 1 Monthly Flow Comparison 
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C Section 8 
Total Maximum Daily Load for Kinkaid Lake 
Watershed 

8.1 TMDL Endpoints for Kinkaid Lake 
The desired in-lake water quality standard for pH is between 6.5 and 9 and less than or 
equal to 0.05 mg/L for total phosphorus. Tables 5-5, 5-6, ad 5-7 summarized the 
average pH, total phosphorus, and chlorophyll "a" concentrations sampled in the 
Kinkaid Lake Watershed. As noted in Section 5.1.5.1.1, all observed in-lake averages 
meet these targets, but individual samples violate the TMDL endpoints. The range of 
pH values is set to prevent eutrophic conditions in Kinkaid Lake and maintain aquatic 
life. Phosphorus is a concern as nuisance plant growth and algal concentrations in 
many freshwater lakes arc enhanced by the availability of phosphorus. 

8.2 Pollutant Sources and Linkages 
The TMDL for pH in Kinkaid Lake is dependent on a relationship between pH, 
chlorophyll "a," and phosphorus as explained in Sections 5.1.5.1.1 and 7.1. 
Relationships between phosphorus, chlorophyll "a," and pH were determined, but it is 
recognized that they only represent general trends. 

Although Kinkaid Lake is not listed for phosphorus, sample concentrations do exceed 
the endpoint of 0.05 mg/L for total phosphorus in the most upstream pool. This TMDL 
is based on the assumption that trends in Kinkaid Lake will follow those observed in 
literature where the control of phosphorus results in acceptable pH values. The 
remainder of this section focuses on reductions in phosphorus to control pH. 

Pollutant sources and their linkages to Kinkaid Lake were established through the 
GWLF and BATHTUB modeling techniques described in Section 7. Pollutant sources 
of phosphorus include nonpoint source runoff from agriculture. Atmospheric 
deposition is another potential source of loads. The predicted phosphorus loads from 
GWLF and BATHTUB modeling and their sources are presented in Table 8-1. The 
mean loads presented in Table 8-1 will be used in the overall TMDL calculation for the 
amount of reductions that need to occur in the Kinkaid Lake Watershed. 

8-1 
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T bl 8 1 M d I d T t I Ph h a e . o ee oa osp orus oa iy L db S ource 

Land Use 
Row Crop 
Small Grains 
Rural Grassland 

Pasture 
Grassland 

Urban Grassland 
Forest 
Cattle Feedlot 
Urban 
Groundwater 
Atmospheric 
Total 

Small Grains 
9% 

Alma-spheric 
3% 

1994 (normal) 1997 wet) 2000 (wet) Mean 
lb/yr Percent lb/vr Percent Lb/vr Percent lb/vr Percent 
6,949 45% 9,276 47% 15,215 49% 10,480 47% 
1,306 8% 1,707 9% 2,813 9% 1,942 9% 

933 6% 1,101 6% 2,036 7% 1,357 6% 
1,446 9% 1,817 9% 3,241 10% 2,168 10% 

0 0% 0 0% 27 0% 9 0% 
2,006 13% 2,835 14% 4,795 16% 3,212 15% 

23 0% 28 0% 54 0% 35 0% 
70 0% 28 0% 27 0% 41 0% 

2,262 15% 2,395 12% 2,223 7% 2,293 10% 
628 4% 628 3% 628 2% 628 3% 

15,623 100% 19,815 100% 31,059 100% 22,165 100°!. 

, Urban Grassta 

The majority of the predicted phosphorus load is 
from agricultural nonpoint sources as shown in 
the pie chart to the right. The loads represented in 
Table 8-1 and the pie chart were entered into the 
BATHTUB model as explained in Section 7 to 
determine resulting in-lake total phosphorus 
concentration in mg/L. As explained in Section 7, 
these loads result in in-lake concentrations that 
exceed the total phosphorus target of 0.05 mg/Lat 
the most upstream water quality site. The TMDL 
explained throughout the remainder of this section 
will examine how much the external loads need to 
be reduced in order to meet the total phosphorus 
water quality standard of 0.05 mg/L in Kinkaid 
Lake. l Groundwater 

10% 

0% 

8.3 Allocation 
As explained in Section I, the TMDL for Kinkaid Lake will address the following 
equation: 

TMDL = LC = IWLA + ILA + MOS 

where: LC Maximum amount of pollutant loading a water body can receive 
without violating water quality standards 

WLA The portion of the TMDL allocated to existing or future point 
sources 

LA - Portion of the TMDL allocated to existing or future nonpoint sources 
and natural background 

MOS An accounting of uncertainty about the relationship between 
pollutant loads and receiving water quality 
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Each of these clements will be discussed in this section as well as consideration of 
seasonal variation in the TMDL calculation. 

8.3.1 Loading Capacity 
The loading capacity of Kinkaid Lake is the pounds per year of total phosphorus that 
can be allowed as input to the lake and still meet the water quality standard of 
0.05 mg/L total phosphorus. The allowable phosphorus loads that can be generated in 
the watershed and still maintain water quality standards was determined with the 
models that were set up and calibrated as discussed in Section 7. To accomplish this, 
the loads presented in Table 8-1 were reduced by a percentage and entered into the 
BATHTUB model until the water quality standard of 0.05 mg/L total phosphorus was 
met in Kinkaid Lake. Only loads modeled from Subbasin I were reduced because this 
subbasin has the most impact on water quality at site RNC-4, which had observed 
phosphorus concentrations greater than 0.05 mg/L. Table 8-2 shows the allowable 
phosphorus loading determined for 1994, 1997, and 2000 by reducing modeled inputs 
to Kinkaid Lake through GWLF and BATHTUB. The output files to BATHTUB 
showing the results of the load reductions for I 994, 1997, and 2000 are contained in 
Appendix I. 

Table B-2 Allowable Total Phosphorus Load 
by Model Year for Kinkaid Lake 

Model Year Phosphorus (lb/vrl 
1994 8,109 
1997 10,697 
2000 23,145 
Mean 13,983 

The allowable pounds per year resulting 
from the modeling show the effects of 
varying climatic conditions observed 
during these years. Therefore, an average 
value of these years was set as the target 
loading to meet the in-lake water quality 
standards of 0.05 mg/L. 

The modeled total phosphorus and chlorophyll "a" concentrations resulting from the 
allowable loads arc presented in Table 8-3. The pH values associated with the 
phosphorus and chlorophyll "a" concentrations shown in Table 8-3 were determined 
from the relationships provided in Figures 7-1 through 7-4. Only results at stations 
RNC-1 and RNC-3 are shown because, as mentioned previously, these arc the only 
stations with samples that exceeded the pH standard. This analysis shows that 
violations of the pH water quality standard should be avoided. Therefore, the TMDL 
for Kinkaid Lake will focus on phosphorus as explained throughout the remainder of 
this section. 

T bl B 3 P d" t d T t I Ph h a e - re 1c e oa ospI orus, oropI1y a, an p; a ues m n a, a e Chi h II" " d H V I . Kl k "d L k 
Year Total Phosphorus (mg/L) Chlorophyll "a" (ug/L) pH (s.u.) 
1994 (RNC-1) 0.02 16.6 8.2 
1994 (RNC-3 0.02 13.1 8.3 
1997 (RNC-1 ) 0.03 11.9 8.0 
1997 (RNC-3 0.03 18.2 8.3 
2000 (RNC-1) 0.02 19.1 8.2 
2000 (RNC-3) 0.03 15.5 8.3 
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As discussed previously, modeled loads to the most upstream segment of Kinkaid Lake 0 
were reduced to attain a total phosphorus concentration of 0.05 mg/L, which in tum 
reduced modeled concentrations in downstream segments of the lake. Therefore, the 
values in Table 8-3 are much lower than the water quality standard, although the 
modeled concentrations in the most upstream segment are just below the phosphorus 
standard of 0.05 mg/L. 

8.3.2 Seasonal Variation 
A season is represented by changes in weather; for example, a season can be classified 
as warm or cold as well as wet or dry. Seasonal variation is represented in the Kinkaid 
Lake TMDL as conditions were modeled on an annual basis and by taking 15 years of 
daily precipitation data when calculating run-off through the GWLF model. This takes 
into account the seasonal effects the reservoir will undergo during a given year. Since 
the various pollutant sources are expected to contribute loadings in different quantities 
during different time periods (e.g., atmospheric deposition year round, spring run-off 
loads), the loadings for this TMDL will focus on average annual loadings rather than 
specifying different loadings by season. In addition, three data sets (wet, dry, average) 
were examined to assess the effects of varying precipitation on loading to the reservoir 
and resulting in-lake concentrations. 

8.3.3 Margin of Safety 
The MOS can be implicit (incorporated into the TMDL analysis through conservative 
assumptions) or explicit (expressed in the TMDL as a portion of the loadings) or a 
combination of both. The MOS for the Kinkaid Lake TMDL should be based on a 
combination of both. Model inputs were selected from the GWLF manual when site­
specific data were unavailable. These default input values are assumed to be 
conservative, which implicitly includes a MOS in the modeling effort. Because the 
default input values arc not site-specific, they are assumed more conservative and 
therefore a MOS can be implicitly assumed. Default input values include: 

■ Sediment delivery ratio - using literature value is assumed conservative as cropping 
practices have changed within Illinois since ratio was developed in 1975. 

■ Soil phosphorus concentration phosphorus concentrations in the soil were not 
available therefore literature values were assumed conservative as the mid-point of 
the range of suggested literature range was used as a starting point for analyses. 

In addition, averaging of a normal and dry year is assumed to be conservative and part 
of the implicit MOS. 

Due to uncertainty with nutrient model inputs as explained in Section 7.4, an explicit 
MOS of 5 percent is also recommended. Due to unknowns regarding estimated versus 
actual measurements of loadings to the lake, an explicit MOS is included. The 
5 percent MOS is appropriate based upon the generally good agreement between the 
GWLF loading model and observed flows, and in the BATHTUB water quality model 
and observed values in Kinkaid Lake (Section 7.4). Since these models reasonably Q 

e 
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reflect the conditions in the watershed, a 5 percent MOS is considered to be adequate 
to address the uncertainty in the TMDL, based upon the data available. The MOS can 
be reviewed in the future as new data is developed. 

8.3.4 Waste Load Allocation 
There arc no point sources in the watershed; therefore, no WLA is recommended at 
this time. 

8.3.5 Load Allocation and TMDL Summary 
Table 8-4 shows a summary of the TMDL for Kinkaid Lake. On average, a total 
reduction of 43 percent of total phosphorus loads to Kinkaid Lake would result in 
compliance with the water quality standard of pH values between 6.5 and 9 based on 
modeling efforts. 

Table 8-4 TMDL Summa for Total Phos horus in Kinkaid Lake 
LA MOS Reduction Needed 

lb/ r I~ r lb/ r 
13,983 0 13,283 700 8,882 

Reduction Needed 
ercent 
40% 

Table 8-5 shows the respective reductions needed from atmospheric loads and 
nonpoint sources in the watershed to meet the TMDL. The reduction of atmospheric 
loads is zero because atmospheric contributions cannot be controlled by watershed 
management measures. An approximate 41 percent reduction of nonpoint sources from 
the watershed would be necessary to meet the load allocation presented in Table 8-4. 
Methods to meet these targets will be outlined in Section 9. 

a e . T bl 8 5 S ources or ota osp orus f T I Ph h e uc1ons Rd f 
Current Load Load Reduction 

, Source (lb/yr) (lb/yr) Percent Reduction 
Atmospheric 628 0 0% 
Nonpoint Sources 21,537 8,882 41 % 

8-5 
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9.1 Implementation Actions and Management Measures 
As discussed in Sections 7 .1 and 8.2, the TMDL for Kinkaid Lake is based on 
relationships between pH, chlorophyll "a," and phosphorus. The remainder of this 
section focuses on reductions in phosphorus to control pH. It was determined that 
reductions in phosphorus to the TMDL endpoint of0.05 mg/L will result in pH 
concentrations that meet the water quality standard. Therefore, this implementation 
plan focuses on measures that will reduce phosphorus. 

Phosphorus loads in the Kinkaid Lake Watershed originate from external sources, such 
as croplands. The annual averages of data collected during sampling of Kinkaid Lake 
indicate that only the upstream portion of Kinkaid Lake is impaired for phosphorus 
(detailed in Section 7). Land use for the entire watershed illustrates that 70 percent of 
the agricultural practices occur in the portion of the watershed upstream of Kinkaid 
Lake, which supports the data. Hence, implementation measures focus on the 
watershed area located upstream of Kinkaid Lake (subbasin 1 in Figure 7-5). However, 
the TMDL endpoints and load reductions apply to the entire Kinkaid Lake Watershed. 

From modeling estimates, external loads from nonpoint source runoff from agricultural 
crops potentially account for 56 percent of the loading to Kinkaid Lake, and forest 
land, both deciduous and coniferous, accounts for approximately 15 percent of the 
nonpoint source phosphorus loaded to the lake. Grassland and pasture land account for 
approximately 16 percent of the modeled load, and the remaining 14 percent arc 
contributed by atmospheric and groundwater loads. To achieve the 41 percent 
reduction for the load allocations established in Section 8 (Table 8-4), management 
measures must address nonpoint source loading through sediment and surface runoff 
controls. Phosphorus sorbs readily to soil particles and controlling sediment load into 
the reservoir helps control phosphorus loadings. 

The pH level in lakes is tied to the plant, animal, and nutrient cycles of the lake. Plants 
and algae use CO2 during photosynthesis, which causes pH levels to rise. The 
photosynthetic rate progressively decreases as the residual CO2 concentration declines 
and ceases completely with the extinction of light. During the night, reaeration and 
respiration replenish CO2 causing the pH levels to decrease overnight (Welch 1980). 
Plant and algae growth tend to increase significantly with the addition of phosphorus to 
the lake; therefore, the success of controlling pH levels in Kinkaid Lake is linked to the 
control of nonpoint source phosphorus loads. 

Implementation actions, management measures, or BMPs are used to control the 
generation or distribution of pollutants. BMPs are either structural, such as wetlands, 
sediment basins, fencing, or filter strips; or managerial, such as conservation tillage, 
nutrient management plans, or crop rotation. Both types require good management to 
be effective in reducing pollutant loading to water resources (Osmond et al. 1995). 
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It is generally more effective to install a combination of BMPs or a BMP system. A 
BMP system is a combination of two or more individual BMPs that arc used to control 
a pollutant from the same critical source. In other words, if the watershed has more 
than one identified pollutant, but the transport mechanism is the same, then a BMP 
system that establishes controls for the transport mechanism can be employed. 
(Osmond ct al. 1995). 

Implementation actions and management measures arc described for each phosphorus 
source located in the upper Kinkaid Lake Watershed. Nonpoint sources include 
agricultural practices, such as cropland and a cattle feedlot. 

9.1.1 Nonpoint Source Phosphorus and pH Management 
The sources of nonpoint source pollution in subbasin I of the Kinkaid Lake Watershed 
consist of agricultural cropland and a cattle feedlot, although the feedlot in the upper 
watershed was designated as having no impact on the receiving waters. BMPs 
evaluated for treatment of these nonpoint sources are: 

■ conservation tillage practices, 
■ wetlands, 
■ filter strips, 
■ nutrient management. 

Total phosphorus originating from cropland is most efficiently treated with a 
combination of no-till or conservation tillage practices and grass filter strips. Wetlands 
located upstream of the reservoir potentially provide further reductions in total and 
dissolved phosphorus in runoff from croplands and cattle operations. Nutrient 
management focuses on source control of nonpoint source contributions to Kinkaid 
Lake. 

9.1.1.1 Conservation Tillage Practices 
For the Kinkaid Lake Watershed, conservation tillage practices could help reduce 
nutrient loads in the lake. Nonpoint source runoff from 3,200 acres of row crops and 
small grain agriculture in subbasin 1 were estimated to contribute 27 percent of the 
phosphorus load to Kinkaid Lake. Total phosphorus loading from cropland is 
controlled through management BMPs, such as conservation tillage. Conservation 
tillage maintains at least 30 percent of the soil surface covered by residue after 
planting. Crop residuals or living vegetation cover on the soil surface protect against 
soil detachment from water and wind erosion. Conservation tillage practices can 
remove up to 45 percent of the dissolved and total phosphorus from runoff and 
approximately 75 percent of the sediment. Additionally, studies have found around 
93 percent less erosion occurred from no-till acreage compared to acreage subject to 
moldboard plowing (North Carolina State University [NCSU] 2000). It is estimated 
that conventional till currently accounts for 20 percent of corn, 0 percent of soybean, 
and 20 percent of small grain tillage practices in Jackson County, and these 
percentages were assumed to apply to the Kinkaid Lake Watershed as well. To achieve 
the reductions needed, erosion control through conservation tillage could reduce 
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phosphorus loads. The watershed's modeled erosion rate from row crop and small 0 
grains average I 0.5 tons/acre/year. To achieve a 19 percent reduction in phosphorus 
load, the erosion rate for the watershed would need to be reduced to 8.5 tons/acre/year. 
Similarly, the C-factors for corn, soybeans, and small grains would need to be reduced 
from 0.21, 0.08, and 0.13 to 0.17, 0.06, and 0.10, respectively. 

9.1.1.2 Wetlands 
The use of wetlands as a structural control is most applicable to nutrient reduction 
from agricultural lands in subbasin I of Kinkaid Lake. Therefore this section only 
focuses on the subbasin I watershed. Wetlands are an effective BMP for sediment and 
phosphorus control because they: 

■ prevent floods by temporarily storing water, allowing the water to evaporate or 
percolate into the ground, 

■ improve water quality through natural pollution control such as plant nutrient uptake, 

■ filter sediment, 

■ slow overland flow of water thereby reducing soil erosion (USDA 1996). 

To treat loads from agricultural runoff from subbasin 1, which is estimated to 
contribute approximately 27 percent of the current total phosphorus load to Kinkaid 
Lake, a wetland system could be constructed on the upstream end of the reservoir. 
Treatment of sediment and phosphorus from agricultural runoff could be accomplished 
through a combination of no-till practices, wetlands, and filter strips. 

While constructed wetlands have been demonstrated to effectively reduce nitrogen and 
sediment, literature shows mixed results for phosphorus removal. Studies have shown 
that artificial wetlands designed and constructed specifically to remove pollutants from 
surface water runoff have removal rates for suspended solids of greater than 
90 percent, for total phosphorus of O to 90 percent, and for nitrogen species from IO to 
75 percent (Johnson, Evans, and Bass 1996; Moore 1993; USEPA 1993; Kovosic et al. 
2000). In some cases, wetlands can be sources of phosphorus. Over the long term, it is 
generally thought that wetlands arc neither sources nor sinks of phosphorus (Kovosic 
et al. 2000). 

Efficiency of pollutant removal in wetlands can be addressed in the design and 
maintenance of the constructed wetland. Location, hydraulic retention time and space 
requirements should be considered in design. To maintain removal efficiency, sheet 
flow should be maintained and substrate should be monitored to assess whether the 
wetland is operating optimally. Sediment or vegetation removal may be necessary if 
the wetland removal efficiency is lessened over a period of time (USEPA 1993; NCSU 
1994). 

Guidelines for wetland design suggest a wetland to watershed ratio of 0.6 percent for 
nutrient and sediment removal from agricultural runoff. Since a wetland to treat 
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agricultural runoff from the 22,275-acre upper Kinkaid Lake Watershed would need to 
be approximately 134 acres based on these recommendations, it is recommended to 
build a wetland system composed of a series of wetlands on different tributaries around 
the basin to achieve the 134 acres of wetlands for treatment (Denison and Tilton 1993 ). 

9.1.l.3 Filter Strips 
Filter strips can be used as a structural control to reduce pollutant loads, including 
nutrients and sediment, to Kinkaid Lake Watershed. Filter strips implemented along 
stream segments slow and filter nutrients and sediment out of runoff and provide bank 
stabilization decreasing erosion and deposition. Additionally, filter strips mitigate 
nutrient loads to lakes. The following paragraphs focus on the implementation of filter 
strips in subbasin 1 of the Kinkaid Lake Watershed. Finally, design criteria and size 
selection of filter strips are detailed. 

Grass and riparian buffer strips filter out nutrients and organic matter associated with 
sediment loads to a water body. Reduction of nutrient concentrations, specifically 
phosphorus, in Kinkaid Lake will reduce the amount of algal growth in the lake 
system, which can cause more significant diurnal pH fluctuations from photosynthesis. 
Filter strips reduce nutrient and sediment loads to lakes by establishing ground 
depressions and roughness that settles sediment out of runoff and providing vegetation 
to filter nutrients out of overland flow. As much as 75 percent of sediment and 
45 percent of total phosphorus can be removed from runoff by a grass filter strip 
(NCSU 2000). In addition, filter strips should be harvested periodically so that removal 
rate efficiencies over extended periods of time remain high (USEPA 1993). 

Filter strip widths for the Kincaid Lake TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 9-1 outlines the 
guidance for filter strip flow length by slope (NRCS 1999). Based on this guidance, 
two filter strips were examined for the basin. Based on slope, the southern tributary 
would need a filter strip with 72 feet on each side of the tributary for a length of 
902 feet. The northern tributary would need a filter strip that encompassed 108 feet on 
each side of the tributary for a length of 1,017 feet. 

Filter strip widths for the Kinkaid Lake TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 9-1 outlines the 
guidance for filter strip flow length by slope (NRCS 1999). ). Based on slope estimates 
near tributaries within the watershed, filter strips widths of 90 to 234 feet could be 
incorporated in locations throughout the watershed. The total acreage examined was 
107 acres. 

T bl 9 1 F'I S . Fl a e . 1 ter trio ow Len~ ths Based on Land Slooe 
Percent Slope 0.5% 1.0% 2.0% 3.0% 4.0% 5.0% or greater 
Minimum 36 54 72 90 108 117 
Maximum 72 108 144 180 216 234 
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The filter strip lengths and widths presented above are used to calculate an 0 
approximation of BMP costs in Section 9.2.2.6 and should only be used as a guideline 
for watershed planning. It is recommended that landowners evaluate their land near 
streams and lakes and create or extend filter strips according to the NRCS guidance 
presented in Table 9-1. Programs available to fund the construction of these buffer 
strips are discussed in Section 9.2. 

9.1.1.4 Nutrient Management 
Nutrient management could result in reduced phosphorus and nitrogen loads to 
Kinkaid Lake. Crop management of nitrogen and phosphorus can be accomplished 
through Nutrient Management Plans, which focus on increasing the efficiency with 
which applied nutrients are used by crops, thereby reducing the amount available to be 
transported to both surface and groundwater. In the past, nutrient management focused 
on application rates designed to meet crop nitrogen requirements but avoid 
groundwater quality problems created by excess nitrogen leaching. This results in 
buildup of soil phosphorus above amounts sufficient for optimal crop yields. Illinois, 
along with most Midwestern states, demonstrates high soil test phosphorus in greater 
than 50 percent of soil samples analyzed (Sharpley et al. 1999). 

The overall goal of phosphorus reduction from agriculture should increase the 
efficiency of phosphorus use by balancing phosphorus inputs in feed and fertilizer with 
intakes of crops and animal produce as well as managing the level of phosphorus in the 
soil. Reducing phosphorus loss in agricultural runoff may be brought about by source 
and transport control measures, such as filter strips or grassed waterways. The Nutrient 
Management Plans account for all inputs and outputs of phosphorus to determine 
reductions. Elements of a Nutrient Management Plan include: 

■ Plan summary 
■ Manure summary, including annual manure generation, use, and export 
■ Nutrient application rates by field and crop 
■ Summary of excess manure utilization procedures 
■ Implementation schedule 
■ Manure management and stormwater BMPs 

In Illinois, Nutrient Management Plans have successfully reduced phosphorus 
application to agricultural lands by 36-lb/acre. National reductions range from 11- to 
I 06-lb/acre, with an average of 35-lb/acre (NCSU 2000). 

9.1.2 Implementation Actions and Management Measures Summary 
9.1.2.1 Kinkaid Lake Watershed 
To meet the reductions outlined in Section 8 for Kinkaid Lake, 41 percent of 
phosphorus loaded from nonpoint source pollution would need to be reduced to meet 
the TMDL target of a total phosphorus concentration less than 0.05-mg/L. The GWLF 
model was used to model the following practices to estimate achievable reductions in 
total phosphorus: 
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■ Conservation tillage 
■ Nutrient management (reduction of total phosphorus in sediment by 20 percent) 
■ Filter strips 

These practices were only applied to subbasin I because reductions arc only required 
in the upper pool of Kinkaid Lake. The modeling effort showed that filter strips do not 
provide much total phosphorus reduction, most likely due to routing constraints of the 
GWLF model as discussed in Section 7.3.2.1. l and the small magnitude of area 
available for filter strip development. 

Table 9-2 Summary of Total Phosphorus 
Load Reductions 

Potential Percent 
Manaaement Measure Reduction 
Nutrient Management 10% 
Practices 
Conservation Tillage 11% 
Practices 
Filter Strips• 22% 
Wetland• 5% 

• Literature Value 

I 

I 

Reductions of external loads by 
conservation tillage, nutrient management, 
filter strips, and wetlands are summarized in 
Table 9-2. Wetlands were not modeled with 
GWLF because wetland performance is a 
result of placement in the watershed, and 
GWLF docs not recognize spatial data due 
to routing constraints of the model. The 
lower bound of the literature value was used 
due to studies that have shown the long-term 
effectiveness of phosphorus removal in 
wetlands is negligible. 

A combination of implementing these external load reduction practices would allow 
the Kinkaid Lake Watershed to meet its total goal ofreducing phosphorus loads by 
44 percent. Section 9.2 outlines planning level costs and programs available to help 
with cost sharing so that this goal can be achieved. 

9.2 Reasonable Assurance 
Reasonable assurance means that a demonstration is given that nonpoint source 
reductions in this watershed will be implemented. It should be noted that all programs 
discussed in this section arc voluntary. The discussion in Section 9.1 provided a means 
for obtaining the reductions necessary. The remainder of this section discusses 
programs available to assist with funding of implementing practices and also an 
estimate of costs to the watershed for implementing these practices. 

9.2.1 Available Programs 
Approximately 24 percent of the Kinkaid Lake Watershed is classified as rural 
grassland (pasture land, Conservation Reserve Program [CRP], waterways, buffer 
strips, etc.), row crop, and small grains land. There arc several voluntary conservation 
programs established through the 2002 U.S. Farm Bill, which encourage landowners to 
implement resource conserving practices for water quality and erosion control 
purposes. These programs would apply to crop fields and rural grasslands that arc 
presently used as pasture land. Each program is discussed separately in the following 
paragraphs. 
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9.2.l.l Illinois Department of Agriculture and Illinois EPA Nutrient 
Management Plan Project 
The Illinois Department of Agriculture (IDA) and Illinois EPA are presently co­
sponsoring a cropland Nutrient Management Plan project in watersheds that have or 
arc developing a TMDL. Under this project, 4,327 acres of cropland have been 
targeted in the Kinkaid Lake Watershed. This voluntary project will supply incentive 
payments to producers to have Nutrient Management Plans developed and 
implemented. Additionally, if sediments or phosphorus have been identified as a cause 
for impairment in the watershed, then traditional erosion control practices will be 
eligible for cost-share assistance through the Nutrient Management Plan project as 
well. 

9.2.1.2 Conservation Reserve Program (CRP) 
This voluntary program encourages landowners to plant long-term resource-conserving 
cover to improve soils, water, and wildlife resources. CRP is the USDA's single largest 
environmental improvement program and one of its most productive and cost-efficient. 
It is administered through the Farm Service Agency (FSA) by USDA's Commodity 
Credit Corporation (CCC). The program was initially established in the Food Security 
Act of 1985. The duration of the contracts under CRP range from 10 to 15 years. 

Eligible land must be one of the following: 

I. Cropland that is planted or considered planted to an agricultural commodity two of 
the five most recent crop years (including field margins). Must be physically and 
legally capable of being planted in a normal manner to an agricultural commodity. 

2. Certain marginal pasturcland enrolled in the Water Bank Program. 

The CCC bases rental rates on the relative productivity of soils within each county and 
the average of the past three years of local dry land cash-rent or cash-rent equivalent. 
The maximum rental rate is calculated in advance of enrollment. Producers may offer 
land at the maximum rate or at a lower rental rate to increase likelihood of offer 
acceptance. In addition, the CCC provides cost-share assistance for up to 50 percent of 
the participant's costs in establishing approved conservation practices. CCC also 
encourages restoration of wetlands by offering a one-time incentive payment equal to 
25 percent of the costs incurred. This incentive is in addition to the 50 percent cost 
share provided to establish cover (USDA 1999). 

Finally, CCC offers additional financial incentives of up to 20 percent of the annual 
payment for certain continuous sign-up practices. Continuous sign-up provides 
management flexibility to farmers and ranchers to implement certain high-priority 
conservation practices on eligible land. The land must be determined by NRCS to be 
eligible and suitable for any of the following practices: 

■ Riparian buffers 
■ Filter strips 

V 

FINAL REPORT 

9.7 

0 

0 



R01985

L 

Section 9 
Implementation Plan for Kinkaid Lake 

9-8 

■ Grass waterways 
■ Shelter belts 
■ Field windbreaks 
■ Living snow fences 
■ Contour grass strips 
■ Salt tolerant vegetation 
■ Shallow water areas for wildlife 
■ Eligible acreage within an USEPA-designatcd wellhead protection area (FSA 1997) 

9.2.1.3 Wetlands Reserve Program (WRP) 
WRP is a voluntary program that provides technical and financial assistance to eligible 
landowners to restore, enhance, and protect wetlands. The goal of WRP is to achieve 
the greatest wetland functions and values, along with optimum wildlife habitat, on 
every acre enrolled in the program. At least 70 percent of each project area will be 
restored to the original natural condition, to the extent practicable. The remaining 30 
percent of each area may be restored to other than natural conditions. Landowners 
have the option of enrolling eligible lands through permanent easements, 30-year 
casements, or restoration cost-share agreements. The program is offered on a 
continuous sign-up basis and is available nationwide. WRP offers landowners an 
opportunity to establish, at minimal cost, long-term conservation and wildlife habitat 
enhancement practices and protection. It is administered through the NRCS (2002b). 

The 2002 Farm Bill reauthorized the program through 2007. Increasing the acreage 
enrollment cap to 2,275,000 acres with an annual enrollment of 250,000 acres per 
calendar year. The program is limited by the acreage cap and not by program funding. 
Since the program began in 1985, the average cost per acre is $1,100 in restorative 
costs and the average project size is 177 acres. The costs for each enrollment option 
follow in Table 9-3 (USDA 1996). 

T bl a e 9-3 C osts or nro ment f E II 0 . Ipt1ons of w RP 
Option Permanent Easement 30-year Easement Restoration Aareement 
Payment for 100% Agricultural Value 75% Agricultural Value NA 
Easement 
Payment Options Lump Sum Lump Sum NA 

Restoration 100% Restoration Cost 75% Restoration Cost 75% Restoration Cost 
Payments Reimbursements Reimbursements Reimbursements 

9.2.1.4 Environmental Quality Incentive Program (EQIP) 
EQIP is a voluntary USDA conservation program for farmers and private landowners 
engaged in livestock or agricultural production who are faced with serious threats to 
soil, water, and related natural resources. It provides technical, financial, and 
educational assistance primarily in designated "priority areas." Priority areas arc 
defined as watershed, regions, or areas of special environmental sensitivity that have 
significant soil, water, or natural resource related concerns. The program goal is to 
maximize environmental benefits per dollar expended and provides "(I) flexible 
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technical and financial assistance to farmers and ranchers that face the most serious 0 
natural resource problems; (2) assistance to farmers and ranchers in complying with 
Federal, State, and tribal environmental laws, and encourage environmental 
enhancement; (3) assistance to farmers and ranchers in making beneficial, cost-
effective changes to measures needed to conserve and improve natural resources; and 
( 4) for the consolidation and simplification of the conservation planning process." As 
of 2001, 379,000 acres have been protected in Illinois using EQIP (NRCS 2002d,e). 

Landowners, with the assistance of a local NRCS or other service provider, are 
responsible for development of a site-specific conservation plan, which addresses the 
primary natural resource concerns of the priority area. Conservation practices include 
but are not limited to erosion control, filter strips, buffers, and grassed waterways. If 
the plan is approved by NRCS, a five- to I 0-year contract that provides cost-share and 
incentive payments is developed. 

Cost-share assistance may pay landowners up to 75 percent of the costs of 
conservation practices, such as grassed waterways, filter strips, manure management, 
capping abandoned wells, and other practices important to improving and maintaining 
the health of natural resources in the area. Total incentive and cost-share payments arc 
limited to $10,000 per person per year and $50,000 over the life of the contract. 

9.2.1.5 Conservation Practices Program 
The Conservation Practices Program (CPP) is a I 0-year program. The practices consist 
of waterways, water and sediment control basins (W ASCOBS), pasture/hay land 
establishment, critical area, terrace system, no-till system, diversions, and grade 
stabilization structures. The CPP is State funded through the Department of 
Agriculture. There is a project cap of $5,000 per landowner and costs per acre vary 
significantly from project to project. 

9.2.l.6 Wildlife Habitat Incentives Program (WHIP) 
WHIP is a voluntary program that encourages the creation of high quality wildlife 
habitat of national, state, tribal, or local significance. WHIP is administered through 
NRCS, which provides technical and financial assistance to landowners for 
development of upland, riparian, and aquatic habitat areas on their property. NRCS 
works with the participant to develop a wildlife habitat development plan that becomes 
the basis of the cost-share agreement between NRCS and the participant. Most 
contracts arc five to IO years in duration, depending upon the practices to be installed. 
However, longer term contracts of 15 years or greater may also be funded. Under the 
agreement: 

■ The landowner agrees to maintain the cost-shared practices and allow NRCS or its 
agent access to monitor its effectiveness. 

■ NRCS agrees to provide technical assistance and pay up to 75 percent of the cost of 
installing the wildlife habitat practices. Additional financial or technical assistance 
may be available through cooperating partners (NRCS 2002c). 
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The FSA administers the CRP. NRCS administers the EQIP, WRP, and WHIP. Local 
NRCS and FSA contact information in Jackson County arc listed in the Table 9-4 
below. 

Table 9-4 Local NRCS and FSA Contact Information 
Contact I Address I Phone 
Local NRCS Office 
W. Scott Martin 1 1213 N. 14th Street, I 618-684-3064 x3 

Murphysboro, Ill inois 62966 
Local FSA Office 
Murphysboro Service Center 1 1213 N. 14th Street, 1 618-684-3471 

Murphysboro, Illinois 62966 

9.2.2 Cost Estimates of BMPs 
Cost estimates for different BMPs and individual practice prices such as filter strip 
installation are detailed in the following sections. Table 9-5 outlines the cost of 
implementation measures per acre. Finally, an estimate of the total order of magnitude 
costs for implementation measures in the Kinkaid Lake Watershed arc presented in 
Section 9.2.2.6 and Table 9-6. 

9.2.2.1 Wetland 
The price to establish a wetland is site specific. In general, the cost to construct a 
wetland includes creation of wetland hydrology, site preparation for planting, shrub or 
tree planting, and labor costs. The average project cost to establish a wetland in 
Jackson County is $1,280/acre. It should be noted that the larger the wetland acreage to 
be established the more cost-effective the project. 

9.2.2.2 Filter Strips and Riparian Buffers 
Jackson County NRCS estimates an average cost per acre to install and maintain a 
grass filter strip with a I 0-ycar life span at $90/acre. This price quote accounts for 
seeding and mowing every other year to remove woody sprouts. A riparian buffer strip 
established with bare root stock has a life span of 10-years and an installation cost of 
$384/acrc. 

9.2.2.3 Nutrient Management Plan - NRCS 
Generally, agricultural land in Jackson County is comprised of cropland; therefore, 
nutrient management concentrates on nitrogen, phosphorus, potassium, lyme, and pest 
management residuals. The Nutrient Management Program in Jackson County consists 
of soil testing every three years using University of Illinois Guidelines and site specific 
recommendations for fertilizer application based on determined credits and realistic 
crop yields. The service averages $10/acrc. 

9.2.2.4 Nutrient Management Plan - IDA and Illinois EPA 
The costs associated with development of Nutrient Management Plans co-sponsored 
by the IDA and the Illinois EPA is estimated as $5/acre paid to the producer and 
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$2/acre for a third party vendor who develops the plans. The total plan development 
cost is estimated at $7/acre. 

9.2.2.5 Conservation Tillage 
Conservation tillage is assumed to include tillage practices that preserve at least 
30 percent residue cover of the soil after crops are planted. The installation cost for 
conservation tillage is $17/acre, and the average annual cost for maintaining 
conservation tillage is $17 .35/acre/year (NCSU 2000). 

9.2.2.6 Planning Level Cost Estimates for Implementation Measures 
Cost estimates for different implementation actions are presented in Table 9-5. The 
column labeled Program or Sponsor lists the financial assistance program or sponsor 
available for various BMPs. The programs represented in the table arc the WRP and 
the CRP. 

Table 9-5 Cost Estimate of Various BMP Measures in Jackson Countv 
Program or Life Installation Maintenance 

Source Sponsor BMP Span Mean ${acre $/ac/yr 
Nonpoint WRP Wetland 10 $1,280 $128.00 

CRP Grass Filter Strios 10 $90 $9.00 
CRP Riparian Buffer 10 $384 $38.40 
NRCS Nutrient ManaQement Plan $10 
IDAand Nutrient Management Plan $7 
Illinois EPA 
CRP Conservation Tillaae 1 $17 $17.35 

A total order of magnitude cost for implementation measures in the watershed was 
estimated to be $266,000. The total cost is calculated as the number of acres over 
which a BMP or structural measure is applied by the cost per acre. Table 9-6 
summarizes the number of acres each measure is applied to in the basin and the 
corresponding cost. The acreages reported in Table 9-6 are a preliminary estimate in 
order to provide an overall understanding of cost of implementation in the watershed. 
The total only represents capital costs and annual maintenance costs. These do not 
represent the costs of operating the measure over its life cycle. The IDA and Illinois 
EPA sponsored nutrient management plan is applied to all cropland acres in the 
Kinkaid Lake Watershed, whereas the costs for conservation tillage were only 
developed for Subbasin I. 

Table 9-6 Cost Estimate of Implementation Measures for Kinkaid Lake Watershed 
Capital Costs Maintenance Costs 

Treated Mean 
BMP Acres $/acre Watershed$ $/acfvr Watershed $fvr 

Wetland on River 134 $1 ,280 $172,000 $128.00 $17,000 
Grass Filter Strips 107 $90 $10,000 $9.00 $1 ,000 
Nutrient Manaaement Plan 4,327 $7 $30,000 
Conservation Tillaae 3,200 $17 $54,000 $17.35 $56,000 

Total $266,000 $74,000 
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9.3 Monitoring Plan 
The purpose of the monitoring plan for Kinkaid Lake is to assess the overall 
implementation of management actions outlined in this section. This can be 
accomplished by conducting the following monitoring programs: 

■ Track implementation of management measures in the watershed 
■ Estimate effectiveness of management measures 
■ Continue ambient monitoring of Kinkaid Lake 
■ Tributary monitoring 

Tracking the implementation of management measures can be used to address the 
following goals (NCSU 2000): 

■ Determine the extent to which management measures and practices have been 
implemented compared to action needed to meet TMDL endpoints 

■ Establish a baseline from which decisions can be made regarding the need for 
additional incentives for implementation efforts 

■ Measure the extent of voluntary implementation efforts 

■ Support workload and costing analysis for assistance or regulatory programs 

■ Determine the extent to which management measures arc properly maintained and 
operated 

Estimating the effectiveness of the BMPs implemented in the watershed could be 
completed by monitoring before and after the BMP is incorporated into the watershed. 
Additional monitoring could be conducted on specific structural systems such as a 
constructed wetland. Inflow and outflow measurements could be conducted to 
determine site-specific removal efficiency. 

Illinois EPA monitors Kinkaid Lake from April through October approximately every 
three years. Continuation of this monitoring will assess in-lake water quality as 
improvements in the watershed arc completed. This data will also be used to assess 
whether water quality standards in the reservoir arc being attained. Additionally, 
Illinois EPA conducted a Clean Lakes Study on Kinkaid Lake, which would provide 
instrcam nutrient data for Kinkaid Lake tributaries including dissolved and total 
phosphorus, during the summer of 2003. 

Tributary monitoring is needed to better assess the contribution of internal loading to 
Kinkaid Lake. By having further knowledge on actual contributions from external 
loads, a better estimate of internal loads could occur. Along with this tributary 
monitoring, a stage discharge relationship could be developed with the reservoir 
spillway so that flows into the reservoir could be paired with tributary water quality 
data to determine total phosphorus load from the watershed. Data on the different 
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forms of phosphorus (dissolved, total, or orthophosphate) would also be beneficial to 
better assess reservoir response to phosphorus loading. 

9.4 Implementation Time Line 
Implementing the actions outlined in this section for the Kinkaid Lake Watershed 
should occur in phases and the effectiveness of the management actions should be 
assessed as improvements are made. It is assumed that it may take up to five years to 
secure funding for actions needed in the watershed and five to seven years after 
funding to implement the measures. Once improvements are implemented, it may take 
Kinkaid Lake IO years or more to reach the water quality standard target of 0.05 g/L 
for total phosphorus and associated targets between 6.5 and 9 for pH (Wetzel 1983). In 
summary, to meet water quality standards in Kinkaid Lake may take up to 20 years to 
complete. 
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10.1 Methodology Overview 
Methodologies were utilized in the TMDL analysis of the Big Muddy River segment 
Nl2. For manganese and sulfates, a Monte Carlo simulation was utilized to estimate a 
long-term average instream concentration needed to meet water quality standards. 

Observed Data 

Define distribution 
based on 

amount of available data 

Monte Carlo generated LT A 
so that water quality criteria 
met 99.9 percent of the time 

Schematic 1 

Investigation of DO required a Streeter-Phelps 
analysis. 

The schematic to the left shows how the Monte 
Carlo analysis was utilized to analyze manganese 
and sulfates. A distribution based on existing data 
is inputted in the Monte Carlo simulation program. 
This distribution is based on the amount of existing 
data available. Using this defined distribution, the 
computer simulation program randomly generates 
values to determine what long-term average (LT A) 
would be needed so that water quality criteria are 
met 99.9 percent of the time or so that water 
quality criteria are exceeded less than once every 
three years. The TMDL for manganese and sulfates 

will be based on this LT A. The randomly generated 
values generated by the Monte Carlo simulation are 
available in Appendix J. 

The Streeter-Phelps analysis was conducted as illustrated 
in the schematic to the right. Observed data were utilized 
to set up a Streeter-Phelps analysis to predict stream 
coefficients that would be required to result in observed 
DO concentrations. This Streeter-Phelps analysis was 
based on USEPA's Screening Procedures (Mills et al. 
1985). The 5-day biochemical oxygen demand (BODs) 
load and reaeration coefficient (k~) utilized in the 
Streeter-Phelps analysis were examined in the TMDL for 
DO for segment N 12. 

Historical Data Observed 

Streeter-Phelps Analysis 

Schematic 2 

The procedure used to develop the TMDL for pH was based on an analytical procedure 
(Kentucky Department of Environmental Protection [KOEP] 200 I). The procedure 
calculates a maximum allowable hydrogen ion loading in the water column to maintain 
pH standards. 
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10.2 Watershed Delineation 
A watershed for the area contributing directly to Big Muddy River segment N 12 was 
delineated with GIS analyses through use of the DEM as discussed in Section 5.1.2. 
The delineation suggests that segment N 12 captures flows from a directly contributing 
watershed of approximately 28 square miles. Figure 10-1 at the end of this section 
shows the location of the water quality stations in the Big Muddy River segment N 12 
and the boundary of the GIS-delineated watershed contributing to the segment N 12. 

10.3 Methodology Development and Results 
This section discusses the methodologies utilized to examine manganese, sulfates, DO, 
and pH levels in the Big Muddy River Watershed. 

10.3.1 Monte Carlo Analysis Development and Results 
For each constituent exceeding water quality standards, the available data was 
analyzed and an appropriate distribution was chosen to represent the data. A lognormal 
distribution, defined as a distribution of a random variables whose logarithm is 
normally distributed, was chosen to analyze segment N 12 since sufficient data for this 
site was available to utilize this distribution. 

Each constituent was evaluated separately using @RISK, which is a Microsoft® Excel 
add-in for the Monte Carlo analysis. The @RISK analysis package performed I 0,000 
iterations to determine the required percent reduction such that the water quality 
criteria would be met at least 99.9 percent of the time. The 99.9 percent of time value 
matches the Illinois EPA's 303( d) listing criteria of less than once in a three-year 
allowable excursion of water quality standards. For each simulation, the required 
percent reduction is: 

PR= maximum {O, (1-Cc/Cd)} 

where: PR - Required percent reduction for the current iteration 
Cc = Water quality criterion in mg/L 
Cd - Randomly generated pollutant source concentration in mg/L based on 

the lognormal distribution 

An allowable LT A instream concentration was determined for each impaired 
constituent. The Monte Carlo simulation analysis is designed to identify a LT A value 
that will meet the water quality criterion for that parameter 99.9 percent of the time. 
The Monte Carlo simulation was run using 10,000 iterations with the triangular 
distribution. For each iteration, a concentration, Cd, is randomly generated according 
to a specified distribution determined by observed data. For each concentration 
generated, a percent reduction was calculated, if necessary, to meet water quality 
criteria. The mean concentration value is multiplied by the inverse of the required 
percent reduction to compute the long-term da ily average concentration that needs to 
be met to achieve the water quality standard. 
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The overall percent reduction required is the 99.9th percentile value of the probability 0 
distribution generated by the I 0,000 iterations~ so that the allowable LT A 
concentration is: 

LTA =Mean* (1 - PR99.9) 

10.3.1.1 Monte Carlo Results for Big Muddy River Segment Nl2 
Manganese values in Segment N 12 ranged from 0.1 to 2.5 mg/L and sulfates values 
ranged from 59 to 660 mg/Las shown in Table 5-8. Two of the output model 
concentrations are significant to the TMDL analysis of segment Nt 2. The first is the 
average concentration calculated from the triangular distribution of the observed data. 
The second concentration is the LT A, which represents the average concentration that 
should be observed over the long term to ensure that the water quality standard is 
exceeded fewer than once every three years. Table 10-1 shows the average 
concentration calculated from the distribution utilized in the Monte Carlo analysis and 
the L TA concentration needed so that water quality standards will be achieved in Big 
Muddy River segment N 12. Calculation details arc presented in Appendix E. 

Table 10-1 L TA Manganese and Sulfates Concentrations Required to Meet Water Quality 
S d d . B' M dd R' S t N12 tan ar s m 1.G u IY 1ver ecimen 

Average Concentration Calculated 
from Distribution LT A Concentration 

Constituent (mg/L) Cm!:1/l) 
Manganese 0.6 0.2 
Sulfates 247 104 

Table l 0-l shows that the concentration required to meet water quality reductions, the 
LT A, is tower than the observed average concentration for manganese and sulfates; 
therefore, the TMDL for segment N 12 requires that a load reduction be made for 
manganese and sulfates based upon the available data. The TMDL wilt be discussed in 
Section 11. 

10.3.2 DO Analysis Development and Results 
A Streeter-Phelps analysis was utilized for investigation of DO in the Big Muddy 
River segment Nl 2 Watershed. Data availability useful for analyzing DO for this 
watershed is described in Table I 0-2. The historic water quality data were investigated 
from 1990 to 2000. 
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a e . ata va1a 11ty rom T bl 10 2 D A ·1 bT f 1990 2000 to 
Model Parameter Historic data available (yes/no) 
Flow Yes 
Stream Temoerature Yes 
DO Yes 
5-Day Carbonaceous Biochemical Oxygen Demand (CBOD5) No 
BODs No 
Total Nitroaen No 
Total Organic Carbon Yes 
Ammonia Yes 
Nitrate + Nitrite Yes 
Total Kieldahl Nitroaen Yes 
Total Phosphorus Yes 
Dissolved Phosphorus Yes 
Orthophosphate Yes 
pH Yes 
20-Day Carbonaceous Biochemical Oxvoen Demand (CBOD20) No 
Daily Minimum And Maximum DO No 
Chlorophyll "a" No 
Stream Depth Yes 

The lack of various constituent samples from historic data sites in the Big Muddy 
River Watershed limits the modeling tools available for DO. Therefore, a Streeter­
Phelps analysis was developed to examine the DO relationship with BOD~ in the Big 
Muddy River. The diagram on the following page shows the interactions of DO with 
different processes within the water column of the stream (USEPA 1997b). The 
consumers of DO include: 

■ Deoxygenation of biodegradable organics whereby bacteria and fungi 
(decomposers) utilize oxygen in the bioxidation-decomposition process 

■ Sediment oxygen demand (SOD), where oxygen is utilized by organisms inhabiting 
the upper layers of the bottom sediment deposits 

■ Nitrification, in which oxygen is utilized during oxidation of ammonia and organic 
nitrogen to nitrates 

■ Respiration by algae and aquatic vascular plants that use oxygen during night and 
early morning hours to sustain their living processes 
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Major oxygen sources are: 

■ Atmospheric reaeration, where 
oxygen is transported from the 
air into the water through 
turbulence at the air-water 
interface 

■ Photosynthesis, where 
chlorophyll-containing 
organisms (producers such as 
algae and aquatic plants) convert 
carbon dioxide to organic matter 
with a consequent production of 
oxygen 

Streeter and Phelps ( 1925) 
proposed the basic concept of the 
DO balance in streams. The 
Streeter-Phelps equation predicts 
the DO "sag" that occurs after 
biodegradable constituents are 

discharged into streams. A biodegradable constituent is anything that can be broken 
down by microorganisms. BOD is the measure of the quantity of oxygen consumed by 
microorganisms during the decomposition of organic matter. When nutrients such as 
nitrate and phosphate are released into the water, growth of algae and aquatic plants is 
stimulated. The result is an increase in microbial populations, higher levels of BOD, 
and increased oxygen demand from the photosynthetic organisms during the dark 
hours. This results in a reduction in DO concentrations, especially during the early 
morning hours just before dawn. 

In addition to natural sources of BOD, such as leaf fall from vegetation near the water's 
edge, aquatic plants, and drainage from organically rich areas like swamps and bogs, 
there are also anthropogenic (human) sources of organic matter. Point sources, which 
may contribute high levels of BOD, include wastewater treatment facilities. Organic 
matter also comes from nonpoint sources such as agricultural runoff, urban runoff, and 
livestock operations. Both point and nonpoint sources can contribute significantly to 
the oxygen demand in a water body. The DO sag is shown in the following figure 
(Chapra 1997): 
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1-- BOO Load 
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Crltlcal concentration 
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Decomposition 
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Reaeratlon 
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Recovl!f)I zone 
(plants) 

RtVEfl 

Distance 

Water quality models have built upon the Streeter-Phelps equation to evaluate the DO 
balance in streams. The analysis for segment N 12 is based on BOD5 and reaeration 
only. There is not enough coincident nutrient and algal historical data from this site to 
assess impacts of nutrient loads on algal growth that also impact DO levels. Free 
floating and attached algae as well as aquatic plants are of concern. The extent to 
which algae impact the DO resources of a river is dependent on many factors, such as 
turbidity, which can decrease light transmittance through the water column. 
Additionally, the photosynthetic rate constantly changes in response to variations in 
sunlight intensity and is not constant. This results in diurnal fluctuations in DO levels 
(Mills et al. 1985). In addition, there is not enough data available to estimate the 
impacts of SOD at these sites. 

The Streeter-Phelps analysis was based on the following equation (Mills et al. 1985): 

where: DOo - Calculated DO concentration (mg/L) 
Ds - DO at saturation (mg/L) 
Do = Initial DO deficit (mg/L) 
ka - Reaeration rate ( I/day) 
kd =- BOD5 decay rate (I /day) 
X - Distance downstream of discharge (ft) 
V - Stream velocity (ft/day) 
Lo - Initial BOD5 (mg/L) at x - 0 

The initial BOD5 concentration (L0 ) was calculated from observed TOC data. 
Literature states that the ratio of BODs to TOC is typically between 1.0 and 1.6 
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(Metcalf and Eddy, Inc. 1991). For analysis, a ratio of 1.3 was used to calculate BODs Q 
for each sample date. 

Literature provides equations to calculate both the BOD5 decay rate coefficient (k<1) 
and reaeration rate coefficient (ka)- The decay rate coefficient is dependent on stream 
depth, and the reaeration coefficient is dependent on depth and velocity. Due to the 
limits of the data set shown in Table 5-10, the decay rate coefficient was calculated 
from either known depths or rating curves allowing the reaeration coefficient to be 
calculated from the Streeter-Phelps equation presented above as the only unknown 
variable. The rating curves used to determine depths are available in Appendix K. 

The BOD5 decay rate coefficient (k(l) at 20°C was calculated based on the following 
equation (US EPA 1997b ): 

[
H]-o.434 

kd2o = 0.3 8 for 0 < H < 8 

= 0.3 for H > 8 

The B6Ds decay rate coefficient was corrected for temperature with the following 
equation (Novotny and Olem 1994): 

k - k 9(T-20) 
dT - d20 

where kdT = BODs decay rate coefficient at temperature T; T in °C 
8 Thermal factor 

The thermal factor (8) in the above equation has an accepted value of 1.047 for the 
BOD5 decay rate coefficient (Novotny and Olem 1994). The decay rate coefficient 
typically falls between 0.02 and 3.4 day"'. The reaeration rate coefficient typically 
ranges between O and 100 day"1 (USEPA 1997b). 

For comparison purposes, the reaeration coefficient (ka) was calculated based on the 
following equation (US EPA 1997b ): 

k = 12·9 vo.s at 20 C 
a H1.s 

where: v = Stream velocity (feet/ s) 
H Stream depth (feet) 

Like the BOD5 decay rate coefficient, the reaeration coefficient is corrected for 
temperature with the following equation (Novotny and Olem 1994): 
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where: kdT 
e 

k - k 91T-20) 
aT - a20 

Reaeration rate coefficient at temperature T; T in °C 
Thermal factor 

The thermal factor (9) for the rcaeration coefficient has an accepted value of 1.025 
(Novotny and Olem 1994). 

Table I 0-3 shows the observed TOC data and the BOD5 concentrations (Lo) calculated 
from observed TOC data. It also shows the ka and ~ coefficients calculated with the 
above equations. In addition, the estimated BODs load was calculated based on the 
calculated BODs concentration and average daily flow on the day the sample was 
taken. Revised ka and kd values are also shown in Table 10-3. These values were 
utilized in the Streeter-Phelps equation described above and the resulting calculated 
DO was compared to observed DO readings. If there was not a match between the 
calculated DO and observed DO, ka and~ were revised within their accepted ranges 
so that calculated DO more closely matched observed DO. If possible, only ka was 
revised as it was calculated based on estimated depth and flow while kd was based on 
estimated depth. As shown in Table I 0-3, the reaeration coefficient was much lower 
for the impaired sample date than for the non-impaired date. Additionally, the flow for 
the impaired date was below average as discussed in Section 5.1.5.2.2. Analysis details 
arc contained in Appendix L. In addition to lower flow condtions, there are many 
factors that may contribute to depressed DO in the Big Muddy River including 
nutrients stimulating algal activity and other organic loads which could exert an 
oxygen demand within the system. 

Table 10-3 Streeter-Phelps Calculated BOOs Concentrations (Lo) and Loads Associated with DO 
Concentrations 

N12 N12 
Sample Location and Date 7/24/2000 9/6/2000 
Measured DO (ma/U 7.9 4 .7 
Measured TOC (ma/Ll 5.6 5.5 
Calculated BODs Concentration (mg/L) 7.3 7 .2 
Calculated BOD5 Load (lb/day) 81,071 15,526 
Calculated ka (1/day) 0.6 1.2 
Revised ka (1 /dav) 45.4 3.2 
Calculated kd (1/day) 0.36 0.46 
Revised kd (1 /day) 0.36 0.46 
Flow (cfs) 2,060 400 

In addition to the analysis described above, analyses were conducted examining the 
Big Muddy River during 7Q 10 flows or critical low flows with the Carbondale WWTP 
at its average design flow and BOD limit of 30 mg/L BOD. During these critical 
conditions, the discharge of the WWTP should not cause DO levels to fall below the 
6.0 mg/L standard within segment N 12. This was determined by assessing what BOD 
concentration would need to discharged from the facility to depress DO concentrations 
below 6 mg/L. It was estimated that a BOD concentration of over 450 mg/L would 

6) 
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have to be discharged in order for DO concentrations to fall below 6.0 mg/L. 0 
Therefore, no wasteload allocation will be recommended for this facility in Section 11. 
Analyses details are also contained in Appendix L. 

An error analysis was run on the literature ranges of values for ka and~ for each 
sample date to validate their use for the Streeter-Phelps analysis. This analysis is 
contained in Appendix M. 

10.3.3 pH Analysis Development and Results 
An analytical method was used to analyze pH in segment Nl2 of the Big Muddy 
River. The method incorporates TDS concentrations, ionic strength, an activity 
coefficient, and flows to calculate a maximum hydrogen ion loading that will maintain 
a pH value between 6.5 and 9.0 within segment Nl2. 

The ionic strength is calculated with the following equation: 

1.1 = (2.5 x 10·5) x TDS 

where: µ - ionic strength 
TDS = 95th percentile concentration, mg/Lor ppm 

The 95th percentile concentration of TDS is used to provide a conservative estimate 
(Snoeyink and Jenkins 1980). 

Activity coefficients are used to convert measured H+ ion activity to molar H+ ion 
concentration. The coefficient is dependent on ionic strength and is determined from 
literature (Snoeyink and Jenkins 1980). The maximum hydrogen ion loading for a 
particular flow and pH can then be calculated with the following equation: 

[H•] = 1 o - pH x 1 gram/mole x 28.37L/ft3 x Q x 86400 s/day 

y 

where: [H+] ion load, lb/d 
Q = flow, cfs 
y activity coefficient 

This equation can be used to develop the maximum allowable hydrogen ion 
concentration for a specific pH and varying flow regimes. Figure l 0-2 shows the 
maximum allowable H+ ion loading at a pH of 6.5 for various flows. Using a pH of 6.5 
and the three-year peak flow in the above equation will result in the maximum 
hydrogen ion concentration allowed to maintain a pH of at least 6.5. The three-year 
peak flow is utilized because pH is considered a potential cause of use impairment if 
the water quality standard is at least once in the most recent three-year period (Illinois 
EPA 2000) allowable excursion. 

10-9 
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The 95th percentile of the TDS concentrations in segment N 12 is I, 194 mg/L resulting 
in an ionic strength of 0.02. An activity coefficient of 0.9 was determined from 
literature for segment N 12. The chart used to determine the activity coefficient is 
provided in Appendix N. As mentioned in Section 5.1 .3, flows for segment N 12 were 
obtained from USGS gage 05599500. A lognormal distribution was used to develop 
the three•year peak flow through segment N 12 of 16,426 cfs. Using this flow in the 
above equation, a maximum allowable hydrogen ion concentration of 14,200 g/day or 
31 lb/day was calculated. Analysis details are contained in Appendix 0. 
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Figure 10-2: Flow versus Maximum H+ Ion Loading 
at a Constant pH of 6.5 
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11.1 TMDL Endpoints for the Big Muddy River 
The TMDL endpoints for manganese, sulfates, pH, and DO in a stream segment are 
summarized in Table 11-1. For manganese and sulfates, the concentrations must be 
below the TMDL endpoint. For DO, concentrations must be greater than 6.0 mg/L for 
16 hours of any 24-hour period. For pH, the desired measurement is between the 
endpoint limits. These endpoints are based on protection of aquatic life in the Big 
Muddy River and its tributaries. Some of the average concentrations, which are based 
on a limited data set, meet the desired endpoints. However, the data set has maximum 
or minimum values, presented in Section 5.1.5.2.4, that do not meet the desired 
endpoints and this was the basis for TMDL analysis. Further monitoring as outlined in 
the monitoring plan presented in Section 12, will help further define when impairments 
are occurring in the watershed and support the TMDL allocations outlined in the 
remainder of this section. 

Table 11-1 TMDL Endpoints and Average Observed Concentrations for Impaired Constituents in 
the Bia Muddv River Watershe d 
Constituent TMDL Endpoint Averaae Observed Value for N12 
Manaanese 1.0 ma/L 0.6 mo/L 
Sulfates 500 ma/L 250 mo/L 
DO 6.0 ma/L (16 hours of anv 24-hour oeriod) 8.5 ma/L 
oH 6.5- 9 s.u. 7.3s.u. 

11.2 Pollutant Source and Linkages 
Pollutant sources for the Big Muddy River were identified through the existing data 
review described in Section 5. Based on the data review, the source of manganese and 
sulfates in the Big Muddy River segment N 12 is groundwater potentially contaminated 
by abandoned coal mines. The likely source of oxygen demanding constituents is 
primarily factors occurring during low flow conditions, such as slow-moving waters 
and increased water temperatures promoting algal growth. Nonpoint source loads in 
the watershed may also contribute to low DO in the stream. Sources of low pH include 
acid mine drainage and fluctuations due to algal growth in aquatic systems. 

11.3 Allocation 
As explained in Section I, the TMDL for Big Muddy River segment N 12 will address 
the following equation: 

11-1 
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TMDL = LC = IWLA + ILA + MOS 

where: LC - Maximum amount of pollutant loading a water body can receive 
without violating water quality standards 

WLA - The portion of the TMDL allocated to existing or future point 
sources 

LA Portion of the TMDL allocated to existing or future nonpoint 
sources and natural background 

MOS - An accounting of uncertainty about the relationship between 
pollutant loads and receiving water quality 

Each of these clements will be discussed in this section as well as consideration of 
seasonal variation in the TMDL calculation. 

11.3.1 Manganese and Sulfates TMDL 
11.3.1. l Loading Capacity 
The loading capacity for manganese and sulfates for impaired segment N 12 was based 
on the Monte Carlo analysis described in Section 10. The LT A, determined by analysis 
to meet water quality standards generated from the Monte Carlo analysis, is the basis 
for loading capacity for segment N 12. This LT A was multiplied by average flow in 
each segment to determine an average load. These average loads are shown in Table 
11-2. 

Table 11-2 Average Loads Based on L TA for Manganese and Sulfates 
Constituent LTA {ma/Ll Allowable Load (lb/davl 
Manganese 0 .2 2,244 
Sulfates 103.7 1,163,422 

11.3.l.2 Seasonal Variation 
A season is represented by changes in weather; for example, a season can be classified 
as warm or cold as well as wet or dry. Seasonal variation is represented in the Big 
Muddy River segment Nl2 TMDL as conditions were investigated during all seasons 
of the year. Section 5.1.3 discusses the flow data available for Segment NC 12 and 
Section 5.1.5 and Appendix A contain the water quality data available for manganese 
and sulfate. A review of the flow data and water quality data (Figures 5-4 and 5-5) 
show that the water quality data were gathered at various times during the year, thus 
capturing seasonal variations in loadings into the river. Since the various pollutant 
sources arc expected to contribute loadings in different quantities during different time 
periods (e.g., spring run-off loads), the loadings for this TMDL will focus on a LTA 
loading rather than specifying different loadings by season. As more data arc gathered, 
further refinement o f the seasonal variation may be possible. 

11.3. 1.3 Margin of Safety 
The MOS can be implicit (incorporated into the TMDL analysis through conservative 
assumptions) or explicit (expressed in the TMDL as a portion of the loadings) or a 
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combination of both. An explicit MOS of 10 percent is recommended for manganese 
and sulfates in the Big Muddy River segment N 12 Watershed because of the limited 
data set available for analysis and because Monte Carlo analysis incorporates 
uncertainty to some degree into the LT A. 

Uncertainty in water quality is accounted for in the Monte Carlo analysis based upon 
how the analysis is done. The distribution of the water quality data is estimated and 
numerous iterations are run to determine the reduction needed to meet the target of one 
exceedence in three years. A data set with significant variation will result in a final 
target (L TA) that is significantly lower than the water quality standard as compared to 
a data set with little variation that would likely result in a LT A being slightly lower 
than the water quality standard. By this process, uncertainty in the data is addressed. 
For these reasons, an explicit 10 percent MOS is considered appropriate based upon 
the data available. As more data become available such as a regression analysis 
between flow and in-stream concentrations, the MOS could be revisited and revised if 
appropriate. 

11.3.1.4 Waste Load Allocation 
TMDLs completed in upstream watersheds that relate to mining activity will help 
reduce pollutant loads to segment N 12. This also applies to the next section discussing 
Load Allocation. 

11.3.1.5 Load Allocation and Summary TMDLs 
Table 11-3 shows a summary of the TMDL for manganese and sulfates in the Big 
Muddy River segment N 12 watershed. The calculated allowable loads (LC) necessary 
to maintain the water quality standard are reduced by the MOS, representing the 
uncertainty in the data analysis, to determine the allowable loading from the 
watershed, the LA. The LC was calculated from the LTA presented in Section 10.3.1. 
Reductions of 70 percent for manganese and 62 percent for sulfates were estimated as 
the required decreases in loadings so that water quality standards will be met in the 
stream segments. 

Table 11-3 TMDL Summa 

Constituent 
Man anese 
Sulfates 

LC 
lb/da 
2,244 

1,163,422 

Table 11-4 LTAs Required Based on TMDL 
MOS 

Monte 
Carlo LTA 

Constituent m /L 
Man anese 0.20 
Sulfates 103.7 

Recalculated 
LTA 
m /L 
0.18 
93 

116,342 

Reduction 
Needed 
lb/da 
4 ,662 

1,722,615 

Reduction 
Needed 

ercent 
70% 
62% 

The required LT As presented in Section I 0 
and in Table 11-2 were reduced because of 
the applied MOS and arc presented in Table 
11-4. The recalculated LT A represents the 
LA in Table 11-3. Methods to meet these 
LT As will be outlined in Section 12. 
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11.3.2 DO TMDL 
11.3.2.1 Loading Capacity 
As discussed in Section I 0.3.2, the analysis suggests that the principle cause of DO 
impainnents in segment N 12 is a lack of aeration caused by low flows. Table 11-5 
shows the aeration coefficient calculated from the observed DO in Section 10.3 for 
sample dates that did not meet the TMDL endpoint and the coefficient that would be 
required to meet the TMDL endpoint of 6.0 mg/L DO ( 16 hours of any 24-hour period) 
for sampling events that had DO measurements less than 6.0 mg/L. Increasing aeration 
in the stream is not a parameter for which a TMDL can be developed. Therefore, no 
loading capacity will be developed at this time. Methods to achieve elevated reaeration 
coefficients will be outlined in Section I 0. 

Table 11-5 Calculated Reaeratlon Coefficients and Required Reaeration Coefficients in the Big 
Muddy River Segment N12 Watershed Based on TMDL Endpoint for DO 

Measured DO Concentration Modeled k1 Required ka 
Segment Date (m a ll) 11/davl (1lday} 
N12 9/6/00 4.7 3.2 11.5 

Based on the data analysis, increases of aeration would be required in summer months 
but not during winter conditions. Monitoring data to make the analysis more robust 
will be discussed in Section 12 as well as management measures to increase aeration 
and reduce nonpoint source loads contributing to non-attainment of the DO water 
quality standard. 

To confirm that reductions in BOD5 loads to meet the water quality standard arc not an 
appropriate measure for controlling DO in this watershed, the Streeter-Phelps 
equations presented in Section I 0.3.2 were used to estimate the BOD5 loading required 
to meet the water quality standard on each sample date impaired for DO. 

Table 11-6 shows the BOD5 loads estimated from TOC as discussed in Section 10.3.2 
and the BOD5 loading that would be necessary to meet water quality standards. 

Table 11-6 Calculated BOD5 Loads and Required Loads in the Big Muddy River Segment N12 
W t h d B d TMDL E d . t f DO a ers e ase on n IP Oln or 

Measured DO Concentration Calculated BODs Required BODs 
Seament Date (mg/Ll (Ibid) (Ibid) 
N12 9/6/00 4.7 7.2 0 

Table 11-6 shows that the reductions in BOD5 loads necessary for compliance with the 
DO loads are not a feasible option for increasing DO in the Big Muddy River 
Watershed. 

11.3.3 pH TMDL 
Figure 11-1 shows the existing maximum hydrogen ion concentration versus flow 
using hydrogen concentrations calculated from the pH sample data for segment N 12 
and the equation presented in Section 10.3.3. From this figure, the maximum hydrogen 
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ion concentration for the three-year peak flow of 16,426 cfs was determined as 0 
10.5 lb/day. The allowable maximum hydrogen ion concentration calculated in Section 
10 is 31 lb/day. The existing concentration is below the allowable concentration 
indicating that no allocations are necessary at this time to meet the TMDL endpoint for 
pH in Big Muddy River segment N 12. Because the relationship between hydrogen ion 
concentration and pH is an inverse log-arithmetic function, since the maximum load is 
greater than the allowable load no allocations are needed to increase the pH within the 
watershed. 

Since current pH loadings are less than the allowable loading predicted from analysis, 
no TMDL for pH is recommended at this time. Although no TMDL is recommended, 
the implementation strategies outlined in Section 12 will also help control pH in the 
Big Muddy River segment Nl2 Watershed. 
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12.1 Implementation Actions and Management Measures for 
Manganese and Sulfates 
An adaptive management or phased approach is recommended for the manganese and 
sulfates TMDL for this watershed, because of the limited amount of longitudinal data 
available for the TMDL analysis of segment N12 in the Big Muddy River Watershed. 
Longitudinal data would be represented by multiple sampling locations in segment 
N12. Adaptive management is a systematic process for continually improving 
management policies and practices through learning from the outcomes of operational 
programs. Some of the differentiating characteristics of adaptive management arc: 

■ acknowledgement of uncertainty about what policy or practice is "best" for the 
particular management issue, 

■ thoughtful selection of the policies or practices to be applied (the assessment and 
design stages of the cycle), 

■ careful implementation of a plan of action designed to reveal the critical knowledge 
that is currently lacking. 

■ monitoring of key response indicators, 

■ analysis of the management outcomes in consideration of the original objectives, 
and incorporation of the results into future decisions (British Columbia Ministry of 
Forests 2000). 

Based on existing data review, presented in Section 10, the likely sources of 
manganese and sulfates in the Big Muddy River segment N 12 watershed are from 
abandoned mines. Further source identification is required as outlined in the next 
section. Acid mine drainage and excessive algal growth could cause pH impairments, 
but as explained in Section 11, no TMDL for pH is recommended at this time. BMPs 
recommended for DO, manganese, and sulfates should also help mitigate pH 
impairments. 

12.1.1 Source Identification for Manganese and Sulfates 
It is recommended that further source identification activities take place within the 
watershed because the current data regarding sources of manganese and sulfates in the 
segment N 12 watershed is limited. The GIS data and mapping provided in Section 5 
(Figure 5-1) should be the basis for the start of the source investigation. Collection of 
data during various flow conditions may also be beneficial in determining the source of 
these constituents. For the segment N 12 watershed, the location of the potential 
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discharge from the abandoned coal mines should be identified in addition to other 
mining activity, which could contribute manganese and sulfate concentrations in the 
receiving waters. Once potential sources arc identified and located, sampling stations 
should be placed in appropriate locations to assess water quality downstream of these 
sources. The potential source identification and station sampling placement should be 
the result of field investigations. 

Although the watershed delineation through mined areas may not be exact, the 
implementation actions and management measures remain applicable to the entire Big 
Muddy River Watershed. 

12.1.2 Manganese and Sulfates Management Measures 
It is likely that the main contributors to impairments within the watershed arc 
abandoned mine sites. If the major source of manganese and sulfates in the segment 
N 12 watershed is attributed to abandoned mining, active chemical treatment methods, 
passive treatment methods, and mine reclamation are available. Active chemical 
treatment typically involves the addition of alkaline chemicals, such as calcium 
carbonate, sodium hydroxide, sodium bicarbonate, and anhydrous ammonia to acid 
mine drainage. These chemicals raise the pH to acceptable levels and decrease the 
solubility of dissolved metals. Metal precipitates form and settle out of the solution. 
Active chemical treatment is not a viable option for the segment Nl2 watershed 
because the chemicals are expensive, and the treatment system requires additional costs 
associated with operation and maintenance as well as the disposal of metal-laden 
sludge. 

Reclamation of abandoned mines is another method of controlling pollutants. 
Reclamation of abandoned mine land involves clearing site vegetation, removing 
contaminated topsoil and coal, and restoring functionality of the site for recreational, 
agricultural, or wildlife habitat purposes. The environmental benefits realized from 
abandoned mine reclamation projects are numerous and significant, including restoring 
land for future use and improving water quality. Restoration of the land can result in 
increased and enhanced pasture land, recreational areas, or wildlife habitat 
(Pennsylvania Department of Environmental Protection [PDEP] 2002). However, 
reclamation projects tend to be costly and resource intensive and may not be 
appropriate for abandoned mine sites in segment N 12 watershed. 

Passive methods could be utilized until full reclamation of a mine occurs. Chemical 
addition and energy consuming treatment processes are virtually eliminated with 
passive treatment systems. The operation and maintenance requirements of passive 
systems are considerably less than active treatment systems (PDEP 2002). Therefore, 
passive treatment systems would be the best solution for controlling manganese and 
sulfates from abandoned coal mines in segment N 12 of the Big Muddy River 
Watershed. 

Following arc examples of the passive treatment technologies: 
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■ Aerobic wetland 
■ Compost or anaerobic wetland 
■ Open limestone channels 
■ Diversion wells 
■ Anoxic limestone drains 
■ Vertical flow reactors 
■ Pyroclastic process 

The remainder of this section discusses these technologies. 

12.1.2.1 Aerobic Wetland 
An aerobic wetland consists of a large surface area pond with horizontal surface flow. 
The pond may be planted with cattails and other wetland species. Aerobic wetlands 
can only effectively treat water that is net alkaline (pH greater than 7). In aerobic 
wetland systems, metals arc precipitated through oxidation reactions to form oxides 
and hydroxides. A typical aerobic wetland will have a water depth of 6 to 18 inches 
(PDEP 2002). 

12.1.2.2 Compost or Anaerobic Wetland 
Compost wetlands, or anaerobic wetlands as they are sometimes called, consist of a 
large pond with a lower layer of organic substrate. The flow is horizontal within the 
substrate layer of the basin. Piling the compost a little higher than the free water 
surface can encourage the flow within the substrate. Typically, the compost layer 
consists of spent mushroom compost that contains about IO percent calcium carbonate. 
Other compost materials include peat moss, wood chips, sawdust, or hay. A typical 
compost wetland will have 12 to 24 inches of organic substrate and be planted with 
cattails or other emergent vegetation (PDEP 2002). 

12.1.2.3 Open Limestone Channels 
Open limestone channels may be the simplest passive treatment method. Open 
limestone channels are constructed in two ways. In the fist method, a drainage ditch 
constructed of limestone collects contaminated acid mine drainage water. The other 
method consists of placing limestone fragments directly in a contaminated stream. 
Dissolution of the limestone adds alkalinity to the water and raises the pH. This 
treatment requires large quantities of limestone for long-term success (PDEP 2002). 

12.1.2.4 Diversion Wells 
Diversion wells are another simple way to increase the alkalinity of contaminated 
waters. Acidic water is conveyed by a pipe to a downstream "well," which contains 
crushed limestone aggregate. The hydraulic force of the pipe flow causes the limestone 
to turbulently mix and abrade into fine particles preventing armoring (PDEP 2002). 

12.1.2.5 Anoxic Limestone Drains 
An anoxic limestone drain is a buried bed of limestone constructed to intercept 
subsurface mine water flow and prevent contact with atmospheric oxygen. Keeping 
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oxygen out of the water prevents oxidation of metals and armoring of the limestone. 
An anoxic limestone drain can be considered a pretreatment step to increase alkalinity 
and raise pH before the water enters a constructed aerobic wetland (PDEP 2002). 

12. l.2.6 Vertical Flow Reactors 
Vertical flow reactors were conceived as a way to overcome the alkalinity producing 
limitations of anoxic limestone drains and the large area requirements of compost 
wetlands. The vertical flow reactor consists of a treatment cell with an underdrained 
limestone base topped with a layer of organic substrate and standing water. The water 
flows vertically through the compost and limestone and is collected and discharged 
through a system of pipes. The vertical flow reactor increases alkalinity by limestone 
dissolution and bacterial sulfate reduction (PDEP 2002). 

12.l.2.7 Pyrolusite Process 
This is a patented process, which utilizes site-specific cultured microbes to remove 
iron, manganese, and aluminum from acid mine drainage. The treatment process 
consists of a shallow bed of limestone aggregate inundated with acid mine drainage. 
After laboratory testing determines the proper combination, microorganisms are 
introduced to the limestone bed by inoculation ports located throughout the bed. The 
microorganisms grow on the surface of the limestone chips and oxidize the metal 
contaminants while etching away limestone, which in turn increases the alkalinity and 
raises the pH of water. This process has been used on several sites in western 
Pennsylvania with promising results (PDEP 2002). 

12.2 Implementation Actions and Management Measures for 
Dissolved Oxygen 
DO impairments are addressed by focusing on organic loads that consume oxygen 
through decomposition and nutrient loads that can cause algal growth, which can also 
deplete DO. Analysis provided in Section IO established a relationship between 
reaeration, BODs. and DO concentrations in Big Muddy River segment N 12, so 
management measures for segment N 12 will focus on increasing reaeration decreasing 
BOD5 loads to increase DO concentrations. 

DO impairments in Big Muddy River segment N 12 arc mostly attributed to low flow 
or stagnant conditions within the creek. Runoff from nonpoint sources may also 
contribute a BOD5 load in Big Muddy River segment N 12. An additional contributor 
to low DO is increased water temperatures. Therefore, management measures for the 
segment N 12 watershed will focus on reducing nonpoint source loading through 
sediment and surface runoff controls, reducing stream temperatures, and reducing 
stagnant conditions through reacration. 

Implementation actions, management measures, or BMPs are used to control the 
generation or distribution of pollutants. BMPs arc either structural, such as wetlands, 
sediment basins, fencing, rcacration structures, or filter strips; or managerial, such as 
conservation tillage, nutrient management plans, or crop rotation. Both types require 
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good management to be effective in reducing pollutant loading to water resources 
(Osmond et al. 1995). 

It is generally more effective to install a combination of BMPs or a BMP system. A 
BMP system is a combination of two or more individual BMPs that are used to control 
a pollutant from the same critical source. In other words, if the watershed has more 
than one identified pollutant, but the transport mechanism is the same, then a BMP 
system that establishes controls for the transport mechanism can be employed. 
(Osmond et al. 1995). 

Implementation actions and management measures are described for each nonpoint 
source in the watershed. Nonpoint sources include cropland, rural grassland, and 
animal management facilities. 

12.2.1 DO Concentration Management 
The sources of nonpoint source pollution in the Big Muddy River TMDL are divided 
between agricultural cropland and rural grasslands. There are three animal 
management facilities in the watershed. Although, two have been classified as no 
impact facilities, the third has not been assessed. BMPs evaluated for treatment of 
these nonpoint sources are: 

■ Filter strips 
■ Wetlands 
• Reaeration 

Organic and nutrient loads originating from cropland is most efficiently treated with a 
combination of riparian buffer or grass filter strips. Wetlands can be used to treat 
pollutant loads originating from animal management operations. lnstream management 
measures for DO focus on reaeration techniques. The Streeter-Phelps equations 
presented in Section l O utilizes a rcacration coefficient. Increasing the reaeration 
coefficient by physical means will increase DO in Big Muddy River segment Nl2. 

12.2.1.1 Filter Strips 
Filter strips can be used as a structural control to reduce pollutant loads, including 
nutrients and sediment, to the Big Muddy River segment N 12. Filter strips 
implemented along stream segments slow and filter nutrients and sediment out of 
runoff, help reduce stream water temperatures thereby increasing the water body DO 
saturation level, and provide bank stabilization decreasing erosion and deposition. The 
following paragraphs focus on the implementation of filter strips in Big Muddy River 
segment N 12 watershed. Finally, design criteria and size selection of filter strips arc 
detailed. 

Organic debris in topsoil contributes to the BOD5 load to water bodies (USEPA 1997). 
Increasing the length of stream bordered by grass and riparian buffer strips will 
decrease the amount of BOD5 and nutrient load associated with sediment loads to Big 
Muddy River segment N 12. Nutrient criteria, currently being developed and expected 
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to be adopted around 2007 by the Illinois EPA, will assess the instream nutrient 
concentrations required for the watershed. As stated previously, excess nutrients in 
streams can cause excessive algal growth, which can deplete DO in streams. Adoption 
of nutrient criteria will potentially affect this DO TMDL and help control cxccedcnccs 
of DO water quality criteria in Big Muddy River segment N 12. 

Filter strips will help control BODs levels by removing organic loads associated with 
sediment from runoff; however, no studies were identified as providing an estimate of 
removal efficiency. Grass filter strips can remove as much as 75 percent of sediment 
and 45 percent of total phosphorus from runoff, so it is assumed that the removal of 
BODs falls within this range (NCSU 2000). Riparian buffer strips also help reduce 
water temperatures increasing the water body DO saturation level as explained in 
Section I 0. 

Riparian vegetation, specifically shade, plays a significant role in controlling stream 
temperature change. The shade provided will reduce solar radiation loading to the 
stream. Furthermore, riparian vegetation provides bank stability that reduces sediment 
loading to the stream and the stream width-to-depth ratio. Research in California 
(Ledwith 1996), Washington (Dong ct al. 1998), and Maine (Hagan and Whitman 
2000) show that riparian buffers effect microclimate factors such as air temperature 
and relative humidity proximal to the stream. Ledwith ( 1996) found that a 500-foot 
buffer had an air temperature decrease of l 2°F at the stream over a zero-foot buffer. 
The greatest change occurred in the first 100 feet of the 500-foot buffer where the 
temperature decreased 2°F per 30 feet from the stream bank. A decrease in the air 
temperature proximal to the stream would result in a smaller convective flux to the 
stream during the day. 

Filter strip widths for the Big Muddy River TMDL were estimated based on the slope. 
According to the NRCS Planning and Design Manual, the majority of sediment is 
removed in the first 25 percent of the width (NRCS 1994). Table 12-1 outlines the 
guidance for filter strip flow length by slope (NRCS 1999). Based on slope estimates 
near tributaries within the watershed, filter strips widths of 72 to 144 feet could be 
incorporated in locations throughout the watershed. The total acreage examined was 
112 acres. 

h B d d SI Table 12-1 Filter Strip Flow Lengt s ase on Lan ope 
5.0% or 

Percent Slope 0.5% 1.0% 2.0% 3.0% 4.0% greater 
Minimum 36 54 72 90 108 117 
Maximum 72 108 144 180 216 234 

The acreages provided above arc used to calculate an approximation of BMP cost in 
Section 12.3 and should only be used as a guideline for watershed planning. It is 
recommended that landowners evaluate their land near streams and lakes and create or 
extend filter strips, where applicable, according to the NRCS guidance presented in 
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Table 12-1. Programs available to fund the construction of these buffer strips are 
discussed in Section 9 .3. 

12.2.1.2 Wetlands 
Wetlands can be used as a structural control to treat loads from animal management 
operations located in the segment N12 watershed. Two of the three animal 
management facilities in the watershed have been designated as having no impact on 
receiving waters and the third has not been assessed. In the event that the third facility 
is found to have a negative impact on water quality, a constructed wetland could be 
used to treat organic, nutrient, and sediment loads from the animal management 
operations between the operation and the creek. Wetlands are an effective BMP for 
sediment, nutrient, and organic load control because they: 

■ prevent floods by temporarily storing water, allowing the water to evaporate, or 
percolate into the ground, 

■ improve water quality through natural pollution control such as plant nutrient uptake, 

■ filter sediment, 

■ slow overland flow of water thereby reducing soil erosion (USDA 1996). 

0 

While constructed wetlands have been demonstrated to effectively reduce nitrogen and 
sediment, literature shows mixed results for phosphorus removal. Studies have shown 0 
that artificial wetlands designed and constructed specifically to remove pollutants from 
surface water runoff have removal rates for suspended solids of greater than 90 
percent, for total phosphorus of 0 to 90 percent, and for nitrogen species from l 0 to 75 
percent (Johnson, Evans, and Bass 1996; Moore 1993; USEPA 1993; Kovosic et al. 
2000). In some cases, wetlands can be sources of phosphorus. Over the long term, it 
generally thought that wetlands are neither sources nor sinks of phosphorus (Kovosic 
ct al. 2000). 

Efficiency of pollutant removal in wetlands can be addressed in the design and 
maintenance of the constructed wetland. Location, hydraulic retention time and space 
requirements should be considered in design. To maintain removal efficiency, sheet 
flow should be maintained and substrate should be monitored to assess whether the 
wetland is operating optimally. Sediment or vegetation removal may be necessary if 
the wetland removal efficiency is lessened over a period of time (USEPA 1993; NCSU 
1994). 

It is recommended that further investigation take place within the watershed to confirm 
the impact of animal management facilities on Big Muddy River segment N 12. Due to 
data illustrating the lack of impacts of nonpoint source runoff from these facilities, 
wetlands were not analyzed as a treatment for this TMDL. However, it is 
recommended that animal control facility managers consider wetlands to treat nonpoint 
source runoff from control facilities. 
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12.2.1.3 Reaeration 
The purpose of reaeration is to increase DO concentrations in streams. Physical 
measures that will assist in increasing reaeration of a stream include bank stabilization, 
channel modifications, and the addition of riprap or pool and riffle sequences. Bank 
stabilization reduces erosion by planting vegetation along the bank or modification of 
the channel to decrease the slope of the bank. Riprap or pool and riffle sequences 
would increase reaeration by increasing turbulence. Turbulence creates an increase in 
the interaction between air and water, which draws air into the river increasing 
aeration. Expanding monitoring to several locations along the impaired segments could 
help identify reaches that would benefit the most from an increase of turbulence. 

12.3 Reasonable Assurance 
Reasonable assurance means that a demonstration is given that the pollutant reductions 
in this watershed will be implemented. It should be noted that all programs discussed 
in this section are voluntary. The discussion in Sections 12.1 and 12.2 provided a 
means for obtaining the reductions necessary. The remainder of this section discusses 
the programs available to assist with funding and an estimate of costs to the watershed 
for implementing these practices. 

12.3.1 Available Programs for Manganese and Sulfates TMDL 
The state agency primarily responsible for reclamation of pre-law coal mine areas is 
the IDNR, Office of Mines and Minerals, Abandoned Mined Lands Reclamation 
Division (AMLRD). The AMLRD contracts or oversees reclamation of pre-law mine 
sites utilizing funds from a "reclamation fee" (tax) on every ton of coal mined in 
Illinois since the implementation of the Surface Mining Control and Reclamation Act 
of 1977. The fee monies are sent to the U.S. Department of Interior and are then 
partially reallocated back to the states for several purposes, which include the 
reclamation of pre-law abandoned mined lands. This reclamation fee funds almost all 
of the reclamation of pre-law mine sites in Illinois. The AMLRD also has the 
responsibility to reclaim permitted mine sites where the operator has deserted the site 
and all of the bond money has been forfeited. This adds to the overall number of 
projects that the AMLRD has to complete (Muir et al. 1997). 

Abandoned mine sites arc reclaimed through the ALMRD according to a priority list as 
monies become available. Because the federally designated first priority for ALMRD 
projects is safety, most of the early reclamation projects were not environmentally 
oriented. Even so, the AMLRD has completed a large number of environmentally 
oriented reclamation projects (Muir ct al. 1997). Due to the uncertainty of sources of 
manganese and sulfates in the Big Muddy River segment N 12 Watershed, no cost 
estimates were developed for mitigation of the potential sources provided in this 
report. If the abandoned mines in the segment N 12 watershed arc shown to contribute 
to impairment of segments within the watershed, funds from the ALM RD focused on 
environmental projects should be directed towards water bodies with TMDLs. 

FINAL REPORT 



R02022

Section 12 
Implementation Plan for Big Muddy River Watershed 

12.3.2 Available Programs for DO TMDL 
Approximately 42 percent of the Big Muddy River segment Nl2 watershed is 
classified as rural grassland (pasture land, CRP, waterways, buffer strips, etc.), row 
crop, and small grains land. There are several voluntary conservation programs 
established through the 2002 U.S. Farm Bill that encourage landowners to implement 
resource-conserving practices for water quality and erosion control purposes. These 
programs would apply to crop fields and rural grasslands that are presently used as 
pasture land. Each program is discussed separately in the following sections. 

12.3.2.1 Clean Water Act Section 319 Grants 
Section 319 was added to the CW A to establish a national program to address nonpoint 
sources of water pollution. Through this program, each state is allocated section 319 
funds on an annual basis according to a national allocation formula based on the total 
annual appropriation for the section 319 grant program. The total award consists of 
two categories of funding; incremental funds and base funds. A state is eligible to 
receive EPA 3 l 9(h) grants upon USEPA's approval of the state's Nonpoint Source 
Assessment Report and Nonpoint Source Management Program. States may reallocate 
funds through subawards (e.g., contracts, subgrants) to both public and private entities, 
including local governments, tribal authorities, cities, counties, regional development 
centers, local school systems, colleges and universities, local nonprofit organizations, 
state agencies, federal agencies, watershed groups, for-profit groups, and individuals. 
Subawards to individuals are limited to demonstration projects (USEPA 2003, 2002). 

USEPA designates incremental funds, a $ 100-million award, for the restoration of 
impaired water through the development and implementation of watershed-based plans 
and TMDLs for impaired waters. Base funds, funds other than incremental funds, are 
used to provide staffing and support to manage and implement the state Nonpoint 
Source Management Program. Section 319 funding can be used to implement activities 
which improve water quality, such as filter strips, streambank stabilization, etc 
(USEPA 2003, 2002). 

12.3.2.2 Streambank Stabilization and Restoration Practice 
The Streambank Stabilization and Restoration Practice (SSRP) was established to 
address problems associated with streambank erosion; such as loss or damage to 
valuable farmland, wildlife habitat, roads; stream capacity reduction through sediment 
deposition; and degraded water quality, fish, and wildlife habitat. The primary goals of 
the SSRP are to develop and demonstrate vegetative, stone structure and other low cost 
bio-engineering techniques for stabilizing streambanks and to encourage the adoption 
of low-cost streambank stabilization practices by making available financial 
incentives, technical assistance, and educational information to landowners with 
critically eroding streambanks. A cost share of 75 percent is available for approved 
project components; such as willow post installation, bendway weirs, rock riffles, 
stream barbs/rock, vanes, lunker structures, gabion baskets, and stone toe protection 
techniques. There is no limit on the total program payment for cost-share projects that 
a landowner can receive in a fiscal year. However, maximum cost per foot of bank 
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treated is used to cap the payment assistance on a per foot basis and maintain the 
program's objectives of funding low-cost techniques (IDA 2000). 

12.3.2.3 Conservation Reserve Program 
This voluntary program encourages landowners to plant long-term resource-conserving 
cover to improve soils, water, and wildlife resources. CRP is the USDA's single largest 
environmental improvement program and one of its most productive and cost-efficient. 
It is administered through the FSA by USDA's CCC. The program was initially 
established in the Food Security Act of 1985. The duration of the contracts under CRP 
range from 10 to 15 years. 

Eligible land must be one of the following: 

I. Cropland that is planted or considered planted to an agricultural commodity two of 
the five most recent crop years (including field margins), and must be physically and 
legally capable of being planted in a normal manner to an agricultural commodity. 

2. Certain marginal pasture land enrolled in the Water Bank Program. 

The CCC bases rental rates on the relative productivity of soils within each county and 
the average of the past three years oflocal dry land cash-rent or cash-rent equivalent. 
The maximum rental rate is calculated in advance of enrollment. Producers may offer 
land at the maximum rate or at a lower rental rate to increase likelihood of offer 
acceptance. In addition, the CCC provides cost-share assistance for up to 50 percent of 
the participant's costs in establishing approved conservation practices. CCC also 
encourages restoration of wetlands by offering a one-time incentive payment equal to 
25 percent of the costs incurred. This incentive is in addition to the 50 percent cost 
share provided to establish cover (USDA 1999). 

Finally, CCC offers additional financial incentives of up to 20 percent of the annual 
payment for certain continuous sign-up practices. Continuous sign-up provides 
management flexibility to farmers and ranchers to implement certain high-priority 
conservation practices on eligible land. The land must be determined by NRCS to be 
eligible and suitable for any of the following practices: 

■ Riparian buffers 
■ Filter strips 
■ Grass waterways 
■ Shelter belts 
■ Field windbreaks 
■ Living snow fences 
■ Contour grass strips 
■ Salt tolerant vegetation 
■ Shallow water areas for wildlife 
■ Eligible acreage within an USEPA-designated wellhead protection area (FSA 1997) 
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12.3.2.4 Wetlands Reserve Program 
The WRP is a voluntary program that provides technical and financial assistance to 
eligible landowners to restore, enhance, and protect wetlands. The goal of WRP is to 
achieve the greatest wetland functions and values, along with optimum wildlife habitat, 
on every acre enrolled in the program. At least 70 percent of each project area will be 
restored to the original natural condition to the extent practicable. The remaining 30 
percent of each area may be restored to other than natural conditions. Landowners 
have the option of enrolling eligible lands through permanent easements, 30-year 
casements, or restoration cost-share agreements. The program is offered on a 
continuous sign-up basis and is available nationwide. WRP offers landowners an 
opportunity to establish, at minimal cost, long-term conservation and wildlife habitat 
enhancement practices and protection. It is administered through the NRCS (2002b). 

The 2002 Farm Bill reauthorized the program through 2007. Increasing the acreage 
enrollment cap to 2,275,000 acres with an annual enrollment of 250,000 acres per 
calendar year. The program is limited by the acreage cap and not by program funding. 
The program offers three enrollment options: permanent easements, 30-ycar 
conservation casements, and I 0-year restoration cost-share agreements. Since the 
program began in 1985, the average cost per acre is $1,100 in restorative costs and the 
average project size is 177 acres. The costs for each enrollment options follow in Table 
12-2 (USDA 1996). 

a e -T bl 12 2 C osts or nro ment f E II 0 . 10trons o fWRPP roaram 
Option Permanent Easement 30-year Easement Restoration Agreement 
Payment for 100% Agricultural Value 75% Agricultural Value NA 
Easement 
Payment Options Lump Sum Lump Sum NA 

Restoration 100% Restoration Cost 75% Restoration Cost 75% Restoration Cost 
Payments Reimbursements Reimbursements Reimbursements 

12.3.2.5 Environmental Quality Incentive Program 
The EQIP is a voluntary USDA conservation program for farmers and private 
landowners engaged in livestock or agricultural production who are faced with serious 
threats to soil, water, and related natural resources. It provides technical, financial, and 
educational assistance primarily in designated "priority areas." Priority areas are 
defined as watershed, regions, or areas of special environmental sensitivity that have 
significant soil, water, or natural resource related concerns. The program goal is to 
maximize environmental benefits per dollar expended and provides "(I) flexible 
technical and financial assistance to farmers and ranchers that face the most serious 
natural resource problems; (2) assistance to farmers and ranchers in complying with 
federal, state, and tribal environmental laws, and encourage environmental 
enhancement; (3) assistance to farmers and ranchers in making beneficial, cost­
effective changes to measures needed to conserve and improve natural resources; and 
(4) for the consolidation and simplification of the conservation planning process." As 
of 2001, 379,000 acres have been protected in Illinois using EQIP (NRCS 2002d,e). 
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Landowners, with the assistance of a local NRCS or other service provider, arc 
responsible for development of a site-specific conservation plan that addresses the 
primary natural resource concerns of the priority area. Conservation practices include 
but arc not limited to erosion control, filter strips, buffers, and grassed waterways. If 
the plan is approved by NRCS, a five- to I 0-year contract that provides cost-share and 
incentive payments is developed. 

Cost-share assistance may pay landowners up to 7 5 percent of the costs of 
conservation practices, such as grassed waterways, filter strips, manure management, 
capping abandoned wells, and other practices important to improving and maintaining 
the health of natural resources in the area. Total incentive and cost-share payments arc 
limited to $10,000 per person per year and $50,000 over the life of the contract. 

12.3.2.6 Wildlife Habitat Incentives Program 
The WHIP is a voluntary program that encourages the creation of high quality wildlife 
habitat of national, state, tribal, or local significance. WHIP is administered through 
NRCS, which provides technical and financial assistance to landowners for 
development of upland, riparian, and aquatic habitat areas on their property. NRCS 
works with the participant to develop a wildlife habitat development plan that becomes 
the basis of the cost-share agreement between NRCS and the participant. Most 
contracts are five to 10 years in duration, depending upon the practices to be installed. 
However, longer term contracts of 15 years or greater may also be funded. Under the 
agreement: 

■ The landowner agrees to maintain the cost-shared practices and allow NRCS or its 
agent access to monitor its effectiveness. 

■ NRCS agrees to provide technical assistance and pay up to 75 percent of the cost of 
installing the wildlife habitat practices. Additional financial or technical assistance 
may be available through cooperating partners (NRCS 2002c). 

12.3.2.7 Illinois Department of Agriculture and Illinois EPA Nutrient 
Management Plan Project 
As discussed in Section 9.2.1.1, the IDA and Illinois EPA are co-sponsoring a 
Cropland Nutrient Management Plan project in watersheds that have or arc developing 
a TMDL. Under this project, 2,480 acres of cropland have been targeted in the Big 
Muddy River segment Nl2 watershed. 

The FSA administers the CRP. NRCS administers the EQIP, WRP, and WHIP. Local 
NRCS and FSA contact information in Jackson County arc listed in Table 12-3 below. 
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Table 12-3 Local NRCS and FSA Contact Information 
Contact I Address I Phone 
Local NRCS Office 
W. Scott Martin 1 1213 N. 14th Street I 618-684-3064 x 3 

Murphysboro, Illinois 62966 
Local FSA Office 
Murphysboro Service Center 1 1213 N. 14th Street 1 618-684-3471 X 3 

Murphysboro, Illinois 62966 

12.3.3 Cost Estimates for BMPs 
Cost estimates for different BMPs and individual practice prices such as filter strip 
installation are detailed in the following sections. Table 12-4 outlines the cost of 
implementation measures per acre. Finally, an estimate of the total order of magnitude 
costs for implementation measures in the Big Muddy River segment N12 Watershed 
are presented in Section 12.3.3.3 and Table 12-5. 

12.3.3.1 Streambank Stabilization 
Cost information of streambank stabilization was taken from Johnson County NRCS. 
Johnson County NRCS estimates an average cost per foot to implement streambank 
stabilization measures at $40.00/foot. This price includes grading and shaping of the 
bank and critical area and dormant stub planting. 

12.3.3.2 Filter Strips and Riparian Buffers 
The Jackson County NRCS estimates an average cost per acre to install a grass filter 
strip with a I 0-year life span at $90/acre. A riparian buffer strip established with bare 
root stock has a life span of IO years and an installation cost of $3 84/acrc. Based on 
this preliminary estimate, it appears that grass filter strips would be a more cost­
effective way to control BOD and nutrient loads in the watershed. 

12.3.3.3 Planning Level Cost Estimates for Implementation Measures 
Cost estimates for different implementation actions arc presented in Table 12-4. The 
column labeled Program lists the financial assistance program available for various 
BMPs. The programs represented in the table are the WRP and the CRP. 

Table 12-4 Cost Estimate of Various BMP Measures in the BiA Mudd • River Watershed 
Program or Installation Maintenance 

Source Sponsor BMP Life Span Mean $/acre $1ac/vr 
Nonpoinl CRP Grass Filter Strips 10 $90.00 $9.00 

CRP Riparian Buffer 10 $384.00 $40.00 
319 or SSRP Streambank Stabilization • 10 $40.00 $4.00 

• Streambank stabilization cost calculated on linear foot basis. 

0 

The total order of magnitude capital costs for implementation measures in the 
watershed were estimated to be $1,700,000. The total cost is calculated as the number 
of acres over which a BMP or structural measure is applied by the cost per acre. Table 
12-5 summarizes the number of acres each measure is applied to in the basin and the Q 
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corresponding cost. The acreages reported in Table 12-5 arc a preliminary estimate in 
order to provide an overall understanding of cost of implementation in the watershed. 
The total only represents capital costs and annual maintenance costs. These do not 
represent the total costs of operating the measure over its life cycle . 

..!!.hie 12-5 Cost Estimate of Implementation Measures for the Big Muddy Watershed 
Treated Capital Costs Maintenance Costs 

BMP Acres Mean $/acre Watershed$ $/ac/yr Watershed $/vr 
Grass Filter Strips 112 $90.00 $10,080.00 $9.00 $1,000.00 
Streambank Stabilization • 42,240 $40.00 $1,689,600.00 $4.00 $168,960.00 
Total $1,699,680.00 $169,960.00 

• Streambank stabilization cost calculated on linear foot basis. 

12.4 Monitoring Plan 
The purpose of the monitoring plan for the Big Muddy River segment N 12 Watershed 
is to assess the overall implementation of management actions outlined in this section. 
This can be accomplished by conducting the following monitoring programs: 

■ track implementation of management measures in the watershed and in upstream 
contributing watersheds, 

■ estimate effectiveness of management measures, 

■ continued ambient monitoring. 

Tracking the implementation of management measures can be used to address the 
following goals (NCSU 2000): 

■ determine the extent to which management measures and practices have been 
implemented compared to action needed to meet TMDL endpoints. 

■ establish a baseline from which decisions can be made regarding the need for 
additional incentives for implementation efforts, 

■ measure the extent of voluntary implementation efforts, 

■ support workload and cost analysis for assistance or regulatory programs, 

■ determine the extent to which management measures arc properly maintained and 
operated, 

Estimating the effectiveness of the BMPs implemented in the watershed could be 
completed by monitoring before and after the BMP is incorporated into the watershed. 
Additional monitoring could be conducted on specific structural systems such as a 
constructed wetland. Inflow and outflow measurements could be conducted to 
determine site-specific removal efficiency. 
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Illinois EPA monitors segment N12 yearly through the Ambient Water Quality 0 
Monitoring Network program and conducts Intensive Basin Surveys every 5 years. 
Continuation of this monitoring will assess instream water quality as improvements in 
the watershed are completed. This data will also be used to assess whether water 
quality standards in the watershed are being attained. To further support DO modeling 
and to plan for future nutrient criteria in the watershed, the following parameters 
should be added to the monitoring list: 

■ B0D5 
■ 80D20 
■ Chlorophyll "a" or algae monitoring 

Monitoring to assess groundwater concentrations of manganese should be conducted to 
determine source locations of subsurface abandoned mine activity. Location of 
groundwater contamination would help prioritize areas that will require remediation so 
that water quality standards can be achieved in the future. 

12.5 Implementation Time Line 
Implementing the actions outlined in this section for the Big Muddy River segment 
N12 Watershed should occur in phases and the effectiveness of the management 
actions should be assessed as improvements are made. It is assumed that it may take 
up to one to two years for further source identification in the watershed. It is also 
assumed that it may take up to five years to secure funding for actions needed in the 
watershed and five to seven years after funding to implement the measures. The 
length of time required to meet water quality standards will be based on the types of 
BMPs implemented in the watershed. In summary, meeting water quality standards 
in the segment N12 watershed may take 15 to 20 years to complete. 
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Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 MANGANESE, TOTAL {UG/L AS MN) 470 
5599500 2/8/1990 MANGANESE, TOTAL (UG/L AS MN) 373 
5599500 4116/1990 MANGANESE, TOTAL (UG/L AS MN} 337 
5599500 5/22/1990 MANGANESE, TOTAL (UG/L AS MN} 112 
5599500 5/22/1990 MANGANESE, TOTAL (UG/L AS MN} 109 
5599500 7/9/1990 MANGANESE, TOTAL (UG/L AS MN} 783 
5599500 8/21/1990 MANGANESE, TOTAL (UG/L AS MN} 617 
5599500 9/24/1990 MANGANESE, TOTAL (UG/L AS MN) 560 
5599500 11/13/1990 MANGANESE, TOTAL (UG/L AS MN) 765 
5599500 1/8/1991 MANGANESE, TOTAL (UG/L AS MN) 138 
5599500 2112/1991 MANGANESE, TOTAL (UG/L AS MN) 222 
5599500 4/9/1991 MANGANESE, TOTAL (UG/L AS MN) 472 
5599500 6/4/1991 MANGANESE, TOTAL (UG/L AS MN) 590 
5599500 6/4/1991 MANGANESE, TOTAL (UG/L AS MN) 600 
5599500 7/16/1991 MANGANESE, TOTAL (UG/L AS MN) 682 
5599500 8/20/1991 MANGANESE, TOTAL (UG/L AS MN) 2473 
5599500 10/15/1991 MANGANESE, TOTAL (UG/L AS MN) 782 
5599500 11/12/1991 MANGANESE, TOTAL (UG/L AS MN) 460 
5599500 1/7/1992 MANGANESE, TOTAL (UG/L AS MN) 300 
5599500 2/20/1992 MANGANESE, TOTAL (UG/L AS MN) 646 
5599500 4/14/1992 MANGANESE, TOTAL (UG/L AS MN) 860 
5599500 5/18/1992 MANGANESE, TOTAL (UG/L AS MN) 680 
5599500 7/13/1992 MANGANESE, TOTAL (UG/L AS MN) 1000 
5599500 8/17/1992 MANGANESE, TOTAL (UG/L AS MN) 1900 

{; 5599500 1/12/1993 MANGANESE, TOTAL (UG/L AS MN) 160 
5599500 2/16/1993 MANGANESE, TOTAL (UG/L AS MN) 340 
5599500 1/6/1994 MANGANESE, TOTAL (UG/L AS MN) 470 
5599500 3/2/1994 MANGANESE, TOTAL (UG/L AS MN) 280 
5599500 4/6/1994 MANGANESE, TOTAL (UG/L AS MN) 820 
5599500 5/23/1994 MANGANESE, TOTAL (UG/L AS MN) 860 
5599500 7/6/1994 MANGANESE, TOTAL (UG/L AS MN) 350 
5599500 8/4/1994 MANGANESE, TOTAL (UG/L AS MN) 400 
5599500 9/19/1994 MANGANESE, TOTAL (UG/L AS MN) 890 
5599500 11/1/1994 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 12/7/1994 MANGANESE, TOTAL (UG/L AS MN) 590 
5599500 1/30/1995 MANGANESE, TOTAL (UG/L AS MN) 360 
5599500 2/21/1995 MANGANESE, TOTAL (UG/L AS MN) 310 
5599500 4/12/1995 MANGANESE, TOTAL (UG/L AS MN) 710 
5599500 5/10/1995 MANGANESE, TOTAL (UG/L AS MN) 282 
5599500 6/15/1995 MANGANESE, TOTAL (UG/L AS MN) 540 
5599500 7/20/1995 MANGANESE, TOTAL (UG/L AS MN) 820 
5599500 8/22/1995 MANGANESE, TOTAL (UG/L AS MN) 380 
5599500 10/31/1995 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 12/18/1995 MANGANESE, TOTAL (UG/L AS MN) 550 
5599500 1/31/1996 MANGANESE, TOTAL (UG/L AS MN) 290 
5599500 2/29/1996 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 3/25/1996 MANGANESE, TOTAL (UG/L AS MN) 480 
5599500 5/1/1996 MANGANESE, TOTAL (UG/L AS MN) 230 
5599500 6/25/1996 MANGANESE, TOTAL (UG/L AS MN) 1200 
5599500 

L 
7/31/1996 MANGANESE, TOTAL (UG/L AS MN) 530 
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5599500 4/24/1997 MANGANESE, TOTAL {UG/L AS MN} 470 0 N12 10/27/1997 MANGANESE, TOTAL {UG/L AS MN} 640 
N12 11/20/1997 MANGANESE, TOTAL (UG/LAS MN} 370 
N12 2/3/1998 MANGANESE, TOTAL (UG/L AS MN} 500 
N12 3/5/1998 MANGANESE, TOTAL (UG/L AS MN} 260 
N12 4/16/1998 MANGANESE, TOTAL (UG/L AS MN} 460 
N12 5/14/1998 MANGANESE, TOTAL (UG/L AS MN) 380 
N12 6/17/1998 MANGANESE, TOTAL (UG/L AS MN) 240 
N12 7/21/1998 MANGANESE, TOTAL {UG/L AS MN) 670 
N12 8/27/1998 MANGANESE, TOTAL (UG/L AS MN) 470 
N12 10/8/1998 MANGANESE, TOTAL (UG/L AS MN) 1100 
N12 12/1/1998 MANGANESE, TOTAL {UG/L AS MN) 970 
N12 1/4/1999 MANGANESE, TOTAL {UG/L AS MN) 430 
N12 2/8/1999 MANGANESE, TOTAL {UG/L AS MN) 190 
N12 3/22/1999 MANGANESE, TOTAL {UG/L AS MN) 180 
N12 4/27/1999 MANGANESE. TOTAL {UG/L AS MN) 600 
N12 6/10/1999 MANGANESE, TOTAL (UG/L AS MN) 400 
N12 9/16/1999 MANGANESE, TOTAL {UG/L AS MN) 1900 
N12 11/1/1999 MANGANESE, TOTAL {UG/L AS MN) 870 
N12 12/6/1999 MANGANESE, TOTAL (UG/L AS MN) 510 
N12 1/3/2000 MANGANESE, TOTAL (UG/L AS MN) 360 
N12 3/8/2000 MANGANESE, TOTAL (UG/L AS MN) 570 
N12 4/12/2000 MANGANESE, TOTAL (UG/L AS MN) 640 
N12 5/1/2000 MANGANESE, TOTAL (UG/L AS MN) 550 
N12 7/24/2000 MANGANESE, TOTAL (UG/L AS MN) 450 
N12 9/6/2000 MANGANESE. TOTAL (UG/L AS MN) 260 

0 
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c- Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 SULFATE, TOTAL (MG/LAS SO4) 450 
5599500 1/9/1990 SULFATE, TOTAL (MG/LAS SO4) 460 
5599500 2/8/1990 SULFATE, TOTAL (MG/LAS SO4) 164 
5599500 2/8/1990 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 4/16/1990 SULFATE, TOTAL (MG/LAS SO4) 120 
5599500 4/16/1990 SULFATE, TOTAL (MG/LAS SO4) 117 
5599500 5/22/1990 SULFATE, TOTAL (MG/LAS SO4) 64 
5599500 5/22/1990 SULFATE, TOTAL (MG/LAS SO4) 63 
5599500 7/9/1990 SULFATE, TOTAL (MG/LAS SO4) 350 
5599500 7/9/1990 SULFATE, TOTAL (MG/LAS SO4) 364 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 181 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 179 
5599500 8/21/1990 SULFATE, TOTAL (MG/LAS SO4) 180 
5599500 9/24/1990 SULFATE, TOTAL (MG/LAS SO4) 231 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 500 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 557 
5599500 1/8/1991 SULFATE, TOTAL (MG/LAS SO4) 83 
5599500 1/8/1991 SULFATE, TOTAL (MG/LAS SO4) 85 
5599500 2/12/1991 SULFATE, TOTAL (MG/LAS SO4) 110 
5599500 2/12/1991 SULFATE, TOTAL (MG/LAS SO4) 114 
5599500 4/9/1991 SULFATE, TOTAL (MG/LAS SO4) 230 
5599500 4/9/1991 SULFATE, TOTAL (MG/LAS SO4) 195 
5599500 6/4/1991 SULFATE, TOTAL (MG/LAS SO4) 265 
5599500 6/4/1991 SULFATE, TOTAL (MG/LAS SO4) 240 
5599500 7/16/1991 SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 7/16/1991 SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 8/20/1991 SULFATE, TOTAL (MG/LAS SO4) 380 
5599500 8/20/1991 SULFATE, TOTAL (MG/LAS SO4) 380 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 360 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 290 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 350 
5599500 1/7/1992 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 1/7/1992 SULFATE, TOTAL (MG/LAS SO4) 165 
5599500 2/20/1992 SULFATE, TOTAL (MG/LAS SO4) 230 
5599500 4/14/1992 SULFATE, TOTAL (MG/LAS SO4) 206 
5599500 5/18/1992 SULFATE, TOTAL (MG/LAS SO4) 203 
5599500 7/13/1992 SULFATE, TOTAL (MG/LAS SO4) 300 
5599500 7/13/1992 SULFATE, TOTAL (MG/LAS SO4) 303 
5599500 8/17/1992 SULFATE, TOTAL (MG/LAS SO4) 330 
5599500 1/12/1993 SULFATE, TOTAL (MG/LAS SO4) 78 
5599500 2/16/1993 SULFATE, TOTAL (MG/LAS SO4) 191 
5599500 1/6/1994 SULFATE, TOTAL (MG/LAS SO4) 270 
5599500 3/2/1994 SULFATE, TOTAL (MG/LAS SO4) 168 
5599500 4/6/1994 SULFATE, TOTAL (MG/LAS SO4) 240 
5599500 5/23/1994 SULFATE, TOTAL (MG/LAS SO4) 170 
5599500 7/6/1994 SULFATE, TOTAL (MG/LAS SO4) 163 
5599500 8/4/1994 SULFATE, TOTAL (MG/LAS SO4) 260 
5599500 9/19/1994 SULFATE, TOTAL (MG/LAS SO4) 440 
5599500 11/1/1994 SULFATE, TOTAL (MG/LAS SO4) 660 
5599500 12/7/1994 SULFATE, TOTAL (MG/LAS SO4) 172 
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5599500 1/30/1995 SULFATE, TOTAL (MG/LAS SO4) 162 0 5599500 2/21/1995 SULFATE, TOTAL (MG/LAS SO4) 164 
5599500 4/12/1995 SULFATE, TOTAL (MG/LAS SO4) 210 
5599500 5/10/1995 SULFATE, TOTAL (MG/LAS SO4) 186 
5599500 6/15/1995 SULFATE, TOTAL (MG/LAS SO4) 91 
5599500 7/20/1995 SULFATE, TOTAL (MG/LAS SO4) 162 
5599500 8/22/1995 SULFATE, TOTAL (MG/LAS SO4) 146 
5599500 ######## SULFATE, TOTAL (MG/LAS SO4) 197 
5599500 #####1111# SULFATE, TOTAL (MG/LAS SO4) 376 
5599500 1/31/1996 SULFATE, TOTAL (MG/LAS SO4) 173 
5599500 2/29/1996 SULFATE, TOTAL (MG/LAS SO4) 513 
5599500 3/25/1996 SULFATE, TOTAL (MG/LAS SO4) 171 
5599500 5/1/1996 SULFATE, TOTAL (MG/LAS SO4) 58.7 
5599500 6/25/1996 SULFATE, TOTAL (MG/LAS SO4) 147 
5599500 7/31/1996 SULFATE, TOTAL (MG/LAS SO4) 226 
5599500 4/24/1997 SULFATE, TOTAL (MG/LAS SO4) 227 

N12 ######## SULFATE, TOTAL (MG/LAS SO4) 566 
N12 ######## SULFATE, TOTAL (MG/LAS SO4) 653 
N12 2/3/1998 SULFATE, TOTAL (MG/LAS SO4) 303 
N12 4/16/1998 SULFATE, TOTAL (MG/LAS SO4) 201 
N12 5/14/1998 SULFATE, TOTAL (MG/LAS SO4) 82-
N12 6/17/1998 SULFATE, TOTAL (MG/LAS SO4) 109 
N12 7/21/1998 SULFATE, TOTAL (MG/LAS SO4) 162 
N12 8/27/1998 SULFATE, TOTAL (MG/LAS SO4) 196 
N12 10/8/1998 SULFATE, TOTAL (MG/LAS SO4) 340 
N12 12/1/1998 SULFATE, TOTAL (MG/LAS SO4) 566 
N12 1/4/1999 SULFATE, TOTAL (MG/LAS SO4) 104 
N12 2/8/1999 SULFATE, TOTAL (MG/LAS SO4) 81.8 
N12 3/22/1999 SULFATE, TOTAL (MG/LAS SO4) 91 .9 
N12 4/27/1999 SULFATE, TOTAL (MG/LAS SO4) 154 
N12 6/10/1999 SULFATE, TOTAL (MG/LAS SO4) 160 
N12 9/16/1999 SULFATE, TOTAL (MG/LAS SO4) 435 
N12 11/1/1999 SULFATE, TOTAL (MG/LAS SO4) 601 
N12 12/6/1999 SULFATE, TOTAL (MG/LAS SO4) 639 
N12 1/3/2000 SULFATE, TOTAL (MG/LAS SO4) 401 
N12 3/8/2000 SULFATE, TOTAL (MG/LAS SO4) 184 
N12 4/12/2000 SULFATE, TOTAL (MG/LAS SO4) 363 
N12 5/1/2000 SULFATE, TOTAL {MG/LAS SO4) 229 
N12 7/24/2000 SULFATE, TOTAL (MG/LAS SO4) 68 
N12 9/6/2000 SULFATE, TOTAL (MG/LAS SO4) 140 

0 
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Primary Station ID Start Date Parameter Long Name Result Value 
5599500 1/9/1990 PH (STANDARD UNITS) 7.8 
5599500 1/9/1990 PH (STANDARD UNITS) 7.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH (STANDARD UNITS) 7.5 
5599500 2/8/1990 PH (STANDARD UNITS) 8.3 
5599500 2/8/1990 PH {STANDARD UNITS) 8.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8.8 
5599500 2/8/1990 PH (STANDARD UNITS) 8 
5599500 4/16/1990 PH (STANDARD UNITS) 7 
5599500 4/16/1990 PH (STANDARD UNITS) 7 
5599500 5/22/1990 PH (STANDARD UNITS) 6.9 
5599500 5/22/1990 PH (STANDARD UNITS) 6.6 
5599500 7/9/1990 PH (STANDARD UNITS) 7.9 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.2 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 7/9/1990 PH (STANDARD UNITS) 7.3 
5599500 8/21/1990 PH (STANDARD UNITS) 7.5 
5599500 8/21/1990 PH (STANDARD UNITS) 7.2 

-) 5599500 8/21/1990 PH (STANDARD UNITS) 7.2 
5599500 9/24/1990 PH (STANDARD UNITS) 7.8 
5599500 11/13/1990 PH (STANDARD UNITS) 8.2 
5599500 11/13/1990 PH (STANDARD UNITS) 8.2 
5599500 1/8/1991 PH (STANDARD UNITS) 6.4 
5599500 1/8/1991 PH (STANDARD UNITS) 6.4 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 7.1 
5599500 2/12/1991 PH (STANDARD UNITS) 6.8 
5599500 2/12/1991 PH (STANDARD UNITS) 6.8 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 2/12/1991 PH (STANDARD UNITS) 7 
5599500 4/9/1991 PH (STANDARD UNITS) 7.4 
5599500 4/9/1991 PH (STANDARD UNITS) 7.4 
5599500 6/4/1991 PH {STANDARD UNITS) 7.3 
5599500 6/4/1991 PH {STANDARD UNITS) 7.2 
5599500 7/16/1991 PH (STANDARD UNITS) 7.9 
5599500 7/16/1991 PH {STANDARD UNITS) 7.7 
5599500 7/16/1991 PH {STANDARD UNITS) 7.9 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
5599500 7/16/1991 PH {STANDARD UNITS) 7.8 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
5599500 7/16/1991 PH (STANDARD UNITS) 7.8 
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5599500 8/20/1991 PH (STANDARD UNITS) 6.9 0 5599500 8/20/1991 PH (STANDARD UNITS) 6.9 
5599500 10/15/1991 PH (STANDARD UNITS) 7.05 
5599500 11/12/1991 PH (STANDARD UNITS) 7 
5599500 11/12/1991 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 6.9 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 1/7/1992 PH (STANDARD UNITS) 7 
5599500 2/20/1992 PH (STANDARD UNITS) 7.2 
5599500 2/20/1992 PH (STANDARD UNITS) 7.2 
5599500 4/14/1992 PH (STANDARD UNITS) 7.3 
5599500 4/14/1992 PH (STANDARD UNITS) 7.3 
5599500 4/14/1992 PH (STANDARD UNITS) 7.44 
5599500 4/14/1992 PH (STANDARD UNITS) 7.33 
5599500 4/14/1992 PH (STANDARD UNITS) 7.29 
5599500 4/14/1992 PH (STANDARD UNITS) 7.29 
5599500 5/18/1992 PH (STANDARD UNITS) 7.1 
5599500 7/13/1992 PH (STANDARD UNITS) 7.1 
5599500 7/13/1992 PH (STANDARD UNITS) 7.1 
5599500 8/17/1992 PH (STANDARD UNITS) 7.7 
5599500 1/12/1993 PH (STANDARD UNITS) 7.4 
5599500 2/16/1993 PH (STANDARD UNITS) 7.6 
5599500 1/6/1994 PH (STANDARD UNITS) 7.7 
5599500 3/2/1994 PH (STANDARD UNITS) 8 
5599500 4/6/1994 PH (STANDARD UNITS) 7.8 
5599500 5/23/1994 PH (STANDARD UNITS) 7.7 
5599500 7/6/1994 PH (STANDARD UNITS) 7.6 
5599500 8/4/1994 PH (STANDARD UNITS) 7.7 
5599500 9/19/1994 PH (STANDARD UNITS) 8.5 
5599500 11/1/1994 PH (STANDARD UNITS) 8 
5599500 12/7/1994 PH (STANDARD UNITS) 7.9 
5599500 1/30/1995 PH (STANDARD UNITS) 7.6 
5599500 2/21/1995 PH (STANDARD UNITS) 7.9 
5599500 4/12/1995 PH (STANDARD UNITS) 7.2 
5599500 5/10/1995 PH (STANDARD UNITS) 7 
5599500 6/15/1995 PH (STANDARD UNITS) 7.3 
5599500 7/20/1995 PH (STANDARD UNITS) 7.9 
5599500 8/22/1995 PH (STANDARD UNITS) 7.3 
5599500 10/31/1995 PH (STANDARD UNITS) 7.1 
5599500 12/18/1995 PH (STANDARD UNITS) 7.2 
5599500 1/31/1996 PH (STANDARD UNITS) 7.4 
5599500 2/29/1996 PH (STANDARD UNITS) 7.4 
5599500 3/25/1996 PH (STANDARD UNITS) 6.6 
5599500 5/1/1996 PH (STANDARD UNITS) 6.8 
5599500 6/25/1996 PH (STANDARD UNITS) 6.8 
5599500 7/31/1996 PH (STANDARD UNITS) 7.3 

0 
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r- 5599500 4/24/1997 PH (STANDARD UNITS) 7.2 
N12 10/27/1997 PH (STANDARD UNITS) 7.2 
N12 11/20/1997 PH (STANDARD UNITS) 6.4 
N12 2/3/1998 PH (STANDARD UNITS) 7.5 
N12 3/5/1998 PH (STANDARD UNITS) 7.5 
N12 4/16/1998 PH (STANDARD UNITS) 7.2 
N12 5/14/1998 PH (STANDARD UNITS) 7 
N12 6/17/1998 PH (STANDARD UNITS) 7.1 
N12 7/21/1998 PH (STANDARD UNITS) 6.7 
N12 8/27/1998 PH (STANDARD UNITS) 6.4 
N12 10/8/1998 PH (STANDARD UNITS) 7.3 
N12 12/1/1998 PH (STANDARD UNITS) 7.3 
N12 1/4/1999 PH (STANDARD UNITS) 8.1 
N12 2/8/1999 PH (STANDARD UNITS) 7.3 
N12 3/22/1999 PH (STANDARD UNITS) 7.2 
N12 4/27/1999 PH (STANDARD UNITS) 7.4 
N12 6/10/1999 PH (STANDARD UNITS) 6.5 
N12 9/16/1999 PH (STANDARD UNITS) 7.3 
N12 11/1/1999 PH (STANDARD UNITS) 7.4 
N12 12/6/1999 PH (STANDARD UNITS) 7 
N12 1/3/2000 PH (STANDARD UNITS) 6.6 
N12 3/8/2000 PH (STANDARD UNITS) 6.6 
N12 4/12/2000 PH (STANDARD UNITS) 7.1 
N12 5/1/2000 PH (STANDARD UNITS) 7.6 
N12 7/24/2000 PH (STANDARD UNITS) 6.9 
N12 9/6/2000 PH (STANDARD UNITS) 6.5 

L 
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Primary Station ID Start Date Parameter Long Name Result Value 0 5599500 1/9/1990 OXYGEN, DISSOLVED MG/L 20.8 
5599500 1/9/1990 OXYGEN, DISSOLVED MG/L 20.8 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12.5 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12.3 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 11.6 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 12 
5599500 2/8/1990 OXYGEN, DISSOLVED MG/L 11.4 
5599500 4/16/1990 OXYGEN, DISSOLVED MG/L 8.5 
5599500 4/16/1990 OXYGEN, DISSOLVED MG/L 8.5 
5599500 5/22/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 5/22/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 3.7 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.4 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.5 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/9/1990 OXYGEN, DISSOLVED MG/L 4.3 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 5.6 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 4.4 
5599500 8/21/1990 OXYGEN, DISSOLVED MG/L 4.4 0 5599500 9/24/1990 OXYGEN, DISSOLVED MG/L 7.1 
5599500 11/13/1990 OXYGEN, DISSOLVED MG/L 9.1 
5599500 11/13/1990 OXYGEN, DISSOLVED MG/L 9.1 
5599500 1/8/1991 OXYGEN, DISSOLVED MG/L 12.9 
5599500 1/8/1991 OXYGEN, DISSOLVED MG/L 12.9 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.1 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 13 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.2 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.4 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 13.3 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 12 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11 .8 
5599500 2/12/1991 OXYGEN, DISSOLVED MG/L 11.8 
5599500 4/9/1991 OXYGEN, DISSOLVED MG/L 7.6 
5599500 4/9/1991 OXYGEN, DISSOLVED MG/L 7.6 
5599500 6/4/1991 OXYGEN, DISSOLVED MG/L 4.8 
5599500 6/4/1991 OXYGEN, DISSOLVED MG/L 4.7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.67 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.6 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 7 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 7.2 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.8 
5599500 7/16/1991 OXYGEN, DISSOLVED MG/L 6.8 

0 
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r- 5599500 8/20/1991 OXYGEN, DISSOLVED MG/L 9.2 
5599500 8/20/1991 OXYGEN, DISSOLVED MG/L 9.2 
5599500 10/15/1991 OXYGEN, DISSOLVED MG/L 9.45 
5599500 11/12/1991 OXYGEN, DISSOLVED MG/L 10.8 
5599500 11/12/1991 OXYGEN, DISSOLVED MG/L 10.8 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.6 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.6 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 1/7/1992 OXYGEN, DISSOLVED MG/L 10.7 
5599500 2/20/1992 OXYGEN, DISSOLVED MG/L 10.1 
5599500 2/20/1992 OXYGEN, DISSOLVED MG/L 10.1 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.8 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.8 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 9 
5599500 4/14/1992 OXYGEN, DISSOLVED MGIL 8.7 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.73 
5599500 4/14/1992 OXYGEN, DISSOLVED MG/L 8.69 
5599500 5/18/1992 OXYGEN, DISSOLVED MG/L 6.9 
5599500 7/13/1992 OXYGEN, DISSOLVED MG/L 4.3 
5599500 7/13/1992 OXYGEN, DISSOLVED MG/L 4.3 
5599500 8/17/1992 OXYGEN, DISSOLVED MG/L 9.6 
5599500 1/12/1993 OXYGEN, DISSOLVED MG/L 10.4 
5599500 2/16/1993 OXYGEN, DISSOLVED MG/L 11.3 
5599500 1/6/1994 OXYGEN, DISSOLVED MG/L 11.6 
5599500 3/2/1994 OXYGEN, DISSOLVED MG/L 11.6 
5599500 4/6/1994 OXYGEN, DISSOLVED MG/L 9.3 
5599500 5/23/1994 OXYGEN, DISSOLVED MG/L 5.4 
5599500 7/6/1994 OXYGEN, DISSOLVED MG/L 5.5 
5599500 8/4/1994 OXYGEN, DISSOLVED MG/L 5.8 
5599500 9/19/1994 OXYGEN, DISSOLVED MG/L 5.6 
5599500 11/1/1994 OXYGEN, DISSOLVED MG/L 10.5 
5599500 12/7/1994 OXYGEN, DISSOLVED MG/L 7.9 
5599500 1/30/1995 OXYGEN, DISSOLVED MG/L 12 
5599500 2/21/1995 OXYGEN, DISSOLVED MG/L 11.7 
5599500 4/12/1995 OXYGEN, DISSOLVED MG/L 8.6 
5599500 5/10/1995 OXYGEN, DISSOLVED MG/L 5.9 
5599500 6/15/1995 OXYGEN, DISSOLVED MG/L 3.9 
5599500 7/20/1995 OXYGEN, DISSOLVED MG/L 4.7 
5599500 8/22/1995 OXYGEN, DISSOLVED MG/L 4.1 
5599500 10/31/1995 OXYGEN, DISSOLVED MG/L 7.3 
5599500 12/18/1995 OXYGEN, DISSOLVED MG/L 10.8 
5599500 1/31/1996 OXYGEN, DISSOLVED MG/L 12.2 
5599500 2/29/1996 OXYGEN, DISSOLVED MG/L 10.7 
5599500 3/25/1996 OXYGEN, DISSOLVED MGIL 11 
5599500 5/1/1996 OXYGEN, DISSOLVED MG/L 6.9 
5599500 6/25/1996 OXYGEN, DISSOLVED MG/L 6.2 
5599500 7/31/1996 OXYGEN, DISSOLVED MG/L 6.8 

L 
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5599500 4/24/1997 OXYGEN, DISSOLVED MGIL 8.3 0 N12 10/27/1997 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.2 
N12 11/20/1997 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.8 
N12 2/3/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 10.3 
N12 3/5/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.6 
N12 4/16/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.8 
N12 5/14/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 5.7 
N12 6/17/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 4.8 
N12 7/21/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 5.2 
N12 8/27/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.3 
N12 10/8/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.1 
N12 12/1/1998 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.2 
N12 1/4/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 12.4 
N12 2/8/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.3 
N12 3/22/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.5 
N12 4/27/1999 OXYGEN ,DISSOLVED, ANAl YSIS BY PROBE MG/L 7.2 
N12 6/10/1999 OXYGEN ,DISSOLVED, ANAl YSIS BY PROBE MG/L 4.8 
N12 9/16/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 6.6 
N12 11/1/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 9.7 
N12 12/6/1999 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 9.2 
N12 1/3/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 10.5 
N12 3/8/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.8 
N12 4/12/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 8.5 
N12 5/1/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.2 
N12 7/24/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 7.9 
N12 9/6/2000 OXYGEN ,DISSOLVED, ANALYSIS BY PROBE MG/L 4.7 

0 
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r- Secondary ID .1 Start Date Parameter Long Name Result Value 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 54 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 52 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-1 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 ####fl.### DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 76 
RNC-1 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 59 
RNC-1 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 88 
RNC-1 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 64 
RNC-1 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 80 
RNC-1 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 78 
RNC-1 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 78 
RNC-1 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 84 
RNC-1 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 81 
RNC-1 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 81 
RNC-1 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 72 
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RNC-1 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 73 0 RNC-1 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 74 
RNC-1 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 71 
RNC-1 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 75 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 85 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 70 
RNC-1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC•1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 72 
RNC•1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 63 
RNC-1 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 66 
RNC-1 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 65 
RNC-1 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 50 
RNC-1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC•1 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 59.5 
RNC-1 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 59 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 71 
RNC-1 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 56.5 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 56 
RNC-1 8/21/1997 DEPTH OF PONO OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF PONO OR RESERVOIR IN FEET 57.5 
RNC-1 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 57.5 
RNC-1 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 55 

0 



R02049

C- RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 54.5 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 55.2 
RNC-1 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 54 
RNC-1 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 56.6 
RNC-1 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 62 
RNC-1 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 60 
RNC-1 ######## DEPTH OF POND OR RESERVOIR IN FEET 58.5 
RNC-1 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 4/28/2000 DEPTH OF POND OR RESERVOIR IN FEET 24 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-1 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 58 
RNC-1 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 55 
RNC-1 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-1 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 57 
RNC-2 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 47 
RNC-2 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 49 
RNC-2 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 51 
RNC-2 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 46 
RNC-2 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 43 
RNC-2 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 39 
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RNC-2 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 38 0 RNC-2 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 38.5 
RNC-2 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-2 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-2 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-2 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 18 
RNC-2 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-2 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-2 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 21 
RNC-2 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 23 
RNC-2 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-2 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-2 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 24 
RNC-2 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 40.5 
RNC-2 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 40.5 
RNC-2 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 21 
RNC-2 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 23 
RNC-2 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 39.5 
RNC-2 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 39.5 
RNC-2 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 43 
RNC-2 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 44 
RNC-2 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 41.5 
RNC-2 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 37.5 
RNC-2 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 41.5 
RNC-2 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 43 
RNC-2 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 46 
RNC-2 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 46 
RNC-2 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 39 
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r- RNC-2 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-2 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-2 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 35.5 
RNC-2 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 41.2 
RNC-2 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-2 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 33 
RNC-2 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 ######## DEPTH OF POND OR RESERVOIR IN FEET 42 
RNC-2 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 39 
RNC-2 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-2 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-2 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 40 
RNC-3 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 20 
RNC-3 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 21 
RNC-3 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 25.5 
RNC-3 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 25.5 
RNC-3 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 18 
RNC-3 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/22(1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-3 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-3 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-3 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 15 
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RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 0 RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-3 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 13 
RNC-3 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 16 
RNC-3 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 15 
RNC-3 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 14 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######11-11 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 6/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 38 
RNC-3 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 36 
RNC-3 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-3 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 44 
RNC-3 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 41 
RNC-3 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 39.5 
RNC-3 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 37 
RNC-3 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 32.5 
RNC-3 10/1/1996 DEPTH OF POND OR RESERVOIR JN FEET 30 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 31.5 
RNC-3 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 28.5 
RNC-3 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 31 
RNC-3 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 26.5 
RNC-3 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 25 
RNC-3 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 29.5 
RNC-3 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 26 
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r- RNC-3 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 22 
RNC-3 ###1##1## DEPTH OF POND OR RESERVOIR IN FEET 24.5 
RNC-3 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 33.3 
RNC-3 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 33 
RNC-3 7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 19 
RNC-3 9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 30 
RNC-3 ######## DEPTH OF POND OR RESERVOIR IN FEET 29 
RNC-3 1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-3 6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 28 
RNC-3 7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 26 
RNC-3 8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 27 
RNC-4 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/30/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 5/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 12 
RNC-4 6/6/1990 DEPTH OF POND OR RESERVOIR IN FEET 7.5 
RNC-4 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 6/14/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 6/27/1990 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 7/13/1990 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 7/23/1990 DEPTH OF POND OR RESERVOIR IN FEET 4.5 
RNC-4 8/7/1990 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 8/17/1990 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 9/26/1990 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/22/1991 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/24/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 5/21/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 6/4/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/5/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/11/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 6/19/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/9/1991 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/23/1991 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 8/13/1991 DEPTH OF POND OR RESERVOIR IN FEET 2.5 
RNC-4 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 8/15/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 9/16/1991 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 5/24/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 
RNC-4 5/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 
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RNC-4 6/13/1992 DEPTH OF POND OR RESERVOIR IN FEET 4 0 RNC-4 7/11/1992 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/30/1992 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 8/9/1992 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 5/18/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 5/31/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 6/14/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 6/29/1993 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 7/26/1993 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 2.5 
RNC-4 4/13/1994 DEPTH OF POND OR RESERVOIR IN FEET 2 
RNC-4 5/11/1994 DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 6/6/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 7/12/1994 DEPTH OF POND OR RESERVOIR IN FEET 3 
RNC-4 8/3/1994 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 8/16/1994 DEPTH OF POND OR RESERVOIR IN FEET 3.5 
RNC-4 8/27/1994 DEPTH OF POND OR RESERVOIR IN FEET 5 
RNC-4 #####:### DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 ######## DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 6/16/1996 DEPTH OF POND OR RESERVOIR IN FEET 17 
RNC-4 7/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 7/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 8/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 10 
RNC-4 8/15/1996 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 9/3/1996 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 9/18/1996 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 10/1/1996 DEPTH OF POND OR RESERVOIR IN FEET 7.5 
RNC-4 ########- DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 12.5 
RNC-4 4/11/1997 DEPTH OF POND OR RESERVOIR IN FEET 12.5 
RNC-4 5/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 8.5 
RNC-4 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 11.5 
RNC-4 6/19/1997 DEPTH OF POND OR RESERVOIR IN FEET 11.5 
RNC-4 6/20/1997 DEPTH OF POND OR RESERVOIR IN FEET 7 
RNC-4 7/10/1997 DEPTH OF POND OR RESERVOIR IN FEET 20 
RNC-4 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 7/23/1997 DEPTH OF POND OR RESERVOIR IN FEET 11 
RNC-4 8/5/1997 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 8/21/1997 DEPTH OF POND OR RESERVOIR IN FEET 5.5 
RNC-4 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 8/22/1997 DEPTH OF POND OR RESERVOIR IN FEET 8 
RNC-4 9/15/1997 DEPTH OF POND OR RESERVOIR IN FEET 6 
RNC-4 9/29/1997 DEPTH OF POND OR RESERVOIR IN FEET 9 
RNC-4 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 10/9/1997 DEPTH OF POND OR RESERVOIR IN FEET 6.5 
RNC-4 #:####### DEPTH OF POND OR RESERVOIR IN FEET 4.5 
RNC-4 6/3/1998 DEPTH OF POND OR RESERVOIR IN FEET 11.2 
RNC-4 6/18/1998 DEPTH OF POND OR RESERVOIR IN FEET 10 

0 
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L 

RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 
RNC-4 

7/7/1998 DEPTH OF POND OR RESERVOIR IN FEET 
7/31/1998 DEPTH OF POND OR RESERVOIR IN FEET 
8/14/1998 DEPTH OF POND OR RESERVOIR IN FEET 
9/4/1998 DEPTH OF POND OR RESERVOIR IN FEET 

9/22/1998 DEPTH OF POND OR RESERVOIR IN FEET 
######## DEPTH OF POND OR RESERVOIR IN FEET 
1/11/2000 DEPTH OF POND OR RESERVOIR IN FEET 
4/26/2000 DEPTH OF POND OR RESERVOIR IN FEET 
6/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 
7/5/2000 DEPTH OF POND OR RESERVOIR IN FEET 
8/2/2000 DEPTH OF POND OR RESERVOIR IN FEET 

13 
11.5 
13 
7 
9 
9 
10 
10 
9 
11 
11 
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Secondary ID .1 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 
5599540 

Start Date Parameter Long Name 
1/8/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
2/5/1990 PHOSPHORUS, TOTAL (MG/LAS P) 

4/16/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
5/16/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
6/28/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
7/31/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
9/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
######## PHOSPHORUS, TOTAL (MG/LAS P) 
12/4/1990 PHOSPHORUS, TOTAL (MG/LAS P) 
1/29/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
2/28/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
3/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
5/23/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
6/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
8/7/1991 PHOSPHORUS, TOTAL (MG/LAS P) 

9/25/1991 PHOSPHORUS, TOTAL (MG/LAS P) 
######## PHOSPHORUS, TOTAL (MG/LAS P) 
######## PHOSPHORUS, TOTAL (MG/LAS P) 
2/3/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
3/10/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
4/15/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
5/7/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
7/1/1992 PHOSPHORUS, TOTAL (MG/LAS P) 

8/12/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
9/23/1992 PHOSPHORUS, TOTAL (MG/LAS P) 
1/27/1993 PHOSPHORUS, TOTAL (MG/LAS P) 
9/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 
1/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
3/3/1994 PHOSPHORUS, TOTAL (MG/LAS P) 

4/21/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
5/19/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
7/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
9/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
11/7/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
12/8/1994 PHOSPHORUS, TOTAL (MG/LAS P) 
1/9/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
2/8/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
3/23/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
5/3/1995 PHOSPHORUS, TOTAL (MG/LAS P) 

6/29/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
8/2/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
9/7/1995 PHOSPHORUS, TOTAL (MG/LAS P) 
######## PHOSPHORUS, TOT AL (MG/L AS P) 
######## PHOSPHORUS, TOTAL (MG/LAS P) 
1/11/1996 PHOSPHORUS, TOTAL (MG/LAS P) 
2/28/1996 PHOSPHORUS, TOTAL (MG/LAS P) 
3/19/1996 PHOSPHORUS, TOTAL (MG/LAS P) 
4/25/1996 PHOSPHORUS, TOTAL (MG/LAS P) 
6/20/1996 PHOSPHORUS, TOTAL (MG/LAS P) 
8/13/1996 PHOSPHORUS, TOTAL (MG/LAS P) 

Result Value iample Depth (ft) 
0.010 
0.016 
0.010 
0.020 
0.010 
0.050 
0.023 
0.100 
0.010 
0.010 
0.032 
0.030 
0.020 
0.020 
0.020 
0.020 
0.010 
0.014 
0.010 
0.020 
0.020 
0.020 
0.050 
0.020 
0.020 
0.020 
0.010 
0.040 
0.060 
0.040 
0.010 
0.020 
0.030 
0.020 
0.014 
0.010 
0.010 
0.020 
0.020 
0.030 
0.050 
0.030 
0.040 
0.010 
0.021 
0.030 
0.020 
0.020 
0.050 
0.040 

0 

0 
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r- 5599540 3/24/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
5599540 4/29/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 
RNC-1 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 
RNC-1 4/30/1990 PHOSPHORUS, TOT AL (MG/LAS P) 0.001 Lake Bottom 
RNC-1 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 1 
RNC-1 6/14/1990 PHOSPHORUS, TOT AL (MG/LAS P) 0.014 Lake Bottom 
RNC-1 7/13/1990 PHOSPHORUS, TOT AL (MG/LAS P) 0.017 1 
RNC-1 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.075 Lake Bottom 
RNC-1 8/17/1990 PHOSPHORUS, TOT AL (MG/LAS P) 0.013 1 
RNC-1 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.100 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOT AL {MG/L AS P) 0.584 1 
RNC-1 #####-### PHOSPHORUS, TOT AL (MG/LAS P) 0.083 Lake Bottom 
RNC-1 4/22/1991 PHOSPHORUS, TOTAL {MG/LAS P) 0.031 1 
RNC-1 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 Lake Bottom 
RNC-1 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-1 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 Lake Bottom 
RNC-1 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-1 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.067 Lake Bottom 
RNC-1 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.031 Lake Bottom 
RNC-1 5/18/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 
RNC-1 6/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 
RNC-1 7/28/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 
RNC~1 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.038 1 
RNC-1 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.037 Lake Bottom 
RNC-1 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 1 
RNC-1 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 Lake Bottom 
RNC-1 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.014 1 
RNC-1 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 Lake Bottom 
RNC-1 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.022 1 
RNC-1 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.031 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.022 Lake Bottom 
RNC-1 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-1 4/11/1997 PHOSPHORUS, TOTAL (MGIL ASP) 0.016 Lake Bottom 
RNC-1 6/19/1997 PHOSPHORUS, TOTAL (MGIL ASP) 0.028 1 
RNC-1 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.035 Lake Bottom 
RNC-1 7/10/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.033 
RNC-1 7/23/1997 PHOSPHORUS, TOTAL (MGIL ASP) 0.015 1 
RNC-1 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.117 Lake Bottom 
RNC-1 8/22/1997 PHOSPHORUS, TOTAL (MGfL ASP) 0.021 1 
RNC-1 8/22/1997 PHOSPHORUS, TOTAL (MGJL ASP) 0.059 Lake Bottom 
RNC-1 10/9/1997 PHOSPHORUS, TOTAL (MGJL ASP) 0.017 1 
RNC-1 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.174 Lake Bottom 
RNC-1 11/3/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.021 
RNC-1 8/25/1998 PHOSPHORUS, TOTAL (MG/LAS P) 0.036 
RNC-1 9/21/1998 PHOSPHORUS, TOTAL (MG/LAS P) 0.034 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.027 
RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 1 
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RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 12 0 RNC-1 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 Lake Bottom 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.010 1 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 13 
RNC-1 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.008 Lake Bottom 
RNC-1 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 
RNC-1 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.100 Lake Bottom 
RNC-1 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.009 1 
RNC-1 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.038 Lake Bottom 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-1 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.095 Lake Bottom 
RNC-2 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 1 
RNC-2 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 1 
RNC-2 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-2 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.010 1 
RNC-2 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-2 6/11/1991 PHOSPHORUS, TOTAL (MG/L AS P) 0.016 1 
RNC-2 7/9/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.018 1 
RNC-2 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.040 1 
RNC-2 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-2 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-2 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 
RNC-2 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 1 
RNC-2 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.039 1 
RNC-2 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-2 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.026 1 
RNC-2 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.020 1 
RNC-2 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.011 1 
RNC-2 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-2 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-2 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-2 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.013 1 
RNC-3 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.001 1 
RNC-3 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-3 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.025 1 
RNC-3 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-3 ######## PHOSPHORUS, TOTAL {MG/LAS P) 0.015 1 
RNC-3 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.036 1 
RNC-3 6/11/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.024 1 
RNC-3 7/9/1991 PHOSPHORUS, TOT AL (MG/L AS P) 0.030 1 
RNC-3 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.017 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.029 1 
RNC-3 5/18/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.015 1 
RNC-3 6/29/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.069 1 
RNC-3 7/28/1993 PHOSPHORUS, TOTAL (MG/LAS P) 0.012 1 
RNC-3 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.084 1 
RNC-3 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.016 1 

0 
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r . RNC-3 7/1211994 PHOSPHORUS, TOTAL (MG/LAS P) 0.027 1 
RNC-3 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.032 1 
RNC-3 ######## PHOSPHORUS, TOTAL {MG/LAS P) 0.025 1 
RNC-3 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.043 1 
RNC-3 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.059 1 
RNC-3 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.037 1 
RNC-3 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.050 1 
RNC-3 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.034 1 
RNC-3 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-3 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.023 1 
RNC-3 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.019 1 
RNC-3 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.022 1 
RNC-3 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.023 1 
RNC-4 4/30/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.046 1 
RNC-4 6/14/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.152 1 
RNC-4 7/13/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.109 1 
RNC-4 8/17/1990 PHOSPHORUS, TOTAL (MG/LAS P) 0.116 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.036 1 
RNC-4 4/22/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.097 1 
RNC-4 6/11/1991 PHOSPHORUS, TOTAL (MG/L AS P) 0.106 1 
RNC-4 7/9/1991 PHOSPHORUS, TOT AL (MG/L AS P) 0.130 1 
RNC-4 8/15/1991 PHOSPHORUS, TOTAL (MG/LAS P) 0.090 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.072 1 
RNC-4 4/13/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.185 1 
RNC-4 6/6/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.136 1 
RNC-4 7/12/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.123 1 

J RNC-4 8/16/1994 PHOSPHORUS, TOTAL (MG/LAS P) 0.155 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.078 1 
RNC-4 4/11/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.121 1 
RNC-4 6/19/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.072 1 
RNC-4 7/23/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.063 1 
RNC-4 8/22/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.245 1 
RNC-4 10/9/1997 PHOSPHORUS, TOTAL (MG/LAS P) 0.147 1 
RNC-4 4/26/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.047 1 
RNC-4 6/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.070 1 
RNC-4 7/5/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.077 1 
RNC-4 8/2/2000 PHOSPHORUS, TOTAL (MG/LAS P) 0.047 1 
RNC-4 ######## PHOSPHORUS, TOTAL (MG/LAS P) 0.033 1 
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Secondary ID .1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-1 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 
RNC-2 

Start Date Parameter Long Name 
4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
fU#i-lfflllil# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
!l#fnt#Jlli# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
9/15/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
11/3/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
11#1#1#1111# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/9/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

6/23/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/25/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
9/21/1998 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
ff#IU#Jlf## CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
iftf#M#### CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
######## CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
##!/#!Iii## CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 
6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 

Result Value 
4.9 
11.3 
13.9 
15.4 
3.56 
5.86 
6.68 
8.66 
18.6 
5.22 
10.4 
11.4 
23.5 
31.2 
11.7 
19 

18.1 
19.2 

13.35 
5.47 
11.21 
7.63 
14.41 
16.55 
35.6 
28.2 
14.5 
3.61 
12.4 
8.13 
58.7 
9.07 
9.84 
16 

22.3 
15.1 
4.79 
8.64 
6.68 
15.6 
14.1 
7.7 

20.5 
10 

31.6 
31.5 
11.2 
25.1 
29 

22.4 
9.41 
9.64 
11 .6 

0 

0 
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r- RNC-2 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.01 
RNC-2 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.5 
RNC-2 ##It##### CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 20.5 
RNC-3 4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11.1 
RNC-3 6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11 
RNC-3 7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 23.5 
RNC-3 8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 18.1 
RNC-3 ###tiff### CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.61 
RNC-3 4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 17.1 
RNC-3 6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.4 
RNC-3 7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 30.7 
RNC-3 8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 11.4 
RNC-3 #iif:t###ff# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 12.8 
RNC-3 4/13/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 32.9 
RNC-3 6/6/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 8.61 
RNC-3 7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 28 
RNC-3 8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 27.7 
RNC-3 4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 18.2 
RNC-3 6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 29.8 
RNC-3 7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 33 
RNC-3 8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 40.8 
RNC-3 10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 15.5 
RNC-3 4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 20.7 
RNC-3 6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 13.6 
RNC-3 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 12.4 
RNC-3 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 9.75 
RNC-3 ii##ii##ti# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 25.5 
RNC-4 4/30/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 27.62 
RNC-4 6/14/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 38.84 
RNC-4 7/13/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 30.92 
RNC-4 8/17/1990 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 35.04 
RNC-4 #i#l##i#/# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 31.15 
RNC-4 4/22/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 26.7 
RNC-4 6/11/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 74.17 
RNC-4 7/9/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 50.73 
RNC-4 8/15/1991 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 47.12 
RNC-4 lltt####ff# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 16.69 
RNC-4 4/13/1994 CHLOROPHYLL-A UG/l SPECTROPHOTOMETRIC ACID. METH. 11.31 
RNC-4 6/6/1994 CHLOROPHYLL-A UG/l SPECTROPHOTOMETRIC ACID. METH. 51 .62 
RNC-4 7/12/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 69.83 
RNC-4 8/16/1994 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 75.65 
RNC-4 4/11/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 3.98 
RNC-4 6/19/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 46.44 
RNC-4 7/23/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 79.63 
RNC-4 8/22/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 58.99 
RNC-4 10/9/1997 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 55.63 
RNC-4 4/26/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 29.1 
RNC-4 6/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 49.9 
RNC-4 7/5/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 41 .5 
RNC-4 8/2/2000 CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 53.1 
RNC-4 ######ti# CHLOROPHYLL-A UG/L SPECTROPHOTOMETRIC ACID. METH. 16.4 

L 
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Secondary ID . 1 Start Date Parameter Long Name Result Value Sample Depth (ft) 0 5599540 01/08/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 02/05/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7,8 
5599540 04/16/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
5599540 05/16/90 PH (STANDARD UNITS) (standard: 6 5-9.0) 7 
5599540 06/28/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 07/31/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 09/17/90 PH (STANDARD UNITS) (standard: 6 5-9.0) 8.4 
5599540 10/24/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7_5 
5599540 12/04/90 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 01/29/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 02/28/91 PH (STANDARD UNITS} (standard: 6.5-9.0) 83 
5599540 03/25/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
5599540 05/23/91 PH (STANDARD UNITS} (standard: 6.5-9,0) 7.6 
5599540 06/25/91 PH (STANDARD UNITS} (standard: 6.5-9.0) 7.5 
5599540 08/07/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 72 
5599540 09/25/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.3 
5599540 11/14/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 12/16/91 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
5599540 02/03/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 03/10/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
5599540 04/15/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
5599540 05/07/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 07/01/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 08112/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 09/23/92 PH (STANDARD UNITS) (standard: 6.5-9 0) 7.5 
5599540 11/16/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
5599540 12/21/92 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
5599540 01127/93 PH (STANDARD UNITS) (standard: 6.5-9.0} 8.6 
5599540 03/01/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 04112/93 PH (STANDARD UNITS) (standard: 6.5·9.0) 7.9 
5599540 05111193 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
5599540 06/29/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 08/18/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 09/29/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 0 5599540 11110/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
5599540 12108/93 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 01/13/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 03/03/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 04/21/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 05119194 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
5599540 07/06/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
5599540 08103/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 7,8 
5599540 09106/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 11107194 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
5599540 12108/94 PH (STANDARD UNITS) (standard: 6.5-9.0) 8 
5599540 01/09/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 02108/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
5599540 03123/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 7,3 
5599540 05103/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 06/29/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
5599540 08/02/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
5599540 09/07/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
5599540 10/18/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.5 
5599540 12/14/95 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.2 
5599540 01/11/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.3 
5599540 02/28/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 03/19/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 04/25/96 PH (STANDARD UNITS} (standard: 6.5-9.0) 7.1 
5599540 06/20/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 08/13/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
5599540 09/03/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
5599540 11/12/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
5599540 12/11/96 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
5599540 01114/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.5 
5599540 02/18/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
5599540 03/24/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
5599540 04/29197 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
5599540 06109197 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 0 
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c- 5599540 07/16/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
5599540 08/28/97 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 4/30/1990 PH (STANDARD UNITS) (standard: 6.5·9.0) 8.2 
RNC-1 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-1 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-1 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6,9 
RNC-1 10/22/1990 PH (STANDARD UNlTS) (standard: 6.5·9.0) 7,3 
RNC-1 10/22/1990 PH (Sl ANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 4/22/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-1 4/22/1991 PH (STANDARD UNITS) (standard; 6.5-9.0) 7.4 
RNC-1 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-1 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-1 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-1 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-1 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 
RNC-1 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 4/13/1994 PH (STANDARD UNITS) (standard: 6.5:9.0) 7.5 
RNC-1 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-1 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.1 
RNC-1 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 
RNC-1 8/16/1994 PH (STANDARD UNITS) (standard: 6.5·9.0) 9 
RNC-1 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-1 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-1 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-1 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 

G RNC-1 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-1 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.7 
RNC-1 7/23/1997 PH (STANDARD UNITS) (standard: 6,5•9.0) 8.6 
RNC-1 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-1 8/22/1997 PH (STANDARD UNITS) (standard: 6,5-9.0) 7.6 
RNC-1 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
RNC-1 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-1 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.6 
RNC-1 4/26/2000 PH (STANDARD UNITS) (standard: 6,5-9.0) 8 1 
RNC-1 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0} 7.8 12 
RNC-1 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7 56 
RNC-1 61512000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.2 1 
RNC-1 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 13 
RNC-1 615/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 56 
RNC-1 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 1 
RNC-1 7/512000 PH (STANDARD UNITS) (standard: 6,5-9.0) 7.1 53 
RNC-1 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 1 
RNC-1 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 55 
RNC- 1 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 1 
RNC-1 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 6,99 53 
RNC-2 4130/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-2 6114/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-2 7113/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-2 8/ 17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-2 10/22/1990 PH (STANDARD UNITS) (standard: 6,5-9.0) 7.5 
RNC•2 4122/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-2 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-2 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.7 
RNC-2 8115/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-2 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-2 4113/1994 PH (STANDARD UNITS) (standard: 6,5-9.0) 7.7 
RNC-2 6/6/ 1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-2 7/ 12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-2 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.8 

L 
RNC-2 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
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RNC-2 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 0 RNC-2 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-2 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC•2 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-2 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC-2 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-2 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-2 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-2 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-2 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-3 4/30/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-3 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.7 
RNC-3 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.8 
RNC-3 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-3 10/22/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.4 
RNC•3 4/22/1991 PH (STANDARD UNITS) (standard: 6.5-9.0} 8.1 
RNC-3 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.1 
RNC-3 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 10/16/1991 PH (STANDARD UNITS) (standard: 6.5·9.0) 7.3 
RNC-3 4/13/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-3 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-3 7/12/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-3 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.8 
RNC-3 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-3 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-3 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-3 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.5 
RNC-3 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
RNC-3 10/9/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
RNC-3 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-3 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.9 
RNC-3 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9 
RNC-3 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 9.2 
RNC-3 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-4 4/30/1990 PH (STANDARD UNITS} (standard: 6.5-9.0) 7.8 
RNC-4 6/14/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 7/13/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.2 
RNC-4 8/17/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.9 
RNC-4 10/22/1990 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.7 
RNC-4 4/22/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.6 
RNC-4 6/11/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-4 7/9/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.5 
RNC-4 8/15/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-4 10/16/1991 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 4/13/1994 PH (STANDARD UNITS) (standard· 6.5-9.0) 7.5 
RNC-4 6/6/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-4 7/12/1994 PH (STANDARD UNITS) (standard· 6.5-9.0) 8.1 
RNC-4 8/16/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-4 10/11/1994 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.3 
RNC-4 4/11/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 6.8 
RNC-4 6/19/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.6 
RNC-4 7/23/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.1 
RNC-4 8/22/1997 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.3 
RNC-4 10/9/1997 PH (STANDARD UNITS) (slandard: 6.5-9.0) 7.2 
RNC-4 4/26/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.1 
RNC-4 6/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 7.9 
RNC-4 7/5/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 
RNC-4 8/2/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.4 
RNC-4 10/11/2000 PH (STANDARD UNITS) (standard: 6.5-9.0) 8.2 

0 
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County, Illinois May 4, 2002 
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APPENDIXB 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

ISGS MINE MINE YEARS 
INDEX COMPANY NAME MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

13 BIG MUDDY COAL & IRON C BIG MUDDY 9 SHAFT MRP 1906-21 MURPHYSBORO 
13 CONSOLIDATED CC OF ST LOUIS CCC 9 SHAFT 1921-26 MURPHYSBORO 
15 CARBONDALE CC EARLIER 78? HARRISON SHAFT 1878-91 MURPHYSBORO 
15 ST LOUIS ORE & STEEL HARRISON SHAFT RPP 1891-94 MURPHYSBORO 
15 BIG MUDDY COAL & IRON C HARRISON SHAFT 1894-16 MURPHYSBORO 

604 TEMPLETON C C TEMPLETON 1 SLOPE MRP 1927--44 MURPHYSBORO 
2493 BIG MUDDY COAL & IRON C BIG MUDDY 6 SHAFT 1898-09 MURPHYSBORO 

aJII 
o palW5'¢fs\Appendox8-M,neOa ... OOC 'T 

LOCATION 
COUNTY TWP RGE SEC 
JACKSON 8S 2W 34 
JACKSON 8S 2W 34 
JACKSON 8S 2W 33 
JACKSON 8S 2W 33 
JACKSON 8S 2W 33 
JACKSON 9S 2W 16 
JACKSON 9S 2W 10 

B-1 

0 
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ISGS 
INDEX COMPANY NAME 

C~epa\W5'4)(1tS\N)penclu18·M1neData.cJoc 

APPENDIX B 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

MINE MINE YEARS 
MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

DRAFT 

':) 
r 

LOCATION 
COUNTY TWP RGE SEC 

8~2 
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ISGS 
INDEX COMPANY NAME 

CDM 

APPENDIXB 

DIRECTORY OF SELECTED COAL MINES FOR JACKSON COUNTY, ILLINOIS (IDNR 2000) 
MAY 3, 2000 

MINE MINE YEARS 
MINE NAME NO. TYPE METHOD OPERATED SEAM MINED 

DRAFT 

LOCATION 
COUNTY TWP RGE SEC 

8~3 

0 
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Appendix C 
GWLF and BATHTUB Input and 

Output Files 
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GWLF Input Data Files 
Subbasin 1 
Transprt.dat 
9 , 8 
0 . 15, 0 . 15, 10 , 0 , 0 , D.13 , 10 
0 
0 
0 
0 
0 
" APR", 0 . 58 , 13 , 0 , 0 . 27 
" MAY ", 0 . 9 , 14 , 1 , 0 . 27 
" JUNE", 0 . 94 , 14 . 5 , 1, 0.27 
" JULY ", 0 . 93 , 14 . 3 , 1,0.27 
" AUG", 0 . 92 , 13 . 4 , 1,0 . 27 
" SEPT", 0 . 92 , 12 . 2 , 1,0.27 
" OCT", 0 . 86, 11 , 1 , 0.14 
" NOV", 0 . 5 , 10 , 0 , 0 . 14 
" DEC", 0 . 46, 9 . 4 , 0 , 0 . 14 
" JAN", 0 . 6 , 9 . 7 , 0 , 0 . 14 
" FEB", 0 . 62 , 10 . 6 , 0 , 0 . 14 
" MAR", 0 . 61 , 11 . 8 , 0 , 0 . 14 
" Row-Crop", 1059 . 4 , 82 . 1,0 . 05001 
" Small-Grains", 232 . 1 , 80 . 1 , 0 . 04431 
" Pasture", 820 . 1 , 68 . 7 , 0 , 00294 
" Grassland", 1640 . 2 , 68 . 7 , 0 . 00294 
" Urban-Grass", 6 . 8 , 74.2 , 0.00804 
" Deciduous", 4795 . 7 , 59 . 4 , 0 . 00215 
" Deciduous", 21 . 8 , 66 . 2 , 0 . 00108 
"Coniferous", 122 . 9 , 61 . 1,0.00198 
"Cattle-Lot", 0 . 2 , 74 . 2 , 0.00036 
" Open-Water ", 97 , 99 . 8 , 0 
" Shall-Marsh", 9 . 2 , 99 . 6 , 0 
" Deep-Marsh", 1 . 9 , 100 , 0 
" Forest-Wet", 124 . 7 , 100 , 0 
" Shall-Water", 13 . 7 , 100 , 0 
" Barren-Land", 1 . 9 , 100,0 
" High-Density", 4 . 7 , 90 . 1,0 
"Med-Density", 36, 81.2 , 0 

0 

0 
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Nutrient.dat 
3000 , 616 , 0 . 45 , 0.035 
o, o, o 
2.9 , 0 . 26 
1.8 , 0 . 3 
3 , 0.25 
3,0.15 
3 , 0.25 
0.06,0.009 
0.06 , 0 . 009 
0.06 , 0.009 
0 , 4 
o,o 
o,o 
o,o 
0 , 0 
0 , 0 
0 . 0743 , 0.00841 
0 . 0756,0.010112 
0 . 0424,0.00609 
o,o 
0 , 0 
0 , 0 
0 , 0 
o, o 
o,o 
o, o 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
o, o 
0 
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Subbasin 2 
Transprt.dat 
7 , 4 
0 . 15 , 0 . 15 , 10 , 0 , 0 , 0.18 , 10 
0 
0 
0 
0 
0 
"APR", 0 . 5 , 13 , 0 , 0 . 27 
" MAY ", 0 . 94 , 14 , 1 , 0 . 27 
" JUNE", 0 . 95 , 14 . 5 , 1 , 0 . 27 
" JULY", 0 . 94 , 14 . 3 , 1 , 0 . 27 
" AUG", 0 . 93 , 13 . 4 , 1 , 0 . 27 
" SEPT", 0 . 94 , 12 . 2 , 1 , 0 . 27 
"OCT ", 0 . 92 , 11 , 1 , 0 . 14 
" NOV", 0 . 4 5 , 10 , 0 , 0 . 14 
" DEC", 0 . 42 , 9 . 4 , 0 , 0 . 14 
" JAN", 0 . 52 , 9 . 7 , 0 , 0 . 14 
" FEB", 0 . 53 , 10 . 6 , 0 , 0 . 14 
" MAR", 0 . 52 , 11 . 8 , 0 , 0 . 14 
" Row-Crop", 88 , 81 . 9, 0 . 0515 
" Small-Grains", 8 . 4 , 77 . 7 , 0 . 0385 
" Pasture", 132 . 8 , 68 . 6 , 0 . 0064 
" Grassland", 265 . 5 , 68 . 6 , 0 . 0064 
" Deciduous", 1752 . 4 , 62 . 2 , 0 . 0029 
" Deciduous", 3 , 82 . 2 , 0 . 0014 
" Coniferous", 45 . 8 , 63 . 6 , 0 . 0021 
" Open-Water ", 198 , 100, 0 
" Shall-Marsh", 1 . 1 , 89 . 5 , 0 
" Forest-Wet", 1 , 100 , 0 
" Shall-Water", 3 , 94 . 6 , 0 
Nutrient.dat 
3000 , 616 , 0 . 1 , 0 . 012 
0, 0 , 0 
2 . 9 , 0.26 
1.8 , 0 . 3 
3 , 0 . 25 
3, 0.15 
0 . 06 , 0.009 
0 . 06 , 0 . 009 
0 . 06 , 0 . 009 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 

0 

0 
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Subbasin 3 
Transprt.dat 
7 , 3 
0 . 15 , 0.15, 10 , 0, 0 , 0 . 22 , 10 
0 
0 
0 
0 
0 
"APR", 0 .44, 13 , 0 , 0 . 27 
"MAY", 0 . 95 , 14 , 1 , 0 . 27 
"JUNE", 0 . 9 5, 14 . 5 , 1 , 0 . 27 
"JULY", 0 . 95 , 14 . 3 , 1 , 0 . 27 
"AUG" , 0 . 9 4, 13 . 4 , 1 , 0 . 2 7 
"SEPT", 0 . 95 , 12 . 2 , 1 , 0 . 27 
"OCT" , 0 . 9 5, 11 , 1 , 0 . 14 
"NOV",0.42 , 10 , 0 , 0 . 14 
"DEC",0.4, 9 . 4 , 0 , 0 . 14 
"JAN" , 0 . 4 5, 9 . 7 , 0 , 0 . 14 
"FEB", 0. 4 6, 10 . 6 , 0 , 0 . 14 
"MAR",0.45 , 11 . 8 , 0 , 0 . 14 
"Row-Cr op", 14.3 , 77.5 , 0 . 09219 
"Small-Grains ", 0 . 4 , 75 . 2 , 0 . 02781 
"Pasture",1 9.2 , 61 . 7 , 0.00919 
"Gras sland", 38 . 3 , 61 . 7 , 0 . 00919 
"Deciduou s ", 775 . 5 , 65 . 5 , 0 . 00321 
"Deciduou s ", 1.1 , 89 . 4 , 0 . 00256 
"Coniferous", 17 . 9 , 60 . 3 , 0 . 00265 
"Open-Wate r", 163.8 , 99 . 9 , 0 
" Forest-Wet", 3 . 4 , 100 , 0 
" Shall-Water", 0 . 7 , 100 , 0 
Nutrient.dat 
3000, 616 , 0 . 1 , 0 . 012 
0 , 0 , 0 
2 . 9 , 0 . 26 
1.8 , 0 . 3 
3, 0 . 25 
3 , 0 . 15 
0 . 06 , 0 . 009 
0 . 06 , 0 . 009 
0 . 06 , 0 . 009 
0, 0 
0 , 0 
0 , 0 
o,o 
0, 0 
0 , 0 
o, o 
0, 0 
0, 0 
0 , 0 
0, 0 
0, 0 
o, o 
0, 0 
0, 0 
0 
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Subbasin 4 
Transprt.dat 
7 , 5 
0 . 15, 0 . 15, 10, 0 , o, 0 . 17, 10 
0 
0 
0 
0 
0 
"APR", 0 . 63 , 13, 0 , 0 . 27 
"MAY", 0 . 88 , 14 , 1 , 0 . 27 
"JUNE", 0 . 9, 14 . 5 , 1 , 0 . 27 
"JULY", 0 . 89 , 14 . 3, 1 , 0 . 27 
"AUG", 0 . 89 , 13 . 4 , 1 , 0 . 27 
"SEPT", 0 . 89 , 12 . 2 , 1, 0 . 27 
"OCT", 0 . 85 , 11 , 1 , 0 . 14 
" NOV", 0 . 56 , 10, 0 , 0 . 14 
"DEC", 0 . 52 , 9 . 4, 0, 0 . 14 
"JAN", 0 . 66 , 9 . 7, 0, 0 . 14 
"FEB", 0 . 68 , 10 . 6 , 0 , 0 . 14 
"MAR", 0 . 66 , 11 . 8 , 0 , 0 . 14 
" Row-Cr:op", 285 . 4, 83 . 1, 0 . 03306 
" Small-Gr:ains ", 63 , 79 . 8 , 0 . 03064 
" Pastur:e", 232 . 6 , 72 . 5 , 0 . 00620 
" Gr:assland", 465 . 1 , 72 . 5 , 0 . 00620 
" Deciduous", 1376 . 8 , 65 , 0 . 00234 
" Deciduous", 13 . 7 , 62 . 1 , 0 . 00177 
"Cattle-Lot", 2 . 1, 73 . 9 , 0 . 00622 
"Open-Water:", 635 . 1, 100 , 0 
"Shall-Mar:sh", 0 . 5 , 100 , 0 
" Deep-Mar:sh", 0 . 8 , 100 , 0 
" For:est-Wet ", 19 . 9, 99 . 7 , 0 
"Shall-Water:", 7 . 3 , 98 . 8 , 0 
Nutrient.dat 
3000 , 616 , 0 . 25 , 0 . 015 
0, 0 , 0 
2 . 9, 0 . 26 
1.8 , 0 . 3 
3, 0 . 25 
3, 0 . 15 
0 . 06 , 0 . 009 
0 . 06 , 0 . 009 
0 , 219 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 , 0 
0 

0 

0 
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r - Weather.dat (excerpt) 
30 
6.39 , 0 . 00 
5 . 00 , 0 . 00 
8.61 , 0 . 00 
16.94 , 0 . 00 
19.44 , 0 . 00 
11 . 11 , 2 . 31 
9.44 , 0 . 00 
5.00 , 0 . 00 
3,06 , 0 . 00 
5.83 , 0 . 00 
9.44 , 0 . 13 
13.89 , 0 . 00 
16 . 11 , 0 . 00 
17 . 78 , 0 . 94 
12 . 22 , 1.55 
13 . 61 , 0 . 03 
15 . 28 , 0 . 00 
18.33, 0 . 00 
19 . 44 , 0 . 00 
19 . 44 , 0 . 00 
20 . 28 , 0 . 00 
20 . 83 , 0 . 00 
21.67 , 0 . 00 
18.61 , 1.09 
14 . 17 , 0 . 00 
17 . 22 , 0 . 00 
20.28 , 0 . 53 
20.00, 0 . 48 
15.83, 0 . 00 
18.33, 0 . 00 
31 
20 . 00 , 1.52 
17.22 , 0.25 
12 . 50 , 0.30 
13.61 , 0 . 00 
16 . 67 , 0 . 00 
20 . 28 , 0 . 00 
20.83, 0,00 
13.89, 0.00 
16 . 39, 0 . 00 
18 . 89 , 0 . 00 
19 . 17 , 0 . 00 
21.11 , 0 . 10 
22.78 , 0 . 53 
21.67 , 3 . 35 
21.11 , 0.10 
18 . 89 , 0.13 
16.39, 0 . 00 
10.28 , 0.23 
15,00 , 0.00 
19.17 , 0 . 00 
20 . 83 , 0.00 
20.00 , 1.75 
11 . 94 , 2.29 

L 16.11 , 0 . 00 
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18.06,0.00 
20.00,0.00 
24 . 72,0.00 
21.94,0.03 
17.22,0.00 
21.94,0 . 00 
25.56, 0.00 
30 
21.39, 0.00 
22.22 , 0.00 
23.89 , 0 . 18 
22.50 , 2 . 26 
24.17 , 1.57 
20.56, 0.79 
19.72 , 0.71 
19.17 , 0.00 
22 . 50 , 0.00 
23 . 89 , 2.59 
23.06 , 1.02 
18.33 , 1.27 
12 . 78 , 0.13 
13.61 , 0.00 
17.22 , 0.05 
21.39 , 0.00 
23 . 33 , 2.06 
18 . 06 , 1.57 
18.33 , 0.00 
17.22 , 0.00 
20.56 , 0.00 
23.06 , 0,91 
21.94 , 0.00 
25.28 , 1.70 
24.72 , 0 . 15 
25.28 , 0.00 
25.83 , 0.00 
24.44 , 4.42 
18.89 , 0.30 
21.67 , 0,00 

0 

0 
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BATHTUB Model Output for 1994 Simulation 
CASE: Kinkaid 1994 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

------------------------------------~------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 

TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 135. 4 .29 
MG/M3 52.1 .56 

M . 4 . 72 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

137.6 .48 .98 -.06 -. 0 6 -.03 
49.9 . 53 1.04 .08 .12 .06 

. 5 . 66 . 98 - .03 -.09 - . 03 
1364.6 .41 . 00 .00 .00 .00 
106.7 .39 . 00 .00 .00 .00 

ESTIMATE D T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36.8 .73 
CHL-A MG/M3 24.3 . 44 
SECCHI M 1. 3 .67 
ORGANIC N MG/M3 .0 .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 3 Lower Pool 
OBSERVED 

VARIABLE MEAN CV 

TOTAL p MG/M3 22.2 . 46 
CHL-A MG/M3 23.4 .44 
SECCHI M 1. 6 . 59 
ORGANIC N MG/M3 .0 .00 
TP-ORTHO-P MG/M3 .0 .00 

39.3 . 45 .94 -.09 - .2 5 -.08 
22.2 . 67 1. 09 .20 . 26 .11 
1. 4 . 53 .93 - .11 -. 25 - . 08 

675.5 .47 .00 .00 .00 .00 
39.0 .49 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

23.1 . 45 . 96 -.09 -.15 -.06 
20.2 . 67 1.16 .33 . 4 3 .18 

1. 7 . 60 .92 -.14 -.29 -.10 
623.3 .48 .00 .00 .00 .00 
33.7 .58 .00 .00 .00 .00 

-------------------------------------------------------------------------
SEGMENT: 4 Near Dam 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19.1 .52 
SECCHI M 1. 9 .65 
ORGANIC N MG/M3 .0 .00 
TP- ORTHO- P MG/M3 . 0 . 00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

23.3 .46 1.08 .15 .30 .12 
19.1 .66 1.00 .01 .01 .00 
1.8 .60 1.05 .08 .19 .06 

597.8 . 4 6 .00 .00 .00 .00 
31. 7 .58 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36.7 .48 36.3 .45 1. 01 .02 .03 .01 
CHL-A MG/M3 23.6 .50 22.6 .53 1.05 .09 .14 .06 
SECCHI M 1. 6 . 64 1. 6 .50 1.01 .02 .04 .01 
ORGANIC N MG/M3 . 0 .00 683.9 .40 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 . 00 40.0 . 50 . 00 . 00 . 00 .00 

0 

0 
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CASE: Kinkaid 1994 - Calibrated 
GROSS WATER BALANCE: 

DRAINAGE AREA ---- FLOW (HM3/YR) ---- RUNOFF 
ID T LOCATION KM2 MEAN VARIANCE CV M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 32.800 .OOOE+OO .000 .364 
2 1 Subbasin 2 25.100 10.000 .OOOE+OO .000 .398 
3 1 Subbasin 3 10.400 4.700 .OOOE+OO .ooo .452 
4 1 Subbasin 4 31.100 15.400 .OOOE+OO .ooo . 4 95 

----------------------------------------------------------------------------
PRECIPITATION 9,509 10,555 .446E+Ol 
TRIBUTARY INFLOW 156.700 62.900 .OOOE+OO 
***TOTAL INFLOW 166.209 73.455 .446E+Ol 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbas in 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 l (I) 

4798.6 67.7 .OOOE+OO . 0 
700.0 9.9 .OOOE+OO . 0 
198.8 2.8 .OOOE+OO . 0 

1102. 6 15.6 .OOOE+OO . 0 

.200 

.000 

.029 

.049 

.049 

.300 

CV 

.000 

.000 

.ooo 

.000 

1.110 
.401 
.442 
.394 
.394 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

146.3 53,3 
70.0 27.9 
42.3 19.1 
71. 6 35 . 5 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4.0 .203E+05 100.0 .500 27 . 0 30.0 
TRIBUTARY INFLOW 6800.1 96.0 .OOOE+OO . 0 .000 108.1 4 3. 4 
***TOTAL INFLOW 7085.4 100.0 .203E+05 100.0 .020 96 . 5 42.6 
ADVECTIVE OUTFLOW 1521. 9 21. 5 . 483E+06 2375.1 ,457 23.3 9.2 
***TOTAL OUTFLOW 1521.9 21. 5 .483E+06 2375.1 .457 23.3 9 . 2 
***RETENTION 5563.5 78.5 .495E+06 2432.9 .126 . 0 . 0 

HYDRAULIC -------------- TOTAL p 
____________ ...,_ 

OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 
RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6.88 1. 9902 36.7 . 6739 1.4839 .7852 
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BATHTUB Model Output for 1997 Simulation 
CASE: Kinkaid 1997 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED ESTIMATED 

VARIABLE MEAN CV MEAN CV RATIO 

TOTAL p MG/ M3 129.6 . 56 133.1 . 4 5 .97 
CHL-A MG/ M3 48.9 .57 45.6 . 4 6 1. 07 
SECCHI M . 3 .34 . 3 .32 .98 
ORGANIC N MG/ M3 . 0 .00 1364.9 .32 .00 
TP-ORTHO-P MG/ M3 . 0 .00 130 .1 .25 .00 

T STATISTICS 
1 2 3 

-.05 -.10 -.04 
.12 . 20 .10 

-.07 -.09 -.05 
.00 .00 .00 
.00 .oo .00 

-------------------------------------------------------------------------
SEGMENT: 2 Middle Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 44.6 .23 
MG/M3 27. 5 .38 

M . 9 . 26 
MG / M3 . 0 .00 
MG/M3 . 0 . 0 0 

3 Lo wer Pool 
OBSERVED 

MEAN CV 

43.0 . 45 1. 04 .16 .14 . 07 
27 .5 .50 1.00 .00 .00 .00 

. 9 .35 1.00 .00 . 00 . 00 
814.6 .39 . 00 .00 . 00 .00 
54. 7 .42 .00 .00 .oo .oo 

ESTIMATED T STATISTICS 
MEAN CV RATIO l 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 .26 25.6 . 45 1. 06 . 23 .22 . 11 
CHL-A MG/M3 19.4 . 45 15.9 . 5 4 1. 22 . 45 . 58 .29 
SECCHI M 1.1 .26 1. 3 .38 . 90 -.41 -.38 -.23 
ORGANIC N MG/M3 . 0 .00 548.0 .36 .00 .00 . 00 .00 
TP-ORTHO-P MG/M3 . 0 .00 33.3 .43 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

MG/M3 42.5 1.09 
MG/M3 13.2 . 4 0 

M 1. 3 .30 
MG/M3 . 0 .00 
MG/M3 . 0 .oo 

5 AREA-WTD MEAN 
OBSERVE D 

MEAN CV 

37.0 .45 1.15 .13 .52 .12 
12 . 9 .47 1. 03 .06 .07 . 0 4 
1. 3 .33 . 99 - .04 - . 04 -.02 

483 . 8 .30 . 00 .00 . 00 . oo 
29.2 .37 . 00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 .75 44.9 • 4 5 1.08 .10 .27 .08 
CHL-A MG/M3 19.9 .44 18.9 • 4 3 1.05 .12 .15 .09 
SECCHI M 1.1 . 29 1.1 . 2 9 . 98 -.09 -.09 -.06 
ORGANIC N MG/M3 . 0 .00 632.2 .31 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 43.5 .35 .00 .00 . 00 .00 
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CASE: Kinkaid 1997 - Calibrated 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

DRAINAGE AREA 
KM2 

90.100 
25.100 
10.400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

36.500 .OOOE+OO .000 
10.900 .OOOE+OO .000 

5.100 .OOOE+OO .000 
16.600 .OOOE+OO .000 

RUNOFF 
M/ YR 

. 405 

. 434 

. 490 
,534 

----------------------------------------------------------------------------
PRECI PI TAT ION 9.509 11. 886 .565E+Ol .200 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO .000 
***TOTAL INFLOW 166.209 80 . 986 .565E+Ol .029 
ADVECTIVE OUTFLOW 166 . 209 72. 980 .114E+02 .046 
***TOTAL OUTFLOW 166 . 209 72. 98 0 . 114E+02 . 046 
***EVAPORATION .000 8 . 007 .577E+Ol .300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
7.67 1.8016 

- --- - LOADING - --- --- VARIANCE --­
KG/YR %(I) KG/YR**2 '!i (I) CV 

5898 . 4 
1097.6 

299 . 9 
1397.7 

285.3 
8693.6 
8978.9 
2697.3 
2697 . 3 
6281. 6 

65. 7 . OOOE+OO 
12. 2 . OOOE+OO 

3 . 3 . OOOE+OO 
15 . 6 . OOOE+OO 

. 0 . 000 

. 0 . 000 
• 0 • 0 00 
. 0 . ODO 

3.2 
96.8 

100.0 
30.0 
30.0 
70 . 0 

. 203E+05 100.0 

. OOOE+OO .D 
.203E+05 100,0 
.150E+07 7379 . 0 
. 150E+07 7379.0 
.151E+07 7412 . 4 

. 500 

.ooo 
. 0 16 
.454 
. 4 54 
.195 

-------------- TOTAL P --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
48.3 .7074 1.4135 . 6996 

1.250 
.441 
.487 
.439 
. 439 
. 000 

CONC EXPORT 
MG / M3 KG/KM2 

161.6 
100 . 7 
58.8 
84.2 

24.0 
125.8 
11 0 . 9 
37.0 
37.0 

. 0 

65.5 
43.7 
2 8 .8 
44.9 

30.0 
55.5 
54.0 
16. 2 
1 6. 2 

. 0 

0 

0 
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BATHTUB Model Output for 2000 Simulation 
CASE: Kinkaid 2000 - Calibrated 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 54.8 .33 72 .2 .45 .76 -.83 -1.03 -.49 
CHL-A MG/M3 38.0 .40 32.0 .42 1.19 .43 .50 .30 
SECCHI M . 3 . 12 . 4 .21 .95 - . 43 -.19 -.22 
ORGANIC N MG/M3 .0 .00 1032.9 .31 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 99.0 .27 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 21. 2 .10 32.6 . 45 . 65 -4.43 -1. 60 -.93 
CHL-A MG/M3 16.4 .40 18.3 .52 . 90 -.27 -.31 - . 17 
SECCHI M • 9 .34 . 9 .33 1. 04 .13 .15 .09 
ORGANIC N MG/M3 . 0 .00 623. 0 .35 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 43.9 .38 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 19.4 . 45 . 64 -6.21 -1.66 -.98 
CHL-A MG/M3 12.6 .38 12.7 .56 .99 -.02 -.02 -.01 
SECCHI M 1. 4 .29 1. 4 .36 1.00 .01 . 01 .01 
ORGANIC N MG/M3 . 0 .00 477.6 .35 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 28.0 . 4 6 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 
CHL- A MG/M3 18.4 1. 24 
SECCHI M 1.8 . 24 
ORGANIC N MG/M3 . 0 .00 
TP- ORTHO- P MG/M3 . 0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

24.3 .45 1. 20 .16 .66 .15 
19.7 .70 .93 -.06 -.20 -.05 

1. 7 .73 1.06 .24 .20 . 07 
614.0 .49 . 00 .00 .00 .00 
33.4 .58 . 00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 27.4 .77 29.3 .45 .93 -.09 -.25 - . 08 
CHL-A MG/M3 18.9 .87 19.5 .57 . 97 -.04 -.09 -.03 
SECCHI M 1.4 .26 1. 4 .56 1.05 .18 .16 . 07 
ORGANIC N MG/M3 .0 .00 632.3 .40 .00 .00 .00 . 00 
TP-ORTHO-P MG/M3 . 0 . 00 40 .3 . 45 . 00 .00 .00 .00 

0 

0 

0 
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r- CASE ; Kinkaid 2000 - Calibrated 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

l 1 Subbasin 1 90.100 38 . 000 . OOOE+OO .000 . 422 
2 1 Subbasin 2 25 . 100 11 . 300 .OOOE+OO .000 .450 
3 1 Subbasin 3 10 . 400 5 . 300 .OOOE+OO .000 .510 
4 1 Subbasin 4 31.100 17 . 400 .OOOE+OO .000 .559 

PRECIPITATION 9 . 509 12.267 . 602E+Ol .200 1.290 
TRIBUTARY INFLOW 156 . 700 72. 000 .OOOE+OO .ooo . 459 
***TOTAL INFLOW 166.209 84 . 267 .602E+Ol .029 .507 
ADVECTIVE OUTFLOW 166.209 76 . 260 .118E+02 . 045 . 459 
•~*TOTAL OUTFLOW 166.209 76 . 260 . 118E+02 . 045 . 459 
***EVAPORATION . 000 8 . 007 .577E+Ol .300 .ooo 
------------------------------~---------------------------------------------
GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT ; TOTAL P 

ID T LOCATION 
-----LOADING---- --- VARIANCE --­

KG/YR %(I) KG/YR**2 %(I) CV 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbas in 3 
4 1 Subbasin 4 

9013.6 
1600.1 

600.0 
2603 . 0 

63.9 .OOOE+OO 
11.3 .OOOE+OO 

4.3 .OOOE+OO 
18 . 5 .OOOE+OO 

. 0 . 000 

. 0 . 000 

. 0 . 000 

.0 .000 

CONC EXPORT 
MG/M3 KG/KM2 

237.2 
141.6 
113 .2 
149.6 

100.0 
63.7 
57.7 
83.7 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 2 . 0 .203E+05 100.0 .500 23.3 30.0 
TRIBUTARY INFLOW 13816.7 98. 0 .OOOE+OO .0 .000 191.9 88.2 
***TOTAL INFLOW 14101.9 100 .0 .203E+05 100.0 .010 167.3 84.8 
ADVECTIVE OUTFLOW 1850.4 13.1 .702E+06 3452.5 .453 24.3 11.1 
***TOTAL OUTFLOW 1850.4 1 3 . 1 .702E+06 3452.5 .453 24.3 11.1 
***RETENTION 12251.5 86 . 9 .717E+06 3523.1 .069 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESI DENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG / M3 YRS 
8.02 1. 5738 2 7 .4 . 2 32 9 4 . 2933 . 8688 
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INTRODUCTION 

Mathematical models for estimating nonpoint sources of nitrogen and phosphorus in streamflow include 
export coefficients, loading functions and chemical simulation models. Export coefficients are average annual 
unit area nutrient loads associated with watershed land uses. Coefficients provide gross estimates of nutrient 
loads, but are of limited value for determining seasonal loads or evaluating water pollution control measures. 
Chemical simulation models are mechanistic (mass balance) descriptions of nutrient availability, wash off, 
transport and losses. Chemical simulation models provide the most complete descriptions of nutrient loads, 
but they are too data intensive for use in many water quality studies. 

Loading functions are engineering compromises between the empiricism of export coefficients and the 
complexity of chemical simulation models. Mechanistic modeling is limited to water and/or sediment move­
ment. Chemical behavior of nutrients is either ignored or described by simple empirical relationships. Loading 
functions provide useful means of estimating nutrient loads when chemical simulation models are impractical. 

The Generalized Watershed Loading Functions (GWLF) model described in this manual estimates 
dissolved and total monthly nitrogen and phosphorus loads in streamflow from complex watersheds. Both 
surface runoff and groundwater sources are included. as well as nutrient loads from point sources and on-site 
wastewater disposal (septic) systems. In addition, the model provides monthly streamflow, soil erosion and 
sediment yield values. The model does not require water quality data for calibration, and has been validated 
for an 85,000 ha watershed in upstate New York. 

The model described in this manual is a based on the original GWLF model as described by Haith & 
Shoemaker (1987). However, the current version (Version 2.0) contains several enhancements. Nutrient loads 
from septic systems are now included and the urban runoff model has been modified to more closely 
approximate procedures used in the Soil Conservation Service's Technical Release 55 {Soil Conservation 
Service, 1986) and models such as SWMM (Huber & Dickinson, 1988) and STORM (Hydrologic Engineering 
Center, 1977). The groundwater model has been given a somewhat stronger conceptual basis by limiting the 
unsaturated zone moisture storage capacity. The graphics outputs have been converted to VGA and color has 
been used more extensively. 

The most significant changes in the manual are an expanded mathematical description of the model 
(Appendix A) and much more detailed guidance on parameter estimation (Appendix B). Both changes are in 
response to suggestions by many users. The extra mathematical details are for the benefit of researchers who 
wish to modify (and improve) GWLF for their own purposes. The new sections on parameter estimation (and 
the many new tables) are for users who may not be familiar with curve numbers, erosivity coefficients, etc., or 
who do not have access to some of the primary sources. The general intent has been to make the manual 
self-contained. 

This manual describes the computer software package which can be used to implement GWLF. The 
associated programs are written in QuickBASIC 4.5 for personal computers using the MS-DOS operating 
system and VGA graphics. The manual and associated programs (on floppy disk) are available without charge 
from the senior author. The programs are distributed in both executable (.EXE) and source code form (.BAS). 
Associated example data files and outputs for Example 1 and a 30-yr weather set for Walton NY used in 
Example 3 are also included on the disk. 

The main body of this manual describes the program structures and input and output files and options. 
Three examples are also presented. Four appendices present the mathematical structure of GWLF, methods 
for estimation of model parameters, results of a validation study, and sample listings of input and output files. 

In this manual, the program name, options in the menu page, and input by the user are written in bold, 
underline and italic, respectively. 
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MODEL DESCRIPTION 

Model Structure 

The GWLF model includes dissolved and solid-phase nitrogen and phosphorus in streamflow from the 
sources shown in Figure 1. Rural nutrient loads are transported in runoff water and eroded soil from numerous 
source areas, each of which is considered uniform with respect to soil and cover. Dissolved loads from each 
source area are obtained by multiplying runoff by dissolved concentrations. Runoff is computed by using the 
Soil Conservation Service Curve Number Equation. Solid-phase rural nutrient loads are given by the product 
of monthly sediment yield and average sediment nutrient concentrations. Erosion is computed using the 
Universal Soil Loss ~quation and the sediment yield is the product of erosion and sediment delivery ratio. The 
yield in any month is proportional to the total transport capacity of daily runoff during the month. Urban nutrient 
loads, assumed to be entirely solid-phase, are modeled by exponential accumulation and washoff functions. 
Septic systems are classified according to four types: normal systems, ponding systems. short-circuiting 
systems, and direct discharge systems. Nutrient loads from septic systems are calculated by estimating the 
per capita daily load from each type of system and the number of people in the watershed served by each 
type. Daily evapotranspiration is given by the product of a cover factor and potential evapotranspiration. The 
latter is estimated as a function of daylight hours, saturated water vapor pressure and daily temperature. 

Rural 

Figure 1. Nutrient Sources in GWLF. 

Urban 
Run□f'f' 

Streamflow consists of runoff and discharge from groundwater. The latter is obtained from a lumped 
parameter watershed water balance. Daily water balances are calculated for unsaturated and shallow 
saturated zones. Infiltration to the unsaturated and shallow saturated zones equals the excess, if any, of 
rainfall and snowmelt less runoff and evapotranspiration. Percolation occurs when unsaturated zone water 
exceeds field capacity. The shallow saturated zone is modeled as a linear groundwater reservoir. 

Model structure, including mathematics, is discussed in more detail in Appendix A. 

Input Data 

The GWLF model requires daily precipitation and temperature data, runoff sources and transport and 
chemical parameters. Transport parameters include areas, runoff curve numbers for antecedent moisture 
condition II and the erosion product ~L$CP for each runoff source. Required watershed transport parameters 
are groundwater recession and seepage coefficients, the available water capacity of the unsaturated zone, the 
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sediment delivery ratio and monthly values for evapotranspiration cover factors, average daylight hours, 
growing season indicators and rainfall erosivity coefficients. Initial values must also be specified for 
unsaturated and shallow saturated zones, snow cover and 5-day antecedent rain fall plus snowmelt. 

Input nutrient data for rural source areas are dissolved nitrogen and phosphorus concentrations in runoff 
and solid-phase nutrient concentrations in sediment. If manure is spread during winter months on any rural 
area, dissolved concentrations in runoff are also specified for each manured area. Daily nutrient accumulation 
rates are required for each urban land use. Septic systems need estimates of the per capita nutrient load in 
septic system effluent and per capita nutrient losses due to plant uptake, as well as the number of people 
served by each type of system. Point sources of nitrogen and phosphorus are assumed to be in dissolved form 
and must be specified for each month. The remaining nutrient data are dissolved nitrogen and phosphorus 
concentrations in groundwater. 

Procedures for estimating transport and nutrient parameters are described in Appendix 8. Examples are 
given in Appendix C and in subsequent sections of this manual. 

Model Output 

The GWLF program provides its simulation results in tables as well as in graphs. The following principal 
variables are given: 

Monthly Streamflow 
Monthly Watershed Erosion and Sediment Yield 
Monthly Total Nitrogen and Phosphorus Loads in Streamflow 
Annual Erosion from Each Land Use 
Annual Nitrogen and Phosphorus Loads from Each Land Use 

The program also provides 

Monthly Precipitation and Evapotranspiration 
Monthly Ground Water Discharge to Streamflow 
Monthly Watershed Runoff 
Monthly Dissolved Nitrogen and Phosphorus Loads in Streamflow 
Annual Dissolved Nitrogen and Phosphorus Loads from Each Land Use 
Annual Dissolved Nitrogen and Phosphorus Loads from Septic Systems 

GWLF PROGRAM 

Required Files 

Simulations by GWLF require four program modules and three data files on the default drive. The three 
necessary data files are WEATHER.DAT, TRANSPRT.0AT and NUTRIENT.OAT. The four compiled 
modules, GWLF20.EXE, TRAN20.EXE, NUTR20.EXE, and OUTP20.EXE are run by typing GWLF20. 

Two daily weather files for Walton, NY are included on the disks. WALT478.382 is the four year (4/78-
3/92) record used for model validation and in Examples 1 and 2. WALT462.392 is the 30 year (4/62- 3/92) 
record used in Example 3. Prior to running the programs, the appropriate weather record should be copied to 
WEATHER.DAT. 

The final two data files on the disks (RESULTS.DAT, and SUMMARY.OAT) are output files from 
Example 1. GWLF20.BAS, TRAN20.BAS, NUTR20.BAS, and OUTP20.BAS are the uncornpiled, Quick­
BASIC files for the modules, and can be used to modify the existing program. 
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Program Structure 

The structure of GWLF is illustrated in Figure 2. Once the program has been activated, the main control 
page appears on the screen, as shown in DISPLAY 1.This page is the main menu page that leads to the four 
major options of the program. The selection of a program option provides access to another set of menu 
pages within the chosen option. After completing an option, the program returns the user to the main menu 
page for further actions. 

~--·l .. r ··--·1 
:TRANSPRT.TXT: 

: III . 
:TRANSPRT. DAT : 
............................. -

:·····1¥1·--·: . . 
: WEATHER. DAT: 
:TRANSPRT. DAT: 
: !4~_T_l!I. ~ti'!'; P.A.1:: 

~~~ 

□ ANNUAL, TXT 
MONTHLV.TXT 
SUMHARV.TXT 

~~ ,Q 
Figure 2. Structure of the GWLF Program. 

The selection of the menu options is done by typing the number indicating a choice and then Enter. For 
example, selection of Run simulation is done by typing 3 and Enter. 

Select one 
1 
2 

3 
4. 
5 

7 

of the following: 
Create or print TRANSPRT . DAT (Transport parameters) 
Create or print NUTRIENT.DAT (nutrient parameters! 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End} 

DISPLAY 1. The Main Menu Page of the GWLF Program. 

Transport Data Manipulation 

The first step in using the program is to define transport parameters either by creating a new transport 
data file or modifying an existing one. Options are shown in DISPLAY 2. If the user wishes to create a new 
transport data file, selection of Create new TRANSPRT.DAT file leads to the input mode. On the other hand, if 
the user wishes to modify an existing transport data file, selection of Modify existing TRANSPRT.DAT file 
leads to the modification mode. After input/modification, the user can obtain a hard copy of the transport data 
by selecting Print TRANSPORT data. 
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Select: 
1 
2 
3 

otherwise 

Create new TRANSPRT.DAT file 
Modify existing TRANSPRT.DAT file 
Print TRANSPORT data 
Return 

DISPLAY 2. The Menu Page fo.r Manipulation of T.ranspo.rt Parameters. 

Create a New TRANSPRT.DAT File. New values of transport parameters are input one by one in this 
mode. Values are separated by Enter keys. After the number of land uses are input, a table is displayed in the 
screen to help the user to input data. The line in the bottom of the screen provides on-line help which indicates 
the expected input data type. 

In cases when a serious error has been made, the user can always restart this process by hitting F1, then 
Enter. Alternatively, the user may save current input and modify the data in the modification mode. 

After all input is complete, the user is asked whether to save or abort the changes. An input of Y will 
overwrite the existing, if any, transport data file. 

Modify an Existing TRANSPRT.DA T File. An existing transport data file can be modified in this mode. 
This is convenient when only minor modification of transport data is needed, e.g., in the case of studying 
impacts of changes of land use on a watershed. 

In this mode, the user is expected to hit Enter if no change would be made and Space bar it a new value 
would be issued. The two lines at the bottom of screen provide on-line help. 

Print TRANSPORT Data. The user can choose one or more of the three types of print out of transport 
parameters, namely, to display to screen, print a hard copy, or create a ASCII text file named 
TRANSPRT.TXT. The text file can later be imported to a word processor to generate reports. 

Nutrient Data Manipulation 

0When nutrient loads are of concern, the nutrient data file (NUTRIENT.DAT) must be available before a 
simulation can be run. This is done by either creating a new nutrient data file or modifying an existing one. 
Options are shown in DISPLAY 3. Procedures for creating, modifying or printing nutrient data are similar to 
those described for the transport data. The ASCII text file is NUTRIENT.TXT. 

Select: 
1 
2 
3 
4 

Create new NUTRIENT.DAT file 
Modify existing NUTRIENT.DAT file 
Print NUTRIENT data 
Return 

DISPLAY 3. The Menu Page for Manipulation of Nutrient Parameters. 
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Simulation 

Four categories of simulation can be performed, as shown in DISPLAY 4. To simulate streamflow or 
sediment yield, two data files, WEATHER.DAT and TRANSPRT.OAT must be in the default directory. An 
additional data file, NUTRIENT.DAT, is required when nutrient loads are simulated. 

Select program options: 
1 Streamflow simulation only 
2 Streamflow and sediment yield only 
3 Strearnflow, sediment yield, and nutrient loads 
4 Streamflow, sediment yield, nutrient loads, and septic systems 

otherwise Return 

DISPLAY 4. The Menu Page for Simulation Options . 

After choosing the type of simulation, the user inputs the title of this specific simulation. This title can be a 
word, a sentence, or a group of words. The user then decides the length, in years, of the simulation run (notto 
exceed the number of years of weather data in WEATHER.DAT). 

Results Output 

Simulation output can be reported in three categories. namely, overall means, annual values, and 
monthly values. Either tables or graphs can be generated, as shown in DISPLAY 5. In producing tables, i.e., 
when one of the first three options is selected, the user can choose to display it on screen, print it on a printer, 
or save it as an ASCII text file. When one of the graph options is selected, the user is able to see the graph on 
the screen. If the computer has suitable printer driver, a hard copy of the graph can be obtained by pressing 
Shift-PrtSc keys together. 

Select : 
l 
2 
3 
4 
5 
6 

otherwise 
? 

Print summary 
Print annual results 
Print monthly results 
Graph summary (average) 
Graph annual results 
Graph monthly results 
{Prtsc for hard copy, carriage return to continue) 
Return 

DISPLAY 5. The Menu Page for Output Generation. 

EXAMPLE 1: 4-YEAR STUDY IN WEST BRANCH DELAWARE BASIN 

This example is designed to allow the user to become familiar with the operation of the program and the 
way results are presented. The data set and results are those described in Appendix C for the GWLF 
validation for the West Branch Delaware River Watershed in New York. 
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The programs GWLF20.EXE, TRAN20.EXE, NUTR20.EXE, and OUTP20.EXE, and the data files 
WEATHER.DAT, TRANSPRT.DAT, and NUTRIENT.DAT must be on the default drive. The weather file can 
be obtained by copying WALT478.382 to WEATHER.DAT. 

Simulation 

To start the program, type GWLF20 then Enter. The first screen is the main menu ( see DISPLAY 1 ). To 
select Run simulation, type 3 and Enter. This will lead to the simulation option menu (see DISPLAY 4). Since 
nutrient fluxes and septic system loads are of interest, type 4 and Enter. This will start the simulation. 

The user is then asked to input the title of this simulation. Type Example 1 and Enter. Finally the user is 
expected to specify the length of the simulation. Type 4, then Enter. This concludes the information required 
for a simulation run. The input section described above is shown in DISPLAY 6. 

of the following: Select one 
1 
2 

Create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT.DAT (nutrient parameters) 

3 
(TRANSPRT.DAT must be created before NUTRIENT.DAT) 

Run simulation 
4 Obtain output 
5 Stop (End) 

? 3 

Select program options: 
l Streamflow simulation only 
2 Streamflow and sediment .yield only 
3 Streamflow, sediment yield, and nutrient loads 
4 Streamflow, sediment yield, nutrient loads, and septic systems 

otherwise Return 
? 3 

TITLE OF SIMULATION? Example 1 
LENGTH OF RUN IN YEARS? 4 

DISPLAY 6. Input Section in Example l. User Input is Indicated by Italics. 

The screen is now switched to graphic mode. During the computation, part of the result will be displayed. 
This is to provide a sample of the result and to monitor the progress of the simulation. As shown in Figure 3, 
the line on the top of the screen reports the length of simulation and the current simulated month/year. 

The main menu is displayed at the end of the simulation. From here, the user can generate several types 
of results. 

Results Generation 

Type 4, then Enter to generate results. For printing out monthly streamflows, sediment yields, and nutrient 
loads, type 3, then Enter. The user is asked whether to specify the range of the period to be reported. Type N, 
then Enter to select the default full period. 
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1 -Year Sinulation 

15.0 

THEAl1 
(en) 7.5 · 

~ . . . . . . . 

150.0 

IIROG. 
(kg) 75.0 

(1000s) ~ -

30.0 

HOSPH. 
(kg) 15.0 · 

(1000s) 

A 11 ., ,l 

Figure 3. Screen Display during Simulation. 

A s 
2 

YEAH 3 MONTH 3 

.J 

Running .... 

F n 

YEAR 2 

The user decides on the type of output. Type 1, then Enter to print to the screen. The result is displayed 
in nine screens. After reading a screen, press Enter to bring up the next screen. To generate a hard copy, turn 
on the printer, type 2 and Enter. Alternatively, the user can save the result in a text file, MONTHLY.TXT. The 
user can go back to the previous page menu to select another option of results generation by pressing Enter. 
Part of the process described above is shown in DISPLAY 7. To generate graphs of the monthly results, type 6 
and Enter. This produces graphs such as Figure 4 and Figure 5. The user can call up the main menu again by 
pressing Enter keys. The data input files TRANSPRT.DAT, NUTRIENT.DAT and WEATHER.DAT for this 
example are listed in Appendix E with the various .TXT files that may be generated. 

EXAMPLE 2: EFFECTS OF ELIMINATION OF WINTER MANURE SPREADING 

In this example, nutrient parameters are modified to investigate effects of winter manure applications. The 
example involves manipulation of the data file NUTRIENT.DAT. If the user wishes to save the original file, it 
should first be copied to a new file, say NUTRIENT.EX1. 

Nutrient Parameters Modification 

From the main menu, type 2, Enter. This leads to the nutrient data manipulation option. Type 2, Enter to 
modify NUTRIENT.DAT (see DISPLAY 8). 

Type Enterto accept the original dissolved nutrient concentrations. Repeat this procedure until the cursor 
is in the line, Number of Land Uses on Which Manure is Spread (see DISPLAY 9), hit Space-bar, type 0, and 
hit Enter. 

0 

Accept all the rest of original data by hitting Enter key until the end of the file. Type Y to save the Q 
9 
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changes. This concludes the modification of NUTRIENT.DAT. 

TREAM 
- FLOW 

Z5.0 

18.8 

0 

NONTHLY STREAMFLOW Ccn) 

I 
.... . .. . . . . . .. I. 

YEAR 

Figure 4. Monthly Streamflows for Example 1. 

MONTHLY NI ROGEN LOADING (Ng) 

200 . 0 

1s0 .0 · 

ITRO-
GEN 100.0 

0 

VEAR 

Figure 5. Monthly Nitrogen Loads for Example 1. 
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The user may print out nutrient data to make sure these changes have been made. To do so, the user selects 
Print NUTRIENT data in the nutrient data manipulation page (see DISPLAY 3). Then select Print to screen to 
display the current nutrient parameters. 

Select one 
l 
2 

3 
4 
5 

? 4 

Select 
l 
2 
3 
4 
5 
6 

otherwise 
? 3 

of the following: 
Create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT.DAT {nutrient parameters) 

(TRANSPRT.DAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End) 

Print summary 
Print annual results 
Print monthly results 
Graph summary (average) 
Graph annual results 
Graph monthly results 
(Prtsc for hard copy, carriage return to continue) 
Return 

Want to specify the range of years in output? { Type Y or N) 
? N 

Select 
l 

(For printing MONTHLY data) 

2 
3 

Print to screen (carriage return to continue) 
Print a hard copy ( turn on printer first) 
Print to a file named MONTHLY.TXT 

otherwise Return 
? 1 

DISPLAY 7. Result Generating Menu in Example 1. 

Select one 
l 
2 

3 
4 
5 

? 2 

Select 
l 
2 
3 

otherwise 
? 2 

of the following: 
create or print TRANSPRT.DAT (Transport parameters) 
Create or print NUTRIENT. DAT {nutrient parameters} 

(TRANSPRT.OAT must be created before NUTRIENT.DAT) 
Run simulation 
Obtain output 
Stop (End) 

Create new NUTRIENT.DAT file 
Modify existing NUTRIENT.DAT file 
Print NUTRIENT data 
Return 

DISPLAY 8. Modification of Nutrient Parameters. 
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r- Simulation and Results Generation 

Following the procedures described in Example 1, the results of a 3-year simulation are shown in Figure 6. 

Number of Land Uses on Which Manure is Spread: -1 

To redo from start, Hit <Fl> then <ENTER> key 
Hint: Press Space-Bar to Input Value or Enter-Key to Accept Current Value 

DISPLAY 9. The First Screen for Modifying Nutrient Parameters. The Original 
Number is 1. Hit the Space Bar, Type O, and then Hit Enter Key to 
Change this Number to 0. 

MONTHLY NITROGEN LOADING (Hg) 

158.0 

,I •• , . , , , 
112.S 

ITRO- I. 
GEN 75.0 

0 

YEAH 

L Figure 6. Monthly Nitrogen Loads with no Manure Spreading . 
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EXAMPLE 3: A 30-YEAR SIMULATION STUDY 

In Example 3, a simulation of the West Branch Delaware River Basin is based on a 30-yr (4/62-3/92) weather 
record given in the file WALT462.392. 

Simulation and Results Generation 

The simulation is run by following procedures as in Example 1 (see DISPLAY 6). Answer LENGTH OF 
RUN IN YEARS by typing 30 and then Enter. 

At the end of the computation, the main menu is displayed. From here, the user can generate several 
types of results by typing 4, then Enter. For a summary of the results, type 1 and Enter. To display the 
summary in screen, type 1 and Enter. The summary is displayed in three screens. After reading a screen, 
press Enter to bring up next screen. To generate a hard copy from the printer, turn on the printer, select Print a 
hard copy. Hit Enter to obtain the output option menu. 

From the output generation menu (see DISPLAY 5), to obtain a graphical description of the summary, 
type 4 and then Enter. This brings up a screen of options (see DISPLAY 10). Eighteen types of graphs can be 
generated. For example, to investigate the relative magnitudes of average monthly streamflow, type 5 and 
Enter. This produces the bar chart shown in Figure 7. Similarly, to investigate the nitrogen loads from each 
source, type 15 and then Enter. This generates another bar chart as shown in Figure 8. 

Select 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean Monthly Precipitation 
Mean Monthly Evapotranspiration 
Mean Monthly Groundwater Flow 
Mean Monthly Runoff 
Mean Monthly streamflow 
Mean Monthly Erosion 
Mean Monthly Sediment 
Mean Monthly Dissolved Nitrogen 
Mean Monthly Total Nitrogen 
Mean Monthly Dissolved Phosphorus 
Mean Monthly Total Phosphorus 
Mean Annual Runoff from sources 
Mean Annual Erosion from Sources 
Mean Annual Dissolved Nitrogen Loads from sources 
Mean Annual Total Nitrogen Loads from Sources 
Mean Annual Dissolved Phosphorus Loads from So.urces 
Mean Annual Total Phosphorus Loads from sources 
Areas of sources 

otherwise Return 
? 

DISPLAY 10. The Options for Plotting summary 

For plotting annual streamflows, sediment yields and nutrient loads, type 5, then Enter. The graphs will be 
displayed on several screens. For example, Figure 9 shows the predicted annual streamflows. 
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MEAN MONTHLY STREAMFLOW (en 
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11.3 

TREAl1 
FLOW 7. 

3. 

MONTH 

Figure 7. Mean Monthly Streamflows for 30-yr Simulation. 
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Figure 8. Mean Annual Nitrogen Load from Sources for 30-yr Simulation. 
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Figure 9. Annual Streamflows for 30-yr Simulation. 
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APPENDIX A: MATHEMATICAL DESCRIPTION OF GWLF 

General Structure 

Streamflow nutrient flux contains dissolved and solid phases. Dissolved nutrients are associated with 
runoff, point sources and groundwater discharges to the stream. Solid-phase nutrients are due to point 
sources, rural soil erosion or wash off of material from urban surfaces. The GWLF model describes nonpoint 
sources with a distributed model for runoff, erosion and urban wash off, and a lumped parameter linear 
reservoir groundwater model. Point sources are added as constant mass loads which are assumed known. 
Water balances a~e computed from daily weather data but flow routing is not considered. Hence, daily values 
are summed to provide monthly estimates of streamflow, sediment and nutrient fluxes (It is assumed that 
streamflow travel times are much less than one month). 

Monthly loads of nitrogen or phosphorus in streamflow in any year are 

LSm = SPm + SRm + SUm 

(A-1) 

(A-2) 

In these equations, LDm is dissolved nutrient load, LSm is solid-phase nutrient load, DPm, DRm, DGm and DSm 
are point source, rural runoff, groundwater and septic system dissolved nutrient loads, respectively, and SPm, 
SRm and SUm and are solid-phase point source, rural runoff and urban runoff nutrient loads (kg), respectively, 
in month m (m = 1,2, ... 12). Note that the equations assume (i) point source, groundwater and septic system 
loads are entirely dissolved; and (ii) urban nutrient loads are entirely solid. 

Rural Runoff Loads 

Rural nutrient loads are transported in runoff water and eroded soil from numerous source areas, each of 
which is considered uniform with respect to soil and cover. 

Dissolved Loads. Dissolved loads from each source area are obtained by multiplying runoff by dissolved 
concentrations. Monthly loads for the watershed are obtained by summing daily loads over all source areas: 

dm 
LDm = 0.1 L L Cdk 0kt ARk 

k t=1 
(A-3) 

where Cdk = nutrient concentration in runoff from source area k (mg//), Oki= runoff from source area k on day t 
(cm) and ARk = area of source area k (ha) and dm ::: number of days in month m. 

Runoff is computed from daily weather data by the U.S. Soil Conservation Service's Curve Number 
Equation (Ogrosky & Mockus, 1964): 

(R1 + M, · 0.2 DSk1)2 

(A-4) 

Rainfall R, (cm} and snowmelt M1 (cm of water) on day tare estimated from daily precipitation and 
temperature data. Precipitation is assumed to be rain when daily mean air temperature T1 (

0 C) is above O and 
snow fall otherwise. Snowmelt water is computed by a degree-day equation (Haith, 1985}: 

M1 = 0.45 T1, for T1 > 0 (A-5} 

The detention parameter DSk, (cm) is determined from a curve number CNk1 as 
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2540 
DSkt = -- - 25.4 

CNkt 
(A-6) 

Curve numbers are selected as functions of antecedent moisture as described in Haith (1985), and 
shown in Figure A-1. Curve numbers for antecedent moisture conditions 1 (driest), 2 (average)and 3 (wettest) 
are CN1k, CN2k and CN3k respectively. The actual curve number for day t, CNkt, is selected as a linear 
function of At, 5-day antecedent precipitation (cm): 

t-1 
L (Rn+ Mn) 
n=t-5 

(A-7) 

Recommended values (Ogrosky & Mockus, 1964) for the break points in Figure A-1 are AM1 = 1.3, 3.6 cm, 
and AM2 = 2.8, 5.3 cm, for dormant and growing seasons, respectively. For snowmelt conditions, it is 
assumed that the wettest antecedent moisture conditions prevail and hence regardless of At, CNk1 = CN3k 
when M1> 0. 

+' 
.ll: 

z 
u CN3k 

= w 
= CN2k :c :, 
z 
~ 

CN1k ::> = ::, 
u 

AM1 AM2 

5-DAV ANTECEDENT PRECIPITATION 
At (cM) 

Figure A-1. Curve Number as Function of Antecedent Moisture. 

The model requires specification of CN2k. Values for CN 1 k and CN3k are computed from Hawkins (1978) 
approximations: 

CN1k = --------
2.334 - 0.01334 CN2k 

CN2~ 
CN3k = ---------
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r- 0.4036 + 0.0059 CN2k 

Solid-Phase Loads. Solid-phase rural nutrient loads (SRm) are given by the product of monthly watershed 
sediment yields (Y m, Mg) and average sediment nutrient concentrations (cs, mg/kg): 

SRm = 0.001 Cs Y m (A-10) 

Monthly sediment yields are determined from the model developed by Haith (1985). The model is based 
on three principal assumptions: (i) sediment originates from sheet and rill erosion (gully and stream bank 
erosion are neglected); (ii) sediment transport capacity is proportional to runoff to the 5/3 power (Meyer & 
Wischmeier, 1969); and (iii) sediment yields are produced from soil which erodes in the current year (no 
carryover of sediment supply from one year to the next). 

Erosion from source area k on day t (Mg) is given by 

(A-11) 

in which Kk, (LS)k, Ck and Pk are the standard values for soil erodibility, topographic, cover and management 
and supporting practice factors as specified for the Universal Soil Loss Equation (Wischmeier & Smith, 1978). 
RE1 is the rainfall erosivity on day t (MJ-mm/ha-h). The constant 0.132 is a dimensional conversion factor 
associated with the SI units of rainfall erosivity. Erosivity can be estimated by the deterministic portion of the 
empirical equation developed by Richardson et al. (1983) and subsequently tested by Haith & Merrill (1987): 

where the coefficient a, varies with season and geographical location. 

The total watershed sediment supply generated in month j (Mg) is 

di 
sx1 = DR I I xk, 

k t=1 

(A-12) 

(A-13) 

where DR is the watershed sediment delivery ratio. The transport of this sediment from the watershed is based 
on the transport capacity of runoff during that month. A transport factor TRi is defined as 

(A-14) 

The sediment supply SX1 is allocated to months j, j + 1, ... , 12 in proportion to the transport capacity for each 
month. The total transport capacity for months j, j + 1, ... , 12 is proportional to B1, where 

(A-15) 

For each month m, the fraction of available sediment X1 which contributes to Y m, the monthly sediment 
yield (Mg), is TRm/B•- The total monthly yield is the sum of all contributions from preceding months: 

Y -m-

m 
TRm I (X/BJ) 

j=1 
(A-16) 
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Urban Runoff 

The urban runoff model is based on general accumulation and wash off relationships proposed by Amy et 
§.[. (1974)and Sartor& Boyd (1972). The exponential accumulation function was subsequently used in SWMM 
(Huber & Dickinson, 1988) and the wash off function is used in both SWMM and STORM (Hydrologic 
Engineering Center, 1977). The mathematical development here follows that of Overton and Meadows (1976). 

Nutrients accumulate on urban surfaces over time and are washed off by runoff events. Runoff volumes 
are computed by equations A-4 through A-7. 

If Nk(t) is the accumulated nutrient load on source area (land use) k on day t (kg/ha), then the rate of 
accumulation during dry periods is 

dNk 
--= nk - J3 Nk 
dt 

(A-17) 

where nk is a constant accumulation rate (kg/ha-day) and j3 is a depletion rate constant (day-1). Solving 
equation A-17, we obtain 

in which Nko = Nk(t) at time t = 0. 

Equation A-18 approaches an asymptotic value Nk.max: 

Nk.max = Lim Nk(t} = nk//3 
t---->oo 

(A-18) 

(A-19) 

Data given in Sartor & Boyd (1972} and shown in Figure A-2 indicates that Nk{t) approaches its maximum 
value in approximately 12 days. If we conservatively assume that Nk(t} reaches 90% of Nk.max in 20 days, then 
for Nko = 0, 

Equation A-18 can also be written for a time interval L\t = t2 - t, as 

(A-20) 

or, for a time interval of one day, 

Nk 1+1 "'Nkt e-0 12 + (nk/0.12) (1 - e·0 12) (A-21) 

where Nkl is the nutrient accumulation at the beginning of day t (kg/ha). 

Equation A-21 can be modified to include the effects of wash off: 

Nk 1+1 "' Nkt e·0 12 + (nk/0.12) (1 - e-0 12) - Wkt (A-22) 

In which Wkt = runoff nutrient load from land use k on day t(kg/ha}. 

The runoff load is 

(A-23) 
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where Wkt is the first-order wash off function suggested by Amy et al. (1974): 

1 -1.810kt 
Wkt = · e (A-24) 

Equation A-24 is based on the assumption that 1.27 cm (0.5 in) of runoff will wash off 90% of accumulated 
pollutants. Monthly runoff loads of urban nutrients are thus given by 

=, 
i: ... 
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I'd 
0 

..:I 
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l ... ... 
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= ',:I 
(J 
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CJ 

<:t 
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Industrial. 

Coll'l.,.ercial. 

1 2 3 4 5 f, 7 8 9 Ht 11 12 

Elapsed Time Since Last 
Sweeping or Rain (days) 

(A-25) 

Figure A-2. Accumulation of Pollutants on Urban Surfaces (Sartor & Boyd, 1972; redrawn in Novotny & 
Chesters, 1981). 

Groundwater Sources 

The monthly groundwater nutrient load to the stream is 

dm 
DGm = 0.1 C9 AT L G1 

t=1 
(A-26) 

in which C9 = nutrient concentration in groundwater (mg//), AT = watershed area (ha), and G1 = groundwater 
discharge to the stream on day t {cm). 

Groundwater discharge is described by the lumped parameter model shown in Figure A-3. Streamflow 
consists of total watershed runoff from all source areas plus groundwater discharge from a shallow saturated 
zone. The division of soil moisture into unsaturated, shallow saturated and deep saturated zones is similar to 
that used by Haan (1972). 

Daily water balances for the unsaturated and shallow saturated zones are 
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In these equations, U4 and S. are the unsattJrated and shallow saturated zone son moistures at the beginning 
of day t and Oi. E1, PCi, G, and D1 ate watershed runoff, evapotranspiration. percolation into the shallow 
saturated zone, groundwa,er discharge to 1he stream and seepage flow to the deep saturated zone, respec­
tively, on day t (cm). 

PRECIPITM'JON 

RM N1 SNCU1ELT 

~POTR~~SPlRM'lOtt 
SOIL 

111 ·,-,(.o.f·J.·/· 

RUNOFF 

STREitt 

Figure A•3. Lumped Parameter Model for Groundwater Discharge. 

Percolation occurs when unsaturatoo zone water exceeds available soil water capacity u· (cm): 

{A~29) 

Evapotranspiration is limlled by available moisture in lhe unsaturated zone: 

for which CV I is a cover coefftcient and PE1 ~ . potential eva,po,transplfation (cm) as given by Hamon ( 1961 ): 

0.021 H,2 e1) 

T1 + 273 

In this equation, H, is the number of daylight hours per day during the month oon~ning day t , et is the 

0 

saturated water vapor pressure in millibars on day t and T, is the temperat.ut"e on day t (°C). When T1 s o, PE, is 

0 set to Z8fO. Saturated vapor pressure can be approximated as in (Bosen. 1960): 
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L 

e1 = 33.8639 [ (0.00738 T1 + 0.8072)8 

- 0.000019 (1.8 T1 + 48) + 0.001316) , T1 ~ 0 (A-32) 

As in Haan (1972), the shallow unsaturated zone is modeled as a simple linear reservoir. Groundwater 
discharge and deep seepage are 

and 

where rands are groundwater recession and seepage constants, respectively (day"1
). 

Septic (On-site Wastewater Disposal) Systems 

(A-33) 

(A-34) 

The septic system component of GWLF is based on the model developed by Mandel (1993). For 
purposes of assessing watershed water quality impacts, septic systems loads can be divided into four types: 

(A-35) 

where DS1m, DS2m, DS3m and DS4m are the dissolved nutrient load to streamflow from normal, short-circuited, 
ponded and direct discharge systems, respectively in month m (kg). These loads are computed from per 
capita daily effluent loads and monthly populations served aim for each system (j =1,2,3,4 ). 

Normal Systems. A normal septic system is a system whose construction and operation conforms to 
recommended procedures such as those suggested by the EPA design manual for on-site wastewater 
disposal systems (U. S. Environmental Protection Agency, 1980). Effluents from such systems infiltrate into 
the soil and enter the shallow saturated zone. Effluent nitrogen is converted to nitrate, and except for removal 
by plant uptake, the nitrogen is transported to the stream by groundwater discharge. Conversely, phosphates 
in the effluent are adsorbed and retained by the soil and hence normal systems provide no phosphorus loads 
to streamflow. The nitrogen load to groundwater from normal systems in month m (kg) is 

SL,m = 0.001 a,m dm (e - Um) (A-36) 

in which e = per capita daily nutrient load in septic tank effluent (g/day) and Um = per capita daily nutrient 
uptake by plants in month m (g/day). 

Normal systems are generally some distance from streams and their effluent mixes with other groundwa­
ter. Monthly nutrient loads are thus proportional to groundwater discharge to the stream. The portion of the 
annual load delivered in month mis equivalent to the portion of annual groundwater discharge which occurs in 
that month. Thus the load in month m of any year is 

12 
GRm L SL,m 

m=1 
DS1m = (A-37) 

12 
L GRm 

m=1 

where GRm = total groundwater discharge to streamflow in month m (cm), obtained by summing the daily 
values G1 for the month. Equation A-37 applies only for nitrogen. In the case of phosphorus, DS 1m = 0. 
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Sharl-Circuited Systems. These systems are located close enough to surface waters(< 15 m) so that 
negligible adsorption of phosphorus takes place. The only nutrient removal mechanism is plant uptake, and 
the watershed load for both nitrogen and phosphorus is 

(A-38) 

Ponded Systems. These systems exhibit hydraulic failure of the tank's absorption field and resulting 
surfacing of the effluent. Unless the surfaced effluent freezes, ponding systems deliver their nutrient loads to 
surface waters in the same month that they are generated through overland flow. If the temperature is below 
freezing, the surfacing effluent is assumed to freeze in a thin layer at the ground surface. The accumulated 
frozen effluent melts when the snowpack disappears and the temperature is above freezing. The monthly 
nutrient load is 

dm 
DS3m = 0.001 L PN, 

t;;;;1 
(A-39) 

where PN1 = watershed nutrient load in runoff from ponded systems on day t (g). Nutrient accumulation under 
freezing conditions is 

(A-40) 
0 , otherwise 

where FN1 = frozen nutrient accumulation in ponded systems at the beginning of day t (g). The runoff load is 
thus 

SN, "' 0 and T1 > 0 
(A-41) 

0 otherwise 

Direct Discharge Systems. These illegal systems discharge septic tank effluent directly into surface 
waters. Thus, 

(A-42) 
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L 

APPENDIX B: DATA SOURCES & PARAMETER ESTIMATION 

Four types of information must be assembled for GWLF model runs. Land use data consists of the areas 
of the various rural and urban runoff sources. Required weather data are daily temperature (°C) and precipita­
tion (cm) records for the simulation period. Transport parameters are the necessary hydrologic, erosion and 
sediment data and nutrient parameters are the various nitrogen and phosphorus data required for loading 
calculations. This appendix discusses general procedures for estimation of these parameters. Examples of 
parameter estimation are provided in Appendix C. 

Land Use Data 

Runoff source areas are identified from land use maps, soil surveys and aerial or satellite photography 
(Haith & Tubbs, 1981; Delwiche & Haith, 1983). In principle, each combination of soil, surface cover and 
management must be designated. For example, each corn field in the watershed can be considered a source 
area, and its area determined and estimates made for runoff curve number and soil erodibility and topograph­
ic, cover and supporting practice factors. In practice, these fields can often be aggregated, as in Appendix C 
into one "corn" source area with area-weighted parameters. Each urban land use is broken down into 
impervious and pervious areas. The former are solid surfaces such as streets, driveways, parking lots and 
roofs. 

Weather Data 

Daily precipitation and temperature data are obtained from meteorological records and assembled in the 
data file WEATHER.DAT. An example of this file is given in Appendix D. Weather data must be organized in 
"weather years" which are consistent with model assumptions. Both the groundwater and sediment portions of 
GWLF require that simulated years begin at a time when soil moisture conditions are known and runoff events 
have "flushed" the watershed of the previous year's accumulated sediment. In the eastern U.S. this generally 
corresponds to early spring and hence in such locations an April - March weather year is appropriate. 

Transport Parameters 

A sample set of hydro logic, erosion and sediment parameters required for the data file TRANSPRT.DAT 
is given in Appendix D. 

Runoff Curve Numbers. Runoff curve numbers for rural and urban land uses have been assembled in the 
U.S. Soil Conservation Service's Technical Release No. 55, 2nd edition (Soil Conservation Service, 1986). 
These curve numbers are based on the soil hydrologic groups given in Table B-1. Curve numbers for average 
antecedent moisture conditions (CN2k) are listed in Tables B-2 through B-5. Barnyard curve numbers are 
given by Overcash & Phillips (1978) as CN2k = 90, 98 and 100 for earthen areas, concrete pads and roof 
areas draining into the barnyard, respectively. 

Evapotranspiration Cover Coefficients. Estimation of evapotranspiration cover coefficients for watershed 
studies is problematic. Cover coefficients may be determined from published seasonal values such as those 
given in Tables B-6 and B-7. However, their use often requires estimates of crop development (planting dates, 
time to maturity, etc.) which may not be available. Moreover, a single set of consistent values is seldom 
available for all of a watershed's land uses. 
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Soil 
Hydrologic Group 

A 

B 

C 

D 

Description 

Low runoff potential and high infiltration rates even when thoroughly wetted. Chiefly 
deep, well to excessively drained sands or gravels. High rate of water transmission 
{> 0.75 cm/hr). 

Moderate infiltration rates when thoroughly wetted. Chiefly moderately deep to deep, 
moderately well to well drained soils with moderately fine to moderately coarse 
textures. Moderate rate of water transmission (0.40-0. 75 cm/hr). 

Low infiltration rates when thoroughly wetted. Chiefly soils with a layer that impedes 
downward movement of water, or soils with moderately fine to fine texture. Low rate 
of water transmission (0.15-0.40 cm/hr). 

High runoff potential. Very low infiltration rates when thoroughly wetted. Chiefly clay 
soils with a high swelling potential, soils with a permanent high water table, soils with 
a claypan or clay layer at or near the surface, or shallow soils over nearly impervious 
material. Very low rate of water transmission {0-0.15 cm/hr). 

Disturbed Soils (Major altering of soil profile by construction, development): 

A 

B 

C 

D 

Table B-1. 

Sand, loamy sand, sandy loam. 

Silt loam, loam 

Sandy clay loam 

Clay loam, silty clay loam, sandy clay, silty clay, clay. 

Descriptions of Soil Hydrologic Groups (Soil Conservation Service, 1986) 

A simplified procedure can be developed, however, based on a few general observations: 

1. Cover coefficients should in principle vary between 0 and 1. 

2. Cover coefficients will approach their maximum value when plants have developed full 
foliage. 

3. Because evapotranspiration measures both transpiration and evaporation of soil water, the 
lower limit for cover coefficients will be greater than zero. This lower limit essentially repre­
sents a situation without any plant cover. 

4. The protection of soil by impervious surfaces prevents evapotranspiration. 

The cover coefficients given for annual crops in Table B-6 fall to approximately 0 .3 before planting and 
after harvest. Similarly, cover coefficients for forests reach minimum values of 0.2 to 0.3 when leaf area 
indices approach zero. This suggests that monthly cover coefficients for can be given the value 0.3 when 
foliage is absent and 1.0 otheiwise. Perennial crops, such as grass, hay, meadow, and pasture, crops grown 
in flooded soil, such as rice, and conifers can be given a cover coefficient of 1.0 year round. 
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r- Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Fallow Bare Soil 77 86 91 94 

Crop residue cover (CR) Poor-31 76 85 90 93 
Good 74 83 88 90 

Row Crops Straight row (SR) Poor 72 81 88 91 
Good 67 78 85 89 

SR+ CR Poor 71 80 87 90 
Good 64 75 82 85 

Contoured (C) Poor 70 79 84 88 
Good 65 75 82 86 

C+CR Poor 69 78 83 87 
Good 64 74 81 85 

Contoured & terraced (C&T) Poor 66 74 80 82 
Good 62 71 78 81 

C&T+ CR Poor 65 73 79 81 
Good 61 70 77 80 

Small SR Poor 65 76 84 88 
Grains Good 63 75 83 87 

SR+ CR Poor 64 75 83 86 
Good 60 72 80 84 

C Poor 63 74 82 85 
Good 61 73 81 84 

C+CR Poor 62 73 81 84 
Good 60 72 80 83 

C&T Poor 61 72 79 82 
Good 59 70 78 81 

C&T+ CR Poor 60 71 78 81 
Good 58 69 77 80 

Close- SR Poor 66 77 85 89 
seeded or Good 58 72 81 85 
broadcast C Poor 64 75 83 85 
legumes or Good 55 69 78 83 
rotation C&T Poor 63 73 80 83 
meadow Good 51 67 76 80 

ill Hydrologic condition is based on a combination of factors that affect infiltration and runoff, including 
(a) density and canopy of vegetative areas, (b) amount of year-round cover, (c) amount of close-
seeded legumes in rotations, (d) percent of residue cover on the land surface (good$ 20%), and (e) 
degree of surface roughness. 

Table 8-2. Runoff Curve Numbers (Antecedent Moisture Condition II) for Cultivated Agricultural 
Land (Soil Conservation Service, 1986). 
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Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Pasture, grassland or range Poor8' 68 79 86 89 
- continuous forage for grazing Fair 49 69 79 84 

Good 39 61 74 80 

Meadow - continuous grass, protected 
from grazing, generally mowed for hay 30 58 71 78 

Brush - brush/weeds/grass mixture Poorb1 48 67 77 83 
with brush the major element Fair 35 56 70 77 

Good 30 48 65 73 

Woods/grass combination Poor 57 73 82 86 
(orchard or tree farmt Fair 43 65 76 82 

Good 32 58 72 79 

Woods Poor'd 45 66 77 83 
Fair 36 60 73 79 
Good 30 55 70 77 

Farmsteads - buildings, lanes, 
driveways and surrounding lots 59 74 82 86 

a1 Poor: < 50% ground cover or heavily grazed with no mulch; Fair: 50 to 75% ground cover and not 
heavily grazed; Good:> 75% ground cover and lightly or only occasionally grazed. 

bl Poor: < 50% ground cover; Fair: 50 to 75% ground cover; Good: > 75% ground cover. 

,-; Estimated as 50% woods, 50% pasture. 

(II Poor: forest litter, small trees and brush are destroyed by heavy grazing or regular burning; Fair: 
woods are grazed but not burned and some forest litter covers the soil; Good: Woods are protected 
from grazing and litter and brush adequately cover the soil. 

Table B-3. Runoff Curve Numbers (Antecedent Moisture Condition II) for other Rural Land (Soil 
Conservation Service, 1986). 
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r-

L 

Hydrologic Soil Hydrologic Group 
Land Use/Cover Condition A B C D 

Herbaceous - grass, weeds & low- Poor"' 80 87 93 
growing brush; brush the minor Fair 71 81 89 
component Good 62 74 85 

Oak/aspen - oak brush, aspen, Poor 66 74 79 
mountain mahogany, bitter brush, Fair 48 57 63 
maple and other brush Good 30 41 48 

Pinyan/juniper - pinyon, juniper or Poor 75 85 89 
both; grass understory Fair 58 73 80 

Good 41 61 71 
Sagebrush with grass understory Poor 67 80 85 

Fair 51 63 70 
Good 35 47 55 

Desert scrub - saltbush, greasewood, Poor 63 77 85 88 
creosotebrush, blackbrush, bursage, Fair 55 72 81 86 
palo verde, mesquite and cactus Good 49 68 79 84 

a1 Poor:< 30% ground cover (litter, grass and brush overstory); Fair: 30 to 70% ground cover; Good:> 
70% ground cover. 

Table B-4. Runoff Curve Numbers (Antecedent Moisture Condition II) for Arid and Semiarid 
Rangelands (Soil Conservation Service, 1986). 

Land Use 

Open space (lawns, parks, golf 
courses, cemeteries, etc.): 
Poor condition (grass cover< 50%) 
Fair condition (grass cover 50-75%) 
Good condition {grass cover > 75%) 

Impervious areas: 
Paved parking lots, roofs, 

driveways, etc.) 
Streets and roads: 

Paved with curbs & storm sewers 
Paved with open ditches 
Gravel 
Dirt 

Western desert urban areas: 
Natural desert landscaping {pervious 

areas, only) 
Artificial desert landscaping 

v 

(impervious weed barrier, desert shrub 
with 1-2 in sand or gravel mulch 
and basin borders) 

Soil Hydrologic Group 
A B C D 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

79 
69 
61 

98 

98 
89 
85 
82 

77 

96 

86 
79 
74 

98 

98 
92 
89 
87 

85 

96 

89 
84 
80 

98 

98 
93 
91 
89 

88 

96 

Table B-5. Runoff Curve Numbers {Antecedent Moisture Condition II) for Urban Areas {Soil 
Conservation Service, 1986). 

% of Growing Season 
Crop 0 10 20 30 40 50 60 70 80 90 100 
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Field corn 0.45 0.51 0.58 0.66 0.75 0.85 0.96 1.08 1.20 1.08 0.70 
Grain sorghum 0.30 0.40 0.65 0.90 1.10 1.20 1.10 0.95 0.80 0.65 0.50 
Winter wheat 1.08 1.19 1.29 1.35 1.40 1.38 1.36 1.23 1.10 0.75 0.40 
Cotton 0.40 0.45 0.56 0.76 1.00 1.14 1.19 1.11 0.83 0.58 0.40 
Sugar beets 0.30 0.35 0.41 0.56 0.73 0.90 1.08 1.26 1.44 1.30 1.10 
Cantaloupe 0.30 0.30 0.32 0.35 0.46 0.70 1.05 1.22 1.13 0.82 0.44 
Potatoes 0.30 0.40 0.62 0.87 1.06 1.24 1.40 1.50 1.50 1.40 1.26 
Papago peas 0.30 0.40 0.66 0.89 1.04 1.16 1.26 1.25 0.63 0.28 0.16 
Beans 0.30 0.35 0.58 1.05 1.07 0.94 0.80 0.66 0.53 0.43 0.36 
Rice 1.00 1.06 1.13 1.24 1.38 1.55 1.58 1.57 1.47 1.27 1.00 

Table B-6. Evapotranspiration Cover Coefficients for Annual Crops - Measured as Ratio of 
Evapotranspiration to Lake Evaporation (Davis & Sorensen, 1969; cited in Novotny 
& Chesters, 1981 ). 

Citrus Deciduous 
Alfalfa Pasture Grapes Orchards Orchards Sugarcane 

Jan 0.83 1.16 0.58 0.65 
Feb 0.90 1.23 0.53 0.50 
Mar 0.96 1.19 0.15 0.65 0.80 
Apr 1.02 1.09 0.50 0.74 0.60 1.17 
May 1.08 0.95 0.80 0.73 0.80 1.21 
June 1.14 0.83 0.70 0.70 0.90 1.22 
July 1.20 
Aug 1.25 
Sept 1.22 
Oct 1.18 
Nov 1.12 
Dec 0.86 

Table B-7. 

0.79 0.45 0.81 0.90 1.23 
0.80 0.96 0.80 1.24 
0.91 1.08 0.50 1.26 
0.91 1.03 0.20 1.27 
0.83 0.82 0.20 1.28 
0.69 0.65 0.80 

Evapotranspiration Cover Coefficients for Perennial Crops - Measured as Ratio of 
Evapotranspiration to Lake Evaporation {Davis & Sorensen, 1969; cited in Novotny 
& Chesters, 1981). 

In urban areas, ground cover is a mixture of trees and grass. It follows that cover factors for pervious 
areas are weighted averages of the perennial crop, hardwood, and softwood cover factors. It may be difficult to 
determine the relative fractions of urban areas with these covers. Since these covers would have different 
values only during dormant seasons, it is reasonable to assume a constant month value of 1.0 for urban 
pervious surfaces and zero for impervious surfaces. 

These approximate cover coefficients are given in Table B-8. Table B-9 list mean monthly values of 
daylight hours (H1) for use in Equation A-31. 

Cover 

Annual crops {foliage only 
in growing season) 

Perennial crops {year-round foliage: 
grass, pasture, meadow, etc.) 

29 

Dormant Season 

0.3 

1.0 

Growing Season 

1.0 

1.0 

0 

0 
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r- Saturated crops (rice} 
Hardwood (deciduous) forests & orchards 
Softwood (conifer) forests & orchards 
Disturbed areas & bare soil (barn yards, 

fallow, logging trails, construction 
and mining) 

Urban areas (I= impervious fraction) 

1.0 
0.3 
1.0 

0.3 
1 - I 

1.0 
1.0 
1.0 

0.3 
1 - I 

Table B-8. Approximate Values for Evapotranspiration Cover Coefficients. 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Table B-9. 

Latitude North (E) 
48 46 44 42 40 38 

(------------------------------ hr/day -------------------

8.7 8.9 9.2 9.3 9.5 9.7 
10.0 10.2 10.3 10.4 10.5 10.6 
11.7 11.7 11.7 11.7 11.8 11.8 
13.4 13.3 13.2 13.1 13.0 13.0 
14.9 14.7 14.5 14.3 14.1 14.0 
15.7 15.4 15.2 15.0 14.7 14.5 
15.3 15.0 14.8 14.6 14.4 14.3 
14.0 13.8 13.7 13.6 13.6 13.4 
12.3 12.3 12.3 12.3 12.2 12.2 
10.6 10.7 10.8 10.9 11.0 11.0 
9.1 9.3 9.5 9.7 9.8 10.0 
8.3 8.5 8.8 9.0 9.2 9.4 

34 32 30 28 26 24 
-----------------------------------------------------------------
10.0 10.2 10.3 10.5 10.6 10.7 
10.8 10.9 11.0 11.1 11.1 11.2 
11.8 11.8 11.8 11.8 11.8 11.9 
12.8 12.8 12.7 12.7 12.6 12.6 
13.7 13.6 13.5 13.4 13.2 13.1 
14.2 14.0 13.9 13.7 13.6 13.4 
14.0 13.8 13.7 13.5 13.4 13.3 
13.2 13.3 13.0 13.0 12.9 12.8 
12.2 12.2 12.2 12.1 12.1 12.1 
11 .2 11.2 11.3 11.3 11.4 11.4 
10.2 10.4 10.5 10.6 10.7 10.9 
9.8 10.0 10.1 10.3 10.4 10.6 

Mean Daylight Hours (Mills et al., 1985). 
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9.9 
10.7 
11.8 
12.9 
13.8 
14.3 
14.1 
13.3 
12.2 
11.1 
10.1 
9.6 

Groundwater. The groundwater portion of GWLF requires estimates of available unsaturated zone 
available soil moisture capacity u· , recession constant r and seepage constant s. 

In principle, u· is equivalent to a mean watershed maximum rooting depth multiplied by a mean 
volumetric soil available water capacity. The latter also requires determination of a mean unsaturated zone 
depth, and this is probably impractical for most watershed studies. A default value of 10 cm can be assumed 
for pervious areas, corresponding to a 100 cm rooting depth and a 0.1 cm/cm volumetric available water 
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capacity. These values appear typical for a wide range of plants (Jensen et al., 1989; U.S. Forest Service, 0 
1980) and soils (Rawls et al., 1982). 

Estimates of the recession constant r can be estimated from streamflow records by standard hydrograph 
separation techniques (Chow, 1964). During a period of hydrograph recession, the rate of change in shallow 
saturated zone water S(t) (cm) is given by the linear reservoir relationship 

or, 

dS 
- r S 

dt 

S(t) = S(O) e·" 

(8-1) 

(8-2) 

where S(O) is the shallow saturated zone moisture at t "'0. Groundwater discharge to the stream G(t) (cm) at 
time tis 

G(t) = r S(t)"' r S(O) e·" (8-3) 

During periods of streamflow recession. it is assumed that runoff is negligible, and hence streamflow F(t) 
(cm) consists of groundwater discharge given by Equation 8-3; i.e., F(t)"' G(t). A recession constant can be 
estimated from two streamflows F(t,), F(t2) measured on days 11 and h (h > t,) during the hydrograph 
recession. The ratio F(t1)/F(t2) is 

F(t1) r S(O} e-rt1 

= (8-4) 

The recession constant is thus given by 

In [F{t,)/F(h)) 
r = (8-5) 

Recession constants are measured for a number of hydrographs and an average value is used for the 
simulations. Typical values range from 0.01 to 0.2 

No standard techniques are available for estimating the rate constant for deep seepage loss {s). The 
most conservative approach is to assume thats= 0 (all precipitation exits the watershed in evapotranspiration 
or streamflow). Otherwise the constant must be determined by calibration. 

Erosion and Sediment. The factors Kk, (LS)k, Ck and Pk for the Universal Soil Loss Equation must be 
specified as the product Kk (LS)k Ck Pk for each rural runoff source area. Values Kk, Ck and Pk are given for a 
range of soils and conditions in Tables 8-10 - 8-13. More complete sets of values are provided in Mills et al. 
(1985) and Wischmeier& Smith (1978). The (LS}k factor is calculated for each source area k as in Wischmeier 
& Smith (1978): 

LS = (0.045xkt (65.41 sini ek + 4.56 sin ek + 0.065) (8-6) 

0k"' tan·1 (psk/100) (8-7) 
in which xk = slope length (m) and psk = per cent slope. The exponent in Equation 8-6 is given by b = 0.5 for 
psk $ 5, b = 0.4 for 5 < psk < 3, b = 0.3 for 3 ~ psk ~ 1, and b = 0.2 for psk < 1 {Wischmeier & Smith, 1978). 

The rainfall erosivity coefficient a1 for Equation A-12 can be estimated using methods developed by Selker 
et al. (1990). General values for the rainfall erosivity zones shown in Figure 8-1 are given in Table B-14. 
Watershed sediment delivery ratios are most commonly obtained from the area-based relationship shown in 
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r- Figure B-2 . 

. . . 
•• . . . 

·. 6 ... . . . . . . . 
• • • ... • • • . . . ... . . . ' .. 

Figure B-1 . Rainfall Erosivity Zones in Eastern U.S. (Wischmeier & Smith, 1978). 
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Figure B-2. Watershed Sediment Delivery Ratios (Vanoni, 1975). 

Texture 

Sand 
Fine sand 
Very fine sand 
Loamy sand 
Loamy fine sand 
Loamy very fine sand 
Sandy loam 
Fine sandy loam 
Very fine sandy loam 
Loam 
Silt loam 
Silt 
Sandy clay loam 
Clay loam 
Silty clay loam 
Sandy clay 
Silty clay 
Clay 

Organic Matter Content(%) 
<0.5 2 

0.05 
0.16 
0.42 
0.12 
0.24 
0.44 
0.27 
0 .35 
0.47 
0.38 
0.48 
0.60 
0.27 
0.28 
0.37 
0.14 
0.25 

0.03 
0.14 
0.36 
0.10 
0.20 
0.38 
0.24 
0.30 
0.41 
0.34 
0.42 
0.52 
0.25 
0.25 
0.32 
0.13 
0.23 
0.13-0.29 

4 

0.02 
0.10 
0.28 
0.08 
0.16 
0.30 
0.19 
0.24 
0.33 
0.29 
0.33 
0.42 
0.21 
0.21 
0.26 
0.12 
0.19 

Table B-10. Values of Soil Erodibility Factor (K) {Stewart et al., 1975). 
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Crop, rotation & managementb1 

C-0ntinuous fallow, tilled up and down slope 

CORN 
1 C, RdR, fall TP, conv (1) 
2 C, RdR, spring TP, conv (1) 
3 C, Rdl, fall TP, conv (1) 
4 C, RdR, wc seeding, spring TP, conv (1) 
5 C, Rdl, standing, spring TP, conv (1) 
6 C, fall shred stalks, spring TP, conv (1) 
7 C(silage)-W(Rdl,fall TP) (2) 
8 C, Rdl, fall chisel, spring disk, 40-30% re (1) 
9 C(silage}, W wc seeding, no-till pl inc-kW (1) 

10 C(Rdl}-W(Rdl,sprlng TP) (2) 
11 C, fall shred stalks, chisel pl, 40-30% re (1) 
12 C-C-C-W-M, Rdl, TP for C, disk for W (5) 
13 C, Rdl, strip till row zones, 55-40% re (1) 
14 C-C-C-W-M-M, Rdl, TP for C, disk for W (6) 
15 C-C-W-M, Rdl, TP for C, disk for W (4) 
16 C, fall shred, no-till pl, 70-50% re (1) 
17 C-C-W-M-M, Rdl, TP for C, disk for W (5) 
18 C-C-C-W-M, Rdl, no-till pl 2nd & 3rd C (5) 
19 C-C-W-M, Rdl, no-till pl 2d C (4) 
20 C, no-till pl in c-k wheat, 90-70% re (1) 
21 C-C-C-W-M-M, no-till pl 2d & 3rd C (6) 
22 C-W-M, Rdl, TP for C, disk for W (3) 
23 C-C-W-M-M, Rdl, no-till pl 2d C (5) 
24 C-W-M-M, Rdl, TP for C, disk for W (4) 
25 C-W-M-M-M, Rdl, TP for C, disk for W (5) 
26 C, no-till pl in c-k sod, 95-80% re (1) 

COTTON1
c 

27 Cot, conv (western plains} (1) 
28 Cot, conv (south) (1) 

MEADOW (HAY) 
29 Grass & legume mix 
30 Alfalfa, lespedeza or sericia 
31 Sweet clover 

SORGHUM, GRAIN (western plains) 
32 Rdl, spring TP, conv (1) 
33 No-till pl in shredded 70-50% re 

SOYBEANS1c 
34 B, Rdl, spring TP, conv (1) 
35 C-B, TP annually, conv (2) 
36 B, no-till pl 
37 C-B, no-till pl, fall shred C stalks (2) 

Table B-11. CONTINUED 

Productivitya1 
High Moderate 

1.00 1.00 

0.54 0.62 
0.50 0.59 

0.42 0.52 
0.40 0.49 
0.38 0.48 
0.35 0.44 
0.31 0.35 
0.24 0.30 
0.20 0.24 
0.20 0.28 
0.19 0.26 
0.17 0.23 
0.16 0.24 
0.14 0.20 
0.12 0.17 
0.11 0.18 
0.087 0.14 
0.076 0.13 
0.068 0.11 
0.062 0.14 
0.061 0.11 
0.055 0.095 
0.051 0.094 
0.039 0.074 
0.032 0.061 
0.017 0.053 

0.42 0.49 
0.34 0.40 

0.004 0.01 
0.020 
0.025 

0.43 0.53 
0.11 0.18 

0.48 0.54 
0.43 0.51 
0.22 0.28 
0.18 0.22 
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Crop, rotation & managementbl 

WHEAT 
38 W-F, fall TP after W (2) 
39 W-F, stubble mulch, 500 lb re (2) 
40 W-F. stubble mulch, 1000 Lb re (2) 
41 Spring W, Rdl, Sept TP, conv (ND,SD) (1) 
42 Winter W, Rdl, Aug TP, conv (KS) (1) 
43 Spring W, stubble mulch, 750 lb re (1) 
44 Spring W, stubble mulch, 1250 lb re (1) 
45 Winter W, stubble mulch, 750 lb re (1) 
46 Winter W, stubble mulch, 1250 lb re (1) 
47 W-M, conv (2) 
48 W-M-M, conv (3) 
49 W-M-M-M, conv {4) 0.021 

Productivityal 
High Moderate 

0.38 
0.32 
0.21 
0.23 
0.19 
0.15 
0.12 
0.11 
0.10 
0.054 
0.026 

~ High level exemplified by long-term yield averages greater than 75 bu/ac corn or 3 ton/ac hay or cotton 
management that regularly provides good stands and growth. 

t:.1 Numbers in parentheses indicate numbers of years in the rotation cycle. (1) indicates a continuous one­
crop system. 

e1 Grain sorghum, soybeans or cotton may be substituted for corn in lines 12, 14, 15, 17-19, 21-25 to 
estimate values for sod-based rotations. 

Abbreviations: 

B soybeans F fallow 
C corn M grass & legume hay 
c-k chemically killed pl plant 
conv conventional w wheat 
cot cotton 

lb re 
% re 
xx-yy% re 
RdR 
Rdl 
TP 

Table B-11. 

WC winter cover 

pounds of residue per acre remaining on surface after new crop seeding 
percentage of soil surface covered by residue mulch after new crop seeding 
xx% cover for high productivity, yy% for moderate 
residues {corn stover, straw, etc.} removed or burned 
residues left on field (on surface or incorporated) 
turn plowed (upper 5 or more inches of soil inverted, covering residues 

Generalized Values of Cover and Management Factor (C) for Field Crops East of the 
Rocky Mountains {Stewart et al., 1975). 
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Cover 

Permanent pasture, idle land, unmanaged woodland 

95-100% ground cover 
as grass 
as weeds 

80% ground cover 
as grass 
as weeds 

60% ground cover 
as grass 
as weeds 

Managed woodland 

75-100% tree canopy 
40-75% tree canopy 
20-40% tree canopy 

Value 

0.003 
0.01 

0.01 
0.04 

0.04 
0.09 

0.001 
0.002-0.004 
0.003-0.01 

Table B-12. Values of Cover and Management Factor {C) for Pasture and Woodland (Novotny & 
Chesters, 1981 ). 

Practice Slope{%): 1.1-2 2.1-7 7.1-1212.1-18 18.1-24 

No support practice 1.00 1.00 1.00 1.00 1.00 

Contouring 0.60 0.50 0.60 0.80 0.90 

Contour strip cropping 
R-R-M-Mat 0.30 0.25 0.30 0.40 0.45 
R-W-M-M 0.30 0.25 0 .30 0.40 0.45 
R-R-W-M 0.45 0.38 0.45 0.60 0.68 
R-W 0.52 0.44 0.52 0.70 0.90 
R-O 0.60 0.50 0.60 0.80 0.90 

Contour listing or 
ridge planting 0.30 0.25 0.30 0.40 0.45 

Contour terracingb1 0.6/o/on 0.5/o/on 0.6/o/on 0.8/o/on 0.9/%n 

a1 R = row crop, W = fall-seeded grain, M =meadow.The crops are grown in rotation and so arranged 
on the field that row crop strips are always separated by a meadow or winter-grain strip. 

bl These factors estimate the amount of soil eroded to the terrace channels. To obtain off-field values, 
multiply by 0.2. n = number of approximately equal length intervals into which the field slope is divided 
by the terraces. Tillage operations must be parallel to the terraces. 

Table B-13. Values of Supporting Practice Factor (P) (Stewart et al. , 1975). 
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Seasonb1 

Zonea1 Location Cool Warm 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Fargo ND 0.08 0.30 
Sioux City IA 0.13 0.35 
Goodland KS 0.07 0.15 
Wichita KS 0.20 0.30 
Tulsa OK 0.21 0.27 
Amarillo TX 0.30 0.34 
Abilene TX 0.26 0.34 
Dallas TX 0.28 0.37 
Shreveport LA 0.22 0.32 
Austin TX 0.27 0.41 
Houston TX 0.29 0.42 
St. Paul MN 0.10 0.26 
Lincoln NE 0.26 0.24 
Dubuque IA 0.14 0.26 
Grand Rapids Ml 0.08 0.23 
Indianapolis IN 0.12 0.30 
Parkersburg WV 0.08 0.26 
Springfield MO 0.17 0.23 
Evansville IN 0.14 0.27 
Lexington KY 0.11 0.28 
Knoxville TN 0.10 0.28 
Memphis TN 0.11 0.20 
Mobile AL 0.15 0.19 
Atlanta GA 0.15 0.34 
Apalachacola FL 0.22 0.31 
Macon GA 0.15 0.40 
Columbia SC 0.08 0.25 
Charlotte NC 0.12 0.33 
Wilmington NC 0.16 0.28 
Baltimore MD 0.12 0.30 
Albany NY 0.06 0.25 
Caribou ME 0.07 0.13 
Hartford CN 0.11 0.22 

a, Zones given in Figure B-1. 

bl Cool season: Oct - Mar; Warm season: Apr - Sept. 

Table B-14. Rainfall Erosivity Coefficients (a) for Erosivity Zones in Eastern U.S. (Selker et al., 
1990). 

Initial Conditions. Several initial conditions must be provided in the TRANSPRT.DAT file: initial unsatu­
rated and shallow saturated zone soil moistures (U1 and S,), snowmelt water (SN,) and antecedent rain + 
snowmelt for the five previous days. It is likely that these values will be uncertain in many applications. 
However, they will not affect model results for more than the first month or two of the simulation period. It is 
generally most practical to assign arbitrary initial values cu· for U1 and zero for the remaining variables) and to 
discard the first year of the simulation results. 
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Nutrient Parameters 

A sample set of nutrient parameters required for the data file NUTRIENT.DAT is given in Appendix D. 

Although the GWLF model will be most accurate when nutrient data are calibrated to local conditions, a 
set of default parameters has been developed to facilitate uncalibrated applications. Obviously these 
parameters, which are average values obtained from published water pollution monitoring studies, are only 
approximations of conditions in any watershed. 

Rural and Groundwater Sources. Solid-phase nutrients in sediment from rural sources can be estimated 
as the average soil nutrient content multiplied by an enrichment ratio. Soil nutrient levels can be determined 
from soil samples, soil surveys or general maps such as those given in Figures B-3 and B-4. A value of 2.0 for 
the enrichment ratio falls within the mid-range of reported ratios and can be used in absence of more specific 
data (McElroy et al., 1976; Mills et al., 1985). 

1""11 Highly di.vttl"!H! 
IUl In~ufficien t d•t• 

Ill < o . 0 5:x 

Figure B-3. Nitrogen in Surface 30 cm of Soils (Parke.-, et al., 1946; MIUs, et al., 1985). 

Default flow-weighted mean concentratfons of dissolved nitrogen and phosphorus in agriculitural runoff 
are given in Table B-15. The cropland and barnyard data are from multi-year storm runoff sampling studies in 
South Dakota (Dornbush et al., 197 4) and Ohio (Edwards fil.m-, 1972). The coocentrations for snO'Wmell runoff 
from fields with manure on the soil surface are taken from a manual prepared by U. S. Department or 
Agriculture scientists (Gilbertson etaJ., 1979). 

Default values for nutrient concentrations in groundwater discharge can be inferred from the U.S. 
Eutrophication Survey results (Omernik, 1977) given in Table 8-16. Ttiese data are mean conoentfations 
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computed from 12 monthly streamflow samples in watersheds free of point sources. Since such limited 0 
sampling is unlikely to capture nutrient flul'.(es from storm runoff, the streamflow concentrations can be 
assumed to represent groundwater discharges to streams. 

~ ~ 0.0.4¼ 

[j 0.95--9. 09¼ 

m 0 . 1e- o . 11i!¾ 

lllIII o. 29-9 . 30-A 

Figure B-4. P2O5 (44% phosphorus) in Surface 30 cm of Soils (Parker, et al., 1946; Mills, et al., 1985). 

Dissolved nutrient data for forest runoff are essentially nonexistent. Runoff is a small component of 
streamflow from forest areas and studies of forest nutrient flux are based on streamflow rather than runoff 
sampling. Hence the only possible default option is the use of the streamflow concentrations from the "$ 90% 
Forest" category in Table B-16 as estimates of runoff concentrations. 

Default values for urban nutrient accumulation rates are provided in Table B-17. These values were 
developed for Northern Virginia conditions and are probably suitable for smaller and relatively new urban 
areas. They would likely underestimate accumulations in older large cities. 

Septic Systems. Representative values for septic system nutrient parameters are given in Table B-18. 
Per capita nutrient loads in septic tank effluent were estimated from typical flows and concentrations. The EPA 
Design Manual (U.S. Environmental Protection Agency, 1980) indicates 170 //day as a representative 
wastewater flow from on-site wastewater disposal systems. Alhajjar et al. (1989) measured mean nitrogen and 
phosphorus concentrations in septic tank effluents of 73 and 14 mg//, respectively. The latter concentration is 
based on use of phosphate detergents. When non-phosphate detergents are used, the concentration dropped 
to 7 .9 mg//. These concentrations were combined with the 170 I/day flow to produce the effluent nutrient loads 
given in Table B-18. 
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Nutrient uptake by plants (generally grasses) growing over the septic system adsorption field are frankly 
speculative. Brown & Thomas (1978) suggest that if the grass clippings are harvested, nutrients from a septic 
system effluent can support at least twice the normal yield of grass over the absorption field. Petrovic & 
Cornman (1982) suggest that retention of turf grass clippings can reduce required fertilizer applications by 
25%, thus implying nutrient losses of 75% of uptakes. It appears that a conservative estimate of nutrient 
losses from plant cover would be 75% of the nutrient uptake of from a normal annual yield of grass. Reed et al. 
(1988) reported that Kentucky bluegrass annually utilizes 200-270 kg/ha nitrogen and 45 kg/ha phosphorus. 
Using the 200 kg/ha nitrogen value, and assuming a six month growing season and a 20 m2 per capita 
absorption area, an estimated 1.6 g/day nitrogen and 0.4 g/day phosphorus are lost by plant uptake on a per 
capita basis during the growing season. The 20 m2 adsorption area was based on per bedroom adsorption 
area recommendations by the U.S. Public Health Service for a soil with average percolation rate (.12 min/cm) 
(U.S. Public Health Service, 1967). 

The remaining information needed are the numbers of people served by the four different types of septic 
systems (normal, short-circuited, ponded and direct discharge). A starting point for this data will generally be 
estimates of the unsewered population in the watershed. Local public health officials may be able to estimate 
the fractions of systems within the area which are of each type. However, the most direct way of generating 
the information is through a septic systems survey. 
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Land Use Nitrogen Phosphorus 
(----------------( mg/1)---------------) 

Fallowai 
Corna/ 
Small grainsa1 
Hay-u 
Pasturea1 
Barn yardsbl 

2.6 
2.9 
1.8 
2.8 
3.0 

29.3 

Snowmelt runoff from manured landr1: 
Corn 12.2 
Small grains 25.0 
Hay 36.0 

a1Dornbush et al. (1974) 

ti1Edwards et al. (1972) 

0.10 
0.26 
0.30 
0.15 
0.25 
5.10 

1.90 
5.00 
8.70 

c1Gilbertson et al. (1979); manure left on soil surface. 

Table 8-15. Dissolved Nutrients in Agricultural Runoff. 

Watershed 
Type 

Nitrogen"': 
$ 90% Forest 
$ 75% Forest 
$ 50% Forest 
$ 50% Agriculture 
$ 75% Agriculture 
$ 90% Agriculture 

Phosphorusb': 
$ 90% Forest 
$ 75% Forest 
$ 50% Forest 
$ 50% Agriculture 
$ 75% Agriculture 
$ 90% Agriculture 

Concentrations (mg//) 
Eastern U.S. Central U.S. Western U.S. 

0.19 0.06 0.07 
0.23 0.10 0.07 
0.34 0.25 0.18 
1.08 0.65 0.83 
1.82 0.80 1.70 
5.04 0.77 0.71 

0.006 0.009 0.012 
0.007 0.012 0.015 
0.013 0.015 0.015 
0.029 0.055 0.083 
0.052 0.067 0.069 
0.067 0.085 0.104 

111'Measured as total inorganic nitrogen. 

ti/Measured as total orthophosphorus 

Table B-16. Mean Dissolved Nutrients Measured in Streamflow by the National Eutrophication 
Survey (Omernik, 1977). 
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Sus- Total Total 
Land Use pended BOD Nitrogen Phosphorus 

Solids 
(------------------------------ kg/ha-day --.------------) 

Impervious Surfaces 
Single family residential 

Low density (units/ha < 1.2) 2.5 0.15 0.045 0.0045 
Medium density (units/ha ~ 1.2) 6.2 0.22 0.090 0.0112 

Townhouses & apartments 6.2 0.22 0.090 0.0112 
High rise residential 3.9 0.71 0.056 0.0067 
Institutional 2.8 0.39 0.056 0.0067 
Industrial 2.8 0.71 0.101 0.0112 
Suburban shopping center 2.8 0.71 0.056 0.0067 
Central business district 2.8 0.85 0.101 0.0112 

Pervious Surfaces 
Single family residential 

Low density (units/ha < 1.2) 1.3 0.08 0.012 0.0016 
Medium density (units/ha <"! 1.2) 1.1 0.15 0.022 0.0039 

Townhouses & apartments 2.2 0.29 0.045 0.0078 
High rise residential 0.8 0.08 0.012 0.0019 
Institutional 0.8 0.08 0.012 0.0019 
Industrial 0.8 0.08 0.012 0.0019 
Suburban shopping center 0.8 0.08 0.012 0.0019 
Central business district 0.8 0.08 0.012 0.0019 

Table B-17. Contaminant Accumulation Rates for Northern Virginia Urban Areas (Kuo, et al., 
1988). 

Parameter 

e, per capita daily nutrient load 
in septic tank effluent (g/day) 

Value 

Nitrogen 12.0 
Phosphorus 
Phosphate detergents use 2.5 
Non-phosphate detergents use 1.5 

Um, per capita daily nutrient uptake 
by plants during month m (g/day) 
Nitrogen: Growing season 1.6 

Non-growing season 0.0 
Phosphorus: Growing season 0.4 

Non-growing season 0.0 

Table B-18. Default Parameter Values for Septic Systems. 
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APPENDIX C: VALIDATION STUDY 

The GWLF model was tested by comparing model predictions with measured streamflow, sediment and 
nutrient loads from the West Branch Delaware River Basin during a three-year period (April, 1979 - March, 
1982). The model was run using the four-year period April, 1978 - March, 1982 and first year results were 
ignored to eliminate effects of arbitrary initial conditions. 

CANNONSVILLE 
RESERVOIR 

Figure C-1. West Branch Delaware River Watershed. 

The 850 km2 watershed, which is shown in Figure C-1, is in a dairy farming area in southeast New York 
which consists of 30% agricultural, 67% forested and 2% urban land uses. The river empties into Cannonsville 
Reservoir, which is a water supply source for the City of New York. 

The model was run for the four-year period using daily precipitation and temperature records from the 
U.S. Environmental Data and Information service weather station at Walton, NY. To test the usefulness of the 
default parameters presented previously, no attempt was made to calibrate the model. No water quality data 
from the watershed were used to estimate parameters. All transport and chemical parameters were obtained 
by the general procedures described in the Appendix B. 

Water Quality Observations 

Continuous streamflow records were available from a U.S. Geological Survey gauging station at Walton, 
NY. Nutrient and sediment data were collected, analyzed and summarized by the N.Y. State Department of 
Environmental Conservation (Brown et al., 1985). During base flow conditions, samples were collected at 
approximately one-week intervals. During storm events, samples were collected at 2-4 hour intervals during 
hydrograph rise and at 6-8 hour intervals in the 2-3 days following flow peak. More frequent sampling was 
carried out during major snowmelt events. Total and dissolved phosphorus and sediment (suspended solids) 
data were collected from March, 1980 through March, 1982. The sampling periods for dissolved and total 
nitrogen were less extensive: March, 1980 - September, 1981 and January, 1981 - September, 1981, 
respectively. 
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Mass fluxes were computed by multiplying sediment or nutrient concentrations in a sample by "a volume 
of water determined by numerically integrating flow over the period of time from half of the preceding sampling 
time interval through half of the following sampling time interval" (Brown et al., 1985). 

Watershed Data 

Land Uses. The parameters needed for the agricultural and forest source areas were estimated from a 
land use sampling procedure similar to that described by Haith & Tubbs (1981). U.S. Geological Survey 
1 :24,000 topographic maps of the watershed were overlain by land use maps derived from 1971-1974 aerial 
photography. The maps were then overlain by a grid with 1-ha cells which was the basis of the sampling 
procedure. The land uses were divided into two general categories: forest and agriculture. Forest areas were 
subdivided into forest brushland and mature forest, and agricultural areas were subdivided into cropland, 
pasture and inactive agriculture. A random sample of 500 cells was taken, stratified over the two major land 
uses to provide more intense sampling of agricultural areas (390 samples Y§.. 110 for forest). 

For each agricultural sample, the following were recorded: land use (cropland, pasture or inactive), soil 
type and length and gradient of the slope of the field in which the 1-ha sample was located. Crops were 
separated into two categories, corn or hay, since these two crops make up 99% of the county cropland. 

Barnyard areas were identified from examination of conservation plans for 30 watershed dairy farm 
barnyards. Average earthen and roof drainage areas were 0.1306 ha and 0.0369 ha, respectively. These 
values were assumed representative of the watershed's 245 barnyards, producing total earth and roof 
drainage areas of 32 and 9 ha, respectively. 

Urban land uses (low-density residential, commercial and industrial) were calculated from Delaware 
County tax maps. The impervious portions of these areas were 16%, 54% and 34% for residential, commercial 
and industrial land uses, respectively. 

Runoff Cu,ve Numbers. In forest areas, curve numbers were selected by soil type, assuming "good" 
hydrologic condition. Agricultural curve numbers were selected based on soil type, crop, management practice 
(e.g., strip cropping) and hydrologic condition. All pasture, hay and corn-hay rotations were assumed to be in 
good condition. Inactive agricultural areas were assumed to be the same as pasture. Corn grown in 
continuous rotation was considered in poor condition. Cropland breakdown into hay, continuous corn and 
rotated corn was determined from county data assembled by Soil Conservation Service (1976) and confirmed 
from Bureau of the Census (1980). 

Rural source areas and curve numbers are listed in Table C-1. These areas were subsequently aggre­
gated for the GWLF input files into the large areas given in Table C-2. Urban and barnyard areas are also 
given in Table C-2. Curve numbers are area-weighted averages for each source area. 

Erosion and Sediment Parameters. Data required for estimation of soil loss parameters for logging sites 
were obtained from a forestry survey (Slavicek, 1980). Logging areas were located from a 1979 aerial survey. 
Transects of the logging roads at these sites were measured for soil loss parameters Kk, (LS)k, Ck and Pk, and 
from this information an average Kk (LS)k Ck Pk value was calculated. 

Soil erodibility factors {Kk} for agricultural land were obtained from the Soil Conservation Service. Cover 
factors (C) were selected Table B-10 based on several assumptions. For corn, the assumptions were that all 
residues are removed from the fields {91 % of the corn in the county is used for silage (Bureau of the Census, 
1980)), and all fields are spring turn-plowed and in the high productivity class {Knoblauch, 1976). A moderate 
productivity was assumed for hay (Knoblauch, 1976). Supporting practice factors of P = 1 were used for all 
source areas except strip crop corn. Area-weighted Kk (LS}k Ck Pk values are given in Table C-2. Coefficients 
for daily rainfall erosivity were selected from Table B-13 for Zone 31 (Figure B-1). A watershed sediment 
delivery ratio of 0.065 was determined from Figure B-2. 
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Soil 0 Hydro logic Curve 
Source Area Group Area(ha) Number3 

Continuous corn B 414 81 
C 878 88 

Rotated corn B 620 78 
C 1316 85 

Strip crop corn C 202 82 

Hay B 2319 72 
C 10690 81 
D 76 85 

Pasture B 378 61 
C 4639 74 
D 76 80 

Inactive agriculture B 328 61 
C 3227 74 
D 126 80 

Forest brushland B 3118 48 
C 24693 65 
D 510 73 

Mature forest B 510 55 
C 27851 70 

._, Antecedent moisture condition 2 (CN2k) 

Table C-1. Areas and Curve Numbers for Agricultural and Forest Runoff Sources for West 
Branch Delaware River Basin. 
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Land Use Area(ha) Curve Numbe.,al Erosion Productb' 

Corn 3430 83.8 0.214 
Hay 13085 79.4 0.012 
Pasture 5093 73.1 0.016 
Inactive 
Agriculture 3681 73.1 0.017 

Barnyards 41 92.2 
Forest 56682 66.5 
Logging Trails 20 0.217 
Residential 
(Low Density) 

Impervious 104 98.0 
Pervious 546 74.0 

Commercial 
Impervious 49 98.0 
Pervious 41 74.0 

Industrial 
Impervious 34 98.0 
Pervious 67 74.0 

31Antecedent moisture condition 2 (CN2k). 

b'Kk (LS)k ck Pk 

Table C-2. 

Land Use 

Corn 
Hay 
Pasture 
Inactive 

Agriculture 
Forest 
Logging 
Barn Yards 
Residential 
Commercial 
Industrial 

Watershed 
Weighted Mean 

Table C-3. 

Aggregated Runoff Source Areas in West Branch Delaware River Basin. 

Cover Coefficient 
Area(ha) May-Oct Nov-Apr 

3430 1.0 0.3 
13085 1.0 1.0 
5093 1.0 1.0 

3681 1.0 1.0 
56682 1.0 0.3 

20 0.3 0.3 
41 0.3 0.3 
650 0.84 0.84 
90 0.46 0.46 
101 0.66 0.66 

82873 1.00 0.49 

Evapotranspiration Cover Coefficients for West Branch Delaware River Basin. 
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Other Transport Parameters. For purpose of curve number and evapotranspiration cover coefficient 0 
selection, the growing season was assumed to correspond to months during which mean air temperature is at 
least 10EC (May-October). Cover coefficients were selected from Table B-8 and are listed in Table C-3 along 
with the area-weighted watershed values. An average groundwater recession constant of r = 0.1 was 
determined from analysis of 30 hydrograph recessions from the period 1971 -1978. The seepage constant (s) 
was assumed to be zero, and the default value of 10 cm was used for unsaturated zone available soil moisture 
capacity u·. 

Nutrient Concentrations and Accumulation Rates. Using the soil nutrient values given in Figures B-3 and 
B-4 and the previously suggested enrichment ratio of 2.0 produced sediment nutrient concentrations of 3000 
mg/kg nitrogen and 1300 mg/kg phosphorus. Rural dissolved nutrient concentrations were selected from 
Tables B-15 and B-16. Manure is spread on corn land in the watershed and hence the manured land concen­
trations were used for corn land runoff in snowmelt months (January- March). Inactive agricultural land was 
assumed to have nutrient concentrations midway between pasture and forest values. Urban nutrient accumu­
lation rates from Table B-17 were used, with "Central business district" values used for commercial land. 

Septic System Parameters. The default values for nutrient loads and plant uptake given in Table B-18 
were used to model septic systems. The population served by each type of septic system was estimated by 
determining the percentage of the total number of systems falling within each class and multiplying by the 
year-round and seasonal (June-August) unsewered populations in the watershed. Table C-4 summarizes the 
population data for septic systems. 

System Type 

Normal 
Short-circuited 
Ponded 
Direct discharge 

a1 June - August 

Table C-4. 

Percent 
of Total Population Served 
Population Year-round 

86 
1 

10 
3 

7572 
88 

881 
264 

Seasonala1 

1835 
21 

213 
64 

Estimated Populations Served by Different Septic System Types in West Branch 
Delaware River Basin. 

The year-round unsewered population estimate for the watershed was based on 1980 Census data. 
These data were also used to determine the average number of people per household and the number of 
housing units used on a part-time basis. The seasonal population was then calculated by assuming the 
number of people per household was the same for seasonal and year-round residents. 

A range of values for the current (1991) percentage of each type of system was supplied by the New York 
City Department of Environmental Protection (Personal Communication, J. Kane, New York City Department 
of Environmental Protection). A estimate of the percentages for the study period was determined by comparing 
the range of current values with the percentages from a survey of a neighboring area of Delaware County with 
construction practices and code enforcement similar to the West Branch Delaware River Watershed at the 
time of the study (Personal Communication, A. Lemley, Cornell University). 

Point Sources. Point sources of nutrients are dissolved loads from five municipal and two industrial 
wastewater treatment plants. These inputs are 3800 kg/mo nitrogen and 825 kg/mo phosphorus (Brown & 
Rafferty, 1980; Dickerhoff, 1981 ). 
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c- Complete data inputs for the validation simulation run are given in Appendix D. 

Validation Results 

The GWLF streamflow predictions are compared with observations in Figure C-2. It is apparent that 
although the model mirrors the timing of observed streamflow, predictions for any particular month may have 
substantial errors. Accuracy is poorest for low flows, when predicted streamflows are essentially zero due to 
the very simple lumped parameter groundwater model. 

West Branch Delaware River 
(4 /79-3 /82) 

18 

16 
X 

14 
....... 
E 12 
0 ..._,, 
l 10 
0 
:;: 
E 
0 
Q) 

6 I.. -(/) 

4 

2 

0 
A J A 0 0 F A J A 0 D F A J A 0 D r 

Month 

X Observed -- Predicted 

Figure C-2. Observed and Predicted Monthly Streamflow. 

Model predictions and observations for total phosphorus and n\trogen are compared in Figures C-3 and 
C-4. Both sets of predictions match the variations in observations but under-predict the February, 1981 peak 
values by 35% and 26% for phosphorus and nitrogen, respectively. A quantitative summary of the compari­
sons of predictions with observations is given in Tabfe C-5. Monthly mean predictions are within 10% of 
observation means for five of the six mode, outputs. The predicted mean total nitrogen flux is 73% of the 
observed mean. No coefficient of determination (R2

) is less than 0.88, indicating that the model explains at 
least 88% of the observed monthfy variation in streamflow, sediment yield and nutrient fluxes. 

Mean annual nutrient loads from each source for the four-year simulation period are provided in Table C-
6. It is apparent that cropland runoff is a major source of streamflow nitrogen and phosphorus. Groundwater 
discharge is the largest source of nitrogen, accounting for 41 % of dissolved and 36% of total nitrogen loads. 
Point sources constitute 11% of total nitrogen and 20% of total phosphorus. Septic tank drainage provides 
nearly as much nitrogen as point sources, but is a minor phosphorus source. 
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West Branch Delaware River 
(3/80-3/82) 
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Figure C-3. Observed and Predicted Total Phosphorus in Streamflow. 

ConstituentPeriod 

Streamflow (cm) 
Sediment 

(1000 Mg) 
Nitrogen (Mg) 

Dissolved 
Total 
Phosphorus (Mg) 
Dissolved 
Total 

Table C-5. 

Validation Monthly Means Coefficient 
Predicted Observed of Deter-

mination (R2
) 

4/79-3/82 4.9 4.5 0.88 

3/80-3/82 1.6 1.7 0.95 

3/80-9/81 27.8 27.8 0.94 
1/81-9/81 32.9 44.8 0.99 

3/80-3/82 2.6 2.4 0.95 
3/80-3/82 4.7 5.2 0.95 

Comparison of GWLF Predictions and Observations for the West Branch Delaware 
River Watershed. 
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West Branch Delaware River 
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Figure C-4. Observed and Predicted Total Nitrogen in Streamflow. 

Conclusions 

The watershed loading functions model GWLF is based on simple runoff, sediment and groundwater 
relationships combined with empirical chemical parameters. The model is unique in its ability to estimate 
monthly nutrient fluxes in streamflow without calibration. Validation studies in a large New York watershed 
indicated that the model possesses a high degree of predictive accuracy. Although better results could 
perhaps be obtained by more detailed chemical simulation models, such models have substantially greater 
data and computational requirements and must be calibrated from water quality sampling data. 

The GWLF model has several limitations. Peak monthly nutrient fluxes were underestimated by as much 
as 35%. Since nutrient chemistry is not modeled expticitly, the model cannot be used to estimate the effects of 
fertilizer management or urban storm water storage and treatment. The model has only been validated for a 
largely rural watershed in which agricultural runoff and groundwater discharge provided most of the nutrient 
load. Although the urban runoff component is based on well-known relationships which have been used 
previously in such models as STORM and SWMM, GWLF performance in more urban watersheds is uncer­
tain. 
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Nitrogen (Mg) Phosphorus (Mg) 
Source Dissolved Total Dissolved Total 

Runoff 

Corn 52.9 84.6 7.8 21.5 
Hay 48.6 55.4 2.6 5.5 
Pasture 13.2 16.7 1.1 2.6 
Inactive 
Agriculture 5.1 7.8 0.4 1.6 

Forest & logging 5.9 6.1 0.2 0.3 
Barn yards 4.3 4.3 0.8 0.8 
Urban 2.8 0.3 

Groundwater, Point Sources, & Septic Systems 

Groundwater 
Discharge 

Point sources 
Septic systems 

Watershed Total 

Table C-6. 

149.6 149.6 5.7 5.7 
45.6 45.6 9.9 9.9 
38.1 38.1 1.1 1.1 

363.4 411.1 29.6 48.3 

Mean Annual Nutrient Loads Estimated from GWLF for the West Branch Delaware 
River Watershed: 4/78 - 3/82. 
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r- APPENDIX D: DATA AND OUTPUT LISTINGS FOR VALIDATION STUDY (EXAMPLE 1) 

The first listing in this appendix is the set of sequential data input files TRANSPRT.DAT, NUTRIENT.DAT 
and WEATHER.DAT used in the validation study and Example 1. The first two files are constructed by 
selecting the appropriate option from GWLF menus. The weather file is arranged by months (April - March, in 
this application) with the first entry for each month being the number of days in the month, and subsequent 
entries being temperature ( EC) and precipitation (cm) for each day. Only a partial listing of WEA TH ER. DAT is 
given. The next listings are the text files for the transport and nutrient data (TRANSPRT.TXT and 
NUTRIENT.TXT). The remaining listings are text files of the several program outputs (SUMMARY.TXT and 
MONTHL Y.TXT). 
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TRANSPRT.DAT 

7 , 6 
. 1 , 0 , 10, 0 , 0 , . 065 , 10 
0 
0 
0 
0 
0 
"APR", .49, 13 . 1 , 0 , . 25 
"MAY" , 1 , 14 . 3 , 1 , . 2 5 
"JUNE",1,15 , 1 , . 25 
"JULY",1,14. 6 , 1 , . 25 
"AUG",l,13. 6 , 1 , .25 
"SE PT" , 1, 12 . 3 , 1 , . 2 5 
"OCT",1,10. 9 , 1 , . 06 
"NOV", .49, 9 . 7, 0 , . 06 
"DEC" , . 4 9, 9, 0 , . 0 6 
" J AN", .49, 9 . 3, 0 , . 06 
"FEB" , . 4 9, 10 . 4 , 0 , . 0 6 
"MAR", .49,11 . 7 , 0 , . 06 
"CORN", 3430 , 83 . 8 ,. 214 
"HAY",13085 , 79 . 4 , . 012 
"PASTURE",5093 , 73 . 1 , . 016 

NUTRIENT.DAT 

3000 , 1300, .34 , .013 
1 , 10, 12 
2 . 9,. 26 
2 . 8, . 15 
3 , . 25 
1. 6,. 13 
. 19, . 006 
o,o 
29 . 3, 5 . 1 
0 . 045 , 0 . 0045 
0.012 , 0 . 0016 
0.101 , 0.0112 
0 . 012 , 0 . 0019 
0 . 101 , 0.0112 
0 . 012 , 0 . 0019 
12 . 2 , 1.9 
3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 

11 INACTIVE" , 3 6 81 , 7 3 . 1 1 • 0 1 7 
"FOREST",56 682 , 66 . 5 , 0 
" LOGGING" , 2 0 , 0 , . 21 7 

3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 
3800 , 825 
1 

"BARN YARDS", 41 , 92 . 2 , 0 
"RES- imperv", 104 , 98 , 0 
"RES- perv", 546 , 74,0 
"COMM-imperv ", 49,98 , 0 
"COMM-perv", 41 , 74 , 0 
" INDUS-imperv", 34,98 , 0 
" INDUS-perv", 67 , 74 , 0 

7572 , 881 , 88 , 264 
7572,881 , 88 , 264 
9407 , 1094 , 109, 328 
9407 , 1094 , 109, 328 
9407,1094 , 109, 328 
7572, 881 , 88 , 264 
7572 , 881 , 88 , 264 
7572 , 881 , 88 , 264 
7572 , 881 , 88 , 264 
7572 , 881 , 88 , 264 
7572 ,881 , 88 , 264 
7572 , 881 , 88 , 264 
12 , 2.511.6, . 4 
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WEATHER . DAT 

11 , . 2 
2 , . 4 
-3 , . 1 
2, 0 
3 , 1 
4, 0 
9, . 4 
2, . 1 
2, . 1 
4,0 
12 , .1 
10 , . 6 
12 , 0 
5 , . 1 
2 , . 1 
5 , 0 
4 I 0 
5, . 1 
7 , 0 
8,1.3 
4 , . 4 
6, . 1 
4 , 0 
6 , 0 
7 , 0 
8 , 0 
9 , 0 
8 , 0 
7,0 
5 , .1 
31 
-1 , 0 
6, 0 
6, 0 
5 , 0 
7 , . 3 
6 , 1.3 
11 , . 6 
9 , 0 
15 , . 8 
10 ,. 2 
15 , 0 
13 , 0 
16 , 0 
14 , 0 
12 ,. 5 
11 , . 4 
11 ,. 8 
14 , . 4 
1 7 ,. 2 
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TRANSPRT.TXT 

TRANSPRT DATA 

LAND USE AREA(ha) CURVE NO 
CORN 3430. 83 . 8 
HAY 13085. 79. 4 
PASTURE 5093. 73.1 
INACTIVE 3681. 73.1 
FOREST 56682. 66.5 
LOGGING 20. 0.0 
BARN YARDS 41. 92 . 2 
RES-imperv 104. 98.0 
RES-perv 546. 74.0 
COMM-imperv 49. 98.0 
COMM-perv 41. 74.0 
INDUS-imperv 34. 98.0 
INDUS-perv 67. 74.0 

MONTH ET CV() DAY HRS GROW. SEASON 
APR 0. 490 13.1 0 
MAY 1.000 14.3 1 
JUNE 1.000 15 1 
JULY 1.000 14.6 1 
AUG 1.000 13.6 1 
SEPT 1.000 12.3 1 
OCT 1.000 10.9 1 
NOV 0. 490 9.7 0 
DEC 0. 490 9 0 
JAN 0. 490 9.3 0 
FEB 0. 4 90 10.4 0 
MAR 0. 490 11. 7 0 

ANTECEDENT RAIN+MELT FOR DAY -1 TO DAY -5 
0 0 0 0 0 

INITIAL UNSATURATED STORAGE (cm) 
INITIAL SATURATED STORAGE (cm) 
RECESSION COEFFICIENT (1/day) 
SEEPAGE COEFFICIENT (1/day) 
INITIAL SNOW (cm water) 
SEDIMENT DELIVERY RATIO 
UNSAT AVAIL WATER CAPACITY (cm) 

NUTRIENT.TXT 

10 
0 
.1 
0 
0 

0.065 
10 

NUTRIENT DATA 

RURAL LAND USE 
CORN 
HAY 
PASTURE 
INACTIVE 
FOREST 
LOGGING 
BARN YARDS 

DIS . NITR IN RUNOFF(mg/1) 
2.9 
2.8 
3 
1. 6 
.19 
0 
29 . 3 

54 

KLSCP 
0 . 21400 
0.01200 
0.01600 
0. 01700 
0.00000 
0.21700 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 

EROS. COEF 
. 25 
. 2 5 
• 2 5 
• 2 5 
.. 25 
. 2 5 
.06 
.06 
.06 
.06 
.06 
.06 

DIS.PHOS IN RUNOFF(mg/1) 
• 2 6 
.15 
• 2 5 
. 13 
. 006 
0 
5.1 
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NUTRIENT CONCENTRATIONS IN RUNOFF FROM MANURED AREAS 

LAND USE 
CORN 

NITROGEN(mg/1) 
12.2 

PHOSPHORUS (mg/1) 
1.9 

URBAN LAND USE 
RES-imperv 
RES-perv 
COMM-imperv 
COMM-perv 
INDUS-imperv 
INDUS-perv 

NITR.BUILD-UP(kg/ha-day) 
.045 

PHOS.BUILD-UP(kg/ha-day) 
.0045 

.012 .0016 

.101 .0112 

.012 .0019 

.101 .0112 

.012 .0019 

MONTH 
APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

POINT SOURCE NITR. (kg) 
3800 

POINT SOURCE PHOS . (kg) 
825 

3800 
3800 
3800 
3800 
3800 
3800 
3800 
3800 
3800 
3800 
3800 

NITROGEN IN GROUNDWATER (mg/1): 
PHOSPHORUS IN GROUNDWATER (mg/1): 
NITROGEN IN SEDIMENT (mg/kg): 
PHOSPHORUS IN SEDIMENT (mg/kg): 

MANURE SPREADING JAN THRU MAR 

SEPTIC SYSTEMS 

0.340 
0.013 

3000 
1300 

POPULATION SERVED 

825 
825 
825 
825 
825 
825 
825 
825 
825 
825 
825 

NORMAL 
SYSTEMS 

7572 
7572 
9407 
9407 
9407 
7572 
7572 
7572 
7572 
7572 
7572 
7572 

PONDING SHORT-CIRCUIT 
MONTH SYSTEMS SYSTEMS 
APR 881 88 
MAY 881 88 
JUNE 1094 109 
JULY 1094 109 
AUG 1094 109 
SEPT 881 88 
OCT 881 88 
NOV 881 88 
DEC 881 88 
JAN 881 88 
FEB 881 88 
MAR 881 88 

PER CAPITA TANK EFFLUENT NITROGEN (g/day) 12 
PER CAPITA TANK EFFLUENT PHOSPHORUS (g/day) 2.5 
PER CAPITA GROWING SEASON NITROGEN UPTAKE (g/day) 1.6 
PER CAPITA GROWING SEASON PHOSPHORUS UPTAKE (g/day) - .4 
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DISCHARGE 
SYSTEMS 

264 
264 
328 
328 
328 
264 
264 
264 
264 
264 
2 64 
264 

0 

0 

0 
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c- SUMMARY.TXT 

W. Branch Delaware River 4/78-3/82 4 -year means 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 9 . 6 1 . 9 6. 5 0. 3 6. 7 
MAY 9 . 8 7 . 5 5 . 3 0 . 3 5 . 6 
JUNE 8 . 3 9 . 7 1 . 8 0 . 0 1 . 8 
JULY 8.6 11.3 0.1 0.0 0.2 
AUG 10.4 9.2 1.2 0.9 2.0 
SEPT 11.6 5.8 0.1 0.1 0.2 
OCT 11 • 5 3 . 1 4 . 3 0 . 1 4 . 4 
NOV 8 . 2 0 . 7 6 . 6 0 . 4 7 . 0 
DEC 8 • 0 0 • 2 5 . 6 0 . 4 6 . 0 
JAN 8. 1 0. 1 5. 0 1 . 1 6. 1 
FEB 8. 5 0 . 2 5 . 7 1 . 8 7 . 4 
MAR 9 . 8 0. 8 10. 9 2. 4 13. 3 

ANNUAL 112. 3 50.7 53.1 7.8 60 . 8 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
----(1000 Mg)----

APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

ANNUAL 

29.2 0.0 
35.7 0 . 2 
23 . 5 0 . 0 
28 . 1 0 . 0 
45 . 8 1.2 
45 . 0 0. 0 
11.2 0 . 1 

6 . 3 0. 9 
0 . 8 1.1 
0 . 4 1. 1 
0 . 5 4.4 
3 . 7 6. 0 

230 . 4 15 . 0 

SOURCE AREA RUNOFF 
(ha) 

CORN 
HAY 
PASTURE 
INACTIVE 
FOREST 
LOGGING 
BARN YARDS 
RES-imperv 
RES-perv 
COMM-imperv 
COMM-perv 
INDUS-imperv 
INDUS-perv 
GROUNDWATER 
POINT SOURCE 
SEPTIC SYSTEMS 

TOTAL 

3430 . 
13085 . 

5093. 
3681. 

56682. 
20 . 
41. 

104. 
546. 

49. 
41. 
34. 
67. 

(cm) 
18.03 
13. 27 

8.65 
8.65 
5.47 
0.00 

36.11 
74 .11 

9.20 
74 .11 

9.20 
74 .11 

9.20 

------------(Mg)------------------
30.7 31.1 1.9 2.0 
26.9 27.7 1.8 2.1 
10.7 10.9 1.1 1.2 
4.9 5.2 1.0 1.0 

17.2 21.0 1.7 3.2 
6.2 6.6 1.1 1.1 

21.3 21.8 1.6 1.7 
33.3 36.1 2.1 3.2 
28.9 32.3 1.9 3.3 
41.4 45.0 3.6 5.1 
55.4 68.8 4.9 10.6 
86.6 104.8 7.0 14.8 

363.4 

EROSION 
(Mg/ha) 

47.43 
2.66 
3.55 
3.77 
0.00 

48.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

411.0 29.6 49.3 

DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
--------------(Mg)------------

52.92 84.64 7.78 21.52 
48.60 55.39 2.60 5.54 
13.22 16.74 1.10 2.63 

5.10 7.80 0.41 1.59 
5.89 5.89 0.19 0.19 
0.00 0.19 0.00 0.08 
4.34 4.34 0 . 76 0.76 
0.00 0.86 0.00 0.09 
0.00 0.29 0.00 0 . 04 
0.00 0.91 0.00 0.10 
0.00 0.02 0.00 0.00 
0.00 0.63 0.00 0.07 
0.00 0.04 0.00 0.01 

149.58 149.58 5.72 5 . 72 
45.60 45.60 9.90 9.90 
38.13 38.13 1.11 1.11 

363.37 411. 05 29.57 49.34 

56 



R02156

MONTHLY.TXT 

W. Branch Delaware River 4/78-3/82 YEAR 1 

PRECIP EVAPOTRANS GR . WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 5. 2 1. 7 3. 1 0. 0 3. 1 
MAY 7. 9 7. 4 2. 1 0. 0 2 . 1 
JUNE 10. 5 9 . 7 1 . 8 0 . 0 1 . 8 
JULY 10.8 10.9 0.3 0 . 0 0.4 
AUG 17.0 10.4 4,6 3.4 8.1 
SEPT 7.6 5.5 0.4 0 . 1 0.4 
OCT 11. 6 3 . 1 3 . 9 0 . 0 3 . 9 
NOV 4 . 7 0 . 7 3 . 7 0 . 1 3 . 8 
DEC 12 . 6 0 . 2 5 • 2 0 . 0 5 . 2 
JAN 19. 1 0. 2 8. 7 3. 8 12. 6 
FEB 4.0 0.1 4.6 0.5 5.1 
MAR 10.9 1.1 16.5 4 . 6 21.0 

YEAR 

APR 
MAY 
JUNE 
JULY 
AUG 
SEPT 
OCT 
NOV 
DEC 
JAN 
FEB 
MAR 

YEAR 

121.9 50.9 

EROSION SEDIMENT 
----(1000 Mg)----

8.3 0.0 
13.3 0.0 
29.3 0.0 
39.4 0.0 

109.6 4.7 
35.4 0.0 
10.3 0.0 

1.4 0.0 
1.8 0.0 
0.0 3.8 
0.0 0.2 
5.0 7.7 

253.8 16.5 

54.9 12.6 67.4 

DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
------------(Mg)------------------

14.9 15.0 1 . 3 1 . 3 
11.3 11.5 1.1 1 . 2 
10.8 11.0 1.2 1.2 
5.8 6.1 1.0 1.0 

54.9 69.5 3.8 10.0 
6.8 6.9 1.1 1.1 

17.8 18 . 1 1.4 1 . 4 
18.2 18.4 1.4 1 . 4 
22.1 22.3 1.5 1.5 

100 . 4 112.2 8.9 13.9 
32.7 33 . 5 2 .8 3 . 1 

139.6 163.2 11.2 21.3 

435.3 487.5 36.6 58.3 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(ha) (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 24.70 52.26 81.18 116.13 12.18 27 . 33 
HAY 13085. 19.27 2.93 70.59 78.06 3.78 7.02 
PASTURE 5093. 13.86 3.91 21.18 25.06 1. 76 3. 45 
INACTIVE 3681. 13. 86 4.15 8.16 11.14 0.66 1. 95 
FOREST 56682. 9.81 0.00 10 . 57 10.57 0 . 33 0.33 
LOGGING 20. 0.00 52 . 99 0.00 0 . 21 0 . 00 0 .09 
BARN YARDS 41. 44.22 o.oo 5.31 5.31 0 . 92 0.92 
RES-imperv 104. 82.95 0.00 o.oo 0,86 0 . 00 0.09 
RES-perv 546. 14. 52 0.00 0.00 0.30 0.00 0.04 
COMM- imperv 49. 82.95 0 . 00 0.00 0 . 90 0 . 00 0.10 
COMM-perv 41. 14.52 0 . 00 0 . 00 0.02 0.00 0 . 00 
INDUS-imperv 34. 82.95 0.00 o.oo 0.63 0.00 0.07 
INDUS-perv 67. 14.52 0.00 o.oo 0.04 0.00 0.01 
GROUNDWATER 154.61 154.61 5 .91 5.91 
POINT SOURCE 45 . 60 45 . 60 9.90 9.90 
SEPTIC SYSTEMS 38 . 10 38 . 10 1.11 1.11 

TOTAL 435 . 30 487.55 36.58 58.33 
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r- W. Branc h Delaware River 4/78-3/82 YEAR 2 

PRECIP EVAPOTRANS GR.WAT.FLOW RUNOFF STREAMFLOW 
-----------------(cm)----------------------------------

APR 11 . 0 1.8 8.5 0.7 9.2 
MAY 15 . 3 7.6 6.8 0 . 6 7.5 
JUNE 4 . 2 9.6 3.8 0.0 3.8 
JULY 7. 2 11. S 0.2 0.0 0.2 
AUG 9 . 2 7 .6 0.0 0.0 0.0 
SEPT 14.3 6. 0 0.0 0.1 0.1 
OCT 11 . 2 3.4 6.7 0.1 6.7 
NOV 13 . 5 0.9 8.6 0.8 9.4 
DEC 5 . 0 0.4 6.7 0. 0 6.7 
JAN 3 . 7 0. 2 4.3 0.0 4.3 
FEB 4 . 0 0.1 1. 4 0. 0 1. 4 
MAR 14.8 0. 7 10.7 3. 0 13.7 

YEAR 113. 4 49.8 57. 6 5 .4 63.0 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
---- (1000 Mg)---- ------------(Mg)------------------

APR 35 . 1 0. 2 43.4 44. 2 2 . 6 2.8 
MAY 66.9 0.5 37.6 39.3 2 .4 3.1 
JUNE 11. 2 0.0 17. 2 17. 3 1. 3 1. 4 
JULY 15.4 0.0 4. 9 5 . 1 0 . 9 1.0 
AUG 19 . 1 0.0 4. 4 4.6 0.9 1.0 
SEPT 64.7 0. 1 6. 5 7 .0 1.1 1. 2 
OCT 8.2 0.0 27.9 28.2 1. 7 1. 8 
NOV 21. 0 2 .6 4S. 2 53.3 2 .7 6 . 1 
DEC 0.7 0.0 27.6 27.9 1. 7 1. 7 
JAN 1. 7 0.0 18.9 19.0 1. 4 1. 4 
FEB 0 . 0 0.0 10.2 10.3 1.2 1. 2 
MAR 8.6 13 . 0 99.0 138.5 8 . 5 25.5 

YEAR 252.7 16.4 342.6 394.6 26 . 4 48.1 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS . PHOS TOT.PHOS 
(ha) (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 15.22 52.02 37.28 72 . 08 5. 2 6 20 . 34 
HAY 13085. 10.54 2.92 38.60 46.05 2.07 5 . 29 
PASTURE 5093. 6.11 3.89 9.33 13.19 0.78 2. 45 
INACTIVE 3681 . 6.11 4 . 13 3.60 6.56 0.29 1. 58 
FOREST 56682 . 3.26 0 . 00 3.51 3 . 51 0 .11 0 . 11 
LOGGING 20. 0.00 52. 7 5 0.00 0 . 21 0.00 0 . 09 
BARN YARDS 41. 33. 71 0.00 4.05 4.05 0. 7 0 0 .70 
RES-imperv 104. 74.86 0.00 0.00 0.88 0.00 0.09 
RES-perv 546. 6.62 0.00 0.00 0. 28 0.00 0.04 
COMM-imperv 49 . 74 . 86 0 . 00 0 . 00 0 . 93 0 . 00 0.10 
COMM-perv 41. 6.62 0.00 0.00 0 . 02 0.00 0 . 00 
INDUS-imperv 34. 74.86 0.00 0.00 0.64 0.00 0.07 
INDUS - perv 67. 6.62 0.00 0.00 0.03 0.00 0.01 
GROUNDWATER 162.40 162 .40 6.21 6.21 
POINT SOURCE 45.60 45.60 9.90 9.90 
SEPTIC SYSTEMS 38.21 38. 21 1.12 1.12 

TOTAL 342 . 59 394.64 26.44 48.10 
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w. Branch Delaware River 4/78-3/82 YEAR 3 0 
PRECIP EVA POT RANS GR.WAT.FLOW RUNOFF STREAM FLOW 

-----------------(cm)----------------------------------

APR 11. 9 2.1 9.3 0.2 9.5 
MAY 3.2 7.6 4.3 0.0 4.3 
JUNE 10.4 9 .1 0.2 0.0 0.2 
JULY 9.5 11. 5 0.0 0.0 0.0 
AUG 9.9 10.3 0.0 0.0 0.0 
SEPT 10.7 6.3 0.0 0.2 0.2 
OCT 10.0 3.0 2.2 0.2 2.4 
NOV 8.8 0.5 6.7 0.9 7.6 
DEC 6.3 0.1 6.2 0.6 6.8 
JAN 2.8 0.0 2.4 0.1 2.5 
FEB 16.8 0.6 10.7 5.1 15.8 
MAR 4.3 0.8 5.9 0.0 5.9 
---------------------------------------------------------------
YEAR 104.6 52.0 47.8 7.4 55.2 

EROSION SEDIMENT DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
---- (1000 Mg)---- ------------(Mg)------------------

APR 45.5 0.0 40.9 41. 2 2.2 2.3 
MAY 6.7 0.0 19.2 19.3 1. 4 1. 4 
JUNE 38.2 0.0 5.4 5.7 1.0 1.0 
JULY 37.6 0.0 4.5 4.7 1.0 1.0 
AUG 41. 7 0.0 5.2 5.4 1.0 1.0 
SEPT 36.6 0.1 7.1 7.5 1.1 1.2 
OCT 15.9 0 . 1 16.3 17. 0 1. 5 1. 7 
NOV 0.5 0.8 40.3 43.1 2.5 3 . 6 
DEC 0.2 0.6 33.9 35.8 2.1 2.9 
JAN 0.0 0.0 15.6 15.8 1. 5 1. 6 
l"EB 2.1 13.0 126.8 166.2 11.1 28.0 
MAR 0.7 0.0 25.7 26.0 1. 7 1. 7 

YEAR 225.7 14.7 340.9 387.6 28.1 47.5 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(ha} (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 17.55 4 6. 48 48.63 79. 72 7.06 20 . 53 
HAY 13085. 12.74 2.61 46.69 53.34 2.50 5.38 
PASTURE 5093. 8.17 3.47 12.48 15.93 1. 04 2.54 
INACTIVE 3681. 8.17 3.69 4.81 7.46 0.39 1. 54 
FOREST 56682 . 5 . 14 0 . 00 5 . 54 5 . 54 0.17 0.17 
LOGGING 20. 0.00 47 .13 0.00 0.18 0.00 0.08 
BARN YARDS 41. 35.45 0.00 4.26 4.26 0.74 0 . 74 
RES- imperv 104. 70.37 0.00 0.00 0.85 0.00 0.08 
RES-perv 546 . 8.69 0.00 0.00 0.28 0.00 0.04 
COMM-imperv 49. 70.37 0.00 0.00 0.90 0.00 0.10 
COMM-perv 41. 8.69 0.00 0 . 00 0.02 0.00 0.00 
INDUS-imperv 34. 70.37 0.00 0.00 0.62 0.00 0.07 
INDUS - perv 67. 8.69 0.00 0.00 0.03 0 . 00 0.01 
GROUNDWATER 134 . 79 134 . 79 5 . 15 5 . 15 
POINT SOURCE 45.60 45.60 9.90 9.90 
SEPTIC SYSTEMS 38.10 38.10 1.11 1.11 

TOTAL 340.89 387.61 28.08 47 . 45 
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r- W. Branch Delaware River 4/78-3/82 YEAR 4 

PRECIP EVA POT RANS GR . WAT . FLOW RUNOFF STREAM FLOW 
-----------------(cm)----------------------------------

APR 10 . 3 2 . 1 5.0 0 . 1 5 . 1 
MAY 13 .o 7 . 4 8.1 0.5 8 . 6 
JUNE 8 . 1 10.4 1. 4 0 . 0 1. 4 
JULY 7 . 0 11. 4 0.1 o.o 0 .1 
AUG 5 . 4 8.7 o.o o.o 0.0 
SEPT 13,7 5 . 4 0.0 0.0 0.0 
OCT 13.1 2.9 4 . 6 0 , 2 4 . 7 
NOV 5 . 9 0 . 7 7 . 3 0 . 0 7.3 
DEC 8 . 2 0.1 4. 3 1.1 5 . 5 
JAN 6,6 0 . 1 4. 6 0.4 5 . 0 
FEB 9.1 0 . 1 5 . 9 1. 5 7.4 
MAR 9 , 0 0 . 7 10 ., 7 1.8 12.5 
---------------------------------------------------------------
YEAR 109.4 50.0 52.0 5.7 57 . 7 

EROSION SEDIMENT DIS . NITR TOT ,.NITR DIS.PHOS TOT,PHOS 
---- (1000 Mg)---- ------------(Mg)------------------

APR 28,0 o.o 23 . 5 23.9 1. 6 1. 7 
MAY 55.8 0 . 4 39 . 3 40 . 8 2 . 3 2.9 
JUNE 15.4 0 . 0 9 . 3 9 ,. 4 1.1 1.1 
JULY 20.1 0 . 0 4 . 6 4.8 0,9 1.0 
AUG 12.7 o.o 4.3 4.5 0.9 0 . 9 
SEPT 43.2 0 , 0 4 . 6 4 . 9 1.0 1.0 
OCT 10.5 0.2 23 . 0 23 . 8 1. 6 1. 9 
NOV 2 . 4 0 . 0 29.5 29.7 1.7 1.7 
DEC 0 . 5 3 . 6 32.0 43.2 2.2 7 . 0 
JAN o.o 0 . 7 30,6 32.9 2 . 6 3 . 5 
FEB o.o 4.3 51. 9 65 . l 4 . 5 10 . 1 
MAR 0.7 3 . 1 82 . 0 91. 6 6 . 7 10.7 

YEAR 189.3 12 . 3 334.7 374.4 27 . 2 43.5 

SOURCE AREA RUNOFF EROSION DIS.NITR TOT.NITR DIS.PHOS TOT.PHOS 
(ha) (cm) (Mg/ha) --------------(Mg)------------

CORN 3430. 14 . 66 38.98 44 . 57 70,64 6.60 17.89 
HAY 13085 . 10.52 2 . 19 38 . 54 44.12 2 . 06 4.48 
PASTURE 5093 . 6.48 2.91 9 . 90 12 . 79 0.82 2.08 
INACTIVE 3681. 6.48 3.10 3 . 81 6 . 04 0 . 31 1. 27 
FOREST 56682 . 3 . 67 0 . 00 3 . 95 3,95 0 . 12 0 . 12 
LOGGING 20 . 0.00 39 . 52 0 . 00 0,15 0.00 0.07 
BARN YARDS 41. 31.05 0 . 00 3 . 73 3.73 0.65 0.65 
RES-imperv 104 , 68,27 0.00 0.00 0 . 87 0 . 00 0 . 09 
RES-perv 546. 6. 96 0.00 0 . 00 0.30 0.00 0.04 
COMM-imperv 4 9 . 68.27 0 . 00 o.oo 0.92 0 . 00 0.10 
COMM-perv 41. 6. 96 0 . 00 0.00 0.02 0.00 0.00 
INDUS-imperv 34. 68.27 0 . 00 0.00 0 . 64 0 . 00 0 . 07 
INDUS-perv 67. 6. 96 0.00 0 . 00 0 . 04 0 . 00 0.01 
GROUNDWATER 14 6 . 50 146 . 50 5 . 60 5.60 
POINT SOURCE 45. 60 45,60 9 . 90 9 . 90 
SEPTIC SYSTEMS 38 . 10 38.10 1.11 1.11 

TOTAL 334 . 70 374 . 40 27 . 18 43.49 
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This appendix provides details for the computation of GWLF input parameters 
requiring multiple steps. 

Curve Number 
The curve number must be developed within an Arc View project named iepa_prepro.apr, 
which contains all of the necessary extensions except Spatial Analyst. The Spatial 
Analyst extension of Arc View must be available for this calculation. 

1. Add the land use and STA TSGO shapefiles and the land use grid to the View. 
Open the attribute table for the ST A TSGO shapefile. 

2. Add the attribute tables lookup.dbf and statsgoc.dbf to the project. The 
lookup table is common to any soil/ land use combination, but the ST A TSGO 
table must reflect the area for which the curve number is being calculated. In 
the statsgoc.dbf table, the field comppct identifies the percentage of each soil 
type in a map unit. This field is a string field and must be converted to a 
number field. 

3. To convert the string field to a number field: add a new number field to the 
statsgoc.dbf attribute table named comppct2, and fill it with the values of the 
field comppct (to fill a number field with values from a string field, the 
calculation should read "comppct.AsNumber"). Delete the field comppct. 
Create a new number field, comppct, and fill it with the values of comppct2. 
Delete the field commct2. The comppct field now exists as a number field. 

4. From the CRWR-PrePro menu, select "Soil Group Percentages". When 
prompted, input statsgo.dbf for the map unit table and statsgoc.dbf for the 
component table. The script will automatically create an output table, 
muidjoin.dbf, listing the percentage of each hydrologic soil group in each 
map unit. 

5. From the CRWR-PrePro menu, select "Curve Number Grid". When 
prompted, select the ST ATSGO shapefile as the soils theme, the land use 
shapefile as the landuse theme, lookup.dbf as the lookup table, muidjoin.dbf 
as the table with the soil group percentages, and set the analysis extent and 
the cell size to the land use grid. The curve number grid can take between 2 
and 15 minutes to compute depending on the computer speed and size of the 
basin. 

6. Save the temporary curve number grid as a permanent grid named CN_grid. 
7. To average the curve number grid over the land use shapefile polygons, select 

"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-1 lists the curve numbers for each landuse in the Kinkaid Lake Watershed. 

Table E-1 Curve Numbers In Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Row-Croo 82.1 81 .9 77.5 83.1 
Small Grains 80.1 77.7 75.2 79.8 
Rural Grassland 68.7 68.6 61 .7 72.5 
Urban Grassland 74.2 ... ... . .. 
Oeciduous1 59.4 62.2 65.5 65 
Deciduous2 66.2 82.2 89.4 62.1 
Coniferous 61.1 63.6 60.3 ... 0 
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Cattle Feedlot 74.2 --- --- 73.9 
Open Water 99.8 100 99.9 100 
Shallow Marsh 99.6 89.5 --- 100 
Deep Marsh 100 --- --- 100 
Forested Welland 100 100 100 99.7 
Shallow Water Wetland 100 94.6 100 98.8 
Barren Land 100 --- --- ---
High Density 90.1 --- --- ---
Medium Density 81.2 --- --- ---

Soil Erodibility Factor (K) 
The K factor is developed in ArcView and Excel. 

1. In Arc View, add the attribute tables statsgoc.dbf and statsgol.dbf to the Table 
list. Join the statsgoc.dbf table to the statsgol.dbf table by field muidsegnum. 
This appends the percentage of each soil type to the soils in each layer. 
Export the joined table as a .dbf named statsgo_kf.dbf. 

1. Open the table statsgo_kf.dbf in Excel. Remove all fields except muid, 
layernum, kffact, kfact, and comppct. 

2. Sort the entire table by layernum then by muid. This promotes all soils in layer 
1 to the top of the spreadsheet. 

3. Remove all records for soils below layer 1. 
4. Ensure the sum of the comppct field for each muid is equal to 100. 
5. In a new column labeled product, multiply kffact by comppct and divide by 100 

for each record. If the value in the kffact field is zero, use the value in the kfact 
field 

6. In a new column labeled kffact_r (revised), sum product over each muid to 
obtain the revised K factor for each muid. 

7. Copy the kffact r column and use the "Paste Special/Values" option to paste 
the column into the layemum column. This is done so that the kffact_r values 
will be retained when the statsgo_kf .dbf table is saved and used again in 
ArcView. 

8. Delete all columns except for muid and kffact_r. Delete any rows without a 
value in the kffact_r field. 

9. Save the table. 
10. In Arc View, add the table statsgo_kf .dbf, the ST A TSGO shapefile in UTM 16 

projection, and the landuse grid. Join the statsgo_kf.dbf table to the 
statsgo.dbf table by nwid. This attaches the average K factor to each muid in 
statsgo.dbf. 

11. Set the analysis extent and cell size to the land use grid. 
12. Convert the SA TSGO shapefile to a grid using the kffact_r field as the grid 

value. 
13. To average the K factor grid over the landuse shapefile polygons, select 

"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-2 presents the resulting K-factors associated with each landuse and used in the 
GWLF program. 

Table E-2 Wei hted K factors for the Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
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Row Croo 0.39 0.39 0.37 0.40 
Small Grains 0.39 0.38 0.37 0.39 
Urban Grassland 0.41 --- --- --
Rural Grassland 0.39 0.39 0.37 0.39 
Deciduous1 0.38 0.37 0.37 0.37 
Deciduous2 0.39 0.37 0.37 0.38 

Topographic Factor (LS) 
The topographic factor is calculated from a series of equations presented below. 

L= (N72.6r 
m = B/(1+8} 
B = (sin0/0.0896} / (3.0(sin0}°8 + 0.56) 

0 = arctan(slope/100) 
S = 10.8sin0 + 0.03 where slope::. 9% 
S = 16.8sin0- 0.50 where slope> 9% 

Computation of the LS factor is done in the ArcView project iepa_prepro.apr. 
1. In ArcView, add the Digital Elevation Model (DEM) to the View 
2. Set the analysis extent and cell size to the DEM. 
3. Select "Fill Sinks" from the CRWR-PrePro menu to fill sinks in the DEM. 

Save the temporary grid as a permanent grid named Fill__grid. 
4. Open the script "New_Slope" from the project window, and press the 

"Run" button to compute percent slopes from the filled DEM. Save the 
temporary grid as a permanent grid named Slope__grid. 

5. Select "Flow Direction" from the CRWR-PrePro menu to derive the 
direction of flow through each grid cell. Save the temporary grid as a 

6. 

7. 

permanent grid named Fdr 4 rid. 
Compute the theta grid (in radians) with the map calculator. 

Map Cale. Statement: (([slope_grid] / 100)).Atan 
Save Map Cale 1 as a permanent grid named Theta__grid. 

Compute the S grid with the map calculator and a succession of 
calculations 

Map Cale. 1: ([slope_grid] <= 9) 
Output: 1 in cells where slope is less or equal to 9; zero 
elsewhere 

Map Cale. 2: ((([theta_grid].Sin) * 10.8) + 0.03) 
Output: S-value computed for slopes<= 9 in all cells 

Map Cale. 3: ([Map Calculation 2 * [Map Calculation 1]) 
Output: Correct S-value in cells with slope <"" 9; zero 
elsewhere 

Map Cale. 4: ([slope_grid] > 9) 
Output: 1 in cells where slope > 9, zero elsewhere 

Map Cale. 5: ((([theta_grid].Sin) * 16.8) - 0.5) 
Output: S-value computed for slopes > 9 in all cells 

Map Cale. 6: ([Map Calculation 5] ,. [Map Calculation 4]) 
Output: Correct S-value in cells with slope> 9; zero 
elsewhere 

0 

0 
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8. 

9. 

10. 

11. 

12. 

13. 

Map Cale. 7: ([Map Calculation 3] + [Map Calculation 6]) 
Output: Correct S-value in each cell 

Save Map Calculation 7 as a permanent grid named S_grid. 
Compute the Beta grid with the map calculator. 

Map Cale. 1: (([theta_grid).Sin) / 0.0896) / 
((([theta_grid].Sin).Pow( 0.8)) * 3.0 + 0.56) 

Save Map Calculation 1 as a permanent grid named Beta_grid. 
Compute the M grid with the map calculator. 

Map Cale. 1: ([beta_grid] / ([beta_grid) + 1)) 
Save Map Calculation 1 as permanent grid named M_grid. 

Compute the flow length (Lambda) grid with the map calculator and a 
succession of calculations 

Map Cale. 1: ((fdr) = 1 OR (fdr) = 4 OR (fdr) = 16 OF [fdr) = 64) 
Output: 1 in cells flowing in cardinal direction and O in 
other cells 

Map Cale. 2: ((Map Calculation 1) * 30.8875) 
{30.885 = eel/ length} 
Output: 30.885 in cells flowing in cardinal direction and 0 
in others. 

Map Cale. 3: ((Map Calculation 2) .,,,_ 0) 
Output: 0 in cells flowing in cardinal direction and 1 in 
others 

Map Cale. 4: ([Map Calculation 3] * 43.682) 
{43.682= length across cell diagonal} 
Output: 43.682 in cells flowing in non-cardinal direction, 0 
in others. 

Map Cale. 5: ([Map Calculation 4] + (Map Calculation 21) 
Output: correct flow lengths in each cell - 30.885 in 
cardinal, 43.682 in others 

Map Cale. 6: ([Map Calculation 5] * 100 / 2.54 / 12 
Output: flow length grid in feet 

Save Map Calculation 6 as a permanent grid named La111bda_grid 
Compute the L with the map calculator. 

Map Cale. Statement: ([lambda_grid] / 72.6).Pow( [m_grid]) 
Save Map Calculation 1 as a permanent grid named L_grid. 

Compute the LS grid with the map calculator. 
Map Cale. Statement: ([L-grid] * [S_grid]) 
Save Map Calculation 1 as a permanent grid named LS_grid. 

To average the LS grid over the land use shapefile polygons, select 
"Average grid value on polygon" from the CRWR-Raster menu. 

Table E-3 presents the resulting LS factors for each rural landuse used in GWLF. 

Ta bl e E-3 Weighted LS factors for the Kinkaid Lake Watershed 
Landuse Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Row Crop 0.891 1.163 2.105 0.597 
Small Grains 0.879 0.793 0.584 0.614 
Urban Grassland 0.358 --- ... ... 
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Rural Grassland 1,023 0.819 1.242 0.797 
Oeciduous1 1.886 2.554 2.890 2.086 
Oeciduous2 0.931 1.297 2.311 1.571 

In the following discussions, fields in bold type represent calculations in Excel. Fields in 
non-bold type are input fields. 

Cropping Management Factor (C factor) 
The C factor is calculated in Excel. C factors were selected for each crop by tillage 
practice and crop rotation from the table provided by the Jackson County NRCS office 
included as Appendix F. The Jackson County NRCS office also provided an estimate of 
the percentage of each crop rotation across the Kinkaid Lake Watershed. The 
spreadsheet used to calculate a weighted c-factor for corn, soybeans, and small grains is 
shown at the end of this appendix. The values in the Table 1 of the spreadsheet are a 
weighted average of values from columns C and F. This weighted average allows the 
influence of crop rotations to be included in the c-factors for the Kinkaid Lake 
Watershed. The values in the Table 1 are then weighted by the percentage of each tillage 
practice in Table 2 to determine a single c-factor for corn, soybeans, and small grains. 

The weighted C factor for each crop is then appended to the table of Cropland Data 
Layer landuses and areas in the Kinkaid Lake watershed. Table E-4 shows the Cropland 
Data Layer landuse areas, and C factors. C factors for land uses other than corn, 
soybean, and small grains were obtained from the table included as Appendix F. 

Table E-4 Cropland Data Laver C factors for Kinkaid Lake W hd aters e 
Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 

Landuse C-factor C-factor C-factor C-factor 
High Density --- --- --- ---
Medium Densitv --- --- --- ---
Row Crop 0.14 0.11 0.12 0.14 
Small Grains 0.13 0.13 0.13 0.13 
Urban Grassland 0.02 --- --- ---
Rural Grassland 0 .02 0.02 0.02 0.02 
Deciduous 0.003 0 .003 0 .003 0.003 
Deciduous 0.003 0.003 0 .003 0.003 
Coniferous 0.003 0.003 0 .003 ---

The land use classes in GWLF are represented by the Critical Trends Land Assessment 
classes rather than the Cropland Data Layer classes, so an area-weighted average was 
used to calculate the C factor coefficients for "Row Crop" and "Small Grains" in the 
Critical Trends Land Assessment landuse file. Table E-5 shows the Critical Trends Land 
Assessment landuse classes and the calculated C factor coefficients. The coefficient for 
"Row Crop" was calculated with an area-weighed average of the C factors for corn, 
soybeans, and half of the double-cropped WW /SB area in the Cropland Data Layer. The 
coefficient for "Small Grains" was calculated with an area-weighted average of the C 
factors for winter wheat, other small grains and hay, and half of double-cropped 
WW /SB area from the Cropland Data Layer. 

0 

0 
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Table E-5 C Factors by Critical Trends Assessment Landuse 
Classes in the Kinkaid Lake Watershed 
Landuse Subbasln 1 Subbasin 2 Subbasln 3 Subbasln 4 
Row Crop 0.14 0.11 0.12 0.14 
Small Grains 0.13 0.13 0.13 0.13 
Urban Grassland 0.02 ... ... ... 
Rural Grassland 0.02 0.02 0.02 0.02 
Deciduous 0.003 0.003 0.003 0.003 
Coniferous 0.003 0.003 0.003 •.. 

Evapotranspiration (ET) Cover Coefficient 
The ET cover coefficient was calculated in an Excel spreadsheet. The cover coefficients 
for crops available in the GWLF Manual and the crops listed in the Cropland Data Layer 
land use file differ. Therefore, crops in the Cropland Data Layer file were summed into 
classes matching the available crop cover coefficients. Table E-6 shows the original and 
adjusted areas for Kinkaid Lake. The adjusted sorghum area is the sum of sorghum and 
other small grains and hay, and the adjusted soybean area represents soybeans plus half 
of the double-cropped WW /SB area. Adjusted area from winter wheat represents 
winter wheat plus half the double-cropped WW /SB area. 

T bl E 6 C I d D t L a e . rop;an a a aver an uses, L d A reas an d Ad" t d A IJUS e reas 
Subbasin 1 Subbasin 2 Subbasln 3 Subbasin 4 

Adjusted Adjusted Adjusted Adjusted 
Landuse Area (m2} Area (m2} Area (m2} Area (m2l Area (m2) Area (m2) Area {m21 Area fm2) 
Corn 4802400 4802400 316800 316800 36000 36000 1279800 1279800 
Sorghum ··- 4111200 ... 295200 ... 53100 ·- 860400 
Sovbeans 4550400 6004800 897300 1093500 86400 96750 1354500 1793700 
Winter Wheat 864900 2319300 96300 292500 19800 30150 117000 556200 
Other Small Grains 
& Hay 4111200 295200 53100 860400 
Double-Cropped 
WW/SB 2908800 392400 20700 878400 
Idle Cropland/ CRP 61200 61200 1800 1800 900 900 16200 16200 
Fallow/ Idle 
Crooland 5445900 5445900 1684800 1684800 151200 151200 2065500 2065500 
Pasture/Grassland/ 
Nonaoricultural 20782800 20782800 3417300 3417300 912600 912600 7005600 7005600 
Woods 42413400 42413400 16074900 16074900 7675200 7675200 11617200 11617200 
Clouds 203400 203400 63900 63900 8100 8100 78300 78300 
Urban 965700 965700 47700 47700 11700 11700 277200 277200 
Water 607500 607500 1380600 1380600 1232100 1232100 4717800 4717800 
Buildings/Homes/ 
Subdivisions 1317600 1317600 92700 92700 37800 37800 325800 325800 
Wetlands 834300 834300 225000 225000 99900 99900 411300 411300 
Total 89869500 89869500 24986700 24986700 10345500 10345500 31005000 31005000 

Table E-7 shows the calculation of a single crop coefficient for each 10% of the growing 
season and for each calendar month. The ET cover coefficients for each crop were 
obtained from page 29 of the GWLF Manual. To create the coefficient for each 10% of 
the growing season, each crop coefficient in columns B-E was weighted by its 
corresponding area in Table A-8. An average monthly ET coefficient (column G) was 
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calculated from the coefficients in Column F, and then each growing season was 
assigned to a calendar month (Column H). 

Table E-7 Calculation of the Monthly Crop Evapotranspiration Cover Coefficients for 
Subbasin 1 of the Kinkaid Lake Watershed 

A B C D E F G H 
%of Weighted Average 

Growing Field Grain Winter Average ET Monthly ET 
Season Corn Sorghum Wheat Soybeans Coefficient Coefficient Month 

0 0.45 0.3 1.08 0.3 0.45 0.45 Nov-Apr 
10 0.51 0.4 1.19 0.35 0.52 
20 0.58 0.65 1.29 0.58 0.69 0.61 Mav 
30 0.66 0.9 1.35 1.05 0.95 
40 0.75 1.1 1.4 1.07 1.03 0.99 June 
50 0.85 1.2 1.38 0.94 1.04 1.04 July 

60 0.96 1.1 1.36 0.8 0.99 
70 1.08 0.95 1.23 0.66 0.92 0.96 Auaust 
80 1.2 0.8 1.1 0.53 0.86 
90 1.08 0.65 0.75 0.43 0.71 0.78 September 
100 0.7 0.5 0.4 0.36 0.49 

0.45 0.47 October 

Table E-8 shows the calculation of a single area-weighted crop coefficient for each 
month. First, the crop coefficients from Table E-7 were entered into Column B of Table 
E-8. The monthly ET values in Columns C, D, E, F, and G were obtained from the 
GWLF Manual, pages 29 and 30. A monthly cover coefficient for water and wetlands 
was assumed to be 0.75. Finally, a single area-weighted crop coefficient for each month 
was calculated (Column H) from the adjusted areas in Table E-6 and the monthly ET 
cover coefficients in Table E-8. 

Table E-8 Calculation of a Monthly ET Cover Coefficient in Subbasin 1 of the Kinkaid 
Lake Watershed 

A B C D E F G H 
68% 30% Water/ Weighted 

Crop Pasture Forest Urban Urban Wetland Average ET 
April 0.45 1.09 0.3 0.32 0.7 0.75 0.58 
Mav 0.61 0.95 1 0.32 0.7 0.75 0.90 
June 0.99 0.83 1 0.32 0.7 0.75 0.94 
July 1.04 0.79 1 0.32 0.7 0 .75 0.93 

Auaust 0.96 0.8 1 0.32 0.7 0 .75 0.92 
Seotember 0.78 0.91 1 0.32 0.7 0 .75 0.92 

October 0.47 0.91 1 0.32 0.7 0 .75 0.86 
November 0.45 0.83 0.3 0.32 0.7 0.75 0.50 
December 0.45 0.69 0.3 0.32 0.7 0.75 0.46 
Januarv 0.45 1.16 0.3 0.32 0.7 0.75 0.60 
February 0.45 1.23 0.3 0.32 0.7 0.75 0.62 

March 0.45 1.19 0.3 0.32 0.7 0 .75 0.61 

Table E-9 shows the calculated ET cover coefficients for each subbasin in the Kinkaid 
Lake Watershed. 

0 

0 
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c- Table E-9 ET Cover Coefficients in the Kinkaid Lake Watershed 
Month Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 
Aoril 0.58 0.50 0.44 0 .63 
Mav 0.90 0.94 0.95 0.88 
June 0.94 0.95 0.95 0.90 
July 0.93 0.94 0.95 0.89 

Auaust 0.92 0.93 0.94 0 .89 
Seotember 0.92 0.94 0 .95 0.89 

October 0.86 0.92 0.95 0.85 
November 0.50 0.45 0.42 0.56 
December 0.46 0.42 0.40 0.52 
Januarv 0.60 0.52 0.45 0.66 
Februarv 0.62 0.53 0.46 0.68 

March 0 .61 0.52 0.45 0.66 

G 

L 
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Com-Soybean Rotation 
75% of watershed - -·- -- ---·------~ 

Convent,onal Till (Spring Plow) 
Com after Soybean 
Sovbean after Com· 

Reduced-Till (20% Cover) 
Com after Soybean 
Sovbean after Com• 

Mulch-Till (30% cover) 

Com after Soybean 
Soybean after Com· 

No-Till (70Yol30% Cover) 
Com after Soybean 
Soybean after Com· 

'Assumed Drilled 

0 

C 

0.3 
0.25 

0.35 
0.17 

0.32 
0.15 

0.16 
0.06 

D E 

Com-Soybean-Wheat Rotation 
25% of watershed -- ·- -· ··-·-·-··--

Conventional Till (Spring Plow) 
Corn after Wheat·· 
Soybean after Corn· 
Wheat after Soybean' 

Reduced-Till (20% Cover) 
Com after Wheat"' 
Soybean after Corn· 
Wheat after Soybean' 

Mulch-Till (30% cover) 
Com after Wheat .. 
Soybean after Com• 
Wheat after Soybean' 

No-Till (70Yol30% Cover) 
Corn after Wheat'" 
Soybean alter Corn• 

WheatalterSovbean" 

'Assumed Drilled 
.. Used Corn alter Small Grain 

'Used Small Grain after Soybean 

F 

0.25 
0.25 
0.15 

0.21 
0.17 
0.13 

0 .18 
0.15 
0.12 

0.05 
0.06 
0.09 

G H J 

Table 1 • C-factors Weighted by Percent of Crop Rotation in 
the Watershed 

Tillage Practice Corn Soybeans Small Grains 
Conventional Till 0.29 0.25 0.15 
Reduced Till 0.32 0.17 0.13 
Mulch-Till 0.29 0.15 0.12 
No-Till 0.13 0.06 0.09 

Table 2-Tm, ----- - .... --=--. -------. ----··----- ... ·······-·- ----- -----·-·· Practice P, . - Kinkaid lake W, hed 
Tillaae Practice Com Soybeans Small Grains 
Conventional Till 20% 0% 20% 
Reduced Till 15% 10% 50% 
Mulch-Till 15% 5% 10% 
No-Till 50% 85% 20% 

C•factors Weighted b Percent of Each Tilla e Practice 
Corn Soybeans Small Grains 
0.21 I o.oa I 0.13 

0 
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AppendixF 
Crop Management "C" Factor Values for 

Rainfall E.I. Distribution Curve #19 
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Values in 
following: 
3 tons/ac. 

lOotnotaa for ''C" Factor Tables 

this table are based on high level aanageaent v:lth yields equal to or exceeding the 
_corn - 100 bu/ac; soybeans - 40 ltu/ac; vbut - 45 bu/ac; oats - 60 bu/ac; ,aeadov -
For sedi1.a level aanageaent multiply factors by 1.Z. . . 

') 

. ' . . 
Valu~s for chisel ~nd disk aysteas are fo~ fall pT~ry tillage aod two secondary tillaae operations 
prior to planting. For priaayy tillage 1D the spring and ridge planting up and d~ aultJply 
values by the _app~oprta.te f3ct0r: E.1. ·eurve 14-.9; B.I. Curve 16-.8; E.I.¢iiiie~ For ridge 
planting on the ;ontour~ nultiply value■ by the appropriate factor: I.I. Curve 14-.7: E.I. Curve 
16-.6; E.I.~rve 19-.SJ (tbese factors are 10 addition to the appropriate "P" factor.) Ridge 
planting is applicable oitly for row ct~ps following~°" Ct'OpS. . . 
Percentages appJ..y ooly to ct'ops foll~ aoybeaoa,· 

Values are based oa sod ~r a grass-legume :•1-ture com1~t1ag of at least ·SO%··gt'a.&s aad has beeu 
established at least one full growing season. If ••dW stand is priaarily ieguae, lll'llltiply factor 
by 1.2. 

Use wide row factors- for rov widths greater tbaa _%0 tacbes ud dr~ll ·ractors for :2O inches and less. 

the same factors are appli~ble ,or botb-SNll arain ¥1th and 11,thout meadow seedings. 

·Facto~• for Disk and·ao-Ull are·for the tiliage syste~ vith no residue on surf~ce after planting. 
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H.1 BATHTUB Sensitivity 

This appendix provides the BATHTUB output files for the soil phosphorus sensitivity analysis. 
For each modeled year, the BATHTUB model was run with soil phosphorus values of 440 ppm and 
660 ppm. The output concentrations from BATHTUB were not calibrated so that the raw model 
results could be compared. 
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Q. 

BATHTUB Output for 1994 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE : Kinkaid 1994 - Sed 440 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
EST I MATEO 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 135. 4 .29 
CHL-A MG/M3 52,1 . 56 
SECCHI M . 4 . 72 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .oo 

SEGMENT: 2 Middle Pool 
OBSERVED 

VARIABLE MEAN CV 

TOTAL p MG/M3 36.8 .73 
CHL-A MG/M3 24.3 .44 
SECCHI M 1. 3 .67 
ORGANIC N MG/M3 .o .00 
TP-ORTHO-P MG/M3 . 0 .00 

88.9 .48 
50.7 .59 

. 5 .67 
1381. 7 .47 
108. 0 . 45 

ESTIMATED 
MEAN CV 

49 . 8 .45 
17.5 .65 
1. 7 .66 

566.7 . 41 
30.5 . 43 

1. 52 1. 44 1. 56 .75 
1.03 .05 .08 .03 

.98 -.02 -.06 -.02 

.00 .00 .00 .00 

.00 .OD .DO .DO 

T STATISTICS 
RATIO 1 2 3 

.74 -.41 -1.13 -.35 
1. 39 . 75 .95 .42 

.77 -.38 -.91 -.27 

.00 .00 .00 .00 

.oo .00 .00 .00 
-------------------------------------------------------------------------
SEGMENT; 3 Lower Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 .46 30 .4 . 45 .73 -.69 -1.17 - . 49 
CHL-A MG/M3 23 .4 .44 13. 0 . 64 1.80 1.32 1. 69 .76 
SECCHI M 1.6 .59 2.5 .86 . 64 -.76 -1. 59 -. 43 
ORGANIC N MG/M3 . 0 .oo 460 .1 . 38 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 . 00 21. 0 .54 .00 .00 . DO .OD 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RAT IO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19. 1 . 52 
SECCHI M 1. 9 . 65 
ORGANIC N MG/M3 . D .oo 
TP-ORTHO-P MG/M3 . 0 . 00 

SEGMENT : 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

16. 2 . 46 1. 55 .83 1. 64 .63 
5 .9 . 72 3.24 2. 2 4 3.39 1. 32 
4.4 1. 98 . 43 -1. 30 -3 . 01 -. 40 

297. 7 .38 .00 .OD . OD .00 
8.3 1. 65 .00 .00 . 00 .OD 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36.7 .48 31.0 .45 1.18 ,35 .63 . 26 
CHL-A MG/M3 23.6 . 50 13 .1 . 54 1. 81 1. 18 1. 71 .80 
SECCHI M 1.6 . 64 3.3 1. 56 . 49 - 1,10 - 2.52 - .42 
ORGANIC N MG/M3 . 0 .DO 467 . 5 .36 .00 .DO .00 .OD 
TP- ORTHO- P MG/M3 . 0 .DD 23.1 . 61 .00 . 00 .00 .OD 
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CASE: Kinkaid 1994 - Sed 440 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90 . 100 32.800 .OOOE+OO .000 .364 
2 1 Sobbasin 2 25 . 100 10.000 . OOOE+OO . 000 .398 
3 1 Subbasin 3 10 . 400 4.700 .OOOE+OO .000 . 452 
4 1 Subbasin 4 31.100 15.400 . OOOE+OO . 000 . 495 

----------------------------------------------------------------------------
PRECIPITATION 9 . 509 10.555 .446E+Ol .200 
TRIBUTARY INFLOW 156.700 62.900 .OOOE+OO .000 
***TOTAL INFLOW 166.209 73 . 455 .446E+Ol .029 
ADVECTIVE OUTFLOW 166.209 65 . 448 .102E+02 .049 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 . 049 
***EVAPORATION .000 8,007 .577E+Ol . 300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
6,88 1.9902 

-----LOADING---- --- VARIANCE --­
KG/YR !!l (I) KG/YR**2 %( I) CV 

3899.9 
600.0 
198.8 
802.3 

285.3 
5501.1 
5786.3 
1062.1 
1062.1 
4724.2 

67.4 .OOOE+OO 
10.4 .OOOE+OO 

3.4 .OOOE+OO 
13.9 .OOOE+OO 

• 0 . 000 
.0 .000 
. 0 . 000 
. 0 .000 

4.9 
95.1 

100.0 
18 . 4 
18.4 
81. 6 

.203E+05 100.0 

.OOOE+OO .0 

.203E+05 100.0 

. 236E+06 1158. 9 

. 236E+06 1158. 9 

.249E+06 1223.5 

.500 

.000 

. 025 

. 457 

. 457 

.106 

-------------- TOTAL p --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
36 . 7 . 8252 1.2118 . 8164 

1.110 
. 401 
. 442 
. 394 
. 394 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

118.9 
60.0 
42 . 3 
52.1 

27.0 
87.5 
78.8 
16 .2 
16 . 2 

.o 

43.3 
23.9 
19.1 
25.8 

3 0 . 0 
35.1 
34 . 8 

6.4 
6.4 

• 0 

0 

0 
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r- 1994 - Constant Sediment Phosphorus Concentration of 616 mg/kg 

CASE : Kinkaid 1994 - No Calibration 

G 

L 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 135.4 .29 105.9 .48 1. 28 .84 .91 .44 
CHL-A MG/M3 52.1 .56 58.7 .57 .89 -.21 -.34 -.15 
SECCHI M . 4 .72 . 4 . 60 1. 07 . 10 .26 .08 
ORGANIC N MG/M3 .0 . 0 0 1564.9 . 4 6 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 . 0 0 122.3 .43 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 36.8 . 7 3 56.2 .45 .65 -.58 -1.57 -. 49 
CHL-A MG/M3 24.3 .44 18. 8 .63 1. 29 .58 . 7 4 .33 
SECCHI M 1. 3 . 67 1. 6 . 60 .82 -.30 -.71 -.22 
ORGANIC N MG/M3 . 0 .00 597.1 .42 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 32.9 .42 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 .46 33.1 .45 .67 -.87 -1.48 -.62 
CHL-A MG/M3 23.4 .44 14.0 .63 1. 67 1.16 1. 4 9 .67 
SECCHI M l. 6 .59 2.3 .80 .68 -.66 -1. 39 -.39 
ORGANIC N MG/M3 . 0 .00 482.0 .39 .00 .00 . 00 .00 
TP-ORTHO-P MG/M3 . 0 .00 22.7 . 52 .00 .00 . 00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 25.2 .53 
CHL-A MG/M3 19. 1 .52 
SECCHI M 1. 9 .65 
ORGANIC N MG/M3 .o .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 5 AREA - WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

17.9 . 46 
6.7 . 72 
4.0 1. 84 

316.4 .40 
9.8 1. 47 

ESTIMATED 
MEAN CV 

1. 41 . 64 1. 28 . 4 9 
2.84 1. 99 3.02 1.17 

.47 -1.17 -2.70 -.39 

.00 .00 .00 .00 

.00 .00 .00 .00 

T STATISTICS 
RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 36.7 .48 35.0 . 4 5 1.05 .10 .17 . 07 
CHL-A MG/M3 23.6 .50 14.6 . 53 1. 61 .95 1. 39 .66 
SECCHI M 1.6 . 64 3.0 1. 4 4 . 54 -.97 -2.23 - . 40 
ORGANIC N MG/M3 . 0 .00 503.4 .36 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 25.9 .58 .00 .00 .00 .00 
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CASE: Kinkaid 1994 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 32.800 .OOOE+OO .000 .364 
2 1 Subbasin 2 25.100 10.000 .OOOE+OO .O DO .398 
3 1 Subbasin 3 10.400 4 . 700 .OOOE+OO .ooo .452 
4 1 Subbasin 4 31.100 15 . 400 .OOOE+OO . ODO . 495 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10.555 .446E+Ol 
TRIBUTARY INFLOW 156,700 62.900 .OOOE+OO 
***TOTAL INFLOW 166.209 73.455 .446E+Ol 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 
***TOTAL OUTFLOW 166.209 65.448 .102E+02 
***EVAPORATION .ODO 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR '!; (I) KG/YR**2 % (I) 

4798.6 67.7 .OOOE+OO . 0 
700.0 9.9 .OOOE+OO . 0 
198.8 2.8 .OOOE+OO . 0 

1102. 6 15.6 .OOOE+OO . 0 

. 200 
.000 
. 029 
• 04 9 
.049 
. 300 

CV 

.000 

.000 

. ODO 

.ODO 

1 . 110 
.4 01 
. 442 
. 394 
.394 
.0 00 

CONC EXPORT 
MG/M3 KG/KM2 

146.3 53 . 3 
70.0 27.9 
42.3 19.1 
71. 6 35.5 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 4.0 .203E+05 100.0 .500 27.0 30.0 
TRIBUTARY INFLOW 6800.1 96.0 .OOOE+OO • 0 .ODO 108,1 43 . 4 
***TOTAL INFLOW 7085.4 100.0 .203E+05 100.0 . 020 96.5 42.6 
ADVECTIVE OUTFLOW 1170. 7 16.5 .286E+06 1405 . 4 .457 17.9 7.0 
***TOTAL OUTFLOW 1170 . 7 16 . 5 . 286E+06 1405.4 . 457 17.9 7.0 
***RETENTION 5914.7 83.5 . 300E+06 1472.9 .093 . 0 .0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
6 . 88 1.9902 36 . 7 . 6739 1.4839 .8348 

0 

0 

0 
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BATHTUB Output for 1997 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE: Kinkaid 1997 - Sect 400 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

l OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED 

VARIABLE MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 129.6 .56 96.1 . 45 1. 35 .53 1. 11 . 41 
CHL-A MG/M3 48.9 . 57 19.5 . 4 9 2 .51 1. 62 2.66 1. 23 
SECCHI M .3 . 34 . 4 . 45 .79 -.70 -.85 - . 42 
ORGANIC N MG/M3 .0 .00 769.3 .25 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 83.6 .33 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 47.0 .45 .95 -. 23 -.19 - . 10 
CHL-A MG/M3 27.5 . 38 16.3 . 49 1. 68 1. 35 1. 50 .84 
SECCHI M .9 . 26 1.2 . 4 2 .75 -1.11 -1.03 -.59 
ORGANIC N MG/M3 .0 . 00 561.2 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 . 00 34.9 .39 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 .26 28.6 .45 .95 - .19 - .19 - . 10 
CHL-A MG/M3 19.4 .45 8.7 .53 2.22 1. 79 2.31 1.16 
SECCHI M 1. 1 .26 1. 7 . 46 .69 -1. 40 -1. 30 -.69 
ORGANIC N MG/M3 .0 .00 385.4 .28 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 20.6 . 42 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1.09 
CHL-A MG/M3 13.2 .40 
SECCHI M 1.3 . 30 
ORGANIC N MG/M3 .0 .00 
TP-ORTHO-P MG/M3 .0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

16.7 .45 2.54 .85 3.47 . 79 
5. 1 .59 2.57 2.39 2.73 l. 34 
1. 8 .44 .74 -1.03 -1.09 -.57 

307.2 .24 .00 .00 .00 .00 
15.4 . 46 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

---------------------------------------- ------- --------------------------
TOTAL p MG/M3 48.3 .75 31. l .45 1.55 . 59 1. 64 .50 
CHL- A MG/M3 19.9 . 44 9.0 . 47 2.21 1. 82 2.30 l. 23 
SECCHI M 1.1 . 2 9 1. 5 .34 .73 -1.08 -1. 11 -.70 
ORGANIC N MG/M3 . 0 .00 406.4 .26 . 00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 25 . 8 .34 .00 .00 . 0 0 . 00 
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CASE: Kinkaid 1997 - Sed 400 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 36.500 .OOOE+OO .ooo .405 
2 1 Subbasin 2 25.100 10.900 .OOOE+OO .000 .434 
3 1 Subbasin 3 10.400 5.100 .OOOE+OO .000 .490 
4 1 Subbasin 4 31.100 16.600 .OOOE+OO .000 .534 

---------~------------------------------------------------------------------
PRECIPITATION 9.509 11.886 .565E+Ol .200 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO . 000 
***TOTAL INFLOW 166.209 80.986 .565E+Ol .029 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 .046 
***TOTAL OUTFLOW 166 .2 09 72. 980 .114E+02 .046 
***EVAPORATION .ooo 8.007 .577E+Ol . 300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECI PI TAT ION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
** *RETENTION 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 l (I} CV 

4898.3 
698.7 
199.9 

1097.3 

285 . 3 
6894.2 
7179,4 
1220.4 
1220.4 
5959.0 

68.2 
9.7 
2 . 8 

15.3 

4.0 
96.0 

100 . 0 
17 . 0 
17 . 0 
83 . 0 

.OOOE+OO 

.OOOE+OO 
, OOOE+OO 
. OOOE+OO 

.203E+05 

.OOOE+OO 

.203E+05 
, 307E+06 
,307E+06 
.320E+06 

. 0 . 000 

.o .000 
.0 .000 
.o .000 

100 . 0 .500 
. 0 .000 

100.0 .020 
1511.3 .454 
1511.3 . 454 
1575,0 . 095 

1. 250 
.441 
.487 
.439 
.439 
. 000 

CONC EXPORT 
MG/M3 KG/KM2 

134 .2 
64.1 
39.2 
66.1 

24 . 0 
99 , 8 
88.7 
16 . 7 
16.7 

.o 

54.4 
27.8 
19 . 2 
35 . 3 

30.0 
44.0 
43 . 2 

7 .3 
7 . 3 

. 0 
-------------------------------------------------------------------------------

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG/M3 YRS 
7.67 1 . 8016 48.3 .8848 1.1303 .8300 

0 

0 
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1997 - Constant Sediment Phosphorus Concentration o/616 mg/kg 

CASE : Kinkaid 1997 - No Calibration 
T STATISTICS COMPARE OBSERVED AND PREDIC1EO MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 129.6 .56 110. 9 .45 1.1 7 .28 .58 .22 
CHL-A MC/M3 48.9 .57 21. 0 .47 2.33 1. 49 2. 45 1.14 
SECCHI M .3 . 34 . 4 .44 .80 -.66 -.81 -.41 
ORGANIC N MG / M3 . 0 .00 803.8 .24 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 86.3 . 31 .00 .00 .00 .00 

SEGMENT: 2 Middl e Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 . 23 53.7 . 45 . 83 -.82 - .69 - .37 
CHL-A MG/M3 27.5 . 38 18.0 .47 1. 53 1. 10 1. 22 .70 
SECCHI M . 9 .26 1.2 .40 . 79 -.93 -.86 -.51 
ORGANIC N MG/M3 . 0 . 00 599.0 .32 .00 .00 . 00 .00 
TP-ORTHO-P MG/M3 . 0 .00 37.9 .38 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATE D T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27. 2 .26 32.0 . 45 .85 -.63 -.61 -.31 
CHL-A MG/M3 19.4 . 45 9.6 .51 2.02 1. 58 2.03 1.04 
SECCHI M 1. 1 .26 1. 6 .44 .72 -1. 26 -1.18 -.64 
ORGANIC N MG/M3 . 0 . 00 405.3 .28 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 . 00 22 .. 2 . 40 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1.09 18. 5 . 45 2.30 .76 3.10 .70 
CHL-A MC/M3 13. 2 .40 5. 7 .57 2.31 2.12 2.42 1. 20 
SECCHI M 1.3 .30 1. 7 . 43 . 76 -.94 -1.00 -.54 
ORGANIC N MG/M3 .o . 00 320 .3 . 25 . 0 0 .00 .00 .00 
TP- ORTHO- P MG/M3 .0 .oo 16. 5 . 4 5 . 0 0 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 . 75 35.2 . 45 1. 37 . 42 1.18 .36 
CHL-A MG/M3 19.9 .44 9.9 . 45 2.01 1. 60 2.02 1.11 
SECCHI M 1.1 .29 1.5 .33 .76 -.98 -1.00 -. 64 
ORGANIC N MG/M3 .0 . 00 427.0 .26 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 • 00 27.4 .34 .00 .00 .00 .00 
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CASE: Kinkaid 1997 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

DRAINAGE AREA 
KM2 

90.100 
25.100 
10.400 
31.100 

---- FLOW (HM3/YR} ----
MEAN VARIANCE CV 

36.500 
10.900 
5.100 

16.600 

.OOOE+OO 

. OOOE+OO 

. OOOE+OO 

.OOOE+OO 

.000 

.000 

.000 

.000 

RUNOFF 
M/YR 

. 405 

.434 

.490 

.534 

----------------------------------------------------------------------------
PRECIPITATION 9.509 11. 886 .565E+Ol .200 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO .000 
***TOTAL INFLOW 166.209 80.986 .565E+Ol .029 
ADVECTIVE OUTFLOW 166.209 72. 980 .114E+02 .046 
***TOTAL OUTFLOW 166.209 72.980 .114E+02 .046 
***EVAPORATION .000 8.007 ,577E+Ol .300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECI PI TAT ION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
7.67 1.8016 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) CV 

5898.4 
1097.6 
299.9 

1397.7 

285.3 
8693.6 
8978.9 
1348. 7 
1348.7 
7630.2 

65. 7 . OOOE+OO . 0 . 000 
.0 .000 
.0 .000 
.0 .000 

12. 2 . OOOE+OO 
3. 3 . OOOE+OO 

15.6 .OOOE+OO 

3.2 
96.8 

100.0 
15.0 
15.0 
85.0 

.203E+05 100 . 0 

. OOOE+OO . 0 

.203E+05 100.0 

.37 5E+06 1844.8 

.375E+06 1844.8 

.389E+06 1911 . 5 

.500 

.000 

.016 

. 454 

.454 

.082 

-------------- TOTAL p ---------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
48.3 .7074 1.4135 .8498 

1. 250 
.441 
.487 
, 439 
. 4 39 
.ooo 

CONC EXPORT 
MG/M3 KG/KM2 

161.6 
100.7 

58.8 
84.2 

24.0 
125.8 
110. 9 

18.5 
18.5 

. 0 

65.5 
43.7 
28.8 
44. 9 

30. 0 
55. 5 
54. 0 
8.1 
8.1 

. 0 

0 

0 
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BATHTUB Output for 2000 Sensitivity Analysis 
Constant Sediment Phosphorus Concentration of 440 mg/kg 

CASE : Kinkaid 2000 - Sed 440 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED ESTIMATED 

VARIABLE MEAN CV MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

SEGMENT: 

VARIABLE 

TOTAL p 

CHL-A 
SECCHI 
ORGANIC N 
TP-ORTHO-P 

MG/M3 54.8 .33 
MG/M3 38.0 .40 

M . 3 .12 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

2 Middle Pool 
OBSERVED 

MEAN CV 

MG/M3 21. 2 . 10 
MG/M3 16.4 .40 

M . 9 .34 
MG/M3 . 0 .00 
MG/M3 . 0 .00 

124.0 . 45 
21. 4 .35 

. 4 .21 
790.8 .23 

80.1 .23 

ESTIMATED 
MEAN CV 

57 . 9 . 45 
13.8 .44 
1. 0 .35 

521.9 .27 
36.0 .31 

.44 -2.46 -3 . 04 -1. 46 
1. 78 1. 44 1. 66 1.08 

.86 -1. 26 - . 55 -.63 

.00 .00 .00 .00 

.00 .00 .00 .00 

T STATISTICS 
RATIO 1 2 3 

.37 -10.36 -3 . 74 -2.17 
1. 18 .43 . 49 . 29 

.94 -.18 -.22 -.13 

.00 .00 .00 .00 

.00 .00 . 00 .00 

-------------------------------------------------------------------------
SEGMENT: 3 Lower Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 35.4 . 45 .35 -14.58 -3.90 -2.30 
CHL-A MG/M3 12.6 .38 11. 1 .47 1. 14 .33 .37 . 21 
SECCHI M 1. 4 .29 1. 5 .35 .95 - .19 -.20 -.12 
ORGANIC N MG/M3 . 0 .00 440.7 .29 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 25.1 .39 .00 .00 .00 .00 

SEGMENT: 4 Near Da m 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1.14 21. 8 . 45 1. 33 .25 1.05 . 23 
CHL-A MG/M3 18.4 1. 24 8.8 .72 2.08 .59 2.12 .51 
SECCHI M 1.8 .24 3.1 1.94 .57 -2.32 -1. 98 -.28 
ORGANIC N MG/M3 . 0 .00 365.7 . 45 .00 .00 . 00 .00 
TP-ORTHO-P MG/M3 . 0 .00 14.0 1. 39 .00 .00 . 00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
--- - - ----~---------------------------------------------------------------
TOTAL p MG/M3 27.4 .77 39.6 . 45 .69 - .48 - 1. 37 - .41 
CHL-A MG/M3 18.9 .87 11. 2 .53 1. 69 . 60 1. 51 .52 
SECCHI M 1. 4 .26 2.2 1. 57 .65 -1.70 -1.56 -.28 
ORGANIC N MG/M3 . 0 .00 443.3 .33 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 . 00 2 5.6 .56 .00 . 00 . 00 . 00 
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CASE: Kinkaid 2000 - Sed 440 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***EVAPORATION 

DRAINAGE AREA 
KM2 

90.100 
2 5 .100 
10.400 
31.100 

9.509 
156.700 
166.209 
166.209 
166.209 

.ooo 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

38 . 000 . OOOE+OO . 000 
11. 300 . OOOE+OO . 000 

5.300 .OOOE+OO .000 
17 . 400 . OOOE+OO . 000 

12.267 .602E+Ol .200 
72. 000 .OOOE+OO .000 
84.267 .602E+Ol .029 
76 . 260 . 118E+02 . 045 
76.260 .118E+02 . 045 

8.007 .577E+Ol .300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
8.02 1. 5738 

-----LOADING---- --- VARIANCE --­
KG/YR % (I) KG/YR* *2 \ (I) CV 

7311.2 
1200 . 1 

499.8 
2002 . 7 

285.3 
11013.8 
11299 . 1 

1665.9 
1665 . 9 
9633 . 2 

64.7 .OOOE+OO 
10. 6 . OOOE+OO 

4. 4 . OOOE+OO 
1 7. 7 . OOOE+OO 

2 . 5 
97,5 

100 . 0 
14.7 
14. 7 
85.3 

.203E+05 

.OOOE+OO 

.203E+05 

.570E+06 

.570E+06 

.584E+06 

.o .ooo 

.o .000 

.0 .000 

.0 .000 

100.0 
• 0 

100.0 
2802.5 
2802.5 
2870 . 2 

.500 
.000 
.013 
.453 
• 4 53 
.079 

-------------- TOTAL p --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
27 .4 .2907 3.4400 . 8526 

RUNOFF 
M/YR 

.422 

. 450 

.510 

.559 

1.290 
.459 
.507 
.459 
.459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

192.4 
106.2 

94.3 
115.1 

23 . 3 
153.0 
134.1 
21.8 
21.8 

. 0 

81. 1 
47.8 
48.1 
64.4 

30.0 
70.3 
68.0 
10.0 
10 . 0 

. 0 

0 

0 
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2000 - Constant Sediment Phosphorus Concentration of 616 mg/kg 

CASE : Kinkaid 2000 - No Calibration 
T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED ESTIMATED 

VARIABLE MEAN CV MEAN CV RATIO 

TOTAL p MG/M3 54.8 . 33 14 4. 4 . 45 .38 
CHL-A MG/M3 38.0 .40 22.7 .34 1. 68 
SECCHI M .3 . 12 . 4 .21 .87 
ORGANIC N MG/M3 .0 . 00 820.7 .23 .00 
TP-ORTHO-P MG/M3 .0 .00 82.4 .23 .00 

T STATISTICS 
1 2 3 

-2.92 - 3.60 -1.73 
1. 29 1.49 .99 

-1. 15 -.51 -.58 
.00 .00 .00 
.00 .00 .00 

-------------------------------------------------------------------------
SEGMENTt 2 Middle Pool 

OBSERVED ESTIMATED T STATISTICS 
VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 21. 2 .10 65.2 . 45 .33 -11. 58 -4.18 -2. 43 
CHL-A MG/M3 16. 4 .40 14. 8 . 43 1.11 . 26 . 30 .18 
SECCHI M . 9 . 34 1.0 .34 . 96 - .11 - . 14 -.08 
ORGANIC N MG/M3 . 0 .00 543.4 .27 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 37.7 .30 .00 .00 .00 .00 
-------------------------------------------------------------------------
SEGMENT: 

VARIABLE 

3 Lower Pool 
OBSERVED 

MEAN CV 
ESTIMATED T STATISTICS 

MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 38.8 . 45 .32 -15.84 -4.24 -2.50 
CHL-A MG/M3 12.6 .38 11. 9 . 4 6 1.06 .15 .17 . 10 
SECCHI M 1. 4 .29 1.4 .34 .98 -.09 -.09 -.06 
ORGANIC N MG/M3 . 0 .00 459.3 .29 .00 .00 .00 .00 
TP- ORTHO- P MG/M3 . 0 .00 26.6 .38 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1. 14 24.3 . 45 1. 20 . 16 .66 . 15 
CHL-A MG/M3 18.4 1. 24 10. 1 .74 1. 81 , 48 1. 72 .41 
SECCHI M 1.8 .24 2.8 1. 79 .63 -1. 91 -1.63 -.25 
ORGANIC N MG/M3 . 0 .00 395.9 .48 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 16. IJ 1.27 .00 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.4 .77 44.6 . 45 . 61 -.63 -1. 81 -.54 
CHL-A MG/M3 18.9 . 87 12.4 .53 1. 53 . 4 9 1. 22 . 42 
SECCHI M 1. 4 .26 2.1 1. 42 .70 -1.38 -1. 27 -.24 
ORGANIC N MG/M3 . 0 .00 470.1 .35 .00 ,00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 27.7 .56 .00 ,00 .00 .00 
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CASE : Kinkaid 2000 - No Calibration 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

DRAINAGE AREA 
KM2 

90.100 
25 . 100 
10 . 400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

38.000 . OOOE+OO 
11 . 300 . OOOE+OO 
5.300 .OOOE+OO 

17.400 .OOOE+OO 

.ODO 

.000 

.000 

.ODO 

RUNOFF 
M/YR 

.422 

. 450 

. 510 

.559 
----------------------------------------------------------------------------
PRECIPITATION 9.509 12.267 .602E+Ol .200 1.290 
TRIBUTARY INFLOW 156.700 72.000 .OOOE+OO .000 .459 
***TOTAL INFLOW 166.209 84.267 .602E+Ol .029 .507 
ADVECTIVE OUTFLOW 166.209 7 6 . 2 60 .118E+02 .045 . 459 
***TOTAL OUTFLOW 166.209 7 6 . 2 60 .118E+02 .045 .459 
***EVAPORATION .ooo 8.007 .577E+Ol .300 .000 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

IDT LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/YR YRS 
8 . 02 1. 5 7 38 

-----LOADING---- --- VARIANCE --­
KG/YR % (1) KG/YR**2 %(1) 

CONC EXPORT 
CV MG/M3 KG/KM2 

9013.6 
1600.1 

600.0 
2603.0 

285.3 
13816.7 
14101.9 

1850.4 
1850.4 

12251. 5 

63.9 .OOOE+OO 
11. 3 . OOOE+OO 
4.3 .OOOE+OO 

18.5 .OOOE+OO 

. 0 . 000 

. 0 . 000 

. 0 . 000 

. 0 . 000 

2.0 
98.0 

100.0 
13.1 
13.1 
86.9 

.203E+05 100.0 

.OOOE+OO .0 

.203E+05 100.0 

.702E+06 3452.5 

.702E+06 3452.5 

.717E+06 3523.1 

.500 

.000 

.010 

.453 

. 453 

.069 

-------------- TOTAL p --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
27 . 4 .2329 4.2933 .8688 

237.2 
141.6 
113 .2 
149.6 

23.3 
191.9 
167.3 
24.3 
24.3 

. 0 

100.0 
63,7 
57.7 
83 . 7 

30.0 
88.2 
84.8 
11.1 
11.1 

• 0 

0 

0 
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Appendix I 
Reduction Analyses -

BATHTUB Output Files 
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BATHTUB Output for 1994 Reduction Analysis 
CASE: Kinkaid 1994 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

l Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 135.4 .29 48.9 . 46 2.77 3.48 3 . 79 1.87 
CHL-A MG/M3 52.1 .56 18.2 .67 2.86 1. 89 3.04 1.21 
SECCHI M • 4 . 72 . 7 1. 32 . 62 -.67 -1. 71 -.32 
ORGANIC N MG/M3 . 0 .00 641.3 .54 .00 .00 .oo .00 
TP-ORTHO-P MG/M3 . 0 .00 50.2 1. 04 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 36.8 . 73 
CHL-A MG/M3 24.3 . 4 4 
SECCHI M l. 3 . 67 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 3 Lower Pool 
OBSERVED 

VARIABLE MEAN CV 

21. 6 . 45 1. 71 . 73 1. 99 . 62 
13.l .74 1. 86 1. 40 1. 79 . 72 
2.1 .91 . 63 -.70 -1. 65 -.41 

466.5 . 43 .00 .00 .00 .oo 
22.7 .56 .00 .00 .00 .00 

ESTIMATE D T STATISTICS 
MEAN CV RATIO l 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 22.2 . 46 15.6 . 45 1. 42 . 77 1. 31 .55 
CHL- A MG/M3 23. 4 .44 13.3 . 71 1.75 1. 27 1. 62 .67 
SECCHI M 1.6 .59 2.4 .88 .65 -.73 -1. 53 - . 41 
ORGANIC N MG/M3 . 0 . 00 4 67 .1 . 4 4 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 21. 5 . 64 .OD .00 . 00 . oo 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO l 2 3 

TOTAL p MG/M3 25. 2 . 53 20.2 . 45 l. 25 .42 .83 . 3 2 
CHL-A MG/M3 19.1 .52 16.6 . 67 l. 16 .28 .42 . 1 7 
SECCHI M l. 9 . 65 2.0 .68 .93 -.10 - . 24 -.07 
ORGANIC N MG/M3 . 0 .00 540.5 . 45 .00 .00 . 00 .00 
TP-ORTHO-P MG/M3 . 0 .00 27.3 .60 .00 .00 . 00 . oo 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 36. 7 .48 22.3 . 45 1. 64 1.03 1.85 .75 
CHL-A MG/M3 23.6 .50 15.6 . 61 1. 52 . 8 3 1. 20 .53 
SECCHI M 1.6 . 64 2 . 0 . 56 . 81 - .32 -.74 - . 24 
ORGANIC N MG/M3 . 0 . 00 5 24.9 .41 .00 .00 . 00 . 0 0 
TP-ORTHO-P MG/M3 . 0 . 00 27 . 6 .59 .00 .00 .00 .00 

0 

0 



R02205

r-

L 

CASE: Kinkaid 1994 - Reduc ed 
GROSS WATER BALANCE : 

DRAINAGE AREA 
ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

KM2 

90 . 100 
2~ . 100 
10.400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

32 . 800 
10.000 

4,700 
15 . 400 

. OOOE+OO ,000 

.OOOE+OO .000 
,OOOE+OO . 000 
. OOOE+OO . 000 

RUNOFF 
M/YR 

. 364 
. 398 
. 452 
.495 

----------------------------------------------------------------------------
PRECIPITATION 9.509 10 . 555 . 4116E+Ol . 200 
TRIBUTARY INFLOW 1 56 . 700 62.900 . OOOE+OO . 000 
***TOTAL INFLOW 166.209 73 . 455 .446E+Ol . 029 
ADVECTIVE OUTFLOW 166.209 65.448 .102E+02 . 049 
••*TOTAL OUTFLOW 166 . 209 65 . 448 .102E+02 . 049 
***EVAPORATION . 000 8 . 007 . 577E+Ol . 300 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

PRECIPITATION 
TRIBUTARY INFLOW 
***TOTAL INFLOW 
ADVECTIVE OUTFLOW 
***TOTAL OUTFLOW 
***RETENTION 

HYDRAULIC 
OVERFLOW RESIDENCE 

RATE TIME 
M/ YR YRS 
6 . 88 1 . 9902 

-----LOADING---- --- VARIANCE --­
KG/YR %(I) KG/YR**2 %(I) CV 

1390. 7 
700 . 0 
198 . 8 

1102 . 6 

285 . 3 
3392.2 
3677.4 
1321.9 
1321.9 
2355.6 

37.8 
19.0 

5.4 
30.0 

7.8 
92.2 

100.0 
35.9 
35.9 
64 .1 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.OOOE+OO 

.o .000 

. 0 . 000 

. 0 . 000 

. 0 . 000 

. 203E+05 100,0 

.OOOE+OO . 0 
.203E+05 100.0 
.358E+06 1758.8 
. 358E+06 1758. 8 
.368E+06 1808.5 

.500 

.000 

.039 

. 453 

. 453 

.258 

-------------- TOTAL p --------------
POOL RESIDENCE TURNOVER RETENTION 
CONC TIME RATIO COEF 

MG/M3 YRS 
36.7 1. 2984 .7702 . 6405 

1.110 
. 401 
. 442 
. 394 
. 394 
. 000 

CONC EXPORT 
MG/M3 KG/KM2 

4 2 .4 
70. 0 
4 2 .3 
7 1. 6 

27. 0 
53.9 
50.1 
20.2 
20 . 2 

. 0 

15.4 
27.9 
19.1 
35.5 

30.0 
21. 6 
22 . 1 

8.0 
8 . 0 

.0 
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BATHTUB Output for 1997 Reduction Analysis 
CASE: Kinkaid 1997 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 

VARIABLE 

1 Upper Pool 
OBSERVED 

MEAN CV 
ESTIMATED 

MEAN CV RATIO 
T STATISTICS 

1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 129.6 .56 50.0 .45 2.59 1. 68 3.54 1.32 
CHL-A MG/M3 48.9 .57 24.5 .57 2.00 1. 21 2.00 . 86 
SECCHI M . 3 .34 .4 .42 .82 -.57 -.69 -.36 
ORGANIC N MG/M3 . 0 .00 884.5 .33 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 92.6 .33 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 44.6 .23 27.1 . 4 5 1. 65 2.20 1.86 .99 
CHL-A MG/M3 27.5 .38 18.2 .57 1. 51 1.08 1.19 .60 
SECCHI M . 9 .26 1. 1 . 4 3 .79 -.91 -.84 -.47 
ORGANIC N MG/M3 . 0 .00 602.8 .39 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .o .00 38.2 • 4 6 .00 .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.2 .26 19.2 . 45 1. 41 1. 32 1. 29 .66 
CHL-A MG/M3 19.4 . 45 12. 0 .58 1 . 61 1.07 1. 38 .65 
SECCHI M 1. 1 .26 1.5 . 42 .79 -.91 -.85 -.48 
ORGANIC N MG/M3 .0 .00 460.5 .35 .00 . 00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 26.5 . 4 6 .00 . 00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 42.5 1. 09 
CHL-A MG/M3 13. 2 .40 
SECCHI M 1. 3 .30 
ORGANIC N MG/M3 . 0 .00 
TP-ORTHO-P MG/M3 . 0 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED 

VARIABLE MEAN CV 

33.6 . 4 5 1. 27 .22 .88 .20 
11. 9 . 48 1.11 .25 . 29 .16 

1. 4 .34 .96 -.14 -.15 -.09 
462.4 .30 .00 .00 .00 .00 
27.6 .38 .00 .00 .00 .00 

ESTIMATED T STATISTICS 
MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 48.3 . 75 31. 7 . 4 S 1. 52 .56 1. 57 . 4 8 
CHL-A MG/M3 19.9 .44 14. 2 . 4 9 1. 40 .77 .98 . 51 
SECCHI M 1.1 . 29 1.2 .29 .90 -.38 -.39 -.27 
ORGANIC N MG/M3 . 0 .00 525.3 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 . 00 35 . 1 .38 .00 .00 .00 .00 

0 

0 
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CASE: Kinkaid 1997 - Reduced 
GROSS WATER BALANCE: 

ID T LOCATION 
DRAINAGE AREA 

KM2 
---- FLOW (HM3/YR) ----

MEAN VARIANCE CV 
RUNOFF 

M/YR 
----------------------------------------------------------------------------

1 1 Subbasin 1 90.100 36.500 .OOOE+OO .000 .405 
2 1 Subbasin 2 25. 100 10.900 .OOOE+OO .000 .434 
3 1 Subbasin 3 10,400 5. l 00 .OOOE+OO .000 . 490 
4 1 Subbasin 4 31 . 100 16 . 600 .OOOE+OO .ODO .534 

PRECIPITATION 9.509 11 . 886 .565E+Ol . 200 1.250 
TRIBUTARY INFLOW 156.700 69.100 .OOOE+OO .000 .441 
"""TOTAL INFLOW 166.209 80. 986 . 565E+Ol .029 .487 
ADVECTIVE OUTFLOW 166.209 72.980 .114E+02 .046 .439 
*""TOTAL OUTFLOW 166.209 72. 980 . 114E+02 .046 .439 
••*EVAPORATION . 000 8.007 .577E+Ol .300 .ODO 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL p 

----- LOADING ---- --- VARIANCE --- CONC EXPORT 
ID T LOCATION KG/YR " (I) KG/YR**2 \ ( I l CV MG/M3 KG/KM2 
-------------------------------------------------------------------------------

1 1 Subbasi.n 1 1770.3 36.5 .OOOE+OO . 0 .000 48 . 5 19.6 
2 l Subbasin 2 1097 . 6 22.6 .OOOE+OO . 0 .ooo 100.7 43.7 
3 1 Subbasin 3 299.9 6.2 .OOOE+OO . 0 ,000 58.8 28 . 8 
4 1 Subbasin 4 1397.7 28.8 .OOOE+OO . 0 .000 84 . 2 44.9 

-------------------------------------------------------------------------------
PRECIPITATION 285.3 5.9 .203E+05 100.0 .500 24.0 30.0 
TRIBUTARY INFLOW 4565.5 94.1 .OOOE+OO . 0 .000 66.1 29,1 
***TOTAL INFLOW 4850.8 100.0 .203E+05 100.0 .029 59.9 2 9.2 
ADVECTIVE OUTFLOW 2449.5 50.5 .123E+07 6028.8 .452 33.6 14.7 
***TOTAL OUTFLOW 2449.5 50.5 .123E+07 6028.8 . 452 33 . 6 14.7 
***RETENTION 2401. 2 49 . 5 .123E+07 6053.7 . 462 . 0 . 0 

HYDRAULIC -------------- TOTAL p --------------
OVERFLOW RESIDENCE POOL RESI DENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG / M3 YRS 
7. 67 1.8016 48.3 1.309 5 .7637 .4950 
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BATHTUB Output for 2000 Reduction Analysis 
CASE: Kinkaid 2000 - Reduced 

T STATISTICS COMPARE OBSERVED AND PREDICTED MEANS 
USING THE FOLLOWING ERROR TERMS: 

1 OBSERVED WATER QUALITY ERROR ONLY 
2 = ERROR TYPICAL OF MODEL DEVELOPMENT DATA SET 
3 = OBSERVED AND PREDICTED ERROR 

SEGMENT: 1 Upper Pool 
OBSERVED ESTIMATED 

VARIABLE MEAN CV MEAN CV RATIO 
T STATISTICS 

1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 54.8 .33 49.4 .45 1.11 .31 .38 .18 
CHL-A MG/M3 38.0 .40 24.1 .48 1. 58 1.14 1. 32 .73 
SECCHI M . 3 . 12 . 4 .22 .88 -1.04 - . 46 -.50 
ORGANIC N MG/M3 . 0 .00 853.1 .32 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 85.0 .28 .00 .00 .00 .00 

SEGMENT: 2 Middle Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 

-------------------------------------------------------------------------
TOTAL p MG/M3 21.2 .10 27.1 .45 .78 -2 . 54 -.92 -.53 
CHL-A MG/M3 16.4 .40 15.5 .55 1. 06 . 14 .16 .08 
SECCHI M .9 . 34 1.0 .36 .98 -.06 -.07 -.04 
ORGANIC N MG/M3 .0 .00 560.0 .35 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 .0 .00 39.0 .39 .OD .00 .00 .00 

SEGMENT: 3 Lower Pool 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 12.4 .07 17. 5 . 45 . 71 -4.75 -1. 27 -. 75 
CHL-A MG/M3 12 . 6 .38 11. 4 .58 1.11 . 27 .30 .15 
SECCHI M 1. 4 .29 1.5 .37 .96 -.15 -.16 -. 09 
ORGANIC N MG/M3 .0 .00 446.9 .35 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 25.6 .47 .00 .00 .00 .00 

SEGMENT: 4 Near Dam 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 29.0 1. 14 23.5 . 45 1.23 . 18 .78 .17 
CHL-A MG/M3 18.4 1. 24 19. 1 .71 .96 -.03 - .11 -.03 
SECCHI M 1.8 .24 1. 7 .76 1.03 .13 .11 . 04 
ORGANIC N MG/M3 . 0 .00 600.3 . 48 .00 .00 .00 .00 
TP-ORTHO-P MG/M3 . 0 .00 32.3 .58 .00 .00 .00 .00 

SEGMENT: 5 AREA-WTD MEAN 
OBSERVED ESTIMATED T STATISTICS 

VARIABLE MEAN CV MEAN CV RATIO 1 2 3 
-------------------------------------------------------------------------
TOTAL p MG/M3 27.4 .77 25.6 . 45 1. 07 . 09 .25 .08 
CHL- A MG/M3 18.9 .87 17. 7 .59 1.07 .07 .18 .06 
SECCHI M 1. 4 .26 1. 4 .57 1. 01 .04 . 04 . 02 
ORGANIC N MG/M3 . 0 .00 592. 3 . 40 .00 . 00 . 00 .00 
TP-ORTHO-P MG/M3 .0 .00 37.2 . 46 . 00 . 00 . 00 .00 

0 

0 
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CASE: Kinkaid 2000 - Reduced 
GROSS WATER BALANCE: 

ID T LOCATION 

1 1 Subbasin 
2 1 Subbasin 
3 1 Subbasin 
4 1 Subbasin 

1 
2 
3 
4 

DRAINAGE AREA 
KM2 

90.100 
25.100 
10.400 
31.100 

---- FLOW (HM3/YR) ----
MEAN VARIANCE CV 

38.000 .OOOE+OO .ODO 
11. 300 .OOOE+OO .000 

5.300 .OOOE+OO .000 
17.400 .OOOE+OO .000 

RUNOFF 
M/YR 

. 422 

.450 
.510 
.559 

------------------------------------------------~---------------------------
PRECIPITATION 9.509 12.267 .602E+Ol 
TRIBUTARY INFLOW 156.700 72. 000 .O OOE+OO 
***TOTAL INFLOW 166.209 84.267 .602E+Ol 
ADVECTIVE OUTFLOW 166.209 76.260 .118E+02 
***TOTAL OUTFLOW 166.209 76.260 . 118E+02 
***EVAPORATION .000 8.007 .577E+Ol 

GROSS MASS BALANCE BASED UPON ESTIMATED CONCENTRATIONS 
COMPONENT: TOTAL P 

ID T LOCATION 

1 1 Subbasin 1 
2 1 Subbasin 2 
3 1 Subbasin 3 
4 1 Subbasin 4 

-----LOADING---- --- VARIANCE --­
KG/YR t (I) KG/YR**2 %(I) 

5407 .4 51. 5 .OOOE+OO . 0 
1600.1 15.2 . OOOE+OO . 0 

600.0 5.7 .OOOE+OO . 0 
2603.0 24.8 .OOOE+OO . 0 

.200 

.000 

.02 9 

.045 

.045 
.300 

CV 

.000 

.000 

.000 

.000 

1.290 
, 459 
.507 
.459 
• 459 
.000 

CONC EXPORT 
MG/M3 KG/KM2 

142.3 60.0 
141. 6 63.7 
113. 2 57.7 
14 9. 6 83. 7 

-------------------------------------------------------------------------------
PRECIPITATION 285 .3 2 . 7 .203E+05 100 . 0 .500 23.3 30.0 
TRIBUTARY INFLOW 10210.5 97.3 . OOOE+OO . 0 .000 141. 8 65.2 
***TOTAL INFLOW 10495.8 100.0 .203E+05 100.0 .014 124.6 63.1 
ADVECTIVE OUTFLOW 1794. 7 17 . 1 .659E+06 3236.4 . 452 23.5 10.8 
***TOTAL OUTFLOW 1794. 7 17.1 .659E+06 3236.4 . 452 23.5 10.8 
***RETENTION 8701.0 82 , 9 .673E+06 3305.8 .094 .0 . 0 

HYDRAULIC -------------- TOTAL P --------------
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER RETENTION 

RATE TIME CONC TIME RATIO COEF 
M/YR YRS MG / M3 YRS 
8 . 02 1. 5738 21 . 4 .31 29 3.1954 .8290 
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Monte Carlo Analyses 
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C- J.1 Monte Carlo Analyses 
This appendix contains results of the Monte Carlo analyses for manganese and 
sulfates in the Big Muddy River #1 Watershed. Each analysis generates 10,000 
random numbers which can be obtained electronically. 
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!EPA 
Watershed Load Reductions 
7/15/2002 

Monte Carlo Simulations using @RISK 3.5 

Watershed: 

Manganese 

Cc (Mn) 
Cd (Mn) 

N12 

1 mg/L 
#NAME? mg/L 

Percent Reduction 

PR = Max{ 0, (1-Cc/Cd)} 

PR (Mn) #NAME? 

After Monte-Carlo Simulation: 

Big Muddy River #1 

- Water quality criterion 
- Randomly generated pollutant source 

concentration based on the observed data 

Percent reduction at the 99th percentile Percent reduction at the 99.9th percentile 

PR99 (Mn) 51.1% percent PR99.9 (Mn) 66.8% percent 

Long Term Average Long Term Average 
L TA= allowable L TA source concentration in mg/L LT A = allowable LT A source concentration In mg/L 

mean 0.6 mg/L mean 0.6 mg/L 

L TA= mean• (1 - PR99) L TA= mean• (1 - PR99.9) 

L TA (Mn) 0.291 mg/L LTA (Mn) 0.198 mg/L 

CDNI 
AppendixJ-Monte Carlo Simulalion2.xls, 'N12' 

0 

0 
1 of4 
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IEPA 
Watershed Load Reductions 
7/15/2002 

Monte Carlo Simulations using @RISK 3.5 

Watershed: N12 Big Muddy River #1 

Sulfate 

Cc (Sulfate) 
Cd (Sulfate) 

500 mg/L 
#NAME? mg/L 

- Water quality criterion 
- Randomly generated pollutant source concentration base on the observed data 

Percent Reduction 

PR = Max{ 0, (1-Cc/Cd)} 

PR (Sulfate) #NAME? 

After Monte-Carlo Simulation: 

Percent reduction at the 99th percentile Percent reduction at the 99.9th percentile 

PR99 (Sulfate} 36.2'% percent PR99.9 (Sulfate) 56.00/4 percent 

Long Term Average Long Term Average 
L TA= allowable L TA source concentration in mg/L LTA = allowable LTA source concentration in mg/L 

mean 246.9 mg/L mean 246.9 mg/L 

LTA ; mean • (1 - PR99) L TA= mean• (1 - PR99.9) 

L TA (Sulfate) 157 .576 mg/L L TA (Sulfate) 103.660 mg/L 

CDIII 
AppendixJ-Monte Carlo Simulatton2. x1s, 'N 12' 2of 4 
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Appendix K 
Rating Curve for Depth 
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Depth Rating Curve for the Big Muddy River 
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Appendix L 
Streeter-Phelps Analyses 
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Big Muddy Segment N12 Watershed 
Aeration Coefficient Summary 

Location 
N12 
N12 

Definitions 
D 

Do 
k. 
kd 
X 

u 
Lo 
Cs 
C 
H 
T 
Q 

Date DO observed BOD @ DO Observed 
7/24/2000 7.9 7.3 
9/6/2000 4.7 7.2 

DO Deficit = DO at saturation minus observed DO 
Initial DO deficit 

Reaeration rate 

BODS decay rate 
Distance downstream of discharge 
Stream velocity 
Initial BODS at x=O 
DO at saturation 
Observed DO 
Stream depth 
Stream temperature 
Streamflow 

~ 

Ka@ DO observed Ka at DO= 6 ma/L 
45.4 11.05 
3.2 11.53 
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DONE 

D 
m_gjL 

Used Q from USGS Derived Flows and H calculated from Q. Kd is temp corrected and Ka is calibrated. 

0.376206 
0.375403 

N12_072400 

0 

Do 
m_g_/L 

4 

20°C @T 
ka 

1/day 
0.519612 

ka 
1/day 
45:;:i-

kd 
1/da~ 

0.364011 

X 

ft 
5280 

u 
ft/s 
1.1 

Lo 
m_g_/L 
7.3 

Cs 
m9_/L 
8.3 

X 

C 

m_g_/L 
7.9 

y 
25 
30 

H 
ft 

8.8 

T 
oc 

25.1 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.4 

X y 

0 
2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.3 mg/L 

Q 

cfs 
2060 

12.4 

8.4 

0 
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DONE 

D 

m_g_/L 

Used Q from USGS Derived Flows and H calculated from 0. Used Ka and Kd from N12 9/6/00. 

2.276206 
2.276206 

N12_072400 (2) 

Do 
m_g_/L 

4 

20°C @T 
ka ka kd 

1/day 1/day 1/day 
0.519612 11.04779 0.364011 

X 

ft 
5280 

u 
ft/s 
1.1 

Lo 
m_g_/L 
7.3 

Cs 
m_g_/L 
8.3 

X 

C 

m_g_/L 
6 

y 
25 
30 

H 

ft 
8.8 

T 
oc 

25.1 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.4 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.3 mg/l 

~ 

Q 

cfs 
2060 

12.4 

8.4 
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DONE 

D 

mg_/L 

Using Depth and Q Determined from Habitat Survey. Kd is temp corrected and Ka is calibrated. 

3.513029 
3.503937 

N12_090600 

0 

Do 
m_g_lL 

4 

20°C @T 
ka 

1/day 
1.065987 

ka 
1/dal, 

3.2 

kd 
1/dax_ 

0.458047 

X 

ft 
5280 

u 
ft/s 
1.1 

Lo 
m_g_lL 
7.2 

Cs 
m_g_/L 
8.2 

X 

C 
mg_/L 
4.7 

y 
25 
30 

H 
ft 

5.4 

T 
oc 

25.5 

m b 
8.4 -0.16 
7.6 

DO@Temp 8.3 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 -0.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.2 mg/L 

Q 

cfs 
400 

12.4 

8.4 

0 
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DONE Using Depth and Q Determined from Habitat Survey. Kd is temp corrected and Ka is calibrated. 

20°c @T 
D Do ka ka kd X u L,, c. 

mg/L mg/L 1/day 1/day 1/day ft ft/s mg/L mg/L 
2.213029 4 1.065987 11.52703 0.458047 5280 1.1 7.2 8.2 
2.213029 

N12_090600 (2) 

X 

C 
m_g_/L 

6 

y 
25 
30 

H 

ft 
5.4 

T 
oc 

25.5 

m b 
8.4 ·0.16 
7.6 

DO@Temp 8.3 

X y 
0 

2000 

Elevation 
DO@Elev. 
DO Elev 
Factor 

DO@ 
Temp/Elev 

m b 
8.4 .Q.0003 
7.8 

360 feet 
8.3 mg/L 

0.99 

8.2 mg/L 

~ 

Q 

cfs 
400 

12.4 

8.4 
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AppendixM 
Error Analyses 
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M.1 Monte Carlo Analysis Development and Results 
This appendix provides the results of the Monte-Carlo DO error analysis. The analysis 
was run on the range of possible values for the BODs decay rate coefficient (k.i) and the 
reaeration rate coefficient (ka), The Monte-Carlo program requires a distribution of ka 
and kd values. For each DO sample date, a triangle distribution was chosen to analyze 
the Big Muddy River segment N12 since data for this site was extremely limited. 

Each DO sample date was evaluated separately using @RISK, which is a Microsoft® 
Excel Add-in for the Monte-Carlo analysis. The @RISK analysis package performed 
10,000 iterations to determine the range of possible DO predictions over 10,000 
combinations of randomly selected ka and kd values. 

A triangular distribution assumes that the values of a given data set are most often at or 
near the mode and linearly distributed to the minimum and maximum values. The 
minimum is the smallest concentration of the sample data set. The maximum value is 
the largest sample in the sample data set. The mode is the value that is most likely to be 
observed in a long time series of sample data. Water quality data were not available to 
determine the actual k. and kd, so the estimated values discussed in Section 10.3 and 
shown in Table 10-3 were used as the mode for each sample date. 

In order to define a more appropriate distribution than triangular, more data needs to be 
collected. In the absence of any drift, or non-random error, 10 samples can be used to 
define a distribution. As the data set increases, so does the ability to define an 
appropriate distribution, such a lognormal, normal, etc. The number of samples needed 
to define the true data distribution depends upon the severity of the drift. 

The Monte Carlo simulation was run using 10,000 iterations with the triangular 
distribution. For each iteration, a DO concentration is randomly generated according to 
random sampling of the triangular distribution of ka and kd. The output of the Monte­
Carlo simulation is a population of 10,000 DO concentrations that could be observed 
across the literature range of ka and kd values. Statistics were performed on the Monte­
Carlo output to determine the 95th and 99.9th percentile confidence intervals. A 
confidence interval means that the stated percent of the simulated concentrations fall 
within the low and high concentrations of the interval. 

This appendix shows the set-up for the Monte-Carlo simulation for each segment 
sample date, a summary of the output, and the 95th and 99.9th percentile confidence 
intervals for each sample date. 
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Column A Columns Column C Column D Column E Column F Column G Column H Column I ColumnJ 
D o. X u Lo o. DOobs Q 

mg/L ms/L ft ft/s mg/L ms/L mg/L cfs Ka Kd 
Row3 =F3-G3 4 5280 1.1 7.3 8.3 7.9 2060 :RiskTriang(0.01,45.4,100 =RiskTriang(0.02,0.364,3.4) 

DO= =$F$3-(($B$3•EXP((-$I$3•$C$3)/($D$3•86400)))+($E$3*$J$3/($I$3-$J$3})*(EXP(-$J$3*$C$3/($D$3*86400)}-EXP(-$I$3*$C$3/($D$3*86400)))} 

Summary of Monte Carlo Results 

DO Ka Kd 
Minimum = 3.7 0.7 0.0 
Maximum= 8.2 99.0 3.4 95th Percent Confidence Interval 
Mean= 7.6 48.7 1.3 6.3 8.9 
Std Deviation = 0.6 20.6 0.8 
Variance= 0.4 422.6 0.6 99.9th Percent Confidence Interval 
Skewness= -2.2 0.1 0.6 5.5 9.7 
Kurtosis= 8.4 2.4 2.4 
Errors Calculated = 0.0 0.0 0.0 
Mode= 7.4 39.2 2.0 
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Column A Column B Column C Column D Column E Column F Column G Column H Column I ColumnJ 
D Do X u Lo o. DQobs Q 

mg/L mg/L ft ft/s mg/L mg/L ms/L cfs Ka Kd 
Row3 =F3-G3 4 5280 1.0 7.2 8.2 4.7 5.38 =RiskTriang(0.01,3, 100) =RiskTriang(0.02,0.458,3.4) 

DO= • $F$3-(($B$3.EXP((-$1$3.$C$3)/($D$3·86400)))+($E$3.$J$3/($1$3-$J$3))*(EXP(-$J$3·$c$3/($D$3·86400))-EXP(-$1$3·$C$3/($D$3•s5400)))) 

Summary of Monte Carlo Results 

DO Ka Kd 
Minimum= 3.3 0.2 0.0 
Maximum = 8.2 99.7 3.4 95th Percent Confidence Interval 
Mean " 6.9 34.4 1.3 4.7 9.1 
Std Deviation = 1.1 23.3 0.7 
Variance = 1.3 542.5 0.6 99.9th Percent Confidence Interval 
Skewness = -0.9 0.6 0.5 3.1 10.6 
Kurtosis= 2.7 2.4 2.4 
Errors Calculated = 0.0 0,0 0.0 
Mode = 6.4 44.1 0.7 

N12_090600 
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Ionic Strength versus Activity Coefficient (Snoeyink 1980) 
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r 
IEPA 
pH TMDL 
9/12/2002 

Watershed 

Big Muddy River 

Additional Notes: 

Segment 

N12 

TDS95 
Ionic 

percentile 
Strength (µ) 

(ma/U 
1194 0.02985 

- Activity Correction factor computed from Figure 5 (KOEP 2001) 
- TDS 95 percentile is computed from observed data 

Watershed Segment 
Area 3 yr•Flow 

(miles"2) (cfs) 

Big Muddy River N12 2169 16,425.55 

Additional Notes: 
1) 3-yr flow calculated by the Log Normal Distribution 

0 

Activity 
Correction Fact 

or 
0.9 

Max H+ Ion Max H+ Ion 
Loading@ Loading@ 
pH of 6.5 pH of 6.5 
(<J/dav) {lbs/dav) 
14,198.25 31.30 

2) Max H+ concentration @ pH of 6.5 is determined by relationship in QvsLoading_g (6.5) 

Actual H+ 
Ion 

Loading 
(<J/davl 

4,751.91 

3) Actual H+ concentration for Big Muddy@ 3 yr flow is determined by relationship in Qvsloading_g (N1 2) 

CDM 
AppendoxO-pHAnalyses.xls, TMDL. Calcs' 

~ 
' 

Actual H+ Reduction in 
Ion H+ Ion 

Loading Loading 
(lbs/davl {lbs/davl 

10.48 (20.83} 
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IEPA 
pH TMDL 
9/12/2002 

Water Quality pH Standard -­
Activity CorrectionFactor (N12) = 

N12 
Max Ion Max Ion 

Flow (cfs) Loading Loading 
la/davl llbs/davl 

0 0.00 0.000 
500 432.22 0.953 
1000 864.45 1.906 
1500 1296.67 2.859 
2000 1728.89 3.811 
2500 2161.12 4.764 
3000 2593.34 5.717 
3500 3025.56 6.670 
4000 3457.78 7.623 
4500 3890.01 8.576 
5000 4322.23 9.529 
5500 4754.45 10.482 
6000 5186.68 11.434 
6500 5618.90 12.387 
7000 6051 12 13.340 
7500 6483.35 14.293 
8000 6915.57 15.246 
8500 7347.79 16.199 
9000 7780.02 17.152 
9500 8212.24 18.105 
10000 8644.46 19.057 
10500 9076.68 20.010 
11000 9508.91 20.963 
11500 9941.13 21 .916 
12000 10373 35 22.869 
12500 10805.58 23.822 
13000 11237.80 24.775 
13500 11670.02 25.728 
14000 12102.25 26.680 
14500 12534.47 27.633 
15000 12966.69 28,586 
15500 13398.92 29.539 
16000 13831.14 30.492 
16500 14263.36 31.445 
17000 14695.58 32.398 
17500 15127.81 33.351 
18000 15560.03 34.303 
18500 15992.25 35.256 
19000 16424.48 36.209 
19500 16856.70 37.162 
20000 17288.92 38.115 
20500 17721.15 39.068 
21000 18153.37 40.021 
21500 18585.59 40.974 
22000 19017.82 41.926 
22500 19450.04 42.879 
23000 19882.26 43.832 
23500 20314.48 44.785 
24000 20746.71 45.738 
24500 21178.93 46.691 
25000 21611.15 47.644 

CDNI 
Appench ... O-f)HAnatpes -.is. 'Data' 

0 
6.5 
0.9 • based upon the TDS c:onc:entrations observed in the watershed 

0 
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Calculated Flow vs. Maximum H+ Ion Loading 
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Responsiveness Summary 

This responsiveness summary responds to substantive questions and comments received 
during the public comment period from January 23, 2004 to March 29, 2004 postmarked, 
including those from the February 26, 2004 public meeting discussed below. 

What is a TMDL? 

A Total Maximum Daily Load (TMDL) is the sum of the allowable amount of a pollutant 
that a water body can receive from all contributing sources and still meet water quality 
standards or designated uses. The Big Muddy River TMDL report contains a plan 
detailing the actions necessary to reduce pollutant loads to the impaired water bodies and 
ensure compliance with applicable water quality standards. The Illinois EPA implements 
the TMDL program in accordance with Section 303(d) of the federal Clean Water Act 
and regulations thereunder. 

Background 

The watershed targeted for TMDL development is Big Muddy River (ILN 12), which 
originates in Jefferson County, Illinois. The watershed encompasses an area of 
approximately 200 square miles. Land use in the watershed is predominately forestland 
followed by rural grassland and agricultural land uses. TMDLs developed for impaired 
water bodies in the Big Muddy River watershed include Big Muddy River segment N 12 
and Kinkaid Lake (RNC). In the 2002 Section 303(d) List, Big Muddy River (Nt2) was 
listed as impaired for manganese, sulfates, pH, low dissolved oxygen (DO), and total 
suspended solids (TSS). Kinkaid Lake was listed as impaired for pH, mercury, and 
siltation. The Clean Water Act and USEPA regulations require that states develop 
TMDLs for waters on the Section 303(d) List. Illinois EPA is currently developing 
TMDLs for pollutants that have numeric water quality standards. Therefore, TMDLs 
were only developed for the following: Big Muddy River (Nl2): manganese, sulfates, 
pH, and DO; Kinkaid Lake (RNC): pH. While the impairment caused by mercury is 
acknowledged, a TMDL will not be developed for it at this time. The Illinois EPA 
contracted with Camp Dresser & McKee (CDM) to prepare a TMDL report for the Big 
Muddy River watershed. 

Public Meetings 

Public meetings were held in the city of Springfield on June 5, 2001 and in the city of 
Murphysboro on December 12, 2001 and February 26, 2004. The Illinois EPA provided 
public notice for the February 26, 2004 meeting by placing display ads in the Southern 
Illinoisan on January 27, 2004, and the Carbondale Times and The Spokesman on 
January 25, 2004. This notice gave the date, time, location, and purpose of the meeting. 
The notice also provided references to obtain additional information about this specific 
site, the TMDL Program and other related issues. Approximately 50 individuals and 
organizations were also sent the public notice by first class mail. The draft TMDL 
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Report was available for review at the Murphysboro Township office and also on the 
Agency's web page at http://www.cpa.state.il.us/water/tmdl . 

The final public meeting started at 6:00 p.m. on Thursday, February 26, 2004. It was 
attended by approximately 36 people and concluded at 7:25 p.m. with the meeting record 
remaining open until midnight, March 29, 2004. 
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Questions and Comments 

1. If Kinkaid Lake was listed only for sediment, why were nutrients addressed in the 
TMDL? 

Response: The 2002 303(d) List shows Kinkaid Lake being impaired for pH, 
mercury, and siltation. As discussed in the report, mercury was not addressed in 
this TMDL report. Since siltation does not have a numeric water quality standard, 
a TMDL was not developed for it. A TMDL was developed for pH since it has a 
numeric water quality standard. During the analysis, an attempt was made to link 
pH swings to algal blooms that occur in the lake. These algal blooms are a result of 
increased phosphorus levels within the lake. Therefore, a reduction in phosphorus 
loading to the lake should help control algal blooms, which in turn should help 
stabilize pH levels. 

2. Only three samples for pH violated the standards. Was this TMDL done just to 
address these few excursions? 

Response: Yes. Any violation of the water quality standard can place that water 
body on the 303(d) List, for which TMDLs must be developed. Since numeric water 
quality standards exist for pH, a TMDL was developed for Kinkaid Lake. 

3. Why was station RNC-4 high in phosphorus but didn't violate the pH standard? Did 
the phosphorus from RNC-4 get distributed throughout the rest of the lake? 

Response: Phosphorus entering a lake is transported throughout the lake. RNC-4 is 
at the upper reaches of the reservoir. The phosphorus that was transported to other 
areas of the reservoir from RNC-4 could cause algal blooms and associated pH 
violations. 

4. When will TMDLs be developed for the listed causes without standards? 

Response: TMDLs are currently only conducted for listed causes for which a water 
quality standard exists. Pending development of appropriate water quality 
standards, as may be proposed by the Agency or others and adopted by the Illinois 
Pollution Control Board, we will continue to work with watershed planning groups 
and others to identify causes and treat potential sources of impairment. 

5. The GWLF model assumes that all row crop runoff directly enters the lake. That 
assumption is not correct. 

Response: GWLF does not route flow and data were not available for the 
tributaries to Kinkaid Lake. Therefore, calibration in these areas could not be 
completed. The calibration exercise was used to estimate what runoff and associated 
phosphorus concentrations were entering the lake. The GWLF model was selected 
based on the amount of data available for calibration. 
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6. Using the Casey Fork flow gauge for this watershed was not representative for the 
tributary that runs into the lake. A gauge used to be in the upper tributary years ago. 
That data could be used to calculate flow in Kinkaid Lake. 
Response: It is best to utilize more recent flow data that occurred during the time of 
data collection for calibration. Use of the Casey Fork gauge was considered 
conservative because it has a less steep slope than the Kinkaid Lake tributaries. 

7. An NRCS study performed by Roger Windhorn looked at erosion and sedimentation 
rates occurring in Kinkaid Lake watershed. Was that looked at during TMDL 
development? 

Response: Yes this study was part of the Kinkaid Lake Management Plan and was 
evaluated during TMDL development. 

8. Was runoff and erosion from the forestland within the lake watershed considered in 
the model? 

Response: Yes, the contribution of forestland to the phosphorus load was analyzed 
through the GWLF model. According to the analysis, forestland contributes 
approximately 3,212 lbs per year, or 15 percent of the total phosphorus load 
entering the lake. 

9. Assuming that no-till, filter strips, and dry dams are already in place, what else can a 
farmer do to prevent phosphorus loads in the watershed? 

Response: Producers in the watershed are encouraged to use soil testing and 
nutrient management plans to ensure that they are not over-applying fertilizers to 
their fields. The Agency recommends that producers follow fertilizer 
recommendations found in the University of Illinois Agronomy Handbook and 
NRCS 590 Standard. Information pertaining to nutrient management planning and 
programs that provide financial incentives to develop such plans can be found in the 
Implementation Plan of the TMDL report. 

10. A lot of highly erodable land in the watershed has been enrolled in conservation 
programs. About one-third of row crops currc.!l_tly in conservation programs have very 
low P tests. I don't believe the 18 percent reduction in phosphorus through nutrient 
management planning is achievable for this watershed. There has been a lot of 
conservation tillage done in the watershed in the last 20 years, so there may not be as 
much saving in additional conservation tillage practices. 

Response: The consultants did not have access to soil test results from individual 
landowners. The GWLF model was set at a total phosphorus soil concentration of 
660 ppm based on comparison with observed data in the BATHTUB model, as well 
as a sensitivity analysis to confirm that this was within the correct range. The 
report recognizes the high percentage of no-till being practiced in the watershed, 
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and encourages those not currently practicing conventional tillage to consider 
practicing a form of conservation tillage. In the report, the 19 percent reduction in 
phosphorus from conservation tillage practices is based on an average, so that 
reduction may or may not be reached. Likewise, the 20 percent reduction in total 
phosphorus from nutrient management plans is also based on an estimate. The 
report suggests that stakeholders use an adaptive management approach, in that the 
effectiveness of a BMP is estimated after it is incorporated into the watershed. 

11. Why weren't any reductions recommended for internal cycling in the lake? 

Response: Kinkaid Lake is very deep and is less likely to experience internal cycling 
than other shallower lakes in Illinois. The calibration did not indicate that 
phosphorus enriched sediment and cycling were causing impairments. 

12. Is there a correlation between high phosphorus and low DO in the stream? 

Response: There can be, although that correlation was not proved through the 
analysis in this report. High phosphorus loading to the stream can cause algal 
blooms. As the algae dies and decay, the consuming bacteria use oxygen in the 
water, reducing the amount of dissolved oxygen in the stream. For segment N12, we 
believe that low flow and stagnant conditions, as well as possible BOD loads, are 
causing low DO to occur in the stream. As stated in the Implementation Plan, 
further monitoring is required to properly identify these sources. 

13. How often are samples taken for stream segment Nl2? 

Response: The station on Segment Nl2 is part of the Agency's Ambient Water 
Quality Monitoring Network. Water chemistry samples are taken on approximately 
a nine-week rotating schedule, year round. This segment is also sampled by the 
agency every five years through the Intensive Basin Survey, in which water 
chemistry as well as habitat and biological parameters are assessed. 

14. The report doesn't mention that county SWCDs administer the CPP program through 
the Illinois Department of Agriculture. Some of the practices recommended in the 
Implementation Plan could be funded through the CPP program as well. 

Response: Thank you for your comment. This will be incorporated into the final 
version of this report. 

15. The animal management facility mentioned in the report for Kinkaid Lake is being 
closed, with the land being seeded to grass, so the erosion and potential phosphorus load 
contribution from that site won't occur in the future. 

Response: Thank you for your comment. This will be mentioned in the final version 
of this report. 
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16. At what point will the lake be delistcd, or the study be completely finalized? 

Response: The lake can be delisted by: I) having a new assessment show that it is 
no longer impaired, 2) having an approved TMDL developed for the causes for 
which it is listed. The study will be finalized after it is approved by USEPA. Once 
approved, a final version will be printed and made available to the public. 

17. At what point will a determination be made that the voluntary measures listed in the 
Implementation Plan become involuntary? 

Response: At this time, the Agency does not foresee any of the recommended 
actions in the Implementation Plan becoming mandatory for the pollutants 
addressed in this TMDL report. 

18. Would future industry or sewage plant expansion be affected by this TMDL? 

Response: Any new wastewater discharge for the causes identified in this TMDL 
will be affected by the allocations in this report. Appropriate discharge limits for 
those causes will be established prior to permitting. New data will be reviewed at 
that time to confirm the impairment continues. 

19. Has a study been done about dredging the river? 

Response: To the Agency's knowledge, no study has been done for dredging this 
segment of the Big Muddy River. 

20. Who is the contact person at the Agency for lake and stream monitoring? 

Response: Mike Bundren (lake monitoring) and Dave Muir (stream monitoring) 
can be contacted at the Illinois EPA regional office in Marion by calling (618) 993-
7200. 

21. We arc confused by the discussion in Section 7.1 of the basis for requiring a 
reduction in phosphorus to achieve the pH TMDL. Only data from stations RNC-1 and 
RNC-3 arc presented to support the expected relationship between total phosphorus, 
chlorophyll-a and pH. [Note: we were not able to replicate the consultant's correlation 
between total phosphorus and chlorophyll-a at station RNCI. The data set for RNC-1 
included in Appendix A includes two values that are not shown in figure 8-3: a 
chlorophyll-a value of 58. 7 on 8/2/2000 (for which there is a corresponding total 
phosphorus value of0.009) and a total phosphorus value of 0.654 on 10/22/90. Using 
those values, we calculated an r2 of 0.03; substituting the total phosphorus median value 
of 0.16, results in an r2 of 0.029. We also note that the chlorophyll-a value of 58. 7 on 
8/2/2000 appears to have been used in Figure 7 .1 to demonstrate the expected 
relationship between chlorophyll-a and pH. If that value is eliminated from that analysis, 
the r2 becomes 0.04.] 
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For most stations in the lake and for the lake as a whole (considering data from all four 
stations), there is no correlation (r2,0. I 5) between total phosphorus and pH, chlorophyll-a 
and pH or total phosphorus and chlorophyll-a. Moderate correlations exist between total 
phosphorus and chlorophyll-a at station RNC-3 (r2- 0.46) and for the entire lake 
(r2- 0.37), and between chlorophyll-a and pH at station RNC-1 (r2=0.37). For station 
RNC-4, which has the highest total phosphorus concentrations, but no exceedences of the 
pH standard, there is no correlation between any of the variables (r2 </- 0.10). 

Response: The relationships presented in Section 7 were intended to confirm that 
there is a relationship between pH and chlorophyll-a in addition to chlorophyll-a 
and phosphorus. These general relationships have been established in literature, 
which suggest that reducing algae (chlorophyll-a) maintains pH and reducing 
phosphorus concentrations reduce algae (chlorophyll-a). Additional data collection 
for Kinkaid Lake may establish the same relationships found in literature. All the 
r2 values are low, and the figures were intended to show general trends and provide 
examples of what has been established through literature. The relationships 
established in literature were used as the basis for the focus of this TMDL - control 
of phosphorus and thereby control of algae (chlorophyll-a) and pH. 

22. We also find the discussion of loading capacity confusing. The section states that 
load reductions were modeled for RNC-4 because it violates the phosphorus standard (but 
not the pH standard), but then says that the effects of the modeled reductions are only 
shown for stations RNC-1 and RNC-3 because they are the only stations that violated the 
pH standard (RNC-1 never violates the phosphorus standard and at RNC-3 only one 
sample since 1994 has exceeded the standard. At both stations, the mean total 
phosphorus concentration is well below the standard). 

Response: Phosphorus loadings in sub-basins 2, 3 and 4 were less than sub-basin 1. 
Therefore sub-basin 1 and its contributions to station RNC-4 were targeted for 
reductions. Phosphorus flows through the lake as well as settles and can cause algae 
growth in various parts of the lake. Since the largest loads were generated from 
sub-basin 1, it was the focus of the reductions to maintain pH throughout the lake. 

23. The relationships provided in Figures 7-1 through 7-4 are weak, at best. At RNC-1, 
there is no relationship between total phosphorus and chlorophyll-a and only a moderate 
correlation between chlororhyll-a and pH. There is also no direct correlation between 
total phosphorus and pH (r - 0.04). At RNC-3, there is only a moderate correlation 
between total phosphorus and chlorophyll-a and no correlation between chlorophyll-a and 
pH. There is also no direct correlation between total phosphorus and pH (r2- 0.0007). 
We also note that the predicted mean total phosphorus values after a 40 percent reduction 
in phosphorus loadings shown in Table 8-3 exceed the mean of the observed values at 
RNC-1 in 1997 and 2000 and at RNC-3 in 2000. 

Response: See response to question 21. 
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24. In Section 9.1.2 Implementation Actions and Management Measures Summary, it is 
not apparent how the "Potential Percent Reductions" values in Table 9-2 were derived. 
For example, what is the basis for the statement in the preceding paragraph, 3rd bullet: 
"Nutrient management (reductions of total phosphorus in sediment by 20 percent)"? No 
citations to the scientific literature are provided, and no data or analysis arc presented to 
support this statement. 

Response: This was estimated by the consultant as an initial goal to target for 
nutrient reduction. As nutrient management plans are implemented, the 
effectiveness on reducing phosphorus concentrations can be further assessed against 
this initial target goal. 

25. We were not able to find any results of modeling BMP effectiveness in Appendix C, 
GWLF and BATHTUB input and output files. Table 9-2 shows a potential reduction of 
19% for "tillage practices" without specifying what residue levels would be required to 
achieve that reduction. Conservation tillage systems can result in reductions in sediment­
bound phosphorus roughly proportional to the sediment load reductions. However, 
conservation tillage may also result in increased losses of dissolved phosphorus (Mclssac 
ct al, J. Soil and Water Conservation: 50 ( 4) 383-397 (1995)). 

Response: The tillage practices category listed in Table 10.2 refer to conservation 
tillage practices, and the report has been changed to reflect that. Table 10.6 in the 
report suggests that it would be beneficial for all of the cropland in the watershed to 
have some form of conservation tillage implemented. Section 9.1.l.l on page 9-2 of 
the report states "Conservation tillage is assumed to include tillage practices that 
preserve at least 30 percent residue cover of the soil after crops are planted." The 
GWLF model took into account those cropland acres in which conservation tillage 
practices, including no-till, have already been implemented. Although conservation 
tillage practices, such as no-till, can result in an increase in dissolved phosphorus 
runoff, the benefits gained from reductions in erosion and particulate phosphorus 
will decrease the loads of total phosphorus as well as sedimentation in the impaired 
water bodies. Mclssaac et al. conclude that "(T]he fate of the dissolved Pin runoff 
from agricultural fields is likely to depend upon the hydrologic context of each 
particular field in question. Dissolved P may be absorbed by vegetation or soils in 
buffer strips, wetlands, riparian zones, or stream banks. Whether elevated levels of 
dissolved P in runoff represents a problem in a watershed depends upon these 
processes. " If we proceed with an iterative approach to BMP installation and 
monitor the results, dissolved and total phosphorus loads can be better understood 
and treated. 

26. Because no data arc available on phosphorus in the streams within the watershed, it 
is not possible to determine whether particulate phosphorus or dissolved phosphorus is 
the form of phosphorus that is of greater concern. 

Response: We concur with this statement and have outlined this as a future data 
collection need within a possible monitoring program in the Implementation Plan. 
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In 2003, Kinkaid Lake began a Phase I Clean Lakes Study funded through Illinois 
EPA. A component of this Study is to collect tributary data. Once taken and 
verified, these data can be analyzed to see how it can compliment or enhance the 
TMDL analysis. 

27. We believe that it would be more helpful to producers and providers of technical 
assistance within the watershed to provide more readily understandable information on 
the changes needed to reduce phosphorus loadings. Presenting reductions in terms of soil 
erosion being reduced by tons per acre and targeted C factors would provide producers 
with a specific measurable goal rather than an indefinite "tillage practices". 

Response: The required reductions in soil loss and C-factor were calculated during 
the analysis but not specifically stated in the text of the draft final report. These 
data have since been inserted into the text of the report for the convenience of 
producers and technical service providers. 

28. Estimations of the effectiveness of management practices, such as wetlands or filter 
strips must account for the proportion of the total runoff in the watershed that will be 
transported through and effectively treated by the wetland or filter strip. For example, the 
only water that a filter strip can effectively treat is runoff water that moves through the 
strip as sheet flow. Water in a concentrated flow channel will not be treated. 

Response: Section 9.1.1.2, on page 9-3 of the report states: "To maintain removal 
efficiency, sheet flow should be maintainted and substrate should be monitored to 
assess whether the wetland is operating optimally." It is true that sheet flow should 
be maintained in order for filter strips to properly filter pollutants. This will be 
reflected in the final version of the report. 

29. We noted a significant disagreement between the Agency's contractors on the 
effectiveness of buffer strips and wetlands in removing phosphorus, and even by COM in 
its discussion of BMP for nutrients in different TMDLs. The TMDL for the Charleston 
Side Channel Reservoir (Section 9.1.4, page 39) used the following values in its 
discussion of measures to achieve the necessary load reductions: 

The combination of the following BMPs result in a reduction of 94.6 percent of the total 
phosphorusloadtothelake 

• 33.5 percent reduction through aeration, sediment sealing, or system flushing (90 
percent of internal load) 

• 20 percent reductions of external load due to cultural practices (primarily through 
CRP, tillage, and nutrient management practices) 

• 70 percent reduction of external load due to buffer strips 
• 65 percent reduction of external load due to ponds or wetlands 

These values differ greatly from the values used by CDM in their discussions of 
implementation of the Washington County Lake TMDL (Section 10.2.3, page 10-12) and 
the Altamont New Reservoir TMDL (Section 9.1.3, page 9.6): 
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Washington 
Altamont New County Lake 

Management Reservoir TMDL TMDL (Table 10- Kinkaid Lake 
Measure (Table 9-2) 4) TMDL (Table 9-2) 

Nutrient Manaoement 17% 11% 14% 
Tillaoe Practices 38% 30% 19% 

Filter Strips* 22% 22% 14% 
Wetland* 5% 40% 25% 

*Literature value utilized for estimation 

We note particularly the great difference in the estimates for the potential reductions from 
wetlands both in the two TMOLs prepared by COM and the Charleston Side Channel 
Reservoir TMOL. But COM also has taken contradictory positions on the effectiveness 
of wetlands in the two TMDLs we have reviewed. In the Altamont New Reservoir 
TMDL (Section 9.1, page 9·6), COM states: "The lower bound of the literature value for 
wetlands (i.e. 5%) was used due to studies that have shown the long-term effectiveness of 
phosphorus removal in wetlands is negligible." But in the Washington County Lake 
TMDL, COM has used a value of 40%. As quoted by COM (Altamont New Reservoir 
TMOL, Section 9.1.1, page 9.2 and Washington County Lake TMOL Section 10.2.1.2, 
page 10.9), "Over the long term, it is generally thought that wetlands arc neither sources 
nor sinks of phosphorus (Kovasic et al. 2000)". We believe that most of the scientific 
literature supports Dr. Kovacic's statement. 

Response: The inconsistencies for potential percent reduction of management 
measures in each report prepared by CDM was done in error and will be corrected 
in the final published reports. The correct values for each management measure are 
shown below. This change does not impact the degree of implementation 
recommended for each watershed. 

Summary of Total Phosphorus Load 
Reductions 

Management Potential Percent 
Measure Reduction 
Nutrient 

Manacaement 10% 

Conservation 
Tillage Practices 11% 

Filter Strips* 22% 
Wetland* 5% 

*Literature value utilized for estimation 

30. The only site in the watershed actually visited by the project team was the Mt. Joy 
boat ramp, which is in no way representative of the 38,535~acre watershed. 

Response: This was the only area shown in pictures in the report. The team visited 
other areas of the watershed not shown in the report. The extent of the TMDL scope 
for the study did include field investigations. 
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31. The TMDL and the implementation plan are derived from a computer model and not 
from hands-on data collection from the watershed. While this is saving of time and 
money, it may not realistically reflect conditions in the watershed and may not lead to 
practical solutions for the impairments which exist. 

Response: This TMDL was developed based on readily available data. The water 
quality data used in the modeling were based on data collected by Illinois EPA from 
Kinkaid Lake. While the amount of and types of data were lacking in some areas, 
the Implementation Plan suggests practices that are known to control pollutant 
loadings that lead to pH impairment. As the report suggests, an adaptive 
management approach to implementation should be taken, and future monitoring 
will provide more data, which local stakeholders can use for implementation 
decision making. 

32. The Kinkaid watershed is arguably the steepest watershed in Illinois. One-third of 
the watershed is in excess of 15% slope and 25,000 acres are in excess of 5% slope. The 
highest point in the watershed is more than 400 feet above the base of the dam. The 
headwaters of the original creek arc 254 feet higher than the base of the dam. 

Response: The slope of this watershed was taken into account during the analysis. 
Slope length and slope steepness are factors used in the USLE equation, which is a 
component of the GWLF model that was used during TMDL development. 

33. Stream flow into the lake was not measured, but was estimated from stream flow at 
Casey Fork (Mt. Vernon). One can question the similarity of the two watersheds. (p. 5-
2) 
Response: Flow data from the Casey Fork watershed were used in the absence of a 
gauge in the Kinkaid Lake watershed. The drainage area ratio method was used to 
estimate flows entering the lake. An explanation of this method can be found in 
Section 5.1.3 of the report. 

34. Average monthly rainfall data were used in the model. While these data are probably 
accurate, there is no accounting for the rate of precipitation. In a steeply sloping 
watershed, three inches of rain falling over three days is entirely different from three 
inches over 2 hours (a heavy rain in the Kinkaid watershed is comparable to flushing a 
toilet). 

Response: TMDLs are supposed to account for all seasonal conditions within a 
watershed, not specific events. Use of monthly precipitation takes into account that 
requirement of TMDL development. 

35. How was water volume calculated for segment RNC4 (upper lake)? This appears to 
have a major bearing on total phosphorus entering the lake if total Phosphorus = mg 
Phos./L. x water volume. IEPA has not established specific boundaries for the lake 
segment represented by each sampling site, but has assigned a surface area to the lake 
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segments. When these areas were added together, it resulted in their estimate of total 
lake surface area being approximately 50% more than it actually is. (p. 5-15) 

Response: The entire volume of the lake was calculated based on historic depth and 
surface area. Specific segment volumes were not calculated separately. 

36. On p.5-6 and 5-7, it is stated that the correlation between pH and chlorophyll a is 
expected to indicate a direct relationship between the two constituents. In fact Table 5-5 
(p.6) shows that segment RNC4 has some of the lowest pH values for the lake and the 
text indicates no individual samples with a pH impairment. Yet Table 5-7 shows 
segment RNC4 with chlorophyll a levels more than double those of any other portion of 
the lake. The actual data contradicts the hypothesis. 

Response: TMDLs are supposed to account for all seasonal conditions within a 
watershed, not specific events. Use of monthly precipitation takes into account that 
requirement ofTMDL development. 

37. On page 5-7, it is stated that these relationships would suggest that controlling 
phosphorus will in turn control pH. Table 5-6 (page 5-7) shows RNC4 with by far the 
highest phosphorus levels for the lake, but Table 5-5 shows that segment to be in 
compliance for pH. In fact it is the sampling segments which are well within the 
standards for Phosphorus that have shown a few individual violations for pH. The actual 
data again disproves the hypothesis. 

Response: See response to question 21. 

38. The computer model assumes that all cropland is immediately adjacent to streams. 
That is definitely not the case in the Kinkaid watershed. 

Response: See response to question 5. 

39. The TMDL report states that there are no terraces in the Kinkaid Watershed. KA WP 
2000 (page 11) reports more than 24,000 linear feet of terraces in the watershed (source 
Jackson County Soil and Water Conservation District). 

Response: This statement has been deleted from the report. 

40. In 1991, 1995, and 1996, the text (page 5-6) reports a total of three individual 
samples slightly below the lower pH limit in the discharge below the spillway. Table 5-
4 (page 5-5) reports a total of 70 samples from this location over a seven year period. In 
1991, 1994, and 2000 the text reports a total of 4 individual samples testing slightly 
above the upper limit for pH in segments RNCl and RNC3. Table 5-4 reports a total of 
77 samples taken from these locations over an 11 year period. Do these data indicate any 
consistent trend toward pH violations? Is it possible to question the accuracy of the 
instrumentation or readings for pH? 
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Response: The data indicate that pH impairments are infrequent, however IEPA 
has determined that 1 violation in a 3 period indicates impairment. All data are 
shown in Appendix A 

41. What is the location of the gauge at which the discharge from the lake was sampled? 
If it is, as we surmise, located at the Highway 149 bridge, that location is approximately 
one mile downstream from the spillway. That portion of the creek has it's own 
watershed and is, at times, actually supplied by the Big Muddy River. 

Resonse: Downstream discharge was not analyzed for the Kinkaid Lake TMDL. 
Water quality data used for TMDL development were taken from the four water 
quality stations located within the lake. 

42. Why docs passing over the spillway cause a pH drop of 3 (9.1 in RNC l to 6.1 in the 
"discharge")? 

Response: The only water quality data analyzed for Kinkaid Lake were from 
stations sampled within the lake. No water quality data were analyzed from water 
that passed over the spillway for this TMDL. 

43. A 1983 erosion study of the Kinkaid watershed determined that there was almost 5 
times the amount of sheet and rill erosion from cropland as was determined by the 2000 
study (KA WP 2000, page 40). Some of the decrease in erosion is attributed to 
conversion to conservation tillage on cropland. In addition, land use changes have 
resulted in l, I 00 acres of cropland being converted to hay or pasture lands and 2,200 
acres of cropland have been enrolled into CRP and seeded to permanent grass cover. 

Response: The land use coverage used in the modeling was obtained from Illinois 
Department of Natural Resource's Critical Trends Assessment database, and was 
supplemented by the National Agricultural Statistics Service's Cropland Data 
Layer. Cropland taken out of production would be reflected in these data. Current 
tillage practices were obtained from the most recent Soil Transect Survey conducted 
by the Illinois Department of Agriculture. These data were reviewed and verified to 
be applicable to the Kinkaid Lake watershed by local NRCS staff. 

44. The KA WP 2000 erosion study (page 43) reports that sheet and rill erosion from 
cropland accounts for approximately 25% of the sediment delivered annually into 
Kinkaid Lake. Sheet and rill erosion from woodlands and grasslands account for 45% of 
the sediment delivered annually. The remaining sediment delivered annually comes 
from gully, stream bank and shoreline erosion. 

Response: Although gully, stream bank and shoreline erosion are not accounted for 
in GWLF, they do contain as much phosphorus as the other sources. The source of 
phosphorus they do contain is accounted for in the Margin of Safety for the TMDL. 
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45. Sediment from woodlands, grasslands, stream banks and shoreline is not devoid of 
phosphorus even though none has been applied. 

Response: Sediment loading and associated phosphorus loading from woodlands 
and grasslands was accounted for in the model. Loadings from stream banks and 
shoreline erosion would be accounted for in the margin of safety. 

46. On page 4-5, it is stated that phosphorus is commonly released from sediment into 
the water when anoxic conditions exist. There is good potential in the upper lake 
(RNC4) for anoxic conditions to exist, especially during the warm season and especially 
west of Highway 151. Anoxic conditions occur all over the lake below the thermocline. 
How much of the soluble phosphorus in the lake comes from sediment deposited over the 
past 30 years? 

!, 

Response: The data do not show that this portion of the lake stratifies so as to cause 
anoxic conditions. Further study would need to occur to determine the amount of 
phosphorus entering the lake via sediment. 

47. The text on page 7-14 states that the model assumes internal cycling is not occurring 
in Kinkaid Lake. The shallow upper end, especially since significant siltation has 
occurred, does indeed qualify as a shallow reservoir. 

Response: See response to 46. 

48. Conservation tillage practices should be continued and encouraged as stated on page 
9-2. Voluntary conversion of cropland into conservation programs should be continued 
and encouraged. Nutrient management is an economical and sensible practice and is 
already probably followed by most farmers. 

Response: The Agency concurs with this statement, and these practices are 
discussed in the report's Implementation Plan. 

49. KA WP 2000 page 30 reports that only 5% of the land adjacent to streams is in 
cropland. This refutes the assumption in the model that all cropland in the watershed is 
immediately adjacent to streams. 81 % of land adjacent to streams is forested for a width 
of at least 200 feet from the stream and 14% is in grassland for a width of at least 200 
feet. 

Response: The model does not assume all cropland is adjacent to streams. It groups 
all land use within a sub-basin together and predicts loading from a given area. A 
detailed model which would require more extensive data than is available for the 
watershed would be needed to account for the spatially varying land use. 

50. The implementation plan appears to assume that storm water runoff would flow 
slowly and evenly across the length of the filter strips. In a watershed as steep as 
Kinkaid, this will not be the case. 
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Response: Design of filter strips would have to take into account local conditions. 

51. A map showing the intended location of the filter strips would be helpful. Further 
study may well indicate it would not be possible to filter strip 1900 feet of the two 
streams mentioned without tearing out existing riparian corridor (trees) or existing 
grasslands (some on steeply sloping land). Political considerations have been ignored. 
Much of those two streams are on U.S. Forest Service land. In the past they have not 
been eager to allow such alterations on their lands. 

Response: The total potential length of filter strip installation was based on land 
use coverage used in the GIS analysis. Only land that is farmed to the edge of 
streams were considered as potential locations for filter strips. Land use currently 
in grassland or woodland was not considered, and the agency in no way is 
condoning such land being replaced by filter strips. The installation of filter strips 
is strictly voluntary. We encourage local stakeholders to further study filter strip 
placement in the watershed. 

52. The text states that over the long term wetlands are not thought to have an effect on 
phosphorus entering the lake (page 9.3). Why then is it recommended to construct 134 
acres of wetlands? 

Response: The text states that there are varying results from wetlands. 
Consideration of wetlands would need to take this into account as well as site­
specific design considerations. 

53. Hedging statements such as those at the bottom of page 7-13, pointing out 
deficiencies in data plus lack of on-the-ground experience in the watershed, lead one to 
question the validity of both the TMDL and implementation procedures. There is a 
reasonable possibility that if the implementation plan is completely carried out, the 
TMDL will still not be in compliance. 

Response: This TMDL was developed based on readily available data. We noted in 
the report where data gaps exist, and suggest additional data that could be collected 
to strengthen the correlations attempted in the report. The purpose of the 
Implementation Plan is to suggest practices that may help reduce phosphorus loads 
to the lake, which should help control pH. We recommend using an adaptive 
management approach in concert with future monitoring. Data from future 
monitoring-collected after some BMPs are installed-will determine whether or not 
the lake is fully supporting its designated uses and if and where additional BMPs 
are needed. 

54. Since 1983 many improvements have been made in the watershed and efforts are on­
going to do more. There is also a reasonable probability that if nothing is done to carry 
out the implementation plan, the lake will show compliance (unless, of course, we 
continue to use data from the last century). 
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Response: Land use data, cropping and tillage practices in the watershed were 
based on the most recent data and verified by county NRCS staff, which would 
reflect improvements made since 1983. Future assessments of Lake Kinkaid will be 
based on future data taken through the Ambient Lake Monitoring Program. These 
monitoring data will be assessed according to methodologies explained in the state's 
305(b) Report. The lake will only show compliance when future data show that it is 
fully supporting all of it's designated uses. 

55. On the basis of the TMDL report, it is difficult to sec justification for expenditure of 
public and private funds to create the wetlands and filter strips recommended in the 
implementation plan. 

Response: The report's Implementation Plan recommends that an adaptive 
management approach be taken. Not all of the recommended practices need to be 
installed all at once, but rather interested landowners can voluntarily enroll land in 
programs that provide financial assistance for implementing these practices. 
Landowners are free to install these practices regardless of whether or not a TMDL 
has been developed in their watershed. Filter strips and wetlands are recommended 
based on their ability to reduce the amount of nutrient-laden sediments from 
entering waterways. 

56. Most local citizens perceive sedimentation and siltation to be the major problems at 
Kinkaid Lake. If we continue existing efforts to prevent sedimentation through erosion 
control and to manage siltation, the TMDL as perceived by the EPA will come into 
compliance. 

Response: The goal of the TMDL is for Kinkaid Lake to fully support all of its 
designated uses. Future data assessments will be based on samples taken through 
the Clean Lake Study and the Ambient Lake Monitoring Program. The target for 
this TMDL is based on the numeric standard for pH, which can be achieved by 
reducing phosphorus loads to the lake. Much of this phosphorus enters the lake 
through sediment. By decreasing the amount of sediment entering the lake through 
implementation of the recommended BMPs, the phosphorus loads should decrease 
as well. 

57. The only impairment the contractor addressed in the TMDL was pH due to four 
minor excursions over a ten-year period. The hypothesis used by the consultant is based 
on a hypothesis by Wetzel who asserts that photosynthesis and respiration arc major 
influences on pH. That hypothesis would not work in RNC-4 because the light column is 
too short for chlorophyll-a due to the sediment in suspension. I would prefer data from 
Kinkaid Lake be applied to prove their hypothesis before making an assumption based on 
a previous study from another situation and location to suggest a relationship between 
phosphorus and chlorophyll-a to pH in Kinkaid Lake 
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Response: The TMDL takes into account the entire lake column not just segment 
RNC-4. It is likely that the algae activity that could be associated with pH 
impairments occur in different portions of the lake . . In fact, none of the pH 
excursions were measured in RNC-4-there were two each in RNC-1 and RNC-3. 

58. Why did COM not conclude the paucity of infractions from as large a number of 
samples should remove the impairment concern from Kinakid Lake? Is it a federal 
mandate that once a resource is placed on an impaired list, it cannot be found to be an 
insignificant impairment to warrant removal from the 303(d) List? 

Response: pH is listed as a cause of impairment in lakes when at least one violation 
of the applicable standard for pH (<6.5 or >9.0) occurs during the monitoring year. 
The Clean Water Act mandates that TMDLs should be developed for waters listed 
on the State's 303(d) List. The only way a cause of impairment can be de-listed is if: 
1. a TMDL is developed for that cause; 2. new data show the water body is no longer 
impaired for that cause; or 3. the cause is found to be "pollution" (e.g., flow 
reduction or habitat modification) and not a "pollutant" (e.g., pH). 

59. During the final public meeting, the consultant was provided with a copy of"Kinkaid 
Lake Watershed Investigation" conducted July 11, 2000, by R. D. Windhorn, which 
arrived at figures for deposition of materials from the watershed to Kinkaid Lake. The 
BATHTUB model used the wrong assumption that all materials from crop fields and the 
watershed were deposited directly into Kinkaid Lake. That assumption is not 
scientifically sound and taints the model's findings. Perhaps Mr. Windhorn's data could 
be inserted into the model and the load form the watershed to the lake recalculated for a 
more accurate assessment. 

Response: See response to 49. 

60. Presently, the Kinkaid-Reed's Creek Conservancy District is in the middle of a Phase 
I Clean Lakes Study that should provide fresh data for a review on the validity and the 
necessity of this impairment at Kinkaid Lake. The new data should be reviewed to 
ascertain if the present condition of Kinkaid Lake warrants the Illinois EPA impairment 
concern. 

Response: We concur with this statement. As new data are taken from the lake, 
through the Clean Lakes Study as well as the Agency's Ambient Lake Monitoring 
Program, the data will be used in future assessments to determine if the lake is 
supporting all of it's designated uses. If not, the most recent data will be assessed to 
determine causes of impairment. The Implementation Plan for this report includes 
a continued monitoring plan and an adaptive management approach for monitoring 
BMP effectiveness. 
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ILLINOIS EPA CONTAC.TS 
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Questions regarding the public record and access of the exhibits should be directed to 
Hearing Officer Sanjay Sofat, 2 l 7-782-5544. 
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Illinois Environmental Protection Agency 
Bureau of Water, Watershed Management Section 
I 021 North Grand Avenue East 
Post Office Box 19276 
Springfield, IL 62794-9276 

Final Report 18 October 2004 



R02254

C 



R02255

Blank Page 0 

0 

0 
Pace I 2 



R02256

LimnoTech ~ 
r . Water I Scientists 

Environrnerll Englneeri 

L 

501 Avis Drive 

Ann Arbor, Ml 48108 

734.332.1200 

www.limno.com 

Upper Big Muddy River Watershed 

Total Maximum Daily Load 

Stage 3 Report 

Prepared for: 

Illinois EPA 

Draft for Public Comment 

October 15, 2018 

Prepared by: 
LimnoTech 



R02257

Blank page 0 

0 



R02258

r. 
Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report October 2018 

TABLE OF CONTENTS 

Executive Summary ....................................................... 1 

1 Problem Identification ........................... .................... 4 

2 Stage 2 Sampling ........................................................ 7 

3 Development of Numeric Targets ............................. 10 

3.1 Development ofTMDL and LRS Targets ........................ 10 

4 Development of Water Quality Models ...................... 13 

4.1 QUAL2E Model for the Dissolved Oxygen TMDI..s ......... 13 
4.2 Load Duration Curve Approach ....................................... 22 
4.3 BATHTUB Model .............................................................. 28 
4.4 Total Suspended Solids Model for Load Reduction 

Strategy Development ..................................................... 43 

5 TMDL Development for the Upper Big Muddy River 
Watershed ............................................................. 45 
5.1 Andy Creek {IL_ NZN-13) Dissolved Oxygen TMDL ...... 45 
5.2 Lake Creek (IL_NGA-02) Dissolved Oxygen TMDL ..... . 46 
5.3 Upper Big Muddy River (IL_N-11) Fecal Coliform TMDL 

········· .................................................... .............. .............. 48 
5.4 Middle Fork Big Muddy (IL_ NH-06) Fecal Coliform 

TMDL ............................................................................... 52 
5.5 Andy Creek (IL_ NZN-13) Iron TMDL ............................. 55 
S.6 Beaver Creek (IL_ NGAZ-JC-D1) Manganese TMDL ...... 56 
5.7 Herrin Old (IL_ RNZD) Total Phosphorus TMDL ... ....... 58 
S.8 Johnston City (IL_ RNZE) Total Phosphorus TMDL ..... 60 
5.9 Arrowhead (Williamson) (IL_ RNZX) Total Phosphorus 

TMDL ............................................... .......... ...................... 63 
5.10 West Frankfort Old (IL_ RNP) Total Phosphorus TMDL 

............. ............................................................................. 65 
5.11 West Frankfort New (IL_ RNQ) Total Phosphorus 

TMDL ............................................... ................................ 67 

6 LRS Development ...................................................... 71 
6.1 TSS Load Reduction Strategy- Streams .......................... 71 

7 Reasonable Assurances ............................................ 72 

8 Public Participation and Involvement ...................... 74 

9 References ................................................................ 76 

Attachment 1. Upper Big Muddy River Watershed TMDL Stage 
1 Report 
Attachment 2: IEPA 2015 Stage 2 monitoring data 
Attachment 3: QUAL2E output files 
Attachment 4: BATHTUB output files 
Attachment 5: Load duration curve analysis 

Page I iii 



R02259

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report October 2018 

Page I iv 

0 

0 



R02260

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report October 2018 

LIST OF FIGURES 

Figure 1-1. Upper Big Muddy River Watershed ............................. 3 
Figure 2-1. 2015 Sampling Locations in the Upper Big Muddy 

River Watershed ...................................................................... 8 
Figure 4-1. Andy Creek QUAL2E Segmentation ......................... 15 
Figure 4-2. QUAL2E DO Calibration for Andy Creek for 

9/23/2015 Sampling Survey ................................................. 17 
Figure 4-3. Lake Creek (IL_ NGA-02) QUAL2E Model 

Segmentation ......................................................................... 19 
Figure 4-4. QUAL2E DO Calibration for Lake Creek for 

9/24/2015 Sampling Survey ................................................. 21 
Figure 4-5. Fecal Coliform Load Duration Curve for Upper Big 

Muddy River (IL_N-11) with Observed Loads (triangles) .. 23 
Figure 4-6: Dissolved Iron Load Duration Curve for Andy Creek 

(IL_NZN-13) with Observed Loads (triangles) ................... 25 
Figure 4-7= Chloride Load Duration Curve for Pond Creek 

(IL_NG-02) with Observed Loads (triangles) ..................... 26 
Figure 4-8: Manganese Load Duration Curve for Beaver Creek 

(IL_NGAZ-JC-D1 with Observed Loads (triangles) ............ 27 
Figure 4-9. Fecal Coliform Load Duration Curve for Middle Fork 

Big Muddy River (IL_ N-11) with Observed Loads (triangles) 
................................................................................................ 28 

Figure 4-10. Old Herrin Reservoir (IL_ RNZD) Segmentation 
Used in BATHTUB Model ............................................... ...... 33 

Figure 4-11. Herrin Old (IL_ RNZD) BATHTUB Segment 
Modeled vs. Observed Total Phosphorus Concentration .... 34 

Figure 4-12. Johnston City Lake (IL_ RNZE) Segmentation Used 
in BATHTUB Model ..... ......................................................... 35 

Figure 4-13. Johnston City Lake (IL_ RNZE) BATHTUB Segment 
Modeled vs. Observed Total Phosphorus Concentration .... 36 

Figure 4-14. Arrowhead (Williamson) (IL_ RNZX) Segmentation 
Used in BATHTUB Model... .................................................. 37 

Figure 4-15. Arrowhead (Williamson) (IL_ RNZX) BATHTUB 
Segment Modeled vs. Observed Total Phosphorus 
Concentration ........................................................................ 38 

Figure 4-16. West Frankfort Old (IL_ RNP) and West Frankfort 
New (IL RNQ) Lake Segmentation Used in BATHTUB ... 40 

Figure 4-17. West Frankfort Old (IL_ RNP) BATHTUB Segment 
Modeled vs. Observed Total Phosphorus Concentration .... 41 

Figure 4-18. West Frankfort New (IL RNQ) BATHTUB Segment 
Modeled vs. Observed Total Phosphorus Concentration ... -43 

Page Iv 



R02261

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report 

Blank Page 

October 2018 

hge I vi 

0 

0 



R02262

r 

J 

L 

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report October 2018 

LIST OF TABLES 

Table 1-1. Impaired Waterbody Summary ..................................... 4 
Table 1-2. TMDL & LRS Waterbody Summary .............................. 5 
Table 4-1. Andy Creek QUAL2E Segmentation .......................... 14 
Table 4-2. Andy Creek (IL_ NZN-13) Concentrations of QUAL2E 

model inputs .......................................................................... 16 
Table 4-3. Lake Creek QUAL2E Segmentation ........................... 18 
Table 4-4. Lake Creek (IL_ NGA-02) Concentrations of QUAL2e 

model inputs ......................................................................... 20 
Table 4-5. BATHTUB Model Options ......................................... 30 
Table 4-6. BATHTUB Model Segmentation ................................ 31 
Table 5-1. Lake Creek Segment IL NGA-O2 Watershed 

Permitted Dischargers and WLAs ........................................ 47 
Table 5-2. Lake Creek IL NGA-O2 TMDL Summary ................ 48 
Table 5-3. Fecal Coliform Load Capacity (IL_N-11) ................... 49 
Table 5-4. Required Reductions in Existing Loads under 

Different Flow Conditions (IL_N-11) ................................... 49 
Table 5-5. Segment IL_ N-11 Watershed Permitted Dischargers 

and WLAs .............................................................................. 50 
Table 5-6. Fecal Coliform TMDL for Segment IL_N-11 Upper Big 

Muddy River• ......................................................................... 51 
Table 5-7. Fecal Coliform Load Capacity (IL_ NH-06) ............. .. 52 
Table 5-8. Required Reductions in Existing Loads under 

Different Flow Conditions (IL_ NH-06) ............................... 53 
Table 5-9. Segment IL_ NH-O6 Permitted Dischargers and WLAs 

................................................................................................ 53 
Table 5-10. Fecal Coliform TMDL for Segment IL_ NH-O6 Upper 

Big Muddy River• ................................................................... 54 
Table 5-11. Iron Load Capacity (IL_ NZN-13) .............................. 55 
Table 5-12. Required Reductions in Existing Loads under 

Different Flow Conditions (IL_ NZN-13) ............................. 55 
Table 5-13. Iron TMDL for Andy Creek (Segment IL_ NZN-13).56 
Table 5-14. Manganese Load Capacity (IL_ NGAZ-JC-D1) ..... ... 57 
Table 5-15. Required Reductions in Existing Loads under 

Different Flow Conditions (IL_ NGAZ-JC-D1) .................... 57 
Table 5-16. Manganese TMDL for Beaver Creek (Segment 

IL_ NGAZ-JC-D1) .................................................................. 58 
Table 5-17. Herrin Old Reservior IL RNZD TMDL Summary .. 60 
Table 5-18. Johnston City Lake IL_ RNZE TMDL Summary ...... 62 
Table 5-19. Arrowhead (Williamson) IL_ RNZX TMDL Summary 

................................................................................................ 64 
Table 5-20. West Frankfort Old IL_ RNP TMDL Summary ....... 66 
Table 5-21. West Frankfort New Reservoir IL_ RNQ TMDL 

Summary ................................................................................ 69 
Table 6-1. Total Suspended Solids LRS ..................................... ... 71 

Page I vii 



R02263

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report 

Blank Page 

October 2018 

Page I viii 

0 

0 



R02264

Upper Big Muddy River Watershed 
DRAFT; Stage 3 Report October 2018 

Executive Summary 

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters and identify them on 
a list, which is called the 303(d) list. The State of Illinois 303(d) lists are published every two years and 
are available at: http://www.epa.state.il.us/ water/ tmdl/ 3o3d-list.html. This report focuses on 
assessments based on the 2012 303(d) list (IEPA, 2012), which was the version that was final at the start 
of this project. Section 303(d) of the Clean Water Act and USEPA's Water Quality Planning and 
Management Regulations (40 CFR Part 130) require states to develop Total Maximum Daily Loads 
(TMDLs) for waterbodies that are not meeting designated uses under technology-based controls. The 
TMDL process establishes the allowable loading of pollutants or other quantifiable parameters for a 
waterbody based on the relationship between pollution sources and instream conditions. This allowable 
loading represents the maximum quantity of the pollutant that the waterbody can receive without 
exceeding water quality standards. The TMDL also takes into account a margin of safety, which reflects 
scientific uncertainty, as well as the effects of seasonal variation. By following the TMDL process, States 
can establish water quality-based controls to reduce pollution from both point and nonpoint sources, and 
restore and maintain the quality of their water resources (USEPA, 1991). 

Load Reduction Strategies (LRSs) are being completed for causes that do not have numeric standards. 
LRSs for causes of impairment with target criteria will consist of loading capacity and the percent 
reduction needed to meet the target criteria. 

The following waterbodies in the Upper Big Muddy River watershed are listed on the 2012 Illinois Section 
303(d) List of Impaired Waters (IEPA, 2012) as not meeting their designated uses. IEPA conducted 
additional sampling in 2015 on 6 of the waterbodies to support the modeling presented in this report. 
This document presents TMDLs for the following segments and reservoirs to allow these waterbodies to 
fully support their designated uses: 

• Upper Big Muddy River (IL N•u) 
• Andy Cr. (IL_ NZN-13) 
• Lake Cr. (IL_ NGA-02) 
• Beaver Cr. (IL_ NGAZ-JC-Dt) 
• Middle Fork Big Muddy (IL_ NH-06) 
• Arrowhead (Williamson) Lake (IL_ RNZX) 
• Herrin Old Reservoir (IL RNZD) 
• Johnston City Lake (IL_ RNZE) 
• West Frankfort Old Lake (IL_ RNP) 
• West Frankfort New Lake (IL_ RNQ) 

LRSs for the following water bodies are also presented: 

• Upper Big Muddy River (IL_ N-06, IL_ N-11, IL_ N-17) 
• Pond Cr. (IL NG-02) 
• Middle Fork Big Muddy (IL_ NH•o7) 

This report covers each step of the TMDL process and is organized as follows: 

• Problem Identification 

Page 11 
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• Stage 2 Sampling 
• Development of Numeric Targets 
• Development of Water Quality Models 
• TMDL Development 
• LRS Development 
• Public Participation and Involvement 
• Adaptive Implementation Process 
• Clean Water Act Section 319 

October 2018 

Illinois EPA conducts TMDL.s following a three-stage process. Stage 1 includes watershed 
characterization, data analysis and model selection. Stage 2 involves data collection, and is conducted if 
necessary. Stage 3 includes model calibration and application, and TMDL and implementation plan 
development. Upper Big Muddy River Watershed Stage 1 work began in September, 2013. A public 
meeting to present the Stage 1 findings and the draft Stage 1 report was held in December 2013. The final 
Stage 1 report was completed in January, 2014, and recommended additional monitoring for dissolved 
oxygen modeling, and the delisting of the following stream segments for the noted impairments: 
• Andy Cr./ IL_NZN-13 - Manganese 
• Hurricane Creek/ IL_NF-01 - Lindane 
• M. Fk. Big Muddy/ IL_NH-06 - Manganese 
• M. Fk. Big Muddy/ IL_NH-07- Manganese 
• Prairie Cr./ IL_NZM-01 - Sulfates 

Stage 2 low flow sampling was conducted in 2015 to support dissolved oxygen modeling on several stream 
segments in the Upper Big Muddy River watershed. As a result of this sampling and data analysis, the 
following stream segments are recommended for delisting based on either the waters meeting the water 
quality standards during the sampling period, or the low dissolved ozygen conditions were flow related: 
• Big Muddy R. / IL_N-17 - Dissolved Oxygen (Sampling met WQS) 
• M. Fk. Big Muddy/ IL_NH-06 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand 

/ low flow) 
• M. Fk. Big Muddy/ IL_NH-07 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand/ 

low flow) 
• Pond Cr./ lL_ NG-02 - Dissolved Oxygen (Sampling met WQS) 

Further data analysis as a part of the Stage 3 TMDL/ LRS preparation on the following segments has 
indicated that the listed impairment may not currently exist: 
• Hurricane Creek/ IL_NF-01 • Sedimentation/ Siltation 
• Herrin Old / IL_ RNZD - Total Suspended Solids (TSS) 
• Johnston City/ IL_RNZE -Total Suspended Solids {TSS) 
• West Frankfort Old/ IL_RNP - Total Suspended Solids (TSS) 
• West Frankfort New/ IL_RNQ - Total Suspended Solids (TSS) 
• Lake Cr. / IL_ NGA-02 - Phosphorus (Total) 
• Big Muddy R. / IL_N-11- Sulfates 
The results of these data alayses will be reevaluated during the next 303(d) listing cycle to determine if 
these stream segments should continue to be listed as impaired. 
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1 
Problem Identification 

The impaired waterbodies within the Upper Big Muddy River watershed listed by the IEPA are listed 
below (Table 1-1), with the parameters (causes) they are listed for, and the impairment status of each 
designated use. The waterbodies that are proposed for delisting in the Table below are based on one of the 
following reasons: 

1. Analysis of the data provided under Stage 1 that the existing data did not support the listed 
impairments. 

2. Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the 
impairments may not currently exist. 

3. Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the 
impairments are due to low flow conditions, not pollutant loading. 

4. Based on a comparison ofTSS data to the LRS target concentration developed by IEPA, it was 
determined that TSS reduction is not needed. 

5. Based on a comparison ofTP data to the LRS target concentration developed by IEPA, it was 
determined that TP reduction is not needed. 

Table 1-1. Impaired Waterbody Summary 
-------- -

Waterbody/ Size lmpaI red Designated Use 
Impairment Cause 

Proposed 

Segment ID {mile/ac) Action 
- - --

Big Muddy R. / 15.13 mi Aquatic life 
Sedimentation/Siltation Prepare LRS 

IL N-06 
ll.48mi Aquatic life Sulfates Delist (1) 

Big Muddy R. / Primary contact recreation Fecal Coliform Prepare TMDL 
IL_N-11 

Aquatic life Sedimentation/Siltation, TSS Prepare LRS 

Big Muddy R. / 21.48 mi Aquatic life Dissolved Oxygen Delist (2) 

IL_N-17 Aquatic life Sedimentation/Siltation, TSS Prepare LRS 

Hurricane Creek 10.6 mi Aquatic life Lindane Delist (1) 

/ IL_NF-01 Aquatic life Sedimentation/Siltation Delist (4) 

Prairie Cr. / 9.06mi Aquatic life Sulfates Delist (1) 

IL NZM-01 
11.7 mi Aquatic life Iron Prepare TMDL 

Andy Cr./ Aquatic life Manganese Delist (1) 
ll_NZN-13 

Aquatic life Dissolved Oxygen Delist (3) 

Herrin Old/ 51.3 ac Aesthetic Quality Phosphorus (Total) Prepare TMDL 

IL_RNZD Aesthetic Quality Total Suspended Solids (TSS) Delist (4) 

Pond Cr./ 23.53 mi Aquatic life Chloride Delist (1) 

IL_NG-02 Aquatic life Dissolved Oxygen Delist (2) 

0 

0 
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I 
I Water body/ Size 
I 

Segment ID (mile/ac) I 

Lake Cr./ 12.33 mi 

IL_NGA-02 

Beaver Cr./ 1.7 mi 
IL NGAZ-JC-01 

Johnston City/ 64 ac 

IL_RNZE 

Arrowhead 30ac 
(Williamson)/ 
IL RNZX 

M. Fk. Big 12.52 mi 

Muddy/ IL_NH-
06 

M. Fk. Big 19.74 mi 

Muddy/ IL_NH-
07 

West Frankfort 146 ac 

Old/ IL_RNP 

West Frankfort 214 ac 

New/ IL_RNQ 

October 2018 

Impaired Designated Use Proposed 
Impairment Cause 

Action 

Aquatic life Sedi men tat ion/5 ilta tion Prepare LRS 

Aquatic life Dissolved Oxygen PrepareTMDL 

Aquatic life Phosphorus (Total} Delist (5) 

Aquatic life 
Manganese Prepare TMDL 

Aesthetic Quality Phosphorus (Total) Prepare TMDL 

Aesthetic Quality Total Suspended Solids (TSS) Delist (4) 

Aesthetic Quality Prepare TMDL 
Phosphorus (Total) 

Primary contact recreation Fecal Coliform Prepare TMDL 

Aquatic life Dissolved Oxygen Delist (3) 

Aquatic life Manganese Delist (1) 

Aquatic life Dissolved Oxygen Delist (3) 

Aquatic life Manganese Delist (1) 

Aquatic life Sedimentation/Siltation Prepare LRS 

Aesthet ic Quality Phosphorus (Total) Prepare TMDL 

Aesthetic Quality Total Suspended Solids (TSS) Delist (4) 

Aesthetic Quality Phosphorus (Total) Prepare TMDL 

Aesthetic Quality Total Suspended Solids (TSS) Delist {4) 

Delisting of the stream segments identified in the table able will occur as a part of a future 303(d) listing 
process based on the reasons noted above. TMDLs are currently only being developed for pollutants that 
have numerical water quality standards. Load Reduction Strategies (LRSs) are being developed for 
pollutants that do not have numerical water quality standards. All of the waterbodies that are being 
addressed in this Stage 3 report and the implementation plan are summarized in Table 1-2 below. 

Table 1-2. TMDL& LRS WaterbodySummary 

Waterbody/ Size Proposed 

I Segment ID (mile/ac) 
Impaired Designated Use Impairment Cause 

Action 
I 

Big Muddy R. / 
15.13 mi Aquatic life Sedimentation/Siltation Prepare LRS 

IL N-06 

Big Muddy R. / Primary contact recreation Fecal Coliform Prepare TMDL 

IL_N-11 
11.48mi 

Aquatic tife Sedimentation/Sil tation, TSS Prepare LRS 

Big Muddy R. / 
21.48 mi Aquatic tife Sedimentation/Sil tation, TSS Prepare LRS 

IL N-17 

Andy Cr. / Aquatic life Iron Prepare TMDL 

IL_NZN-13 
11.7 mi 

Aquatic life Dissolved Oxygen Prepare TMDL 

Herrin Old/ 
Aesthetic Quality 

Phosphorus (Total) Prepare TMDL 

IL_RNZD 
51.3 ac 

Pond Cr./ Aquatic life Chloride Prepare TMDL 

IL_NG-02 
23.53 mi 

Sedimentation/Siltation Aquatic life Prepare LRS 
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- --

Waterbody/ Size 

Segment ID (mile/ac) 

Lake Cr./ 
12.33 mi 

IL_NGA-02 

Beaver Cr./ 
1.7 mi 

IL NGAZ-JC-D1 

Johnston City/ 
64 ac 

ll_RNZE 

Arrowhead 
(Williamson)/ 30 ac 
ll _RNZX 

M. Fk. Big 
Muddy/ IL_NH- 12.52 mi 
06 
M. Fk. Big 
Muddy/ IL_NH- 19.74mi 
07 
West Frankfort 

146 ac 
Old/ IL RNP 

West Frankfort 
214 ac 

New/lL_RNQ 

October 2018 

Proposed 
Impaired Designated Use Impairment Cause 

Action 
0 

Aquatic life 
Dissolved Oxygen Prepare TMDL 

Aquatic life Manganese Prepare TMDL 

Aesthetic Quality Phosphorus (Total) 
Prepare TMDL 

Prepare TMDL 
Aesthetic Quality Phosphorus (Total) 

Primary contact recreation Fecal Coliform Prepare TMDL 

Aquatic life Sedimentation/Siltation Prepare LRS 

Aesthetic Qua lity Phosphorus (Total) Prepare TMDL 

Aesthetic Quality Phosphorus (Total) 
Prepare TMDL 

0 
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2 
Stage 2 Sampling 

The Stage 1 report recommended additional sampling be conducted during low flow conditions to support 
dissolved oxygen modeling in support of TMDL development. In 2015, IEPA conducted Stage 2 sampling 
to support dissolved oxygen TMDL modeling. Samples were collected in September and October of 2015, 
and data were reported for CBOD5, BOD5, Nitrite-Nitrate Nitrogen, Ammonia, total kjeldahl nitrogen 
(TKN), total phosphorus, dissolved phosphorus, chlorophyll a, total suspended solids and volatile 
suspended solids, and sediment oxygen demand (SOD). Flow, velocity and channel morphometry were 
also recorded during sampling. 

Figure 2-1 shows the locations sampled in 2015. The data collected at these locations were used in the 
dissolved oxygen modeling described in this report. TMDLs and LRSs for other parameters were based 
on existing data, previously collected by IEPA and described in the Stage 1 report (Attachment 1). 

Page I 7 
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3 
Development of Numeric Targets 

Designated use, use support and water quality criteria for waterbodies in the Upper Big Muddy River 
watershed have been previously described in the Stage 1 Report (Attachment 1). This section describes 
the development of numeric TMDL and LRS targets. 

3.1 Development of TMDL and LRS Targets 

The TMDL target is a numeric endpoint specified to represent the level of acceptable water quality that is 
to be achieved by implementing the TMDL. Where possible, the water quality criterion for the pollutant 
of concern is used as the numeric endpoint. 

3.1.1 Phosphorus (Total) 

The General Use standards for phosphorus are in Section 302.205 of Title 35. For the phosphorus TMDLs 
in the lakes within the Upper Big Muddy River watershed, the target is set at the water quality criterion 
for total phosphorus of 0.05 mg/L. 

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent 
protection of the designated use. For streams and rivers in the Upper Big Muddy River watershed, IEPA 
has developed a total phosphorus LRS target of 0.217 mg/L (IEPA, 2016). This target is based on an 
average of validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which 
contains several streams that are in full support of aquatic life. This LRS target was ultimately not used to 
develop a total phosphorus LRS because the average phosphorus concentrations measured in the stream 
segments listed for TP impairment were below this LRS target concentration. 

3.1.2 Dissolved Oxygen 

The General Use standards for dissolved oxygen are in Section 302.206 of Title 35. For the Upper Big 
Muddy River watershed dissolved oxygen TMDLs in streams, the target is set at the water quality criterion 
for daily minimum dissolved oxygen of 5.0 mg/L recognizing that this is the more conservative of the 
seasonal minimal dissolved oxygen criteria (recall that between August and February, the minimum is 3.5 
mg/L). The QUAL2E models used to calculate the TMDLs predicts a daily average dissolved oxygen 
concentration and does not directly predict daily minimum values. QUAL2E results can be translated into 
a form comparable to a daily minimum, by subtracting the observed difference between daily average and 
daily minimum dissolved oxygen from the model output. 

3.1.3 Iron 

The General Use standards for iron are in Section 302.208 of Title 35. A single-value standard of 1.0 mg/L 
applies to dissolved iron, and this is the target used for TMDL development for the Andy Creek (IL_ NZN-
13) segment. 

3.1.4 Manganese 

The General Use standards for manganese are in Section 302.208 of Title 35. The water quality standards 
for dissolved manganese are given by the following equations: 

Acute Standard: 
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r - WQS = eA+Bln(H) x 0.9812 

L 

where A= 4.9187 and B = 0.7467; 

and ln(H) is the natural logarithm of the hardness in mg/L. 

Chronic Standard: 

WQS = eA+Bln(H) X 0.9812 

where A= 4.0635 and B = 0.7467; 

and ln(H) is the natural logarithm of the hardness in mg/L. 

The chronic standard was used to develop the manganese TMDL for Beaver Cr. (IL_NGAZ-JC-D) in the 
Upper Big Muddy River watershed. The calculated target for this stream segment is shown in section 
4.2.6. 

3.1.S Fecal Coliform 

The General Use standards for fecal coliform bacteria are in Section 302.209 of Title 35. During the 
months May through October (swimming-season), based on a minimum of five samples taken over not 
more than a 30 day period, fecal coliform bacteria shall not exceed a geometric mean of 200 per 100 mL, 
nor shall more than 10% of the samples during any 30 day period exceed 400 per 100 mL. For fecal 
coliform TMDLs in the Upper Big Muddy River watershed, the target is conservatively set at the water 
quality criterion of 200 colony forming units (cfu)/100 mL. 

3.1.6 Total Suspended Solids (TSS) 

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent 
protection of the designated use. For all streams and rivers in the Upper Big Muddy River watershed, 
IEPA has developed a LRS target of 32.2 mg/L TSS (IEPA, 2016). This target is based on an average of 
validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which contains several 
streams that are in full support of aquatic life. 

Based on an average of validated, real-world data for these streams over a period from 1999 to 2013, the 
load reduction targets for all streams in this watershed are as follows: 

• Total Suspended Solids: 32.2 milligrams/liter 

For all lakes in the watershed, the load reduction targets are as follows: 

• Total Suspended Solids: 23 milligrams/liter 
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4 
Development of Water Quality Models 

Water quality models are used to define the relationship between pollutant loading and the resulting 
water quality. This section describes the modeling to support TMDL and LRS development, and is 
divided into the following sections: 

• QUAL2E modeling for dissolved oxygen TMDL 

• Load Duration Curve approach for fecal coliform, sulfate, iron, manganese, and chloride TMDLs 

• BATHTUB modeling for total phosphorus TMDLs for reservoirs. 

The remainder of this section describes the TSS modeling to support the TSS LRS. 

4.1 QUAL2E Model for the Dissolved Oxygen TMDls 

The QUAL2E water quality model was used to define the relationship between external oxygen• 
demanding loads and the resulting concentrations of dissolved oxygen in the Lake Cr. (IL_ NGA-02) 
stream segment in the Upper Big Muddy River watershed. 

In addition, QUAL2E to was used to model the the dissolved oxygen in Pond Creek (IL_) and Andy Creek 
(IL_ NZN-) to determine if the observed low dissolved oxygen was based on pollutant loads, or low flow 
conditions. Based on the results of those models, no TMDLs were developed for those stream segments. 

QUAL2E is a one-dimensional stream water quality model applicable to dendritic, well-mixed streams. It 
assumes that the major pollutant transport mechanisms, advection and dispersion, are significant only 
along the main direction of flow. The model allows for multiple waste discharges, water withdrawals, 
tributary flows, and incremental inflows and outflows. 

4.1.1 Model Selection 

A discussion of the model selection process for the Upper Big Muddy River watershed is provided in the 
Stage 1 report (Attachment 1). 

The QUAL2E model (Brown and Barnwell, 1987) was selected to address dissolved oxygen impairments in 
the Upper Big Muddy River watershed. QUAL2E is the most commonly used water quality model for 
addressing low flow conditions. 

4.1.2 Modeling Approach 

The approach selected for the dissolved oxygen TMDL consists of using data collected during 2015 low 
flow season surveys to define the current water quality of the river, and using the QUAL2E model to 
define the extent to which loads must be reduced to meet water quality standards. This is the 
recommended approach presented in the Stage 1 report. 

4.1.3 QUAL2E Model Inputs 

This section gives an overview of the model inputs required for QUAL2E application, and how they were 
derived. The following categories of inputs are required for QUAL2E: 

• Model options (title data) 

• Model segmentation 
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• Hydraulic characteristics 

• Reach kinetic coefficients 

• Initial conditions 

• Incremental inflow conditions 

• Headwater characteristics 

• Point source flows and loads 

4.1.3.a Model Options 

October 2018 

This portion of the model input parameters defines the specific water quality constituents to be simulated. 
QUAL2E was set up to simulate temperature, biochemical oxygen demand, the nitrogen series, 
phosphorus, algae and dissolved oxygen. 

4.1.4 Andy Cr. {IL_NZN-13) QUAL2E Model Application 

This sections described the application of the QUAL2E model to the above noted stream segment. 

4.1.4.a Model Segmentation 

The QUAL2E model divides the river being simulated into discrete segments (called "reaches") that are 
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided 
into "computational elements", which define the interval at which results are provided. Andy Creek 
QUAL2E model consists of two reaches, which are comprised of a varying number of computational 
elements. Computational elements were specified to have a fixed length of 0.20 miles. Reaches are 
defined with respect to water quality monitoring stations and tributaries. Model segmentation is 
presented below in Table 4-1 and Figure 4-1. 

Table 4-1. Andy Creek QUAL2E Segmentation 

Number of 
computational 

Reach River miles elements Other features 

1 8.25 - 5.0 13 NZN-12, Valier STP, NZN-15 

2 5.0 - 0.0 20 NZN-10 
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Figure 4-1. Andy Creek QUAL2E Segmentation 

4.1.4.b Hydraulic characteristics 

October 2018 

.. 

"--..::!~--.1~--- _, 

A functional representation was used to describe the hydraulic characteristics of the system. For each 
reach, velocity and depth were specified, based on measurements taken during the September 23, 2015 

field survey. 

4.1.4.c Reach Kinetic Coefficients 

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois. 
The appropriateness of these initial values were assessed during the model calibration process, where 
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to 
allow model results to best describe observed water quality data. 
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4.1.4.d Initial Conditions 

October 2018 

Initial model conditions were based on field observations, flow measurements, and water quality data 
collected during 2015. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen, 
nitrate and chlorophyll a were used to specify initial conditions. 

4.1.4.e Incremental Inflow Conditions 

Incremental inflows were calculated using a drainage area ratio and field measured flows. Increases in 
flows were added to each reach incrementally to represent non-monitored tributaries (flows were 
increasing from upstream to downstream). Concentrations for these incremental inflows were considered 
to have concentrations at typical background levels, and temperatures consistent with the mainstem. 
Other flows came from the headwater and point sources. 

4.1.4./ Headwater Characteristics 

Headwater characteristics were based on the flow/water quality measurements collected at the more 
upstream IEPA station (NZN-12). 

4.1.4.g Point Source Flows and Loads 

There are two permitted NPDES discharges from sewage treatment plants in the Andy Creek watershed. 
The NPDES permits are for the LB Camping Sesser STP (IL0050466) and the Valier STP (ILG580083). 
(Attachment 1, Section 2.9). 

The model considers one permitted point source that discharges to Andy Creek via a small tributary. The 
upsrtream point source (LB Camping Sesser STP) is assumed to contribute no load or small loads (based 
on discharge monitoring report (DMR) data and some assumptions where data was not available), and 
any impacts on the DO impairments to Andy Creek at the downstream stations would be incorporated 
into the model by using the sampling data collected at station NZN-12 as the upstream boundary 
conditions. See Table 4-2 for details of when data were used, and when assumptions were made. 

Table 4-2. Andy Creek (IL_ NZN-13) Concentrations ofQUAL2E model inputs 

Temp. DO CBODS Ammonia Source 

Model input point Flow (cfs) (Deg F) (mg/L) (mg/l) [mg/L) 

Headwater 0.10 63.7 4.47 1 0.05 Data collected at NZN-12 

Valier STP discharge t o Reach 1 0.06 70 8.70 10.90 5.80 DMR data (flow, CB0D5, 00, Ammonial 

Incremental inf low to Reach 1 0.145 65.0 4.5 1 0.00 Calcu lated from flow balance. Water 
quality specified based on typical 

background levels. 

4.1.4.h QUALZE Model Calibration 

QUAL2E model calibration consisted of: 

• Applying the model with all inputs specified as above 

• Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data 

• Adjusting model coefficients to provide the best comparison between model predictions and 
observed dissolved oxygen data. 

The QUAL2E dissolved oxygen calibration for Andy Creek is discussed below. The model was initially 
applied with the model inputs as specified above. Observed data for the low flow survey conducted on 
September 23, 2015 was used for calibration purposes. 
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QUAL2E was calibrated to match the observed average dissolved oxygen concentrations measured at two 
locations (NZN-15 and NZN-10) on the mainstem of the creek. The data collected at NZN-12 was used to 
define the upstream boundary conditions. The initial BOD calibration was deemed successful, albeit not 
totally conclusive, as the majority of observed data (as well as model predictions) for both parameters 
were below laboratory detection limits. Similarly, the initial coefficients used to describe chlorophyll a 
correctly replicated observed low observed field concentrations and confirmed that algal productivity was 
not an important component of the dissolved oxygen budget. 

Model results initially over-predicted observed dissolved oxygen data. Model calibration was attained by 
adjusting reach-specific sediment oxygen demand, with calibration values ranging from 0.054 to 0.065 
mg/sq. ft./day. Those values were initially based on the SOD measurement taken at NZN-15 of 0.065 
mg/sq. ft./ day. The resulting dissolved oxygen predictions compared well to the measured concentrations 
as shown in Figure 4-2. The QUAL2E model output files from the calibration runs are included in 
Attachment 3. 

Andy Creek (IL_NZN-13) - Dissolved Oxygen 
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Figure 4-2. QUAL2E DO Calibration for Andy Creek for 9/23/2015 Samp)ing Survey 

4.1.5 Lake Cr. (IL_NGA-02) QUAL2E Model Application 

0 
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This sections described the application of the QUAL2E model to the above noted stream segment. 

4.1.5.a Model Segmentation 

The QUAL2E model divides the river being simulated into discrete segments (called "reaches") that are 
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided 
into "computational elements", which define the interval at which results are provided. The Lake Creek 
QUAL2E model consists of two reaches, which are comprised of a varying number of computational 
elements. Computational elements were specified to have a fixed length of 0.25 miles. Reaches are 
defined with respect to water quality monitoring stations and tributaries. Model segmentation is 
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presented below in Table 4-3 and Figure 4-3. The division between reaches 1 and 2 was determined based 
on the location of additional tributaries that contribute additional flow to the stream which would be 
expected to change the hydraulic characteristics of the reach. 

Table 4-3. Lake Creek QUAL2E Segmentation 

Number of 
computational 

Reach River miles elements Other features 

1 3.25 - 5.25 8 NGA-02, Johnston City STP, NGA-JC-Cl 

2 0-3.25 14 NGA-01 
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Figure 4-3. Lake Creek (IL_ NGA-02) QUAL2E Model Segmentation 

4.1.5.b Hydraulic characteristics 

October 2018 

A functional representation was used to describe the hydraulic characteristics of the system. For each 
reach, velocity and depth were specified, based on measurements taken during the August, September 
and October 2015 field surveys. 

4,1.5.c Reach Kinetic Coefficients 

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois. 
The appropriateness of these initial values were assessed during the model calibration process, where 
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to 
allow model results to best describe observed water quality data. 
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4.1.5.d Initial Conditions 

October 2018 

Initial model conditions were based on field observations taken during 2015 and USGS flow 
measurements. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen, nitrate 
and chlorophyll a were used to specify initial conditions. 

4.1.5. e Incremental Inflow Conditions 

Incremental inflows were calculated using a drainage area ratio and measured USGS flows. Increases in 
flows were added to each reach incrementally to represent non-monitored tributaries (flows were 
increasing from upstream to downstream}. Concentrations for these incremental inflows were considered 
to have concentrations at typical background levels, and temperatures consistent with the mainstem. 
Other flows came from the headwater and point sources. 

4.1.5./ Headwater Characteristics 

Headwater characteristics were based on the flow/water quality measurements collected at the more 
upstream IEPA station (NGA-02). 

4.1.5.g Point Source Flows and Loads 

There is one permitted NPDES discharges in the Lake Creek watershed. It is for the Johnston City STP 
(IL0029301), a municipal sewage treatment plant. See Table 4-4 for details of when data were used, and 
when assumptions were made. 

Table 4-4. Lake Creek (IL_ NGA-02) Concentrations ofQUAL2e model inputs 

Johnston City STP discharge to 
Reach 1 

Incremental inflow to Reach 2 

0.75 

4.69 

70 

65.0 

7.6 14.2 8.90 

9 .0 1 0.00 

from flow balance. 

DMR data (flow, CBOD5, DO), data from 

NGA-JC-Cl (Ammonia). 

Calculated from flow balance. Water 

quality specified based on typical 

background levels . 

It is noted that DMR data from the September 2015 for Johnston City STP indicate that the monthly 
average CBOD5 concentration (14.2 mg/)) exceeded the permit limit of 10 mg/L, along with effluent 
violations of daily maximum and monthly average ammonia nitrogen concentrations, although it is 
uncertain whether the effluent limit violations were occurring specifically during the time of the survey. 
The of CBOD5 in the Johnston City STP were based on the September 2015 DMR for that facility. The 
CBOD5 and DO concentrations used to characterize the point load in the QUAL2E model were the 
monthly averages. The daily maximum CBOD5 was 17 mg/L, but there is no information on whether that 
occurred on the date of the sampling. The ammonia nitrogen concentration used in the model to 
characterize the point load was based on the observed concentration at station NGA-JC-Ci, which is 
higher than the reported daily maximum value for ammonia nitrogen in the DMR. The effluent sampling 
frequency for ammonia nitrogen required in the NPDES permit for the Johnston City STP is only two days 
per month, so it is possible that higher concentrations could occur between samples. The flow used was 
the daily average flow for the month reported in the DMR of 0.488 MGD, which is lower than the design 
average flow for the facility of 0.55 MGD. 

4.1.5.h QUAl.2E Model Calibration 

QUAL2E model calibration consisted of: 

Page I 20 

0 

0 



R02284

C 

Upper Big Muddy River Watershed 

DRAFT: Stage 3 Report 

• Applying the model with all inputs specified as above 

October 2018 

• Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data 

• Adjusting model coefficients to provide the best comparison between model predictions and 
observed dissolved oxygen data. 

The QUAL2E dissolved oxygen calibration for Lake Creek (IL NGA-02} is discussed below. The model 
was initially applied with the model inputs as specified above. Observed data for the low flow survey 
conducted in 2015 was used for calibration purposes. 

QUAL2E was calibrated to match the observed average dissolved oxygen concentrations measured at two 
locations (NGA-01, and NGA-JC-Ct) on the mainstem of the creek. Data collected at station NGA-02 was 
used to characterize the upstream boundary conditions. The initial DO and ammonia calibration was 
deemed successful. Similarly, the initial coefficients used to describe chlorophyll a correctly replicated 
observed low observed field concentrations and confirmed that algal productivity was not an important 
component of the dissolved oxygen budget in the area downstream of the Johnston City STP discharge. 

The reach-specific sediment oxygen demand values entered in the model for Reach 1 of 0.079 g/sq. ft./day 
was based on an SOD test run at NGA-02. The sediment oxygen demand values entered in the model for 
Reach 2 of 0.06 g/sq. ft./day was adjusted to match the observed downstream data. The resulting 
dissolved oxygen predictions compared well to the measured concentrations during the survey, as shown 
in Figure 4-4. The QUAL2E model output files from the calibration runs are included in Attachment 3. 

Based on the components of dissolved oxygen mass balance in the QUAL2E model output files, the largest 
components of the oxygen deficit in the stream immediately downstream of the Johnston City STP were 
due to the sediment oxygen demand, and the oxygen consumed for nitrification of ammonia and nitrite. 
Although SOD is one of the dominant sources of the oxygen deficit, the true cause is a lack of base flow 
(which greatly exacerbates the effect of SOD). 

Lake Creek (IL_NGA-02) - Dissolved Oxygen 
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4.2 Load Duration Curve Approach 

October 2018 

A load duration curve approach was used in the fecal coliform, sulfate, iron, chloride, and manganese 
analyses for streams in the Upper Big Muddy watershed. A load-duration curve is a graphical 
representation of observed pollutant load compared to maximum allowable load over the entire range of 
flow conditions. The load duration curve provides information to: 

• Help identify the issues surrounding the problem and differentiate between point and nonpoint 
source problems, as discussed immediately below; 

• Address frequency of deviations (how many samples lie above the curve vs. those that plot below); 
and 

• Aid in establishing the level of implementation needed, by showing the magnitude by which 
existing loads exceed standards for different flow conditions. 

4.2.1 Model Selection 

A detailed discussion of the model selection process for TMDL development in the Upper Big Muddy 
River watershed is provided in the Stage 1 Report. The load-duration curve approach was selected because 
it is a simpler approach that can be supported with the available data and still support the selected level of 
TMDL implementation for this TMDL. The load-duration curve approach identifies broad categories of 
pollutant sources and the extent of control required from these source categories to attain water quality 
standards. 

4.2.2 Approach 

The load duration curve approach uses stream flows for the period of record to gain insight into the flow 
conditions under which exceedances of the water quality standard occur. A load-duration curve is 
developed by: 1) ranking the daily flow data from lowest to highest, calculating the percent of days these 
flows were exceeded, and graphing the results; 2) translating the flow duration curve (produced in step 1) 
into a load duration curve by multiplying the flows by the water quality standard; and 3) plotting observed 
pollutant loads (measured concentrations times stream flow) on the same graph. Observed loads that fall 
above the load duration curve exceed the maximum allowable load, while those that fall on or below the 
line do not exceed the maximum allowable load. An analysis of the observed loads relative to the load 
duration curve provides information on whether the pollutant source is point or nonpoint in nature. A 
more complete description of the load duration curve approach is provided in the Stage 1 Report. 

4.2.3 Big Muddy R. / IL_N-11- Fecal Coliform Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.3.a Flow Data 

Segment IL_ N-11 of the Big Muddy River is located downstream of Rend Lake, so the flows in the river at 
that point are impacted by the reservoir storage and dam operations. When developing the load-duration 
curve, the reservoir storage can reduce the peak flows, and maintain a higher baseflow, making distinction 
between dry and wet weather related sources difficult to distinguish. To remedy that problem, daily flow 
measurements were used from the USGS gage on Casey Fork near Mount Vernon, IL (USGS gage number 
05595820) for the period from 1999 through 2015. 

Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not 
impacted by the reservior. This gage is located approximately 28.6 miles north of station N-11, where the 
water quality data was collected. This gage has a drainage area of 76.9 square miles, so all flow data from 
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the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under consideration. 
The drainage area within the Upper Big Muddy River watershed for segment IL-N-11 is 312.3 square 
miles, which does not include areas upstream of Rend Lake. The Casey Fork gage was selected based on 
the proximity to the stream segment under consideration, and that it is located within the same 
watershed, the fact that it is upstream of Rend Lake, so it is not impacted by the reservoir. 

4.2.3.b Water Quality Data 

Fecal coliform data collected at station N-11 by IEPA between 1999 and 2010 were used in the analysis. 
The data were collected as part of IEPA's ambient water quality monitoring program. Only data for the 
months of May-October were used because the water quality standard applies only during this period. 

4.2.3.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal 
coliform were generated by multiplying the flows in the duration curve by the water quality standard of 
200 cfu/100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a 
solid line in Figure 4-5. Observed pollutant loads of fecal coliform were calculated using available 
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal 
coliform data used only measurements collected between May and October, since that is the period 
specified under Section 302.209 of Title 35. 
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Figure 4-5. Fecal Coliform Load Duration Curve for U1>per Big Muddy River (IL_ N-11) with Observed 
Loads (triangles) 

In Figure 4-5, the data show exceedances of the fecal coliform target occur over all ranges of flows, but 
with more exceedances (as a fraction of the samples) occuring in the higher range of flows. This indicates 
that wet weather sources contribute to the observed violations of the water quality standard. 
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4.2.4 Andy Cr./ lL_NZN-13 - Iron Load Duration Curve 

October 2018 

This section describes the flow and water quality data used to support development of the load duration 
curve for dissolved iron on the above noted stream segment. 

4,2.4.a Flow Data 

There is no stream gage on Andy Creek that can be used to estimate the daily flows and loadings. Daily 
flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS gage 
number 05597500) for the period from 1999 through 2015. This gage is located approximately 20.2 miles 
southeast of the Andy Creek watershed. This gage has a drainage area of 31.7 square miles, so all flow 
data from the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under 
consideration. The stream segment under consideration has a drainage area of 20-4 square miles at its 
outlet. The Crab Orchard Creek gage was selected for consideration based on the drainage areas being 
similar in size, the proximity to the stream segment under consideration, with similar watershed land uses 
and topography. 

4.2.4.b Water Quality Data 

Dissolved iron data collected by IEP A in 2008 were used in the analysis. The data were collected as part of 
IEPA's ambient water quality monitoring program. There were three samples analyzed, and all three 
exceeded the water quality standards. 

4.2.4.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. A load duration curve for iron was 
generated by multiplying the flows in the duration curve by the water quality standard of 1.0 mg/L for 
dissolved iron. The load duration curve for iron is shown with a solid line in Figure 4-6. Observed 
pollutant loads of dissolved iron were calculated using available concentration data paired with 
corresponding flows, and were plotted on the same graph. 
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Figure 4-6: Dissolved h-on Load Duntion Curve for Andy Creek (II._NZN-13) with Observed Loads 
(triangles) 

In Figure 4~6, the data show that the sampled data points only exceeded the dissolved iron target at the 
highest sampled flow. This indicates that wet weather sources or runoff contribute to the observed 
violation of the water quality standard. 

4.2.5 Pond Cr. / ll_NG-02 - Chloride Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.5.a Flow Data 

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS 
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
stream segment under consideration. 

4.2.5.b Water Quality Data 

Fecal coliform data collected by IEPA between 1999 and 2006 were used in the analysis. The data were 
collected as part of IEPA's ambient water quality monitoring program. Only data for the months of May­
October were used because the water quality standard applies only during this period. 

4.2.5.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for chloride 
was generated by multiplying the flows in the duration curve by the water quality standard 500 mg/L for 
chloride. The load duration curve for chloride is shown with a solid line in Figure 4-7. Observed pollutant 
loads of chloride were calculated using available concentration data paired with corresponding flows, and 
were plotted on the same graph. 
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Figure 4-7: Chloride Load Duration Curve for Pond Creek (IL_ NG-02) with Obse1-ved Loads 
(triangles) 

In Figure 4-7, the data show that the single exceedance of the chloride target occurs at the lowest sampled 0 
flow. This indicates that wet weather sources do not con tribute to the observed violation of the water 
quality standard. With the single data point showing an exceedance of the water quality standard for 
Chloride occurring at the very lowest flows, this indicates that the impairment may be flow related. Before 
implementing a TMDL for this stream segment, additional monitoring is recommended to confirm that 
the impairment is related to a pollutant load source, and is not only related to very low flow conditions in 
the stream. Additional monitoring recommendations are contained in the Watershed Implementation 
Plan to achieve the TMDLs and Load Reduction Strategy in the Upper Big Muddy River watershed. 

4.2.6 Beaver Cr./ lL_NGAZ-JC-Dl - Manganese Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for manganese on the above noted stream segment. 

4.2.6.a Flow Data 

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS 
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
stream segment under consideration. 

The stream gage data shows that there are periods where there is no flow in the stream, This does not 
necessarily mean that the stream dries up, but the flows are below the threshold for stream measurement. 
This causes the load-duration curve to be equal to zero during these time periods. 

4.2. 6.b Water Quality Data 

Manganese data collected by IEPA in 2008 were used in the analysis. There is only a single data point 
available for this analysis. 
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4.2.6.c Analysis 

October 2018 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for 
manganese was generated by multiplying the flows in the duration curve by the chronic water quality 
standard of 4.85 mg/L, which was calculated based on a hardness measurement of 383 mg/L that was 
field measured at the same time at the manganese measurement in this stream segment. The load 
duration curve for manganese is shown with a solid line in Figure 4-8. Observed pollutant loads were 
calculated using available concentration data paired with corresponding flows, and were plotted on the 
same graph. 
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Figure 4-8: Manganese Load Duration Curve for Beaver Creek (11,_NGAZ-JC-Dt with Observed Loads 
(triangles) 

In Figure 4-8, the data show that the single exceedance of the manganese target occurs at the lower end of 
the normally encountered flows (30% to 70%). 

4.2.7 M. Fk. Big Muddy/ IL_NH-06- Fecal Coliform Load Duration Curve 

This section describes the flow and water quality data used to support development of the load duration 
curve for fecal coliform bacteria on the above noted stream segment. 

4.2.7.a Flow Data 

There is no stream gage on this segment of the Middle Fork of the Big Muddy River that can be used to 
estimate the daily flows and loadings. Daily flow measurements are available for the USGS gage on Casey 
Fork near Mount Vernon, IL (USGS gage number 05595820) for the period from 1999 through 2015. 
Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not 
impacted by the reservoir storage and dam operations. This gage is located approximately 23.3 miles 
north of station NH-06, where the water quality data was collected. This gage has a drainage area of 76.9 
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the 
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stream segment under consideration. The stream segment under consideration has a drainage area of 
160.6 square miles at its outlet. 

4.2.7.b Water Quality Data 

Fecal coliform data collected at station NH-06 by IEPA between 1999 and 2010 were used in the analysis. 
The data were collected as part of IEPA's ambient water quality monitoring program. Only data for the 
months of May-October were used because the water quality standard applies only during this period. 

4.2.7.c Analysis 

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the 
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal 
coliform were generated by multiplying the flows in the duration curve by the water quality standard of 
200 cfu/100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a 
solid line in Figure 4-9. Observed pollutant loads of fecal coliform were calculated using available 
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal 
coliform data used only measurements collected between May and October, since that is the period 
specified under Section 302.209 of Title 35. 
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Figure 4-9. Fecal Coliform Load Duration Curve for Middle Fork Big Muddy River (IL_N-11) with 
Observed Loads (triangles) 

In Figure 4-9, exceedances of the fecal coliform target occur over all ranges of flows, but with more 
exceedances in the higher range of flows. This indicates that wet weather sources are a contributing factor 
to the observed violations of the water quality standard, but that significant dry weather reductions are 
necessary as well. 

4.3 BATHTUB Model 

The BATHTUB model (Walker, 1986) was selected as the tool to define load reduction necessary to attain 
phosphorus targets in the following lakes/ reservoirs located in the Upper Big Muddy River watershed: 
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• Herrin Old / IL_RNZD 

• Johnston City / IL_RNZE 

• Arrowhead (Williamson) / IL_ RNZX 

• West Frankfort Old/ IL_ RNP 

• West Frankfort New/ IL_ RNQ 

4.3.1 Model Selection 

October 2018 

A detailed discussion of the model selection process is provided in the Stage 1 report (Attachment 1). 
BATHTUB is a simple modeling tool that can predict the relationship between phosphorus load and 
resulting in-lake phosphorus concentrations. The BATHTUB model was selected because it does not have 
extensive data requirements (and can therefore be applied with existing data), yet still provides the 
capability for calibration to observed lake data. BATHTUB has been used previously for several reservoir 
TMDLs in Illinois, and has been cited as an effective tool for lake and reservoir water quality assessment 
and management, particularly where data are limited (Ernst et al., 1994). 

BATHTUB is a software program for predicting the lake/ reservoir response to nutrient loading. Because 
reservoir ecosystems typically have different characteristics than many natural lakes, BATHTUB was 
developed to specifically account for some of these differences, including the effects of non-algal turbidity 
on transparency and algae responses to phosphorus. 

BATHTUB contains a number of empirical regression equations that have been calibrated using a wide 
range oflake and reservoir data sets. It can treat the lake or reservoir as a continuously stirred, mixed 
reactor, or it can predict longitudinal gradients in trophic state variables in a reservoir or narrow lake. 
These trophic state variables include in-lake total and ortho-phosphorus, organic nitrogen, hypolimnetic 
dissolved oxygen, metalimnetic dissolved oxygen, chlorophyll concentrations, and Secchi depth 
(transparency). Both tabular and graphical displays are available from the program. 

4.3.2 Modeling Approach 

The approach taken for the total phosphorus TMDLs consisted of using existing empirical data to define 
current loads to each of the lakes, and using the BATHTUB model to define the extent to which these 
loads must be reduced to meet water quality standards. This approach was taken because phosphorus 
concentrations exceed the water quality standards, often by significant amounts. Phosphorus loads will 
need to be reduced to a fraction of existing load in order to attain water quality standards. 

4.3.3 BATHTUB Model Inputs 

This section gives an overview of the model inputs required for BATHTUB application, and how they were 
derived for application to the reservoirs on this project. The following categories of inputs are required for 
BATHTUB: 

• Model Options 
• Global Variables 
• Reservoir Segmentation 
• Tributary Loads 

The model options and global variables applied universally across the 5 lakes that were modeled in 
BATHTUB for this this project. Those are discussed below, with the descriptions of the reservoir 
segmentation and tributary loads in each model contained in separate sections of this report. 
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4.3.3.a Model Options 

October 2018 

BATHTUB provides a multitude of model options to estimate nutrient concentrations in a reservoir. 
Model options were entered as shown in Table 4-5, and the rationale for these options discussed below. 
No conservative substance was being simulated, so this option was not needed. The Canfield and 
Bachman phosphorus option was selected for phosphorus, as this is a commonly used formulation for 
Midwestern phosphorus TMDLs (e.g. MPCA, 2007; https;/fo•ww,pca.state.mn.usl sitesl ru;fault/file~ 
iw8-03e.pdQ Nitrogen was not simulated because phosphorus is the nutrient of concern. 

Chlorophyll a and transparency were not simulated because the water quality target is specified as total 
phosphorus. The Fischer numeric dispersion model was selected, which is the default approach in 
BATHTUB for defining mixing between lake segments. Phosphorus calibrations were based on lake 
concentrations. No nitrogen calibration was required. The use of availability factors was not required and 
estimated concentrations were used to generate mass balance Tables. 

Table 4-5. BATHTUB Model Options 

Model Model Option 
Conservative substance Not computed 

Total phosphorus Canfield and Bachman 
Total nitrogen Not computed 
Chlorophyll-a Not computed 
Transparency Not computed 
Longitudinal dispersion Fischer-numeric 
Phosphorus calibration Concentrations 
Nitrogen calibration None 
Error analysis Model and Data 
Availability factors Ignored 
Mass-balance Tables Use estimated concentrations 

4.3.3.b Global Variables 

The global variables required by BATHTUB consist of: 

• The averaging period for the analysis 
• Precipitation, evaporation, and change in lake levels 
• Atmospheric phosphorus loads 

BATHTUB is a steady state model, whose predictions represent concentrations averaged over a period of 
time. One decision in the application of BATHTUB is the selection oflength of time over which inputs and 
outputs should be modeled. An annual averaging period was used for all lakes in the Upper Big Muddy 
watershed, consistent with the fact that tributary loading estimates represented annual average 
conditions. 

There was no assumed increase in storage during the modeling period, to represent steady state 
conditions. The values selected for precipitation and change in lake levels have little influence on model 
predictions. Atmospheric phosphorus loads were specified using default values provided by BATHTUB. 

4.3.3.c Reservoir Segmentation 

BATHTUB provides the capability to divide the reservoir under study into a number of individual 
segments, allowing prediction of the change in phosphorus concentrations over the length of each 
segment. The segmentation scheme selected for the lakes modeled was designed to provide at least two 
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segments per lake, to include segment representing the deeper conditions near the dam, and at least one 
upstream segment, depending on the lake and the conficuration of the primary lake sampling stations. 

Table 4&6. BATHTUB Model Segmentation 

Total Size Model 
lake/ Reservoir (ac) Segments 

Herrin Old / ll_RNZD S1.3 2 

Johnston City/ ll_RNZE 64 2 

Arrowhead (Williamson)/ ll_RNZX 30 3 

West Frankfort Old/ l l_RNP 146 2 

West Frankfort New/ IL_RNQ 214 3 

The areas of the segments and the watersheds for the segments were determined by Geographic 
Information System (GIS), and maps are provided for each of the lakes provided below. 

BATHTUB requires that a range of inputs be specified for each segment. These include segment surface 
area, length, total water depth, and depth of thermocline and mixed layer. Segment-specific values for 
segment depths (total, thermocline and mixed layer) were calculated from the lake monitoring data, while 
segment lengths and surface areas were calculated via GIS. 

4.3.3.d Tributary Loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as follows: 

Flow into segment = Flow at USGS gage " Segment-specific drainage area ratio 

Drainage area ratio - Drainage area of watershed contributing to model segment 

Drainage area of watershed contributing to USGS gage 

Segment-specific drainage area ratios were calculated via GIS information. 

Total phosphorus concentrations for each tributary and direct drainage inflow were estimated by dividing 
the watershed phosphorus load (calculated based on land use and literature phosphorus loading rates) by 
the tributary flow. 

Average total phosphorus concentrations "" Annual watershed phosphorus loads/ Annual tributary flow 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.4 BATHTUB Calibration 

BATHTUB model calibration consists of: 

1. Applying the model with all inputs specified as above 

2. Comparing model results to observed phosphorus data 

3. Adjusting model coefficients to provide the best comparison between model predictions and 
observed phosphorus data. 

Additional site-sprecific information on the calibration of the BATHTUB model application for each 
reservoir in the Upper Big Muddy River watershed is given in the sections below. 
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4.3.S Herrin Old/ IL_RNZD BATHTUB Model Application 

October 2018 

Herrin Old Reservoir is a 51 acre lake located in Williamson County, Illinois. It is approximately 21 feet 
deep at its deepest point near the dam at the downstream side of the lake. Herrin Old Lake requires a 
TMDL for total phosphorus. 

The listing and recommendation of a TMDL for total phosphorus in the Stage 1 report was based on a 
single water quality sample taken in 2011 that exceeded the water quality standard of 0.05 mg/ L. 
Additional data from 2012 and 2013 was provided by IEPA for the modeling and TMDL preparation. The 
new data shows that the water quality sampled at the upstream stations (RNZD02 & RNZD-3) all met the 
water quality standards. These were all sampled at a depth of 1 ft. The only samples taken during this 
period that exceeded the water quality standard we taken at station RNZD-1 at depths near the bottom of 
the reservoir. This indicates that the internal phosphorus loading from sedimants is the primary source 
contributing to the impairment of the water body. 
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4.3.5.a Reservoir Segmentation 
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Figure 4-10. Old Het·rin Resel'Voir (IL_ RNZD) Segmentation Used in BATHTUB Model 

4.3.5.b Tributary Loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 3.2 cfs, and 
the annual average total phosphorus concentrations (calculated based on land use and literature 
phosphorus loading rates) 0.029 mg/ L. This correlated well with the observed total phosphorus 
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concentrations at the upstream sampling stations (RNZD-2 and RNZD-3). The total estimated annual 
watershed load is 84.3 kg/yr of total phosphorus. 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.5.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2012 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 12 mg/m2 /day in the downstream model segment (Segment 1). This internal load 
estimate was adjusted during the model calibration to match th observed data. The resulting modeled and 
observed total phosphorus concentrations are shown in Figure 4-11. BATHTUB output files are provided 
in Attachment 4. 
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Jrigure 4-11. Herrin Old (IL_ RNZD) BATHTUB Segment Modeled vs. Observed Total Phosphorus 
Concentration 

4.3.6 Johnston City/ IL_RNZE BATHTUB Model Application 

Johnston City Lake / IL_ RNZE is an impoundment of Lake Creek; it is just east of Freeman No. 4 Mine. 
The lake requires a TMDL for total phosphoru. The most recent water quality data for Johnston City Lake 
is from 2002. There are three sampling stations located within the lake, as shown in Figure 4-12 below. 
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4.3.6.a Reservoir Segmentation 
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Figure 4-12, Johnston City Lake (IL_ RNZE) Segmentation Used in BATHTUB Model 

4.3.6.b Tributary Loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 4 .9 cfs, and 
the annual average total phosphorus concentrations (calculated based on land use and literature 
phosphorus loading rates) 0.040 mg/L. The total estimated annual watershed load is 175.5 kg/yr of total 
phosphorus. 
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A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.6.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2002 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 2 mg/m2 /day in the upstream model segment (Segment 2). The resulting modeled 
and observed total phosphorus concentrations are shown in Figure 4-13. BATHTUB output files are 
provided in Attachment 4. 
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Figure 4-13. Johnston City Lake (IL_ RNZE) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

4.3.7 Arrowhead (Williamson)/ IL_RNZX BATHTUB Model Application 

Arrowhead Lake (Williamson) / IL_ RNZX is located just northeast of Johnston City, near Shakerag, IL. 
Arrowhead requires a TMDL for total phosphorus. 
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Figure 4-14. Arrowhead (Williamson) (11._RNZX) Segmentation Used in BATHTUB Model 

4.3.7.b Tributary Loads 

October 2018 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 1.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
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phosphorus loading rates) was 0.046 mg/L. The total estimated annual watershed load is 39.7 kg/yr of 
total phosphorus. 

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4. 

4.3.7.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 12 mg/m2/day. The resulting modeled and observed total phosphorus concentrations 
are shown in Figure 4-15. BATHTUB output files are provided in Attachment 4. 
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Figure 4-15. Arrowhead (Williamson) (IL~ RNZX) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

4.3.8 West Frankfort Old/ ll_RNP BATHTUB Model Application 

West Frankfort Old City Lake is a 147 acre impoundment located approcimately 6 miles east of the West 
Frankfort in Franklin County that requires a TMDL for total phosphorus. The water quality data used to 
develop the BATHTUB model was collected in 2008 and 2013. 
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C- 4,3.8.a Reservoir Segmentation 

L 

The BATHTUB model for the West Franklin Old Reservior, was developed with two model segments as 
shown in Figure 4-16, one representing the upstream monitoring stations (RNP-2 & RNP-3), and one 
representing the downstream station at the deepest portion of the lake (RNP-1). 
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UPPER BIG MUDDY WATERSHED 

West Frankfort Old (IL_RNP) & 
West Frankfort New (IL_RNQ) 
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■ NPDES Discharge Locations 
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I ) Impaired Lakes 

October 2018 

Figure 4-16. West Frankfort Old (IL_ RNP) and West Frankfort New (IL_ RNQ) Lake Segmentation 
Used in BATHTUB 
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4.3.8.b Tributary Loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 5.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
phosphorus loading rates) was 0.164 mg/L. The total estimated annual watershed load is 725.5 kg/yr 
(1599.5 lb/year) of total phosphorus . 

4.3.8.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the years 2008 and 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of an internal 
phosphorus load of 40 mg/m2 /day in the downstream segment (Segment 1). The resulting modeled and 
observed total phosphorus concentrations are shown in Figure 4-17. BATHTUB output files are provided 
in Attachment 4. 
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Figure 4 -17. West Frankfort Old (IL_RNP) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

\. 

Page I 41 



R02305

Upper Big Muddy River Watershed 

DRAFT: Stage 3 Report October 2018 

4.3.9 West Frankfort New/ IL_RNQ BATHTUB Model Application 

4.3.9.a Reservoir Segmentation 

West Frankfort New reservoir is located northeast of West Franklin Old Reservior, as shown in Figure 
4-16. The BATHTUB model was developed with three model segments, one for each of the primary 
monitoring station in the lake. 

4.3.9.b Tributary Loads 

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and 
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at 
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of 
drainage area ratios as described in section 4.3.3.d above. 

Annual average flow from the contributing watershed calculated using the above method was 10.0 cfs, and 
the annual average total phosphorus concentration (calculated based on land use and literature 
phosphorus loading rates) was 0.101 mg/L. The total estimated annual watershed load is 906.2 kg/yr of 
total phosphorus. 

In addition to the watershed loads, there is a point source load from the Thompsonville STP (IL0072478). 
The design average flow (OAF) for the facility is 0.08 million gallons per day (MGD) and the design 
maximum flow (DMF) for the facility is 0.20 MGD. Treatment consists of two cell aerated lagoon and rock 
filter. 

The average daily flows from this STP reported in the DMRs from 2008 through 2016 0.087 MGD. There 
is no water quality data for total phosphorus from this point source to use for model calibration. The total 
phosphorus concentration in the STP effluent was assumed to be 3.66 mg/L. With the monthly average 
flows reported on the DMRs for that facility, the annual average loading is 437.4 kg/yr. 

Based on the combined flow and loads from the sources identified above, the total annual average 
concentration into the reservoir is 0.148 mg/L, with a total annual loading of 1343.6 kg/yr. 

4.3.9.c BATHTUB Calibration 

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data 
for the year 2013 were used for calibration purposes. 

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model 
results using default model parameters initially under-predicted the observed phosphorus, i.e. model 
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical 
"net settling rate" (i.e. settling minus sediment release) observed in a range of reservoirs. Under­
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from 
lake sediments. The mismatch between model and data was corrected via the addition of internal 
phosphorus loads of 25 mg/m2/day in Segment 3 (upstream), 35 mg/m2 /day in Segment 2, and 90 
mg/m2 /day in Segment 1 (downstream). The resulting modeled and observed total phosphorus 
concentrations are shown in Figure 4-18. BATHTUB output files are provided in Attachment 4. 
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Figure 4-18. West Frankfort New (IL_ RNQ) BATHTUB Segment Modeled vs. Observed Total 
Phosphorus Concentration 

4.4 Total Suspended Solids Model for Load Reduction Strategy Development 

This section describes the model selection and modeling approach for the total suspended solids load 
reduction strategy for the following waterbodies in the Upper Big Muddy River watershed, identified by 
IEPA as being impaired due to elevated total suspended solids concentrations: 

• Herrin Old / IL_ RNZD 

• Johnston City/ IL_ RNZE 

• West Frankfort Old/ IL_ RNP 

• West Frankfort New/ IL_ RNQ 

• Big Muddy R. / IL_ N-06 

• Big Muddy R. / IL_ N-11 

• Big Muddy R. / IL_ N-17 

• Hurricane Creek/ IL_NF-01 

• Pond Cr. / IL_ NG-02 

• M. Fk. Big Muddy/ IL NH-07 

4.4.1 Modeling Approach 

The total suspended solids load reduction strategy is based on a simple empirical model using the average 
of all available TSS data on each waterbody, and comparing it with the LRS endpoint concentration 
identified in Section 3.1. 
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The load reduction target concentration for TSS for all streams in this watershed is 27.75 mg/L. For all 
lakes in the watershed, the load reduction targets concentration is 23 mg/L. 

After reviewing the water quality data available, it was found that the following waterbodies have average 
TSS concentrations already below the target for the watershed, and therefore will not have LRSs prepared. 

• Herrin Old / IL_ RNZD 

• Johnston City/ IL_ RNZE 

• West Frankfort Old / IL_ RNP 

• West Frankfort New/ IL_ RNQ 

• Hurricane Creek/ IL_NF-01 
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5 
TMDL Development for the Upper Big Muddy River 

Watershed 

This section presents the development of the TM Du for the following waterbodies in the Upper Big 
Muddy River watershed: 

• Upper Big Muddy River (IL_ N-11) for fecal coliform 
• Andy Cr. (IL_ NZN-13) for iron. 
• Lake Cr. (IL_NGA-02) for dissolved oxygen. 
• Beaver Cr. (IL_ NGAZ-JC-D1) for manganese. 
• Middle Fork Big Muddy (IL_ NH-06) for fecal coliform. 
• Arrowhead (Williamson) (IL_ RNZX) for total phosphorus. 
• Herrin Old (IL_ RNZD) for total phosphorus. 
• Johnston City (IL_ RNZE) for total phosphorus. 
• West Frankfort Old (IL_ RNP) for total phosphorus. 
• West Frankfort New (IL_ RNQ) for total phosphorus. 

In addition, a dissolved oxygen TMDL was planned for Andy Creek (IL_ NZN-13), but after reviewing the 
field data and developing the QUAL2E model, it was determined that the low flows and high sediment 
oxygen demand were the primary causes of the low dissolved oxygen in this stream, not external pollutant 
loadings. 

5.1 Andy Creek {IL_NZN-13) Dissolved Oxygen TMDL 

A dissolved oxygen assessment was conducted for Andy Creek segment IL_ NZN-13. The result of this 
assessment indicates that low stream flows preclude attainment of dissolved oxygen standards, even in 
the complete absence of external pollutant loads. For this reason, a TMDL is not being developed for 
dissolved oxygen. Details of the assessments are discussed below. 

Two lines of assessment were used to make the determination that it is low stream flows, rather than 
external pollutant loads, that precludes attainment of dissolved oxygen standards: 

1. Sediment oxygen demand is the dominant component of the dissolved oxygen mass balance 
provided by QUAL2E. 

2. Setting all external loading sources to zero in the QUAL2E model does not result in attainment in 
dissolved oxygen standards. 

3. Leaving all external loads at currently specified values, but increasing base stream flow, does 
result in attainment with dissolved oxygen standards. 

5.1.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 
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The first step in determining the loading capacity was to reduce external sources of oxygen-demanding 
substances to determine whether these reductions would result in the river attaining the dissolved oxygen 
target. 

QUAL2E simulations showed that, even with incremental inflow and permitted BOD loads set to zero, 
compliance with the dissolved oxygen standards was not attained. Examination of model results showed 
that sediment oxygen demand was the dominant source of the oxygen deficit, and that DO standards 
could only be attained during critical periods via reduction of SOD1• 

5.2 Lake Creek {IL_NGA-02) Dissolved Oxygen TMDL 

A dissolved oxygen assessment was conducted for Lake Creek segment IL_ NGA-02 utilizing the data 
collected in September 2015 and a QUAL2E model. The QUAL2E model was calibrated to the data 
available, which occurred during a month when there were effluent limit violations from the Johnston 
City STP for both CBODs and ammonia nitrogen. 

To determine if the effluent violations were causing the observed DO impairments, the QUAL2E model 
was run with modifying the input loads from the Johnston City STP to the current permit limits of 10 
mg/L CBOD5 (monthly average effluent limit) and 1.5 mg/ L ammonia nitrogen (monthly average effluent 
limit), and 6.o mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the 
facility of 0.55 MGD. 

The result of this assessment shows that if the Johnston City STP effluent meets the above noted limits. 
The dissolved oxygen concentration in the stream reaches a minimum level of 5.37 mg/ L, which is above 
the 5.0 mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards. 

5.2.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The first step in determining the loading capacity was to reduce external sources of oxygen-demanding 
substances to determine whether these reductions would result in the river attaining the dissolved oxygen 
target. 

QUAL2E simulations showed that with the point load CBOD5 and ammonia nitrogen loads set to zero, 
compliance with the dissolved oxygen standards was attained with a minimum dissolved oxygen 
concentration of 5.38 mg/L. 

Further QUAL2E simulations with adjusted BOD, dissolved oxygen, and ammonia nitrogen loads from 
the Johnston City STP were performed to determine the loading capacity. As noted above, QUAL2E model 
simulations with the input loads from the Johnston City STP set ther current permit limits of 10 mg/L 
CB0D5 (monthly average effluent limit) and 1.5 mg/L ammonia nitrogen (monthly average effluent limit), 
and 6.o mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the facility 
of 0.55 MGD resulted in a minimum dissolved oxygen concentration of 5.37 mg/L, which is above the 5.0 
mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards. 

Additional QUAL2E simulations were performed with the input loads from the Johnston City STP 
adjusted until the minimum dissolved oxygen concentration was 5.0 mg/L to determine the maximum 
loading capacity of the stream. The loading capacity of the stream for ammonia nitrogen was determined 

1 Although SOD is the dominant source of the oxygen deficit, the true cause of low dissolved oxygen is a lack of 
base flow (which greatly exacerbates the effect of SOD). Because TMDLs cannot be written to control flow, no 
TMDL was developed for this stream segment. 
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to be 1.80 mg/L, with a CBOD5 load of 11 mg/L, and 5-45 mg/L of dissolved oxygen at the design average 
flow for the facility. The total loading capacity for Lake Creek segment IL_NGA-02 for ammonia nitrogen 
is 8.25 lb/day. 

5.2.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint 
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL - WLA + LA+ MOS 

The WLA for the Johnston City STP into Lake Creek segment IL_ NGA-02 was calculated based on the 
permitted design average flow for the facility, and the current NPDES effluent limit concentration for 
ammonia nitrogen of 1.5 mg/L (monthly average limitation). The WLA for Lake Creek is presented in 
Table 5-1. 

Tab]c 5-1. Lake Creek Segment IL NGA-02 Watershed Permitted Dischargers and WLAs 

Ammonia 
Nitrogen 
Effluent 

Concentration Design average WLA 

NPDESID Facility Name (mg/l) flow(MGD) (lb/day) 

ILG0029301 Johnston City STP 1.50 0.55 6.88 

The remaining loading capacity is given to the load allocation for nonpoint sources and the margin of 
safety. The load allocation for nonpoint sources is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 8.25 
lbs/day of ammonia nitrogen, a WLA for the Johnston City STP of 6.88 lbs/day, and an explicit margin of 
safety of 10% (discussed below), the load allocation for Lake Creek segment IL_ NGA-02 is 0.54 lbs/day. 

5.2.3 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The QUAL2E model and 
the sampling were performed during a low flow period, which is critical for determining loads associated 
with low dissolved oxygen. 

5.2.4 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the QUAL2E water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
stream, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total ammonia nitrogen load allocated to the margin of safety is 0.825 
lbs/day for Lake Creek. 

5.2.5 Reserve Capacity 

Lake Creek is located in Williamson County, the population of which has increased by 8.3% between 2000 
and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin County 
population at 66,357. 
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The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 0 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEP A is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.2.6 TMDL Summary 

The dissolced oxygen (ammonia) TMDL for Lake Creek segment IL_ NGA-02, is presented in Table 5-2. 

Table 5-2. Lake Creek IL_NGA-02 TMDL Summary 

Allocation Total Ammonia Nitrogen 
I 

Load (lbs/day) 
I 

Load Capacity (LC) 8.25 

Wasteload Allocation (WLA) 6.88 

Load Allocation (LA) 0.54 

Margin of safety (10% of LC) 0.83 

5.3 Upper Big Muddy River (IL_N-11) Fecal Coliform TMDL 

A load capacity calculation approach was applied to support development of a fecal coliform TMDL for 
Upper Big Muddy River segment IL_ N-u. 

5.3.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The loading capacity for Upper Big Muddy River segment IL_N-11 was defined over a range of specified 
flows based on expected Upper Big Muddy River flows at the mouth of the creek. The allowable loading 
capacity was computed by multiplying flow by the TMDL target (200 cfu/100 mL). The fecal coliform 
loading capacity for IL_ N-11 is presented in Table 5-3. 
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Table 5-3. l1ecal Coliform Load Capacity (IL_ N•11) 

Flow Exceedance Percentile from the 

October 2018 

Allowable Load 

LDC 
Upper Big Muddy River Flow (cfs) 

(cfu/day) 

99% 9.7 4.8E+10 

95% 11 S.6E+10 

90% 13 6.2E+10 

80% 16 7.7E+10 

70% 22 1.lE+ll 

60% 35 1.7E+ll 

SO% 57 2.8E+11 

40% 93 4.6E+ll 

30% 150 7.6E+ll 

20% 260 1.3E+12 

10% 610 3.0E+12 

5% 1700 8.3E+12 

1% 7200 3.SE+13 

The maximum fecal coliform concentrations recorded between May and October were examined for each 
flow duration interval, as shown in Table 5-4, in order to estimate the percent reduction in existing loads 
required to meet the 200 cfu/ 100 mL target. As shown in Table 5-4, a greater reduction is needed at 
higher river flows to meet the target. During these higher flow periods, fecal coliform measurements were 
observed to exceed 200 cfu/ 100 mL more frequently. 

Table 5-4. Required Reductions in Existing Loads under Different Flow Conditions (IL_ N-u) 

# samples 

>200/ Maximum fecal coliform 

Flow Percentile Upper Big Muddy River # samples concentration (cfu/100 Percent Reduction to 

Interval Flow (cfs) (May-Oct) ml) Meet Target 

0 - 30 28,875 • 154 3/8 4,500 95.6% 

30 - 70 154 - 21.9 7 I 22 3,600 94.4% 

70 - 100 21.9 • 6 .. 9 1 I 1s 210 4.8% 

S.3.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint 
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA +LA + MOS 

The WLA for the 10 permitted sewage treatment plant discharges in the Upper Big Muddy River segment 
IL_ N-11 watershed was calculated based on the permitted design average flow for these dischargers and a 
fecal coliform concentration that is consistent with meeting the TMDL target (200 cfu/ 10omL). Eight of 
the ten NPDES-permitted dischargers have disinfection exemptions, therefore, the WLA is based on the 
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dischargers meeting 200 cfu/100 mL at the downstream end of their exempted reach. WLAs are 
presented in Table 5-5. 

Table 5-5. Segment IL_N-u Watcl'shcd Permitted Dischargers and \VI..As 

Disinfection Design average WLA 
NPDES ID Facility Name 

exemption? flow(MGD) (cfu/day) 

ILG580083 VALIER STP Yes, year-round 0.08 6.06E+08 

ILG580215 WEST CITY STP Yes, year-round 0.1 7.57E+08 

ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08 

ILGS80272 ORIENTSTP Yes, year-round 0.0752 5.69E+08 

LB CAMPING• No (400 du/ 100 
IL0OS0466 0.0051 3.86E+07 

SESSER STP ml Daily Max) 

HILL CITY 

IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07 

BENTON 

REND LAKE CONS. 
IL0065111 Yes, year-round 0.5 3.79E+09 

DIST. STP 

IL0020851 CHRISTOPHER STP Yes, year-round 0.768 S.81E+09 

BENTON No (400 cfu / 100 
IL0022365 1.01 7.65E+09 

NORTHWEST STP ml Daily Max) 

WEST FRANKFORT 
IL0031704 Yes, year-round 1.4 l.06E+l0 

STP 

The total WLA for the ten (10) point source dischargers in the IL_ N-11 watershed is 3 .02E+10 cfu/day. 
This does not include any dischargers in the areas upstream of Rend Lake. The significant retention time 
and settling capacity in the reservior are assumed to reduce fecal coliform loads from the upstream areas 
to be below the water quality standards. 

The remainder of the loading capacity is given to the load allocation for nonpoint sources as an implicit 
MOS was used in this TMDL (Table 5-6). The load allocations are not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall fecal coliform load. 
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r. Table 5-6. Fecal Coliform TMDL for Segment IL_ N-11 Upper Big Muddy River• 

Wasteload Allocation 

October 2018 

Upper Big Muddy River Allowable load (WLA) Load Allocation (LA) 
Flow(ds) (du/day) (cfu/day) (du/day) 

12.6 6.16E+l0 3.02E+l0 3.14E+l0 

15.8 7.75E+10 3.02E+l0 4.73E+l0 

21.9 l.07E+ll 3.02E+l0 7.71E+l0 

34.9 1.71E+ll 3.02E+10 l.41E+ll 

56.9 2.78E+ll 3.02E+10 2.48E+ll 

93.4 4.57E+ll 3.02E+10 4.27E+ll 

154 7.55E+ll 3.02E+10 7.25E+ll 

260 l.27E+l2 3.02E+10 l.24E+l2 

609 2.98E+12 3.02E+10 2.95E+12 

7226 3.54E+13 3.02E+10 3.53E+l3 

1This TMDL has an implicit Margin of Safety, so MOS is not included in this table. 

5.3.3 Critical Condition 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-5 provides a graphical depiction of the data 
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of 
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow 
conditions; therefore critical conditions were addressed during TMDL development. 

5.3.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity 
calculation approach used for the TMDL evaluated seasonal loads because only May through October 
water quality data were used in the analysis, consistent with the specification that the standard only 
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the 
applicable season because the load capacity calculations specify target loads for the entire range of flow 
conditions that are possible to occur in any given point in the season where the standard applies. 

5.3.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS 
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or 
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both. 
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative 
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more 
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric 
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of 
Safety is provided via the use of a conservative model to define load capacity. The model assumes no 
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations 
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed. 
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5.4 Middle Fork Big Muddy (IL_NH-06) Fecal Coliform TMDL 

October 2018 

A load capacity calculation approach was applied to support development of a fecal coliform TMDL for 
Middle Fork Big Muddy River segment IL_ NH-06. 

5.4.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. 

The loading capacity for the Middle Fork Big Muddy River segment IL_ NH-06 was defined over a range 
of specified flows based on expected flows at the outlet of the segment. The allowable loading capacity 
was computed by multiplying flow by the TMDL target (200 cfu/ 100 mL). The fecal coliform loading 
capacity for IL_ NH-06 is presented in Table 5-7. 

Table 5-7. Fecal Coliform Load Capacity (IL_ NH-06) 

Flow Exceedance Percentile from the Middle Fork Big Muddy River Flow Allowable Load 

LDC (cfs} (cfu/day) 

99% 5.0 2.5E+10 

95% 5.8 2.9E+10 

90% 6.5 3.2E+l0 

80% 8.1 4.0E+lO 

70% 11 S.SE+l0 

60% 18 8.8E+10 

50% 29 1.4E+ll 

40% 48 2.4E+ll 

30% 79 3.9E+ll 

20% 130 6.5E+ll 

10% 310 I 1.5E+12 

5% 870 4.2E+12 

1% 3700 1.8E+13 

The maximum fecal coliform concentrations recorded between May and October were examined for each 
flow duration interval, as shown in Table 5-8, in order to estimate the percent reduction in existing loads 
required to meet the 200 cfu/100 mL target. As shown in Table 5-8, the greatest reduction is needed at 
normally encountered river flows to meet the target. During these higher flow periods, fecal coliform 
measurements were observed to exceed 200 cfu/100 mL more frequently (as a fraction of the samples 
taken). 
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Table 5-8. Required Reductions in Existing Loads under Different Flow Conditions (IL_ NH-06) 

#samples 

>200/ Maximum fecal coliform 
Flow Percentile Upper Big Muddy River #samples concentration Percent Reduction to 

Interval Flow (cfs) (May-Oct) (cfu/100 ml) Meet Target 

0 30 14,849 79 7/7 20,000 99.0% 

30 • 70 79 • 11.3 10/ 18 63,600 99.7% 

70 - 100 11.3 - 3.55 7 I 21 1,760 88.6% 

5.4.2 Allocation 

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint 
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL : WLA + LA+ MOS 

The WLA for the 3 permitted sewage treatment plant discharges in the Middle Fork Big Muddy River 
segment IL_NH-06 watershed was calculated based on the permitted design average flow for these 
dischargers and a fecal coliform concentration that is consistent with meeting the TMDL target (200 
cfu/10omL). All three of these NPDES-permitted dischargers have disinfection exemptions, therefore, 
the WLA is based on the dischargers meeting 200 cfu/ 100 mL at the downstream end of their exempted 
reach. WLAs are presented in Table 5-9. 

Table 5-9. Segment IL_ NH-06 Permitted Dischargers and Wt.As 

Disinfection Design average WLA 

NPDES ID Facility Name exemption? flow (MGD) (cfu/day) 

ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08 

HILL CITY 

IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07 

BENTON 

IL0065111 
REND LAKE CONS. 

DIST. STP 
Yes, year-round 0.5 3.79E+09 

The total WLA for the three (3) point source dischargers in the IL_ NH-06 watershed is 4.13E+o9 cfu/ day. 

The remainder of the loading capacity is given to the load allocation for nonpoint sources as an implicit 
MOS was used in this TMDL (Table 5-10). The load allocations are not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall fecal coliform load. 
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Table 5-10. Fecal Coliform TMDL for Segment IL_ NH-06 Upper Big Muddy River' 

Wasteload Allocation 

October 2018 

Upper Big Muddy River Allowable Load (WLA} Load Allocation (LA} 

Flow (cfs) (cfu/day) (cfu/day) (cfu/day) 

6.5 3.17E+10 4.13E+09 2.7SE+l0 

8.1 3.99E+l0 4.13E+09 3.57E+10 

11.3 S.52E+10 4.13E+09 5.l0E+lO 

18.0 8.79E+10 4.13E+09 8.38E+10 

29.2 l.43E+ll 4.13E+09 l.39E+ll 

48.0 2.3SE+ll 4.13E+09 2.31E+ll 

79.4 3.88E+ll 4.13E+09 3.84E+ll 

134 6.54E+ll 4.13E+09 6.S0E+ll 

313 1.53E+12 4.13E+09 l.53E+12 

3716 1.82E+l3 4.13E+09 l.82E+13 

1This TMDL has an implicit Margin of Safety, so MOS is not included in this table. 

5.4.3 Critical Condition 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-9 provides a graphical depiction of the data 
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of 
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow 
conditions; therefore critical conditions were addressed during TMDL development. 

5.4.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity 
calculation approach used for the TMDL evaluated seasonal loads because only May through October 
water quality data were used in the analysis, consistent with the specification that the standard only 
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the 
applicable season because the load capacity calculations specify target loads for the entire range of flow 
conditions that are possible to occur in any given point in the season where the standard applies. 

5.4.S Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS 
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or 
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both. 
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative 
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more 
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric 
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of 
Safety is provided via the use of a conservative model to define load capacity. The model assumes no 
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations 
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed. 

Page I 54 

0 

0 



R02318

Upper Big Muddy River Watershed 

DRAFT: Stage 3 Report October 2018 

r . 5.5 Andy Creek (IL_NZN-13) Iron TMDL 

A load capacity calculation approach was applied to support development of dissolved iron TMDL for 
Andy Creek segment IL_ NZN-13. 

5.5.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. The loading capacity was defined over a range of 
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the 
estimated flow in Andy Creek by the TMDL target concentration of 1 mg/ I (Table 5-11). 

Table 5-11. Iron Load Capacity (IL_ NZN-13) 

flow Exceedance Percentile from Allowable Load 

the LDC 
Stream Flow (ds) 

(lbs/day) 

90% 0.1 0.27 

80% 0.2 1.0 

70% 0 2.5 

60% 1 5.5 

50% 2 1.3 

40% 5 2.6 

30% 9 4.8 

20% 15 8.3 

10% 40 2.1 

5% 99 5.4 

The maximum dissolved iron concentrations were examined for each flow duration interval, as shown in 
Table 5-12, in order to estimate the percent reduction in existing loads required to meet the 1 mg/I target. 
Reductions ofup to 9.9% in current loads are needed at higher river flows to meet the target. No 
reductions are needed at lower flows. 

Table 5-12. Required Reductions in Existing Loads under Different Flow Conditions (IL_ NZN-13) 

Flow Maximum Dissolved Percent 

Percentile Stream Flow # samples > 1 mg/L Iron concentration Reduction to 
Interval (ds) I# samples (mg/L) Meet Target 

0 - 30 3,572 - 9 1/1 1.11 9.9% 

30 • 70 9 · 0 .46 0/1 0.081 -

70 • 100 0.46 - 0 0 / 1 0.038 --
5.5.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for non point 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL ~ WLA + LA + MOS 

There are no permitted dischargers of iron in the Andy Creek segment IL_NZN-13 watershed, and 
therefore the wasteload allocation did not need to be calculated. 
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The remainder of the loading capacity is given to the load allocation for nonpoint sources and the MOS 
(Table 5-13). The load allocations are not divided into individual source categories for purposes of this 
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall iron load. 

Table 5-13. Iron TMDL for Andy Creek (Segment IL_ NZN-13) 

Wasteload Allocation 
Allowable Load MOS (10%) (WLA) Load Allocation (LA) 

Stream Flow (cfs) (lbs/day) (lbs/day) (lbs/day) (lbs/day) 

0.0S 0.27 0.03 0 0 .24 

0.19 1.04 0.10 0 0.94 

0.46 2.46 0.25 0 2.2 

1.0 5.54 o.ss 0 5.0 

2.4 13.2 1.3 0 11.9 

4.8 26.0 2.6 0 23.4 

9.0 48.5 4.9 0 43.7 

15 83.1 8.3 0 74.8 

40 215 22 0 194 

472 2541 254 0 2287 

5.5.3 Critical Condition 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-6 provides a graphical depiction of the data 
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions. 
TMDL development utilizing the load-duration approach applies to the full range offlow conditions, 
including high flows; therefore critical conditions were addressed during TMDL development. 

5.5.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The iron standard will be 
met regardless of flow conditions in any season because the load capacity calculations specify target loads 
for the entire range of flow conditions that are possible to occur in the stream. 

5.5.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The iron 
TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to address 
potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can be 
reviewed in the future as new data are developed. 

5.6 Beaver Creek (IL_NGAZ-JC-01) Manganese TMDL 

A load capacity calculation approach was applied to support development of an atrazine TMDL for Beaver 
Creek segment IL_NGAZ-JC-D1. 

Page 1 56 

0 

0 



R02320

Upper Big Muddy River Watershed 
DRAFT: Stage 3 Report October 2018 

5.6.1 Calculation of Loading Capacity 

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still 
maintain compliance with water quality standards. The loading capacity was defined over a range of 
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the 
estimated Beaver Creek flow by the TMDL target concentration of 4.85 mg/1 (Table 5-14). 

Table 5-14. Manganese Load Capacity (IL_ NGAZ-JC-D1) 

Flow Exceedance Percentile from the 
Beaver Creek Flow (cfs) 

Allowable Load 
LDC (lbs/day) 

80% 0.006 0.15 

70% 0.01 0.36 

60% 0.03 0.81 

50% 0.07 1.93 

40% 0.15 3.80 

30% 0.27 7.10 

20% 0.47 12.16 

10% 1.2 31.42 

5% 3.0 78.36 

1% 14 371.98 

The maximum manganese concentrations were examined for each flow duration interval, as shown in 
Table 5-15, in order to estimate the percent reduction in existing loads required to meet the 4.85 mg/L 
target. Reductions of 24-4% of current loads are needed based on the single water quality sample data 
point sampled in the normally occurring flows interval. No reductions are are able to be calculated at 
lower or higher flows based on the data available. 

Table 5 -15. Required Reductions in Existing Loads under Different Flow Conditions (IL_ NGAZ-JC­
D1) 

Flow Maximum Percent 

Percentile Beaver Creek # samples > 4.85 mg/I Manganese Reduction to 

Interval Flow (cfs) samples concentration (mg/L) Meet Target 

0 30 108 • 0.27 0/0 . -

30 • 70 0.27 - 0.01 1 / 1 6.41 24.4% 

70 • 100 0.01 • 0 0/0 . -

5.6.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no permitted dischargers of manganese in the Beaver Creer segment IL_ NGAZ-JC-D1 
watershed, and therefore the wasteload allocation did not need to be calculated. 

The remainder of the loading capacity is given to the load allocation for nonpoint sources and the MOS 
(Table 5-16). The load allocations are not divided into individual source categories for purposes of this 
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall manganese load. 
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Table 5-16. Manganese TMDL for Beaver Creek (Segment IL_NGAZ-JC-D1) 

Wasteload Allocation 
Allowable Load MOS(10%) (WLA) 

Flow (cfs) (lbs/day) (lbs/day) (lbs/day) 

0.01 0.36 0.04 0 

0.03 0.81 0.08 0 

0.07 1.9 0.2 0 

0.15 3.8 0.4 0 

0.27 7.1 0.7 0 

0.5 12.2 1.2 0 

1.2 31.3 3.1 0 

5.6.3 Critical Condition 

October 2018 

Load Allocation (LA) 

(lbs/day) 

0.32 

0.73 

1.7 

3.4 

6.4 

11.0 

28.2 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Figure 4-8 provides a graphical depiction of the data 
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions. 
TMDL development utilizing the load-duration approach applies to the full range of flow conditions, 
including high flows; therefore critical conditions were addressed during TMDL development. 

5.6.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The atrazine standard will 
be met regardless of flow conditions in any season because the load capacity calculations specify target 
loads for the entire range of flow conditions that are possible to occur in the river. 

5.6.5 Margin of Safety 

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any 
uncertainty concerning the relationship between pollutant loading and receiving water quality. The 
manganese TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to 
address potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can 
be reviewed in the future as new data are developed. 

5.7 Herrin Old (IL_RNZD) Total Phosphorus TMDL 

5.7.1 Calculation of the Loading Capacity 

The loading capacity for Herrin Old Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations and/or internal phosphorus loadings for each 
simulation until model results demonstrated attainment of the water quality objective. 

The maximum tributary concentration that results in compliance with water quality standards was used 
as the basis for determining the loading capacity. The tributary concentration was then converted into a 
loading rate through multiplication with the tributary flow. 

The initial BATHTUB simulations and the sampling data from 2013 indicated that Herrin Old Reservoir 
phosphorus concentrations would meet the the water quality standards using the lake-averaged 
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phosphorus concentrations. The sampling data indicated that the only exceedances of the water quality 
standard were at the deepest parts of the lake, which indicates that the internal phosphorus source needs 
to be reduced by either capping the sediments (e.g. alum treatment or similar), or by dredging any organic 
sediments from the lake. The resulting load, with calibrated tributary concentrations and no additional 
sediment phosphorus load yields an average phosphorus load of 0.23 kg/day (0.51 lbs/day) and a 
concentration of 0.029 mg/L. This is below the phosphorus target of 0.05 mg/L, so reductions in the 
tributary loads are not necessary. 

5.7.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Herrin Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources and 
the margin of safety. The loading capacity is not divided into individual source categories for purposes of 
this TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific 
sources to the overall phosphorus load. Given a loading capacity of 0.23 kg/day (0.51 lbs/day), and an 
explicit margin of safety of 10% (discussed below), the load allocation for Herrin Old Reservoir of 0.21 

kg/day (0.46 lbs/day). 

5.7.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.7.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years {e.g. Chapra and Canale, 1991). 
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5. 7 .5 Margin of Safety 

October 2018 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.02 kg/day 
(0.04 lbs/day) for Herrin Old Reservoir. 

S.7.6 Reserve Capacity 

This watershed is located in Williamson County, the population of which has increased by 8.3% between 
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

S.7.7 TMDL Summary 

The total phosphorus TMDL for Herrin Old Reservoir, segment IL_ RNZD, is presented in Table 5-17. 

Table 5-17. Herrin Old Reservior IL_ RNZD TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day) 

Load Capacity (LC) 0.23 (0.51) 

Wasteload Allocation (WLA) Not applicable. There are 

no permitted dischargers 

in th is watershed 

Load Allocation (LA) 0 .21 (0.46) 

Margin of safety (10% of LC) 0.02 (0.05) 

5.8 Johnston City (IL_RNZE) Total Phosphorus TMDL 

5.8.1 Calculation of the Loading Capacity 

The loading capacity for Johnston City Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
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capacity. The tributary concentration was then converted into a loading rate through multiplication with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that Johnston City Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions, or in response to 
management actions to remove organic sediments from the lake, reverting back to more typical 
conditions. This reduction in future sediment phosphorus release was represented in the model by 
eliminating the additional internal sediment phosphorus source for future scenarios. The resulting load, 
with calibrated tributary concentrations and no additional sediment phosphorus load yields an average 
phosphorus load of 0-43 kg/ day (0.95 lbs/ day) and a concentration of 0.048 mg/L. This meets the 
phosphorus target of 0.05 mg/L, so reductions in the tributary loads are not necessary. Therefore, the 
loading capacity is equal to the current incoming loads of 0-43 kg/ day (0.95 lbs/day). 

5.8.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA + MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Johnston City Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources 
and the margin of safety. The loading capacity is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.2 kg/day 
(0.44 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for Johnston 
City Reservoir of 0.18 kg/day (0-40 lbs/day). 

5.8.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.8.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 
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5.8.5 Margin of Safety 

October 2018 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0 .02 kg/day 
{0.04 lbs/day) for Johnston City Lake. 

5.8.6 Reserve Capacity 

This watershed is located in Williamson County, the population of which has increased by 8.3% between 
2000 and 2010 {Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.8.7 TMDL Summary 

The total phosphorus TMDL for Johnston City Lake, segment IL_ RNZE, is presented in Table 5-18. 

Table 5-18. Johnston City Lake IL_ RNZE TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day} 

Load Capacity (LC) 0.48 (1.06} 

Wasteload Allocation (WLA} Not applicable. There are 

no permitted dischargers 

in this watershed 

load Allocation (LA} 0.43 (0.95) 

Margin of safety (10% of LC) 0.05 (0.11) 
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(:'_. 5.9 Arrowhead (Williamson) (IL_RNZX) Total Phosphorus TMDL 

5.9.1 Calculation of the Loading Capacity 

October 2018 

The loading capacity for the Arrowhead (Williamson) Reservoir was determined by running the 
BATHTUB model repeatedly, reducing the tributary nutrient concentrations for each simulation until 
model results demonstrated attainment of the water quality objective. The maximum tributary 
concentration that results in compliance with water quality standards was used as the basis for 
determining the loading capacity. The tributary concentration was then converted into a loading rate 
through multiplication with the tributary flow. 

Initial BATHTUB load reduction simulations indicated that Arrowhead (Williamson) Reservoir 
phosphorus concentrations would exceed the water quality standard regardless of the level of tributary 
load reduction, due to the elevated internal phosphorus loads from lake sediments. This internal 
phosphorus flux is expected to decrease in the future in response to external phosphorus load reductions 
and/or potential management actions (e.g. dredging organic sediments, alum treatment), reverting back 
to more typical conditions. This reduction in future sediment phosphorus release was represented in the 
model by eliminating the additional internal sediment phosphorus source for future scenarios. The 
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load 
yields an average phosphorus load of 0.11 kg/day (0.24 lbs/day) and a lake-wide average concentration of 
0.049 mg/L. The predicted lake concentrations in the upstream model segments (Segment 2 and Segment 
3) are 0.05 and 0.06 mg/1 respectively. Therefore reductions in the tributary loads are necessary to meets 
the phosphorus target of 0.05 mg/Lacross the entire waterbody. The loading capacity was an average of 
0.085 kg/day (0.19 lbs/day). This allowable load corresponds to an approximately 30% reduction from 
existing tributary loads. 

5.9.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL "" WLA + LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for 
Arrowhead (Williamson) Reservoir. The entire loading capacity is given to the load allocation for 
nonpoint sources and the margin of safety. The loading capacity is not divided into individual source 
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on 
the contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.085 
kg/day (0.19 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for 
Arrowhead (Williamson) Reservoir of 0.076 kg/day (0.17 lbs/day). 

5.9.3 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 
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S.9.4 Seasonality 

October 2018 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

3. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

4. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.9.S Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.008 kg/day 
(0.02 lbs/day) for Arrowhead (Williamson) Reservoir. 

5.9.6 Reserve Capacity 

The Arrowhead (Williamson) Reservoir watershed is located in Williamson County, the population of 
which has increased by 8.3% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. 
Census Bureau estimated the Franklin County population at 66,357. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson 
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady 
(or slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.9.7 TMDL Summary 

The total phosphorus TMDL for Arrowhead (Williamson) Reservoir, segment IL_ RNZX, is presented in 
Table 5-19. 

Table 5-19. Arrowhead (Williamson} IL_ RNZX TMDL Summary 
-

Allocation Total Phosphorus Load kg/day {lbs/day) 

Load Capacity (LC) 0.085 (0.19) 

Wasteload Allocation (WLA) Not applicable. There are no permitted 

dischargers in this watershed 

Load Allocation (LA) 0.076 (0.17) 

Margin of safety (10% of LC) 0.008 (0.02) 
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( _ 5.10 West Frankfort Old (IL_RNP} Total Phosphorus TMDL 

Calculation of the Loading Capacity 

L 

The loading capacity for West Frankfort Old Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
capacity. The tributary concentration was then converted into a loading rate through multiplication with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that West Frankfort Old Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions, reverting back to 
more typical conditions. This reduction in future sediment phosphorus release was represented in the 
model by eliminating the additional internal sediment phosphorus source for future scenarios. The 
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load 
yields an average phosphorus load of 1.99 kg/ day (4.37 lbs/ day) and a concentration of 0.11 mg/L. This 
exceeds the phosphorus target of 0.05 mg/ L, so reductions in the tributary loads are necessary. The 
loading capacity was an average of 0.50 kg/ day (1.09 lbs/ day). This allowable load corresponds to an 
approximately 75% reduction from existing tributary loads. 

5.10.1 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL = WLA + LA+ MOS 

There are no point sources in the watershed, and therefore there is no wasteload allocation given for West 
Frankfort Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources 
and the margin of safety. The loading capacity is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.50 kg/day 
(1.09 lbs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for West 
Frankfort Old Reservoir of 0,45 kg/day (0.98 lbs/day). 

5.10.2 Critical Conditions 

TMDLs must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 
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This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.10.4 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.05 kg/day 
(0.11 lbs/day) for West Frankfort Old Reservoir. 

5.10.S Reserve Capacity 

The West Frankfort Old Reservoir watershed is located in Franklin County, the population of which has 
increased by 1-4% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau 
estimated the Franklin County population at 39,570. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Franklin County 
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or 
slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 

5.10.6 TMDL Summary 

The total phosphorus TMDL for West Frankfort Old Reservoir, segment !L_RNP, is presented in Table 
5-20. 

Table 5-20. West Frankfort Old IL_ RNP TMDL Summary 

Allocation Total Phosphorus Load kg/day (lbs/day) 

Load Capacity (LC) 0.50 (1.09) 

Wasteload Allocation (WLA) Not applicable. There are no permitted 

dischargers in this watershed 

Load Allocation (LA) 0.45 (0.98) 

Margin of safety (10% of LC) 0.05 (0.11) 
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C- 5.11 West Frankfort New (IL_RNQ) Total Phosphorus TMDL 

5.11.1 Calculation of the loading Capacity 

L 

The loading capacity for West Frankfort New Reservoir was determined by running the BATHTUB model 
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results 
demonstrated attainment of the water quality objective. The maximum tributary concentration that 
results in compliance with water quality standards was used as the basis for determining the loading 
capacity. The tributary concentration was then converted into a loading rate through multiplication with 
the tributary flow. 

Initial BATHTUB load reduction simulations indicated that West Frankfort New Reservoir phosphorus 
concentrations would exceed the water quality standard regardless of the level of tributary load reduction, 
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is 
expected to decrease in the future in response to external phosphorus load reductions or lake 
management actions, reverting back to more typical conditions. This reduction in future sediment 
phosphorus release was represented in the model by eliminating the additional internal sediment 
phosphorus source for future scenarios. The resulting load, with calibrated tributary and Thompsonville 
STP concentrations and no additional sediment phosphorus load yields an average phosphorus load of 
3.63 kg/day (7.99 lbs/day) and a concentration of 0.104 mg/L. This exceeds the phosphorus target of 0.05 
mg/ L, so reductions in the tributary loads are necessary. The loading capacity calculated was an average 
of 0.91 kg/day (2.0 lbs/day). This allowable load corresponds to an approximately 75% reduction from 
existing loads, estimated as 3.68 kg/ day (8.11 lbs/day). 

5.11.2 Allocation 

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint 
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation: 

TMDL - WLA + LA+ MOS 

There is a single point sources in the watershed from the Thompsonville STP (IL0072478). The current 
treatment at this facility consists of two cell aerated lagoon and a rock filter. These treatment processes 
are not capable of removing significant amount of total phosphorus from the effluent. The design average 
flow (DAF) for the facility is 0.08 million gallons per day (MGD) and the design maximum flow (DMF) for 
the facility is 0.20 MGD. 

The average daily flows from this STP reported in the DMRs from 2008 through 2016 0.087 MGD. There 
is no water quality data for total phosphorus from this point source to use for model calibration. In 
estimating the existing phosphorus load from this facility, a total phosphorus concentration in the STP 
effluent was assumed to be 3.66 mg/L. The resulting average load from the Thompsonville STP is 1.20 
kg/day (2.64 lb/day). This load along is higher than the loading capacity of the reservoir, so reductions 
will be necessary to meet the water quality standards. The WLA for this facility was developed based on 
the DAF, and a target effluent concentration of 1.0 mg/L. This results in an average WLA of 0.30 kg/ day 
(0.67 lb/day), which represents a 74.6% reduction from the estimated current load. 

The remaining loading capacity is given to the load allocation for non point sources and the margin of 
safety. The load allocation for nonpoint sources is not divided into individual source categories for 
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the 
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contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 0.91 
kg/day (2.0 lbs/day), a WI.A for the Thompsonville STP of 0.30 kg/day (0.72 lb/day), and an explicit 
margin of safety of 10% (discussed below), the load allocation for West Frankfort New Reservoir is 0 .52 
kg/day (1.15 lbs/day). This represents a reduction of approximately 79% of the watershed non point 
sources from the existing loads. 

5.11.3 Critical Conditions 

TMDLl must take into account critical environmental conditions to ensure that the water quality is 
protected during times when it is most vulnerable. Critical conditions were taken into account in the 
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet 
weather events can transport significant quantities of nonpoint source loads to lake. However, the water 
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is 
based upon an annual period that takes into account both spring loads and summer water quality in order 
to effectively consider these critical conditions. 

5.11.4 Seasonality 

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model 
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual 
loading analysis that was used is appropriate due to the facts that: 

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant 
reduction was achieved in sediment phosphorus release. 

2. There is a long response time between phosphorus loading and sediment response, typically on 
the order of several years (e.g. Chapra and Canale, 1991). 

5.11.5 Margin of Safety 

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an 
appropriate value based upon the generally good agreement between the BATHTUB water quality model 
predicted values and the observed values. Since the model reasonably reflects the conditions in the 
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL, 
based upon the data available. This margin of safety can be reviewed in the future as new data are 
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0 .09 kg/ day 
(0.2 lbs/day) for West Frankfort New Reservoir. 

5.11.6 Reserve Capacity 

This watershed is located in Franklin County, the population of which has increased by 1-4% between 
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin 
County population at 39,570. 

The Illinois Department of Public Health population projections (Shahidullah 2015) for Franklin County 
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional 
Planning and Development Commission, referencing US Census Bureau projections, states that the 
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or 
slightly declining) through 2030 (GERPDC 2010). 

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this 
time IEPA is not aware of any increases in discharges from the existing point sources, or the 
establishment of future municipal or industrial point sources. 
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The total phosphorus TMDL for West Frankfort New Reservoir, segment IL_ RNQ, is presented in Table 
5-21. 

Table 5-21. West Frankfort New Reservoir IL_ RNQ TMDL Summary 

Allocation Total Phosphorus Load 

kg/day (lbs/day) 

Load Capacity (LC} 0.91 (2.01) 

Wasteload Allocation (WLA) 0.30 (0.67) 

Load Allocation (LA) 0.52 (1.15) 

Margin of safety (10% of LC) 0.09 (0.20) 
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6 
LRS Development 

This section presents the development of the total suspended solids Load Reduction Strategy for 5 
streams in the Upper Big Muddy River watershed. IEPA requires a LRS to identify the load capacity, and 
the percentage reduction needed. 

6.1 TSS Load Reduction Strategy- Streams 

The load capacity was calculated by multiplying the total suspended solids concentration of 32.2 mg/L by 
the average annual 2015 Upper Big Muddy River flows estimated using a drainage area ratio approach 
and USGS measured flows for Upper Big Muddy River at Browns, IL (Gage 03378000). The percent 
reduction was calculated by comparing the average TSS concentrations for the monitoring stations located 
on the segment calculated from the full record of measured total suspended solids concentrations 
(Attachment 1 and Attachment 2) to the LRS target concentration. 

Table 6-1 presents the TSS LRSs for all of the waterbodies in the Upper Big Muddy River watershed. 

Table 6-1. Total Suspended Solids LRS 

Monitoring 
Average Current Load 

Stream Target 
Concentration load capacity 

Percent 
{Segment ID) Station(s) (mg/L} 

(mg/L) (lbs/day) (lbs/day) 
Reduction 

Big Muddy R. 
N-06 32.2 43.7 16,148 11,910 26.2% 

(IL N-06) 

Big Muddy R. 
N-11 32.2 53.0 31,932 19,395 39.3% (IL_N-11) 

Big Muddy R. 
N-17 32.2 110.3 27,108 7,911 70.8% 

(IL_N-17) 

Pond Cr. 
NG·02 32.2 86.3 39,449 14,721 62.7% 

(IL NG-02) 

M. Fk. Big Muddy NH-07, NH-08, 
32.2 72.3 S3,894 23,992 55.5% (IL NH-07) NH-21 
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7 
Reasonable Assurances 

Documenting adequate reasonable assurance increases the probability that regulatory and voluntary 
mechanisms will achieve pollution reduction levels specified in the TMDL and that the applicable WQS 
are attained. 

The Illinois EPA NPDES regulatory program and the issuance of an NPDES permit provide the reasonable 
assurance that the WLAs in the TMDL will be achieved. That is because federal regulations implementing 
the CWA require that effluent limits in permits be consistent with "the assumptions and requirements of 
any available (WLA]" in an approved TMDL (40 CFR 122.44(d)(1)(vii)(B)]. For point sources, Illinois EPA 
administers the NPDES permitting program for wastewater treatment plants, MS4s and CAFOs. 
Wasteload allocations in the TMDL report will be included in the appropriate NPDES permits when 
permits are renewed. 

For TMDLs for waters impaired by both point and non point sources, determinations of reasonable 
assurance that the TMDLs load allocations will be achieved include whether practices capable of reducing 
the specified pollutant load exist, are technically feasible, and have a high likelihood of implementation. 
The nonpoint source load reductions can and will be achieved when there are good management practices 
and programs (technical and funding mechanisms) to assist in achieving good management practices. 
The Watershed Implementation Plan for the TMDLs contained in this report identifies practices that are 
capable of reducing the pollutant loads to the TMDL endpoints, and potential funding mechanisms for 
implementation. 

For nonpoint sources, the primary strategy for reduction for attaining water quality standards in the 
Upper Big Muddy River watershed is to implement BMPs to reduce and treat agricultural and urban 
stormwater runoff, along with the use of in-stream restoration practices. This strategy relies on voluntary 
actions that includes accountability. Educational efforts and cost sharing programs are intended to 
achieve participation levels sufficient to attain water quality standards and meet the designated uses. An 
important key to the success of a TMDL program, in terms of engaging the public, is building linkages to 
other programs, such as nonpoint source management practices. 

In rural areas many homes, businesses, and schools do not have access to central sewage disposal 
systems. County and local health departments operate sewage and water programs to assure that sewage 
and water systems are designed according to code so that neither the public health nor the environment is 
jeopardized. The counties and local health departments issue licenses and provide training to contractors, 
inspect and license pumper trucks, review sewage system applications, issue construction permits, assist 
in the design of sewage disposal systems, inspect new sewage disposal systems, investigate complaints, 
and carry out enforcement activities based upon county ordinances. These activities help to eliminate the 
discharge of raw sewage and reduce the bacterial contamination within the Upper Big Muddy River 
watershed. 
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8 
Public Participation and Involvement 

[This section will be filled in following the public meeting] 
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Water body Total Big Muddy River Big Muddy River Big Muddy River Bil Muddy Ri11e, Big Muddy River 

Date 197SJUL28 1964JUL02 1975JUL28 1988AUG17 199SAUG01 

Station code N-04 N-11 N•ll N•ll N•ll 

Species so 18 15 21 15 19 

Non-native p,oportion 0.06 0.17 0.06 0.36 0.36 0 .11 
0 

Total fish 1612 199 384 107 83 117 

Electrode minutes 60 60 60 60 

Paddlefish Polyodon spathula 1 1 

Shor1nose gar lepisosteus platostomus 23 4 1 1 

Longnose ca, Leplsosteus osseus 6 1 
SpoUed gar Lepisosteus oculatus 8 2 1 

Bowlin Amianlva 6 4 1 

Gizzard shad Dorosoma cepedianum 299 102 7 28 4 35 
Goldeye Hiodon alosoides 14 7 1 1 

Grass pickerel Esox americanus 2 l 

Silver carp Hypophthalmichthys moUtri, 3 
Carp Cyprinus carpio 157 33 10 39 30 13 

Non-carp minnow spp. Cyprinidae spp, (except Cyprinus carpio) 148 148 
Slivery minnow Hybognathus nuchafis 3 1 
Redfin. shiner Lythrurus umbtatilus 1 1 

Ribbon shiner Lythrurus fumeus 5 
Red shiner CyprineUa lutrensls 172 1 1 20 
Bluntnose minnow Pimephales notatus 4 

BuHhead m•nnow Pimephales vigifax 21 1 

Erner.aid shiner Notropis atherinoides 10 

Sand shiner Notropis ludibundus 1 

Bigmoulh buffalo lctiobus cyprinellus 18 8 5 

Smallmoulh buffalo lctiobus bubalus 111 1 4 3 6 

Black buffalo lctlobus niger s 
River catpsui::ket tarpiodes carpto 14 1 l 

Creek chubsucker Erimyzon oblongus 1 
River red horse •y • Moxostoma carinatum 1 1 

Shor1head redhorse Moxostoma macrolepldotum 3 1 I 

Channel catfish lc.talurus punctatus 34 1 7 2 7 3 

Blue catfish lctalurus flltcatus 1 

Yellow bullhead Ameiurus natalis 4 4 

Black bullhead AmeitJrus melas 3 

Flathead catfish Pylodic:tjs olivaris 8 2 
Madtom spp. Noturus spp. 61 61 

Pirate perch Aphredoderus sayanus s 4 0 
Blackstr,pe topminnow Fundulus not,tus s 
Blackspotted topminnow Fundulus ofivaceus l 
Mosquftoflsh G.ambusia affjnis 1 

Brook silverslde labidesthes siccu1us 17 1 

White bass Marone chrysops s 1 I 

Yellowbau Morone misslsslppiensls 10 

Black crappie Pomo,ds nlgromaculatus 32 s 14 3 
White crappie Pomoxls annufads 34 s 7 1 3 4 
Largemouth bass Micropterus salmoldes 16 6 1 2 4 

SpoUed bass Micropterus punctulatus 19 7 

Warmouth Lepomis gulOStJS 26 9 7 2 2 

Green sunfish Lepomis cyanellus s 3 1 

Bluegill Lepomis macrochfrus 49 6 11 3 8 1 

Redear sunfish lepomis mtcrolophus 1 1 

longear sunfish Lepomis megalotis 110 7 ss 2 6 9 
Orangespotted sunfish Lepomis humms 47 40 1 

Walleye Stizostedion vitreum 1 1 

River darter Percina shumardi I 

Freshwiter drum Apfodinotus grunniens 79 3 4 14 6 

Total 199 384 107 83 117 

0 
BMR Fish US OS of Mach M , ·ng Zone l of 2 



R02350
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R02351

Water body Total Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 19751ULZ8 199SIUL26 20001UL17 20031UL07 

Station code N-04 N-05 N-05 N-05 
Species 92 18 21 16 20 
Non-native proportion 0.04 0.17 0.01 0.04 

0 
Total fish 42758 199 150 77 121 
Electrode minute$ 60 28 35.9 25.1 
Seine hauls 
Hours set 

Paddlefish Polyodon spathula 47 1 
Shortnose gar lepisosteus platostomus 352 
Longnose gar lepisosteus osseus 99 
Spotted gar Leplsosteus oculatus 84 2 
Bowlin Amiacalva 150 
Skipjack her,ing Alosa chtysoi::hloris 3 

Shad spp. Oorosoma spp. 120 
Gilu1rd shad Oorosoma cepedianum 4208 102 
Threadfirt sh.ad Oorosoma peteflense 44 
Goldeye Hiodon alosoides 61 7 

Mooneve Hiodon tergisus 1 
Grass pickerel Esox americanus 332 9 
Grass carp Ctenopharyngodon idella 25 
Bighead carp Arisllchthys nobllls 5 
Silver carp Hypophthalmlchlhys molilrix 345 
Goldfish Carasslus au,atus 4 
Carp Cyprinus carplo 2392 33 2 3 
Non.carp minnow spp. Cyprinidae spp. jexcept Cyprinus carpio) 2744 
Golden shiner Notemigonus crvsoleucais 220 1 1 3 
Creek chub Semotilus atromaculatus 753 6 
Central stone,olPer Campostoma anomalum 402 
Suckermouth minnow Phenacobius mirabilis 29 
Bladcnose dace Rhinichthys atratulus 163 
Silver chub Maethybopsis storeriana 1 
Slivery minnow Hybognathus nuchalls 416 
Redfin shiner tythrurus umb,atllus 715 4 6 
Ribbon shiner lythrurus fumeus 41 
Spotf'in shiner Cyprinella spiloptera 1 
Blacktail shiner Cyprinella venus1a 2 
Red shiner Cyprlnella lulrensis 1260 1 3 
Pugnose minnow Opsopoeodus emiliae 5 
Fathead minnow Pimephales promelais 142 0 
Bluntnose m,nnow Pimephales notatus 1933 32 1 4 
Bullhead minnow Pimephales vigilax 1S5 
Emerald shiner Notropis atherinoides 219 
River shiner Notropis blennius 1 
Sand shiner Notropis ludibundus 464 
Mimic shiner Notropls volucellus 35 
Channel shiner Notropls wid:liffi 51 
Bigmouth buffalo lctiobus cyprlnellus 641 8 
Smallmouth buffalo lctiobus bubalus 721 1 
Black buffalo lc:tiobus niger 87 
Unidentified Carpsucker Carpiodes sp. l 
Qulllback Carpiodes cyprinus 9 
River carpsut.ker Cairpiodes carpio 107 1 
Highfin carpsucker Carpiodes velifer 1 
White sucker Catostomus comme,soni 480 1 1 
Spoiled sucker Minytrema melanops 104 

Crt-ek chubsucker Erimy.zon oblona;us 666 s 4 2 
River redhorse •r• Moxostoma carinatum l 
Shorthead redhorse Moxostoma macrotepidotum 7 

Golden redhorse Mo)Costoma erythrurum 35 
Channel catfish ldalurus punctatus 717 1 
Blue c•tfish lctalurus furcatus 15 
Yellow bullhead Ameiurus nata1is 420 2 
Black bullhead Ameiurus melas 24 
Brown bullhead Ameiurus nebulosus 1 
Fl•thead catfish Pytodic.tis olivaris 194 

Madtom spp. Noturus spp. 317 
Tadpole madtom Noturus gyrinus 84 1 1 1 
Freckled madtom Noturus nocturnus 7 

Pirate perch Aphredoderus savanus 828 12 9 
Slackstripe topminnow fundulus notatus 979 1 1 2 
8fackspotted topminnow Fundulus olivaceus 532 17 10 5 
Mosquitofish Gambusta afflnis 896 
Brook sUverside Labldesthes sicculus 252 
Inland sllversid@s Mentdia beryllina 14 
Mississippi silversid@s Menidia beryllina I 
Striped bass Morone saxatilis 1 0 
White bass Morone chrvsops 154 

up to 2015 1 of 94 



R02352

Water body Total Big Muddy River 8ig Muddy RiYer Big Muddy River Big Muddy River 
Date 1975lUL28 1995JUL26 2000JUL17 2003JUL07 
Striped boss x White bass hybrid (Wiper) Morone saxatilis )C M. chrysops 3 
Yellow bass Morone mississipplensls 36 
Flier Cencrarchus macropterus 93 
Black crappie Pomoxis nigromaculatus 360 s 
sr.acknose crappie Pomoxis migromaculatus 5 
White crappie Pomo1eis annularis 510 5 2 1 
largemouth bass Mlcropterus salmoides 1142 6 3 6 s 
Spotted bass Mli;ropterus p1.1nttufatus 165 
Warmouth Lepo mis gulosus 590 9 2 1 3 
Green sunfish lepomis cyanellus 2281 35 18 17 
Green sunfish x Warmoulh hybrid lepomls cyanellus x L. gulosus 2 
Bluegill x Green sunfish hybrid Lepomls macrochirus JC L. cyaneUus 38 1 1 
longear sunfish )I Green sunfish hybrid Lepomis megalotis x l. cy~nellvs 12 
Bluegill lepomis macrochirus 5053 6 14 2 37 
Bluegill X Rede.air sunfi5h hyb,id lepomis macrochirus x L. microlophus 1 
longear sunfish x Bluegill hybrid Lepomis mega1otis x L. macrochirus 4 

Redear sunfish Lepomis microlophus 102 I 
longear sunfish lepomis megalotis 3378 7 15 s 12 
Orangespotted sunfish Lepomis humilis 796 1 
URidentified SottHsh hybtld Unidentified Centrarchidae hybrid 106 
Walleye Stizostedion vitreum 5 
Sauger StizostedloR canaden,e 2 
Blackside darter Perclna macurata 19 1 1 
Dusky darter Percina sciera 2 
River darter Percina shurnardi 2 
logperch Percina caprodes 43 
Johnny darter Etheostoma nigrum 318 1 9 
81untnose darter Etheostoma chlorosomum 26 
Mud darter Etheo5.toma asprigene 35 1 
01.angethroat darter Etheostoma spectabite 90 
5pottail darter Etheonoma squamiceps 7 
Slough darter Etheostoma gracile 341 1 1 
Fre,hwater drum Aplodinotus. grunniens 870 3 1 1 



R02353

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 200&JUN17 2013AUGOS 197SJUL24 1978JULl2 1980JUL08 

Station code N-05 N-05 N-06 N-06 N-06 

Species 25 18 16 17 18 

Non-native proportion 0.01 0.48 0 .38 0 .24 
0 

Total fish 158 76 211 187 171 

Electrode minutes 22 26.83 60 60 

Seine hauts 
Hours set 

Paddlefish Polyodon spathula 1 

Shortnose gar lepisosteus platostomus 1 4 1 

longnose gar Lepisosteus oueus 
Spotted gar lepisosteus ocutatus 1 

Bowfin Amiacalva 2 

Sklpjack herring Alo,a chrysochloris 

Shad spp. Oo,osoma spp. 
Gizzard shad Oo,osoma cepedianum 1 22 38 57 

Threadfin shad Dorosoma petenense 

Goldeve Hiodon alosoides 3 1 

Mooneye Hiodon tergisus 1 

Grass pidcerel Esox americanus 3 s 
Grass carp Ctenopharyngodon Idella 
Bighead carp Aristichthys nobilis 
Sllverca,p Hypophthalmichthys molitri• 

Goldfish Carassius auratus 
tarp Cyprinus carpio 1 102 71 4 1 

Non-c,rp minnow Spp. Cyprinidae spp. (e.cept Cyprinus carpiol 

Golden shiner Notemigonus crysoleucas 10 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostom.a anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsls storerlana 

Slivery minnow Hybognathus nuchalis 

Redlin shiner lythrun.1s umbr,tilus 18 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 1 4 11 12 

Pugnose minnow Opsopoeodus emileae 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 10 1 

Bullhe•d minnow Pimephales vlgilax 

Emera d shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimit:shner Notropis volucellus 

Channel shiner Notropis wicklitti 

Blgmoulh buffalo tctiobus c.yprinellus 29 21 8 
Smarmouth buffalo •ct.obus bubatus 1 s 1 7 

Black buffalo lctiobus niger 

Un denUfied Carpsucker carpiodes sp. 

Quillbock ca,ptodes cyprinus 

River carpsucker Carpiodes carpio 3 2 
H ghfin carpsucker Carpiodes vetifer 

Wh"te ,ucker Catos.tomus tommersonl 2 1 

Spotted Jucker Mtnytrema melanops 9 2 
Creek chubsucker Erimvzon oblongus lS 

River redhorse •r• Mo,costoma carinatum 

Shorthtad redhorse Mo):ostoma macrolepidotum 

Golden redhorse Mo,costoma erythrurum 

Channer c.atfish lclalurus punctatus 1 

Blue catfish lclalurus furcatus 

Ye'low bullhead Ameiurus natalis 1 1 

Black bullhead Ameiurns melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis oliv.aris 2 

Madtom spp. No1urus spp. 

Tadpole madtom Noturus gyrinus 2 1 
F,edded madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 1 3 

Blackstripe topminnow fundulus notatus 11 IS 
8-~ c:kspotted topminnow Fundu1us olivaceus 11 s 
Mosquitofish Gambusia afftn s 

Brook silverside Labidesthes sicculus 1 3 

lnlaod s lversides Menldla beryllina 

Mississippi silversides M enldla berylllna 

Str ped bass Morone saxatilis '-
Whiteb.ass Marone chrysops 1 
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R02354

Water body Big Muddy River Big Muddy River 8ig Muddy River Big Muddy River Big Muddy Rcver 
Date 2008JUNl7 2013AUG0S 197SJUl24 1978JUL12 l980JUL08 
Striped bass x White bass hybrid (Wiper) Marone sa;ii:alills KM. chrysops 
Yetlow bass Morone misslssippiensis 

flier Centrarchus macropterus 1 

Black crappie Pomo)Cis nigromaculatus 4 1 
8Iacknose crappie Pomoxis mig,omaculatus 
While crappie Pomoxis annularis 1 2 4 3 
largemouth b•:us Micropterus salmoides 1 8 4 9 9 
Spotted bass Mic.ropterus punctulatus 

Warmouth lepomis gulosus. 2 3 I 
Green sunfish lepomis cyanellus 22 s 
Green sunfish x Warmouth hybrid Lepomls cyanellus x l, sulosus 
Bluegill JI Green sunfish hybrid Lepomls macrochirus KL. cyaoelfus 
longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Bluegill lepomis macrochirus 8 9 20 10 12 
Bluegill x Redear sunfish hybrid Lepomls macrochlrus IC L. microlophus 

longear sunfish x 8luegtll hybrid Lepomls megalotls x L. rnac:rochirus 

Redea, sunfish lepomls mlcrofophus I 
Longear sunfish lepomis megalotis 20 12 7 4 s 
Orangespotted sur,,fis.h lepomis humilis s 6 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stitostedion vitreum 
Sauger Stlzostedion canadense 

8I.ac'kslde darter' Pen;:ina mar;ufata I 
ousky dartef Percina sc.iera 

River darter Percina shumardi 

logperch Percina caprodes 
Johnny darter Etheostoma nigrum 2 
8Iuntr\ose darter' Etheostoma <hlorosomum 

Mud darter Etheostoma asprigene 
o,angethroat darter Etheostoma spectablle 

Spottail darter Etheostoma squarniceps 

Slough darter Etheostoma gracile 1 l 
Freshwater drum Aplodinotus grunniens I 4 s 1 

,.. 

upU. 101.S 



R02355

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1988AUG15 1990JULIO 1992JUL17 1994AUG01 1995AUG01 

Station code N-06 N-06 N-06 N-06 N-06 

Species 18 16 16 20 2l 

Non•nat\ve proportion 0.22 0.25 0.15 0.18 0.18 
0 

rotalfish 200 55 40 275 176 

Erectrode minutes 60 60 60 60 

Seine hauls 

Hours set 

Paddlefosh Polyodon spathula 

Shortnose gar Lepisosteus platostomus 4 1 2 

Longnose ear lepisosteus osseus 
Spotted gar Leplsosteus oculatus 1 

8owfln Amla catva l 3 

Sklpjack herring Alosa chrysoch1oris 
Shad spp. Oor01oma spp. 

Gizzard shad Oorosoma cepedianum 14 8 l BS 19 

Thread/in shad Dorosoma petenense 

Goldeye Hiodon alosoides l s 4 
Mooneye Hiodon tergisus 

Grass picketel Esox americanus 1 

Grass carp Ctenopharyngodon idella 

Bighead carp Arlstlchthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 44 14 6 50 31 
Non.carp minnow spp. Cyprinid.ae $pp. (except Cypr'inus carpto) 

Go1den shiner Notemlgonus crysoleucas 

Creek chub Semotilus atromaculatus 
Centra1 stonerotler Campostoma anomailum 

Suckermouth minnow Phenacobius mirabilis 

Blocknose dace Rhinichthys a1ratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redtin shiner lythwrus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella splloptera 

Blacktail shiner Cyprfnella venusta 

Red shiner Cyprinella Cutrensls 12 12 1 17 10 Pugnose minnow Opsopoeodus emlllae 

F•thead minnow Pimephales promelas 

Bluntnose mtnnow Pimephales nota1us 1 
Bullhead minnow Pimephales vigitax 3 1 

Emer•ld shine, Notropis atherinoides 1 
River shiner Notropis blennius 

Sand shiner Notropis ludibuodus 

Mimic shiner Notropis volucellus 

Channel shiner Notropls wickliffi 

Bigmouth buffalo lctlobus cyprtnellus 19 5 13 7 
Smallmouth buffalo lctiobus bubalus 14 s 3 45 ll 

alack buffalo lctiobus niger 1 3 4 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyptinus 

River carpsucker Carpiodes ca,pio 1 
Highfin ca,psucker Carpiodes vel•fer 
White sucker Catostomvs commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse • r- Moxostoma carinaturn 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 1 3 4 1 

Blue catfish lctalutus furcatus 1 

Yellow bullhead Amelutus natalis 

Black bullhead Ameiurus melas 

Brown bullhead Ameiur1.,1s nebutosus 

Flathead catfish Pylodiclis olival'is 1 1 l 2 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Freckled mad1om Noturus nocturnus 

Pirate perch Aphredoderus s,yanus 

Blackstripe topminnow fundulus notatus I 
81ackspotted topminnow Fundulus olivaceus 

Mosqultofish Gambusla affinb 

a,ook silverside Labidesthes slcculus 3 

Inland sttvenides Menidla berylllna 

0 Mississippi silversides Menidia bery11lna 

Striped bass Marone saxati1is 

White bass Morone chrysops 1 2 1 

up to 2015 5 of94 



R02356

Water body Big Muddy R ver Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1988AUG15 19901ULIO 1992JUL17 1994AUG01 199SAUG01 
Striped ban x White bass hybrid {Wipe,) Merone saxatllis .>C M . chrysops 

Yellow ban Morone mtsslss,pp ensis 1 

flier Cent,archus macropterus 
Black crappie Pomoxis nigromaculatus 4 
Blacknose crappie Pomoxis m_gromacu~ tus 
White crappie Pomoxis annularls 12 3 2 6 11 
largemouth ban Micropterus salmoides 1 1 2 
Spotted bass Mic,opterus punc::tulatus 6 2 4 10 10 
wa,mouth Lepo mis gulosus s 7 2 
Green sunfish lepomis cyanellus 1 1 
Green sunfish x Wa,mouth hybrid lepomis cyanellus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomls macrochirus ML. cyanellus 

Longear sunfish x Green sunfhh hybrLd Lepomis megalotrs x l. tyaneUus 

Bluegi I Lepomis macrochirus 27 2 6 21 
Bluegil x Redear sunf,sh hybn d lepomis macrochirus • L, mfcrolophus 
longe,r sunfish )I Bluegif! hybrid Lepomls megalot,s x l. macrochirus 

Redear sunf1 sh lepomis microlophus 

longear sunfi,.h Lepomls megalotis 27 2 1 23 6 
Orangespotted sunfish lepomls humiti:s 1 I 
Unidentified Sunnsh hyb,id Unlden,1fied Centrarchidae hybrid 

wa •eye Sti zostedion vitreum 

Sauger StizoSledion canadense 

Blacks de darter Perdna maculata 

Dusky da,ter Percina sciel'a 

Rivu darter' Percina shumardi 

logperch PercMla caprodes 

Johnny darler Etheoitoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma aspngene 

Orangethroal darter Etheostoma spectablle 

Spottail darter Etheostoma squamlceps 

Stough dartu Etheosloma graclle 

freshwater drum Aplod.notus grunniens 8 1 3 s 11 

L 
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R02357

Water body Sig Muddy Rive, Sig Muddy River Big Muddy River Sig Muddy River Big Muddy River 

O•te 1998A.UG20 2000SEP22 2003JUL10 2008A.UG20 1964JUUO 

Station code N-06 N-06 N-06 N-06 N-07 

Species 30 25 2S 28 9 
Non·native proportion 0.24 0.07 0.08 0.04 0 
Toa.al fish 136 167 203 277 424 

Electrode minutes 60 60 60 60 
Seine hauls 

Hours set 
Paddle fish Polyodon spathula 

Shortnose gar Le p,sosteus platostomus 1 3 4 2 1 
Longnose 11:ar lepisosteus osseus 2 1 
Spotted gar Lepisosteus oculatus 2 2 3 

Bowlin Amlacalva 1 1 2 
Skipjack herring Alosa chrysochlor~s 
Shad spp. Oorosoma spp. 

Glzza,d shad Oorosoma cepedlanum 17 12 33 89 25 

Threadfin shad Oorosoma p@tenense 6 
Goldeye Hiodon alosoides 1 1 

Mooneye Hiodon tergisus 

Grass pickerel Eso,c: americam.1s l 
Gr•sscorp Ctenopharyngodon idell• 

Bighead carp Alistichthys nobilis 

Sil~r carp Hypophthalmichthys molitrix 

Goldfish Cuassius auratus 
ca,p Cyprinus carpio 18 11 10 10 

Non•c:arp minnow spp. Cyprinidae •PP- iexupt Cyprinus ca1pio) 243 

Golden shiner Notemlgonus crysoleucas 

Creek chub Semotilus. auomaculatus 
Central stoneroller Campostoma anomalum 

Suclcermouth minnow Phenacobius mirabilis 

81.ad:nose dace Rhinichthys atratuh,1s 

Sliver chub Macrhybopsis 5toreriana 

Silvery mtnnow Hybognathu, nuchalis 2 s 
Redfin shiner lythrurus umbratilus 

R;bbon shiner lythrurus fumeus 3 13 
Spotfln shiner Cyprinella splloptera 

Blacktail shiner Cyprinella venusta 2 

Red shiner Cyprlnella Jutr@nsis 2 23 21 4S 

PugRose minnow Opsopoeodus emiliae 1 

Fathead minnow Pimephales promelas 

Blun1nose minnow Pimephales notatus 1 
0 

Bullhead minnow Pimephales vigila11: l l 
Emera1d shiner Notropis atherinoides 1 7 

River 5hiner Notropis blenntus 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 2 

Channel shiner Nolropis wickliffi 13 
Bigmouth buffalo lctiobus cyprinetfus 4 4 3 2 

Smallmouth buffalo lctiobus bubalu, 8 32 12 18 

Black buffalo lcliobus nigu 1 2 5 
Unidetit.tled Carpsucker Carpiodes sp. 

Quillback Carpiodes c:yptiRus 

River carpsudcer Carpiodes carpio 3 1 4 
Highfin c.-rpsucker Cairpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse MolCostoma erythrurum 1 
Channel catfish lctalutus punctatus 1 1 4 
Bluecatfi>h lctalutus furc.atus 

Yellow bullhead Ameiurus natalis 2 
Black bullhead Ameivr',ls melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodfctis olivar•s 1 

Madtom spp. Noturus spp, s 
Tadpole madtom Noturus gyrinus 

F,eckled madlom Noturus noc.turnus 

Pir•te perch Aphredoderus sayi nu'S 1 l 
Blackstripe topminnow Fundulus notatus 4 2 

Blackspotted topminnow Fundulus olivaceus 

Mosquitofish Gambusla affin~s 

Brook silvers.ide Ubidesthes sicculus 9 38 21 

Inland ,Hversides Menidia beryllina 14 ,. 
Mississippi silversides Menidia beryllina 

Striped bass Morone s.-.xatilis '--White bass Morone chrysops 1 7 1 

) 
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R02358

Waterbodv Big Muddy R1vu Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

C 
Date 1998AUG20 2000SEP22 2003JULI0 2008AUG20 1964JULI0 

Striped bass x White bass hybrid (Wiper) Morone saxatiHs x M. chrysops 
Yellow bass Morone mississippiensis 2 1 2 
Flier Centrarchus macroptesus I 
Black crappie Pomoxfs nisromacul~tus 1 3 4 1 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 4 l 6 3 2 
largemouth bass Mtcropterus satmo1des 4 I s 6 
Spotted bass Micropterus punctulatus 10 7 l3 4 
Warmouth Lepomls gulosus I 3 2 

Green sunfish Lepomis cvaneHus 1 s 
Green 1,unfish x Warmouth hybrid lepomis cyanellus x L gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L cyan1Uus 
Longear sunfish x Green s.tmfish hybrid Lepomis mrgalotis x l. cyan@I us 

Bluegill Lepomis macrochi.-us 12 ID 34 II 
Bluegill x Redear sunfish hybrid lepomis macrochi,us )I l microlophus 
Longeal' sunfish x Bluegill hybtid lepornis megalotis x L. macroch rus 

Redear sunfish Lepomis microlophus 

longear sunfish Lepomis mega1otis 2 3 4 9 
OrangespoUed sunfish lepomls humllls 2 127 
Unidentified Sunfish hybrid Unidentified Centra,chidae hybnd 1 I 
W•lleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackslde darter Perdna maculata 

Dusky darter Perctna sciera 1 
River darter Pe,dn.a Shumard 

logpe,ch Pe,dna caprodes 

Johnny darter E1heostoma nigrum 

Bluntnose darcer Etheostoma chlorosomum 

Mud darter Etheostoma asprigene I 
Orangethroat darter Etheostom• spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma grac;: re 

freshwater drum Aplodinotus grunniens 3 I 2 16 16 

L 
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R02359

W•terbody Big Muddy River Big Muddy River Big M u ddy River Big Muddy River Big Muddy Riller 

Date 1964JUL03 1975JUl24 1964JUL02 197SJUL28 1988AUG17 

Station code N-08 N-10 N•ll N•ll N-11 

Species 9 20 15 21 1S 
Non-native proportion 0.06 0.11 0.06 0.36 0.36 

0 
Total fish 158 316 384 107 83 
Electrode minutes 60 60 60 
Seine hauls 
Hours set 
Paddlefish Polyodon spathula 

Short.nose gar Lepisosteus platostomus 2 4 1 

Longnose gar lepisosteus osseus 1 
Spotled gar L1plsosteus oculatus 1 

Bowfin Amiatalva 1 4 4 l 
Skipjack herring Alosa chrysochlorls 

Shad spp, Dorosoma spp 
Gizzard shad Dorosoma c:epedi;num 136 7 28 4 
Threadfin shad Oorosoma petenense 

Goldeye Hiodon ,1osoides 4 1 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 1 

Grasse.up Ctenopharyngodon idella 

Bighead carp Atlstic.hthys nob.ais 
Silvercal'p Hypophthalmichthys molitrix 

Goldfish Carasslus auratus 1 
Carp Cyprinus carpio 4 35 10 39 30 

Non-c,rp mionow Spp, Cyprinidaie spp. (except Cyprinus Carpio) 83 148 
Go1den shiner Notemisonus crysoleucas 
Creek chub Semotilus atromaculatu$ 

Central stoneroller Campostoma anomatum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silv•,y minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratifus l 
Ribbon shiner Lythrurus fumeus 

Spotfill shiner Cyprinetra spilopte .. a 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella ltJtrensis l 
Pugrtose minnow Opsopot>odus emiliae 

fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus l 
Bullhead minnow Pimephales vigila11 

fmuald shiner Notropis atherinoides 

Rive, shiner Notropis blennius 
Sand shiner Notrop•s ludibundus 

Mimi< shin&, Nottopis volucellus 

Channel shiner Notropls wlckliffi 
Bigmouth buffalo lctiobus cyp,inerrus 20 5 

Smallrnouth buffalo lctiobus bubalus 4 3 

Black buffalo lcOobus niger 
Unidentified Carpsucke,. Carpiodes sp. 
Quillback Ciupiodes eyprinus 

River carpsucker Carpiodes carpio 1 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 3 
Spotted sucker Minytrema melanops 

C,eek chubsucker Erimyzon oblongus 

River redharse •p Moxostoma carinatum l 
Shorthead redhorse Moxos.toma macrolepidotum 1 

Golden redhon e Moxastoma erythrurum 
Channel catfish lctalurus punct.atus l 7 2 7 

Blue catfish -ct.alurus furc:atus 

Yellow bullhead Amelurus natalls l 4 

8I•ck bullhead Ameiurus melas 

Brown bullhead Ameiu,us nebuPosus 

Flathead catfish Pylodictis oliva,is 

Madtom spp. Noturus spp. 10 61 
Tadpole m.adtom Noturus gyr;nus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 16 4 
Blackstripe topminnow fundulus notatus 

81.iti;kspotted Iopmi11now Fundulus allvac1us 

Mosquitofish Gambusla •!finis 

Brook silverside Labidesthes sicculus 1 
Inland silversides Menidia beryllina 

Mississippi silversides Menidfa beryllina 

Striped bass Mo,one s.axatilis 8 
White bass Mo,one chrysops 2 1 
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R02360

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River 8ig Muddy Rjver 
Date 1964JUl03 197SlUL24 1964lUL02 1975JUL28 1988AUG17 

Striped bass• Whit• bass hybrid IWiperl Marone satatilis x M. chrysops 
Yellow bass Marone misdssipplensis 1 

Flier Centrarchus macropterus 

Black cr,ppie Pomoxis nigromacutatus 26 14 3 
Blacknose c,appie Pomoxis migramaculatus 

White crappie Pomoxis annutarls 1 22 7 1 3 
largemouth bass Micropterus salmoides 17 1 2 
Spotted bass Mitropt"rus punctulatus 
Warmouth Lepomis gulosus 3 2 7 2 2 
Green sunfish lepomis cyanellus 20 3 
Green sunfish x Warmouth hybrid Lepomls cyanellus x l. gulosus 
Bluegill x Green sunfish hybrid Lepomls macrochirus x L. cyanelrus 

longear sunfish x Grean sunfish hybtid Lepomis megalotis x L cyanellus 

Bluegill Lepomis macrochirus s 22 11 3 8 
Bluegill • Redear sunfish hybrid Lepomis macrochirus x L. microtophus 

Longear sunfish x Bluegill hybrid Lepomis megarotis it L. macroc.hlrus 

Redear sunfish Lepomis microlophus 3 
Longea, sunnsh lepomis megalotis 12 8 55 2 6 
Orangespotted sunfish lepomis humilis 40 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 1 
Sauger Stizostedion c.an.adense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomt.1m 

Mud darter Etheostom.a asprlgene 

Orangethroat darter Etheostom.a spectabife 

Spottail darter Etheostom.a sq1.1amiceps 

Slough d.arler Etheos,oma gracite 

Freshwater drum Aplodinotus grunnfens 8 4 14 

Q. 

L 
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R02361

Water body Big Muddy River I Big Muddy River Big Muddy River BiR Muddv River Bi• Muddy River 
Date 199SAUG01 I 2000SEP06 2003JULZ9 ZOOBAUG20 1988AUG16 
Station code N-11 N-11 N-11 N-11 N-12 
Species 19 17 32 27 20 
Non<nati11e orooortion 0.11 0.07 0.06 0.02 0.11 

0 
Total fish 117 158 172 296 97 
Elec.lrode minutes 60 90 60 60 60 
1Seine hauls 

Hours set 
'Paddlefish Polvodon soathula 
,Shortnose gar lepisosteus platostomus J J I 1 1 
Longnose 1:ar Lepisosteus osseus I 
Spoued gar Lepisosteus oculatus l 
Bowlin ·Amiacalva 1 2 
Skipjack herring Alosa chrv,.ochloris 
Shad soo Oorosoma spp. 
G!zzard shad Oorosoma ceoedianum ) 5, !2 20 6? z• 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides I I I 4 
Mooneve Hiodon terglsus 
Grass plck.,.,I Esox americanus I 1 z 
Grass carp Ctenopharynoodon Idella 

B.ghead C~"' Aristlchthvs nobilfs 
Sivernrti Hypophthalmichthys molitrbc 3 
~ oldfiJh ca,assh.1s auratus 
Carp Cyprinus carpio u 11 J1 4 u 
Non-caro minnow soa.. Cyprinidae spp. (except Cyp,inus ca,pio) 
G~ den sh,ner NotemiRonus cmofeucas 
Creek chub Semotilus atromaculatus 
Central stoneroller Campostoma anomalum 
Suckumouth minnow 'Phenacobius mlrabllis 

Blacknose dace Rhinichthvs atratulus I 

Silver chub Macrhybopsis storerfana 
Silvery m llntrw Hvbq1:nathus nuchalis I I 2 
Redfin shiner Lythru,us umbtalilus 
Ribbon shrner lY'hwrus fumeus s 
Spotfin shiner Cyprinella so iloptera 
Blacktad shiner Cyprinellc1 venusta 
Red shiner Cy_prinella lutrensis l!I ~i n I 54 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales ~romelas 
Sluntnose minnow Pimephales notatus 4 
Bullhead minnow Pimeohales vi11ilax I s ll 
Emerald shiner Notropis atherinoldes 2 6 
River sh~ner Notroois blenntus 
Sand shlner Notropis ludibundus l 

' Mimic shiner Notropis volucellus 

Channel shiner Notropls wickliffi I 
Bigmouth buffalo Jctio bus-ewprineflus J 1 I I 
Smallmouth buffalo lctiobus bubalus 6 It 12 B I 1 
Black buffalo lc.tiobuJ niger 2 J 
1Unldentified Carpsucker Carpfodes sp. 
QuiUback Carpiodes cyprinus 
River carpsucke, Caroiodes caroio 2 2 
Hia:hf n carosucker Carpfodes velifer 
iWhite sucker Catostomus c.ommersoni I 

Sootted sucker Minvtrema melanops 
Creek chubsuck■F Erimvzon oblongus I 
River redhorw •r• Moxostoma carinatum 
Shonhead redt\lw,. Moxostoma macroleoidolum I I 
Golden redhor"' M o,costoma erythrurum 
Channel catfish lclalurus punctatus 1 ~ 4 • Blue c:atfish lctalurus furcatus l 
Yellow bullhead Amelurus natalis 

Black bullhead I.Ameiurus melas ] 

Brown bullhead ~meiurus nebulosus 
F:lathead catfish Pylodi<:tis olivaris 2 I l l 4 
Madtom soo. .Noturus spp. 
Tadpole madtom Noturus 1vrinus 
Freckled madtom Noturus nocturnus 
Pirate perch ADhredoderus say.anus l 

' 
81ac.kstrlpe topminnow fundulus notatus 2 3 
81ackspotted topminnow Fundulus olivaceus I 
M osauito fish Gambusia affinis 1 
Brook sllverside Ubldesthes sicculus u I z l 
Inland silver..du Menidla beryllina 

0 MiSSiSS.'..ppi sllv,rsidft Menidia beryllina 

Striped bass Morone sa>ealifis 
Wh·te bass Morone chrysops 1 l l I 
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R02362

Waler body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 199SAUG01 2000SEP06 2003JUl29 200BAUG20 198BAUG16 
Striped bass x While bas, hybrid (Wiper) Morone saxatllis KM. chrysops 
Yellow bass Morone misslssippiensh, 1 9 
flier Centrarchus macropterus 

Bla<k c, appie Pomoxis nigrom.iculatus I 1 8 
81a<knose crappie Pomoiis migromacula.tus 
White crappie Pomods annu1arls 4 2 12 I 
largemouth bass Micfopterus salmoides 4 3 I 
Spolted bass Micropterus punc.tulatus 7 2 8 2 
Warmouth Lepomis gulosus I s 
Green stJnfish lepomis cyanelfus 1 1 
Green sunfish x Warmouth hybrid lepomis cyanellus x l gulosus 
Bluegill x Green sunfish hybrid lepomis mc1trochirus x l. cyanel!us 
Longear sunfish x Green sunfish hybrid lepomis megalotis ,c. L. cyanellus 
Bluegill lepomis macrochirus 1 3 2 14 10 
Bluegill x Redear sunfish hybrid lepomis macrochirus x l. mlcrotophus 

Longear sun(ish II Bluegill hybrjd lepomls megalo1is II L rnacroc-hirus 

Red .. , sunfish lepomis mlcrolophus 
Longear sunfish lepomis megalotis 9 s 25 6 
Orangespotted sunfish lepomis humitis 6 11 
Unid•nlified Sunfish hybrid Unidentified Cenlrarchidae hybrid 

Walleye Stllouedion vilreum 1 
Sauger Stizostedion canadense 
Blac:kside darter Percina maculata 

Ousky darter Perc:ina Sciera 

River darter Percina shumardi 1 
Logperch Percina caprodes 
,ohnny darter Etheostoma nigrum 

Bruntnose darter Etheostom.a c:hlorosomum 

Muddartes Etheostoma asprigene 
Orangethro.at darter Etheosloma spec:tabile 
Spou.all darter Etheos.toma s.quamiceps 

Slough darter Etheosloma gracile 

Freshwater drum Apiodinotus grunniens 6 9 20 17 6 

L 
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R02363

Water body 8 g Muddy River Big Muddy River 8 g Muddy River 81• Muddv River Bi• Muddv River 

Date 1992AUG17 1994AUG09 1995AUG02 1998SEP03 2000SEP06 

Station code N-12 N-12 N-12 N-12 N-12 

Spedes 11 15 21 17 19 

Non-native proportion 0.12 0.21 0.11 0 33 0.14 
0 

Total fish 36 76 163 123 136 

Electrode minutes 60 60 60 60 60 

Seine hauls 

Hours set 
PaddleRsh Polyodon spathula 
1Shon:nose gir lepisosteus platostomus 4 2 2 4 
lonJnose gat Lepisosteus osseus J I 3 
Spotted gar Lepisosteus oculatus 

Bowlin Amlacalva 7 2 6 I 
Skipjack herring Alosa chry_sochlorls I 
Shad spp, Oorosoma spp. 
Gizzard shad Dorosomc1 cepedianum 7~ 66 3G ?9 
Threadfin shad Dorosoma petenense u 
'Goldeye Hiodon alosoides 

Mooneve Hiodon terRisus 
Gra.s plcktff.1 Eso,c americanus 

Grasscaro Ctenopharvngodon idella 

8Jthead c- Atlstlchthys nobilis 
1Si1ver cariP Hypophthalmichthvs molitrix 

Goldfish Carassius .auratus 
Carp Cv_erinus caroio • 16 11 211 19 
Non-carp mir\lN1W' mo, Cyprinidae spp. (except Cyprlnus car~lo) 

.Gotden slliner Notemigonus crysoleuus 
Creek chub Semotnus atromaculatus 

'Central stoneroller Campostoma anomalum 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus I 

Sliver chub Macrhvbopsis storeriart.a 

Silvery minnO\W Hybognathus nuchalis I 

Redlin shiner lvthrurus umbratilus I 
Rtbbon shiner lythrurus fumeus I 
Spotfin shtner Cyprinella splloptera I 

Blacktail shin0< Cyprinella venusta 

Red shiner ,Cyprinella lutrensis ~ 10 I 

PuRnose minnow Opsopoeodus emiliae I 
fathead minnow Pimephales promelas I 

Btuntnose minnow Pjme,phales notatus I 4 
Bullhead minnow 'p;mephales vigila11. 

Emerald shiner NotroDis •therinoides 12 
River sh[ne, Notropis brennius 

Sand shJner Notrocis ludibundus I I 

M~mic sh..ner Notropis voluceUus I 

Channel shiner Notrools wlckliffi I 

Bigmouth buffalo lctlobus cyprinellus l 2 5 6 
Sma mo1,1th buffalo lctlobus bub.alus l ~ l g g 

Black buffalo lct iobus niter I 
Un dentified Carpsud.er Carpiodu sp. 

Q<dlback Carpiodes cyp"in\ls 1 
1 Rive, carpsucker Carpiodes carpio 2 I l 4 

H ghfin carpsuckc• Carpiodes velifer 

Wh-t e sucker Catostomus commersoni 

Spotted sucker Minytrema mefanops 

Creek chubsucker Erimyzon oblongus 
River redhorse •p Moxostoma carinatum 

Sht1tthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxosto ma ervth,u,um 

Channel catfish lctalurus punctatus s ] 4 6 
Blue ca tf1$h lctalurus fu,catus 

Ye'iow bullhead Amelurus nat~I s 

Black bullhead Ameiurus melas 

Brown bul head Ameiurus nebutosus 

Flathead tatfi,h Pyrodictis olivaris s 3 3 4 & 
Madtomspp, Nolurus spp. 
Tadpole madtom Noturus gyrinus 

F,eckled madtom Noturus nocturnus 

Pi,au: perch Aphredoderus sayanus 
Blackstripe topminnow Fundufus notatus ? l 
Bli:ckspotted topminnow fundulus olivaceus 

Mosquitofish Gambusia affinis l 
Brook silverside Labidesthes sicculus 6 

Inland silversides M er'lidia beryllina 

0 MississiDPi silversi:tt't:5 " Menidia bery1Una 
Str,ped bass Morone saxatilis 

White bass Merone chrvsops 1 l 2 • 
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R02364

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1992AUG17 1994AUG09 199SAUG02 1998SEP08 2000SEP06 

Striped bass x White bass hybr;d (Wiper) Morone saxatilis x M , chrysops 

YellowbolS Morone mississippiensis 
flier Centrarchus macropte1us 

Black crappie Pomo,ds nigromaculatus I I 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxis c1nrt\Jli1ris 2 I 
Largemouth bass Microplerus satmoldes 12 I 
Spotted bass Miuopterus punctulatus l 
Warmouth Lepomls gulosus I 
Green sunfjsh Lepomls cyanellur. I 
Green sunfish x Warmouth hybrid lepomis cyane11u5 KL. gulosus 
Bluegill x Green sunfish hybrid Lepomis mac,ochirus x l. cyanellus 

longear sunfish• Groen sunfish hybrid lepomis megalotis x l. cyaneHus 
Bluegill lepomls macrochlrus 1 s 30 1 2 
Bluegill• Redear sunfish hybrid Lepomis macrochirus ;11 l. microlophus 

Longear sunfish x Bluegill hybrid lepomis mesalotis x l. macrochirus 
Redear sunfish lepomis microiophus 

Longear sunfish lepomls megaloHs 2 3 
Orangespotted sunfish Lepomis humilis 1 1 2 
Unidentified Sunfish hybtid Unidentlned Centrarchidae hyb,ld 

Walleye Stizostedion vitreum 

Sc1uger Stizostedion canadense 

Slackside darter Percina maculata 
Ousky darter Percina sciera 

River darter Percina shumardi 
logperch Percina caprodes 

Johnny darter Etheonorna nlgrum 

81untnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spec.tabile 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma graclle 

freshwater drum Aplodinotus grunniens 4 2 6 8 13 

G 
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R02365

Woter body Big Muddy Rtvcu• Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 2003JUL29 2008AUG26 2011AUG18 20120CT19 1013AUG06 

Station code N-12 N-12 N-11 N-12 N-12 

Sptcies 24 27 26 29 29 
Non•native proportion 0.08 0.03 0.06 0.11 0 .11 

0 
Total fish 143 407 287 249 240 

Erec.trode minutes 60 60 60 60 60 

Seine hauls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus placos1ornus 7 l 4 7 24 

longnose gar lep sosteus osseus 2 8 1 24 
Spottodgar lepisosteus oculatus 1 3 2 1 

Bowfin Amiaalva 2 1 l 1 
Skipjack hemng Alosa chrysochloris 
Shad Spp. OOl'CISOma spp. 

Gizzard shad Oorosoma cepedianum 41 170 1S6 4 19 
1thteadfin shad Dorosoma petenense 

Goldeye Hlodon alosoldes 1 1 2 4 

Mooneye Hiodon tergisu, 
Gran pickere~ Esox ameri.r:anus 
Grass carp Ctenopharyngodon Idella 10 1 
Bighead carp Ari stichthys nobilis 

Silverurp Hypophtha'michthvs molitri• 1 s 3 9 
Goldfish Carassius auratus 
Carp Cyprinus carpio 11 10 13 15 16 

Non-carp mtnnow spp Cypr, n!dae spp. (e«ept Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semot tus attomaculatu'5 
Central stone,olfer Campostoma anomarum 

Suckermouth minnow Phenacobius mlrabills 
8facknose dace Rh nichthys atratulus 

Silver chub Macrhybopsis storeriana 
Silvery minnow Hybogn•thu, nuch•lis 8 
Redf;n shiner lythrurus umbratilus 
R bbon shtner lythrurus fumeus 

Spotfin sh' ner Cyprlnel a spiloptera 

Blackta,I shiner Cypl'I nella venusta 

Red shll'\et Cyprine a lutrensis 26 19 1 2S 34 

Pugnose minnow Opsopoeodus emHiae 

Fathead minnow Pimephales. promelas 0 
Bluntnose minnow Plmephales. nolatus 1 

Bullhead minnow Pimephales. vigllax 2 2 1 14 8 
Emerald shiner Notropis atherinoides 4 19 9 7 

River shiner Notropis bfen'lius 
Sand shiner Nolropis ludibundus 2 1 

Mimic shiner Notropis voluceHus 28 1 
Channel shiner Notropis wicldiffi 
Bigmouth buffalo lctiobus cyp,inellus 2 6 21 9 

Smallmouth bulfalo lctiobus bubalus 7 13 11 18 30 
Blac\ buffalo lctlobus niger 1 2 6 1 

Unident.tied Carpsut.ker Catplodes sp. 

Qulllback Ca,plodes cyprinus 1 

River carpsuc.ker Carpiodes c.arpio 2 

Highfir, carpsucker Cc1rpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker MinY1rema melanops 

Creek chubsucker Erimyzoo oblongus 

River redhorse •T • Mo,costoma ca.-inatum 

Shorthead redhorse Mo,costoma mJcrolepidot\lm 2 
Golden redhorse Mo>eostoma erythru.-um 

Channt-1 catfish tctalurus punctatus 8 4 4 25 8 

Blue catfish tcta!urus furcatus 

Yellow bullhead Ameiurus nataUs 1 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivarls 1 s 6 1 4 

Madtomspp. Noturus spp, 

Tadpole madtom Noturus gyrinus 

freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 

Blackstrlpe topminnow Fundulus notatus 14 

Blackspotted topminnow Fundulus olivaceus 4 
Mosquitofish Gambusia affinis I 

Brook silverside Labldesthes sicculus 20 2 

tnland silversides Menidia berylllna 

Mississippi silversides Menldl• beryllln• 

Striped bass Motone s.ax.atllls 0 
White bass Morone chrysops I 7 8 l 2 
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R02366

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 
Date 2003JUL29 2008AUG26 2011AUG18 20120CT29 2013AUG06 

Striped b•" x White bass hybrid (Wiper) Morone s.axatllis • M. chrvsops 
Yellowb•ss Morone minisslppiensis 

Flier Centrarchus macropterus 

Black crappie Pomoxls nlgromacutatus 4 5 1 
Slacknose crappie Pomoxls mlgromaculatus 

White crappie Pomoxis annul;ris l 2 10 s l 
Largemouth bass Micropterus salmoides 2 9 3 1 
Spotted bass Micropterus punctulatus 5 1 3 
Warmouth Lepomis gulosus 7 1 
Green sunfish Lepomis cyanellus 1 l 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L, gulosus 

Bluegill , Green sunfish hybrid Lepomis macrochirus ,c L. cyanellus 

Longeoar sunfish x Green sunfish hybrid Lepom~s megalotis x L cyanellus 

Bluegill Lepomts macrochlrus 2 23 21 2 2 
8luegm 11 Redear sunfish hybrid Lepomis macroc:hlrus x L microlophus 

longear sunfish x Bluegill hybrid lepomis megalotis x L. macroch rus 
Redeai, sunfish lepomts micro1ophus 1 
longear sunfish lepomis megalotis 10 6 36 11 
Orangespotted sunfish Lepomis humilis 1 33 1 1 3 
Unidentified Sunfish hybrid Unidenlified Cenlrarch d•e hybrid 1 

W•lleye Stizostedton vitreum 

Sauger Stizostedio11 canadense 
Bfackside darter Perdna maculata 
Dusky darter Percina sciera 
River darter Perdna shumardi 1 

Logperch Percina caprodes l 
Johnny darter Etheostoma nfgrum 

Bluntnose darter Etheostoma ch1orosomum 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spec1abile 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunnlens 10 24 4 5 11 

L 
~ lo l01S 



R02367

Water body 8.o Muddy River I Bi• Muddv River Big Muddy River Big Muddy River Big Muddy River 

Dale 2014SEP24 I 1975AUG06 197SAUG0S 1975JUL30 1988AUG16 
,Station code N-12 N-13 N-lS N-16 N-16 
'Species 20 14 18 19 16 0 
Non-native proportion 0.02 0.34 0.34 0.4 0.34 
Total fish 180 192 169 148 106 
Elec.trode minutes 60 60 60 60 60 
!Seine hauls ' 

Hours set 
Paddlelish Polyodon spathula 

,Shor1nose gar lepiso,teus platostomus s s 1 1 
Longnose gar lepisosteus oueus I I 
Spotted gar Lepisosteus oculatus I 
Bowfin Amiacalva I 1 2 
Skipjack herring Alosa chrysochlorls 

Shad soo. Oorosoma soo, I 

Gizzard shad Oorosoma cepedianum l2 ZS l5 I lO 9 
Thread/in shad Dotosoma pets:nense I 
Goldeye Hlodon alosoides 3 
Mooneye Hiodon tergisus 

Grass pii:k1H'4!1 Esox imeriunus I 

Grass carp Ctenopharyngodon idella I 
Bighead c,vp Aristichthys nobilis I 

Silver carp Hypophthalmichthys molitrix l 
Goldfi, h Carassius aur.1tus 
'Carp Cyprinus carpio 1 &6 ~, Sil * Non-<:ar0 minnow U?ll, Cv13rlnldae spp (except Cyprinus carpiof 

Gotden shiner Notemlgonu, crysoleuc:as 
Creek chub Semotilus atromaculatus 
Central stoneroller ampostoma anomalum 
SudermotJth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 
,S Iver chub Macrhybopsis storeriana 

Si lvery minnow Hvbognathus nuchalis 

Redfin shiner Lythrurus umbratilus 
Ribbon shiner lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera l 
Blacktail shiner Cvorinella venusta 

Red shiner Cyprinella lutrensis 49 I i 0 Pugnose m nnow Oosopoeodus emiliae 

fathe.id minnow Plmephales prome•as I 

Bluntnose minno~ p·mephales notatus 

Bul head m:nnow Pimephales vi1ilax s I 4 
Emerald shine:ir Notropls atherinoides Ill 
River shiner Notrop s blennius ' 

Sand shiner Notropis ludibundus 

M,mic shiner Notroo;s volucellus 

Channel shiner 'Notropis wickliffi 

B.~mouth buffalo )ct,obus cvorinellus 1 I 6 4 ] 

Smallmouth buffa'o lctiobus bubalus l ~ ' 1 4 

Black buffalo •ctiobus nt1er 1 
Unidentified Carpsucker <:arplodes sp. 

Quillback Carnlodes cvorlnus 

River carpsucke, Carpiodes c.upio l 2 I 2 
,H,ghfin carpsucket Carpiodes velifer 
White sucker Catostomus commers.oni 

Spotted StKket' M inytrema melanops 

Creek chubsucker Er,mvzon oblongus 
River redhorse •r- Moiostoma carinatum I 
Shorthead redhorse Moxostoma macroleoidotum l I 

Golden redhorse Moiostoma erythrnrum I 
Channel catfish lctalurus punc.tatus 2 2 1 2 ~ 

Blue catfish lctalurus. furcatus I 
Yellow bullhead Ameiurus. natalis I 
Black bullhead Ameiurus melas I 
Brown bu head Ameiurus nebulosus 

Flathead catf.sh ,Vlodictis oliva<is l 6 
Madtomsoo Noturus spp. I 

Tad pole madtom Noturu~ gyrinus 

Frec:kled madtom No,urus nocturnus 

Pirate perch Aphredoderus sayanus 
BJackstr~pe ,opminnow fundulus notatus s 
BlackspoUed topminnow fundulus olivaceus 
Mosquitofish Gambusi• affinis I 
Brook sllverside Labldesthes slcculus I 3 
Inland silversldes Menldia berylllna 0 Mlssls. ool sl'verside, Menldia beryllina 

Striptd bass Matone sax.atilis 

White bass Morone chrvsops 1 



R02368

Water body Bjg Muddy River 8 g Muddy River Big Muddy River Big Muddy River Big Muddy River 
Oatr 2014StP24 197SAUG06 1975AUG05 197SJUL30 1988AUG16 

Striped bass x White bass hybrid (Wiper) Morone saxatills. x M , chrysops 

Yellow bass Morone mississippiens1s 1 1 
Flier Centrarchus macropterus 
Brack ct appie Pomoxis nigromaculatus 6 10 3 
Blackno,e crappie Pomoxb migromaculatus 
White crappie Pomoxls annularls 1 11 18 I 
largemouth boss Mtcropterus salmoides 23 1 3 
Spotted bass Micropterus punctulatus 
Warmouth Lepom s gulosus 4 1 
Green sunfish Lepom s cyanellus 1 

Green sunfish x Warmouth hybrid lepom"s cvanellus x L. gulosus 

Bluegill• Green sunfish hybrid lepom s macrochirus x l , cyaneltus 
Longear sunfish x Green sunfish hybrid Lepom~s megalot s )( l cyanellus 

Bluegill lepom,s macrochirus 20 15 16 12 
Bluegill• Redear sunfish hybrid Lepom•s macrochirns x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megc1lot s ,c L macrochtrus 

Redear sunfish Lepomis microlophus 1 

Longear sunfish lepomls megalot s 4 5 12 2 2 
Orangespotted sunfish lepomis humi11s 1 1 
Unidentified Sunfish hybrid Unidenttfied Centrarchidae hybrid 

Walleye Stizostedion vitseum 

Sauser St zostedion canadense 

8lc1ckside darter Perc,na maculata 

ou,kydarter Perc,na sciera 

River darter Percma shumardi 

logperch Perc,na caprodes 

Johnny darter Etheostoma nlgrum 

Bluntnose darte1 Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethsoat darter Etheostoma 1pectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma g,acile 

Freshwater drum Aplodlnotus grnnn ens 5 32 9 6 16 

L 
up to Ml~ 111or94 



R02369

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 2003JUL17 197SJUL29 1988AUG17 l99SAUG03 2003JUL16 

Station code N-16 N-17 N-17 N-17 N-17 

Species 25 13 20 17 20 

Non-native proportion 0.01 0.26 0.24 0 .16 0.03 
0 

Total fish 197 147 132 167 76 

Electrode minutes 58 60 60 60 60 

Seine hauls 

Hours set 
Paddleftsh Polyodon spathula 

Shortnose gar lepisosteus platostomus 2 2 3 
longnose gar lepisosteus osseus 1 

Spotted gar Leplsosteus oculatus 1 1 1 
Bowfin Ami.auhl.a 3 1 1 1 

Sklpjack herring Alosa chrysochtoris 
Shad spp, Oorosoma spp, 
Ginard shad Oorosoma cepedianum 54 42 20 75 16 

Threadftn shad Oorosoma petenense 
Goldeye Hiodon alosoidos 4 1 
Mooneye Hiodon tergjsus 

Grass pickerel Esox americanus 
Grass c.arp Ctenopha,yngodon idella 

Bighead carp Aristichthys nobills 

Silver catp Hypophthalmlchthys molitl'iJC 

Goldfish Caranlus auratus 
Carp Cyprinus carplo 2 38 32 27 2 
Non-c:.arp minnow $pp. Cyprinid1e spp. (eic.cept Cyprinus cairpio) 
Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromacur.iitus 

Central stoneroller Campostoma anomalum 

Suckermouth m,nnow Phenacobius mirabilis 

81acknose d•ce Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalls 12 7 
Redlin shiner Lythrurus umbratllus 

Ribbon shiner Lythrurus fumeus I 
Spotfin shiner Cypririella spUopter.ii 

Blacktail shiner Cyprinella venus.ta 

Red shiner Cyprinella lutrensis 48 3 1 24 

0 Pugnose minnow Opsopoeodt1s emiliae 

Fathead minnow P,mephates promelas 

Bluntnose minnow p;mephales notatus 

Bullhead min11,ow Ptmephales vigilax 14 4 2 

Emerald shiner Notropis atherinoides I 
River shiner Notropis blennius 

Sand shfner Notropis ludibundus 

Mimic: shiner No1ropis vo1ucellus 

Channel shiner Notropis wickfiffi I 
Bigmouth buffalo lc:tiobus cyprinellus l 9 2 
Smallmouth buffalo lctlobus bYbalus 2 7 3 
8lack buflalo lctiobus nfger 1 I 
Unidentified Carpsucker Carpiodes sp. 

Qulllback Ciirpiodes cyprinus 

River carpsuc~er Carpiodes carpio l 
Highftn carpsucker carpiodes velifer 

White sucker Catostomus commersont 

Spotted sucker Minytrema melanops 

Creek chubsucke, E,lmyzon o blongus 

River red horse •T • Moxosloma carinatum 

Shorthead redhorse Moxosloma macroleptdotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lcta,urus punctatus 2 4 3 2 
Blue catfish lc:tal\m,.1s furcatus 

Yellow bullhead Ameiurus nat,Hs 

Black bullhead Ameiurus me1as 

Brown bullheod Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 5 3 3 

Madtom spp. Noturus spp. 

Tadpole madtom Notu,us gyrinus 

Freckled m•dtom Notu,us noc:turnus 

Pirate perch Aphredoderus sayanus 2 

Blackslrlpe topminnow Fundulus notatus l 1 

Blackspotted topmlnnow Fundulus olivol(eus 

Mosquitofish Gambusia affinis 3 1 

Brook silverstde labidesthes sicculus 

Inland sifversides Menidia be ryllina 0 Mississippi silversides Menidia be,yllina 1 
Striped bass Morone saxatilis 

White bass Morone chrysops 1 2 

up to 2015 19of 94 



R02370

Water body Big Muddy River Big Muddy Rive, Big Muddy River Big Muddy River Big Muddy River 

r Date 20031Ul17 197SIUL29 1988AUG17 199SAUG03 2003JUL16 

Striped bass • White bass hybrid (Wiper) Marone sax:atms JC M. chrysops 1 

Yellow bass Marone mlsslsslpplensis 

FHer Centrarchus macropterus 

e,ack crappie Pomoxis nigromaculatus 1 lS 1 2 1 

Bladmose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 19 2 2 1 
Largemouth bass Microplerus salmoides s 2 2 9 1 

Spotted balS Microplerus punctu1alus 1 1 
Warmouth tepomis gulosus 2 1 1 
Green sunfish lepomis cyanellus 2 
Green sunfish x Warmoulh hybrid Lepomis cyanellus x. L. sutosus 
Bluegill x Green sunfish hybrid lepomis mac,ochirus 1t L c;yanellus 
Long~al' sunfish II Gl'een sunfish hybrid Lepomis megalotis x L. cy.-nellu1 

Bluegill lepomis mac,ochirus 10 s 2S 19 3 
Bluegill• Redear sunfish hybrid Lepomis mactochlrus ic L. microlophus 

Longear sunfish , Bluegill hybrid lepomis megalotis ,c L. macrochirus 
Redear sunfish lepomis mfcrotophus 

longear sunfish lepomfs megalobs 2 12 
Orangespotted sunfish lepomis humms s 1 
Ul'lidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizost:edion vitreum 
Sauger Stllostedion c::anadense 
Blackslde darter Perclna maculata 
Dusky darter Perdna sciera 

River darter Percina shuma,di 
Logperch Perdna caprodes 1 

lohnny d•rter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 3 
On1ngethroat diirter Etheostoma spectabile 
Sponall darter Etheostoma squamiceps 

Slough dorter Etheostoma gracile 
Freshwater drum Aplodinotus grunniens 17 6 15 10 4 

14>to2015 :Wof94 



R02371

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Oate !975JUlZ9 1975JUlZ5 1975AUG1Z 1988AUG17 ZOllSEPZO 
Station code N-18 N-ZO N-23 N-23 N-23 
Species 16 lS 17 16 Z3 
Non-native proportion 0.15 0.29 0.34 0.24 0.04 

) 
ro1al fish 137 90 136 87 224 
Electrode minutes 60 60 60 60 60 
Seine hauls 

Hours set 
Paddle fish Polyodon spathula 2 l 
Shortnose gar lepisosteus platostomus l 1 6 10 
Longnose gar lepisosteus osseus l l 6 
Spotted gar lepisosteus oculatus 7 
8owfin Amla i:alv.a 2 1 2 
Skipjack herring Alosa chrysochtoris 
Shad spp, Oorosoma spp, 
Gizzard shad Dorosoma cepedianum 14 32 26 s 17 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 1 4 
Moorieye Hiodon terg;sus 
Grass pickerel Esox americanus 

Grass carp Ctenopharyngodon idella l 
Bighead carp Aristichthys nobHls 

Silve-r carp Hvpophthalmichthys n,olitrix 7 

Goldfish Caranlus auratus 
Carp Cyprinus carplo 20 26 45 21 2 
Non-u,p minnow spp. Cyprinidc1e spp, (except Cyprinus carpio) 

Golden shiner Notemigonus crysoteucas 
Creek chub Semotclus atrom.acutatus 

Cer,tral stoneroller Campostoma anomalum 

Suckermouth mir,now Phenacobius mirabilis 

e1ackno1e dace Rhinichthys atratulus 

Silver chub Macrhybopsis store1iana 
Silvery minnow Hybognathus nuchalls 

Redfin shiner tythrurus umbratllus 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinetla venusta 
R•d shiner Cyprinetla lutrensis s l 
Pugnose minnow Opsopoeodus emiliie 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus 
Bullhead minnow Pimephales vig;lax l 
Emerald shCner Notropis athetinoidts 2 
River shiner Notropis bl•nnius 
S,cmdshiner Notropis ludibundus 

Mimic shiner Notropls voluullus 

Channel shiner Nolropls wlckliffi 
Bigmouth buffalo lctjobus cyprinellus 12 4 11 9 14 
Smallmouth buffalo tctiobus bubalus 4 1 I 16 
Black buffalo lctiobus niger 
Unidentified CarpuJcker Carpiodes sp. 
Quillback Ciiirpiodes cyprir,us 

River carpsucker Carpiodes carpio l 3 s l 
Highfin carpsucker Carpiodes velifer 
White ,ucker Cato5,tomus commersoni 

SPotted sucker Minyt:tema melanops 

Cre•k chubsucker Erimyzon obloncus 
River red horse 'T' Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 
Channel Cdtfish lctalurus punctalus 2 s 7 4 
Blue catfish lctalutus futcatus 2 
Yellow bullhead Ameiurus natalis 
Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pytodictis oUvaris l 2 3 4 16 
Madtom spp, Noturus spp. 

Tadpole madlom Noturus gyrfnus 

Freckled madtom Noturus nocturnus 

Pir•te perch Aphr•doderus sayanus 2 
Blackstripe topminnow fundulus notatus 

Blacks.potted topminnow fundulus olivaceus 

Mosquitofish Gambusi.a affinis 
Brook sHverside Labidesthes sicculus s 
Inland $ilvtr$lde$ Menidia beryllina 

Mississippi silvers.ides Menidia beryllina 
Striped bass Morone saxatilis 0 
Whiteba" Morone chrysops 4 

up to 2015 21 of 94 



R02372

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

r- Date 191SJUL29 197SJUL25 1975AUG12 1988AUG17 20115EP20 

Striped ba,s x White bass hybrid (Wipe,) Morone saxatms • M. chrysops 
Yellow bass Mo,one mlssisslpplensis 

Fli@r Cenua,i=:hus mattoptetus 

Black crappie Pomoxis nigromacutatus 14 1 3 6 
Blacknose uappie Pomoxis migromaculatus 

White c,appje Pomoxis annularfs 15 4 11 10 

Lar1emouth bass Mh:ropterus s,almoides s 1 6 9 
Spotted bass Micropterus punctulatus 2 
Warmouth lepomts gulosus 7 I 2 
Green suofish lepomis cyanellus 
Green sunfish x Wa,mouth hybrid lepomis cyanellus ,cl. gulosus 

Bluegill ,: Green sunfish hybrid lepomis macroc:hln.ts x L. cyanellus 
Longear sunHsh x Green sunfish hybrid Lepomis megalotls x L. cyanellus 

Bluegill lepomis macrochirus 16 2 13 2 37 

Bluegill , Redear sunfish hybrid lepomis macrochirus ,c L. microlophus 

Longear sunfish x Bluegill hybrid lepomis megalotis )C L. macrochirus 

Redear sunfish Lepomis microlophus 

Longear sunfish lepomis megalotis 21 3 9 

Ora.nsespou@d sunfish lepomis humil•s 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vatreoum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina. sciera 

River darter Percina shumardj 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprlgene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 2 1 3 18 37 

Ill) to iOIS 



R02373

Water body Big Muddy River' Big Muddy River Big Muddy Rivor Big Muddy River Big MtJddy River' 

Date 20l20CT26 20131\UG16 1964JUL03 19751\UG12 1975AUG05 

Station code N-23 N-23 N-24 N-2S N-26 

Species 20 31 10 14 16 0 
Non-noOve proportion 0.39 0.36 0.43 0 .11 

Tolal fish 333 578 219 209 185 
Eleclrode minutes 60 60 60 60 

~inehauls 

Hours set 

Paddlefish Polyodon spathul• 

Shortnose ga, Lepisosteus platostomus 83 32 3 4 
Longnose sar Leplsosleus osseus I 14 
Spotted gar Lepisosteus ocu1atus s 
8owfin Amiacalva 1 l I 
Skipj•ck herring Alosa chrysochloris 
Shad spp. Oorosoma spp. 

Gizzard sh•d Oorosoma ceped;anum 7 110 16 S6 106 
Thre•dfon shad Dorosoma petenense 

Goldey• Hiodon alosoides 1 I 
Mooneye Hlodon tergisus 

Grass picke,er Eso>c .ameflcanus 
Grass carp Clenopharyngodcn Idell• 1 10 
Bil.head carp Aristichthys nobilis 

Silverurp Hypophthalmichthys molitrix 120 168 

Goldfish Carassius auratus 
Carp Cyprinus carpio 10 28 89 21 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 30 
Golden shiner Notemigonus c.rysoleucas 

Creek chub Semotilus atromaculatus 

Central sloneroller Campostoma anomalum 
Sucke,mouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichlhys alratulus 

Silver chub Mac.rhybopsis storeriana 
Silvery minnow Hybognathus nuchalls 

Redfin shiner lythrurus umbr.atllus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spilopter.-

Blacktail shiner Cyprinella venusta 
Red shiner Cyprine11a lutrensis 6 21 
Pugnose minnow Opsopoeodus emiliae 

fathead minnow Pimephales promelas 
Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigilax 3 IS 
Emerald sh~ner Notropis ath@rinoides 13 SI 
River shiner Notropis bfennius 

Sand shine, Nolropis ludibundus 16 
Mlmic~hiner Notropis voluce:llus 3 

Channel shiner Notropis wickl.tfi 

Bigmouth buffalo lttiobus cyprinellus 6 7 8 7 
Sma'lrnouth buffalo h:tiobus bubalus 22 26 l l 
Black buffalo lctiobus niger 14 4 
Unident.fied Carpsucker Carpiodes sp, 

Qu_;;back c,,piodes cyprinus 

R•ver carpsucker carpiodes carpio 7 10 3 I 
Highfin carpsucker Carpiodes v~ifer 

White sucker Catostomus commersoni 19 
Spotted sucker Minytrema melanops 

Creek chubi ucker £rimyzon 0bl0n1us 

River redhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redho,se Mo:xostoma erythnJrum ' 

Channel catfish lctalurus punclatus 17 11 7 2 
Blueca!f,sh 1ctalurus h.1,catus 3 
Yellow bullhoad Ameiurus natalis 

Black bullhead Ameiurus melas 

Brown bu: head Ame urus nebulosus 
Flathead ca!fish Pylodictis otivaris 4 3 1 
Madtom spp. Noturus spp. 71 

T.>dpole madlom Noturus gyrinus 

Freckled madtam Noturus nocturnus 

Pirate perch llphredoderus sayanus 50 
Blackstripe topminnow Fundulus notatus 2 
Blackspotted topminnow fundulus olivaceus 

Mcsqultofish Gambusla aff, nls 

Brook silverside Labidesthes sictulus I 11 

Inland silversides Menidic1 beryllioa 

Mississippi sllyers...des Menidi~ beryllina 
Striped bass Morone saxatilis 0 
Wh,teb•ss Morone chrysops 8 

up to 201S 230194 



R02374

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 20120Cl26 2013AUG16 1964JUL03 197SAUGl2 1975AUG05 

Striped bass x White ban hybrid (Wiper) Morone saxatilis x M. chrysops 
Yellow bass Merone mississippiensis 

Flier Ceotrarchus maicropterus 

Black crappfe Pomoxis nigrom.1culatus 4 2 
Blacknose crappie Pomoxis mlgrornaculatus 
While c.rappie Pomoxis annulads 1 19 16 

largemouth bass Micropterus salmoides 2 2 6 1 

Spotted bass Micropterus punctulatus 
wa,-mouth lepomis gulosus 1 2 
Green sunfish Lepomis cyanellus l s 
Green sunfish x Warmouth hybrid lePomls cyanellus ,c L. gulosus 

Bluegill• Green sunfish hybrid lepornis m•cr()(hirus x l. cyanellus 
longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

Blueglll Lepomls maetochirus 4 3 6 12 
Bluegill x Redear sunfish hybrid Lepomls macrochirus x L. microlophus 

longear sunfish x Bluegill hybrid Lepomls megalatis x L. macrochirus 

Redeu sunfish Lepomls microlophus l 

longear sunfish lepomis megaloUs 4 l 2 2 
Orangespotted sunfish lepomis humilis 2 19 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stiionedion vltreum 

Sauger Stlzostedion canadense 

Blackside darter Percina maculata 1 
Dusky darter Percina sciera 1 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum 

81un,nose darter Etheostoma c:hlorosomum 

Mud darter Etheostoma aspligene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gradle 

freshwater drum Aplodinotus g,unniens 9 10 s 6 

L 



R02375

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1975AUGl3 I964JULOI 197SAUG13 1978AUGl7 I979AUGl3 

Station code N-27 N-28 N-99 N-99 N-99 

Species IS 13 16 17 16 

Non-native proportion 0.33 0.01 0.IS 0.1S 0.16 
0 

Total fish 240 367 130 221 119 

Electrode minutes 60 30 90 60 

Seine hauls 

Hours set 
Paddlefish Polyodon spathula 36 

Shortnose- gar Lepisosleus platostomus 1 2 2 

LOngnose aa, lepisosleus osseus I 

Spotted gar Leplsosteus oculatus 1 I 

Bowfin Amla carva 7 2 

Skipjack herring Alosa chrysochlorls 

Shad spp. Dorosoma spp. 6 106 8 

Gizzard shad Oorosoma c:epedianum 40 26 

Threadfln shad Dorosoma petenense 

Goldeye Hiodon alosoides I 

Maoneye Hiodon tergisus 

Grass pickerel Esox americanus 2 

Grass carp Ctenopharyngodon idella 

Si2head carp Arlstlchthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfish ca,assius auratus 
Carp Cyprinus carpio 78 2 20 17 18 

Non-carp millnow spp. Cyprinidae spp. (except Cyprinus c:arpio) 68 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculattJS 
Central stoneroller Campostoma anoma1um 

Suckermouth minnow Phenacob;us mirabilis 

Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriairia 
Silvery minnow Hybognathus nuchalis 

Redfin shiner lythrurus umb,atilus 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spilaptet.a 

Blacktail shiner Cyprlnella venusta 

Red shiner Cyprlnella lutrensls 

Pugl"lose minnow Opsopoeodus emlliae 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales nota,us 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Nottopis volucellus 

Channel shiner Nottopis wickliffi 

Bigmouth buffalo lctiobus cyprinellus I 2 5 s 
Srnallrnouth buffalo lctiobus bubalus 1 1 2 7 

Black buffalo lctiobus niger 
Unidentified Carpsucker Carplodes sp. 

Quillback Carpiodes cypl'inus 

River carpsuc'lcer Carpiodes carpio 2 6 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commertoni 
Spotted sucker Minytrema melanops 

Creek chubsucker Etimyzon oblongus 2 

Rivu redhorse 'T' Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden ,edhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 30 1S I 2 13 

Blue catfish lctalurus furcatus 1 

Yellow bullhead Ameiu,us natalis 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfi,h Pylodklis olivaris 2 2 3 

Madtomspp. Noturus spp. 75 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus noctumus 

Pirate perch Aphredoderus savanus 16 
Blackstripe topminnow Fundulus nolatus 

Blad spotted topmlnnow Fundulus olivaceus 
Mosquiloflsh Gambusia affinis 
Brook silverside Labidesthes slcculus 

lllland silve,sides Menidla berylllna 

Mississippi sitversides Menidia berylllna 

Striped bass Morone sa>1atilis 0 
White bass Morone chrysops 1 3 8 

up to 2015 2S of 94 



R02376

Water body Big Muddy River Big Muddy River 8ig Muddy River Big Muddy River 811 Muddy River 
Date 197SAUG13 1964JUL01 1975AUG13 1978AUG17 1979AUG!3 
Slriped bass x White bass hybrid (Wiper) Morone s;;,1xatilis x M. chrysops 
Yellow bas, Morone mississippiensis 
Flier Centrarchus macropterus l 

Black crappie Pomox;s nfgromaculatus 7 12 1 3 l 
Blacknose crappie Pomoxis migromaculatus 

White cupple Pomoxis annularis 15 1 2 7 4 
Largemouth bass Micropte,us salmoides 21 8 22 7 
Spotted bass Micropte1us punctulatus 
Warmouth lepomis gulosus 1 7 2 1 
Green sunfjsh lepomis cyanellus 3 1 
Green sunfish x Warmouth hybrid lepomis cyanellus x t. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

lo'lge•r sunfish x Green sunfish hyb,;d lepomis megalotls x l. cyanetlus 
Bluegill Lepomls macrochirus 33 78 25 41 28 
Bluegill x Redear sunfish hybrid Lepomls mauoc:hir'"'s )l l. mitrolophus 

longear sunfish• Bluegill hybrid Lepomis mega!otis x L macrochirus 
Redear sunfish Lepomis microlophus 

Longear sunfish lepomis mega!otis 32 1 1 
Orangespotted sunfish lepomis humilis 48 1 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybdd 

Walleye Stizostedion vitreum 

Sauge:r Stizostedioi, car,adense 

Blackside darter Percina maculata 
Ousky darter Percina sciero 

River darter Percina shumardi 

logperch Percina caprodes 

Johnny darter Etheostoma nlg1um 

Bluntnose darter Etheos.toma chlorosomum 

Mud darter Etheos.tomai asprigene 

Orangethroat darter Etheostomai spectabi,e 
Spottail darter Etheostoma iquamiceps 

Slough darter Elheoitoma graclle 

freshwater drum Aplodinotus grunniens 2 1 2 6 



R02377

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

oa1e 1980JUL29 1986AUG14 1988AUG18 1990SEP26 !992AUG18 
Station code N-99 N-99 N-99 N-99 N-99 
Species IS 14 21 12 14 0 
Non-native proportion 0.4 0.12 O.Q3 0.2 0.01 

Total fish 98 93 235 45 67 

Electrode minutes 60 60 60 60 60 
Seine hauls 
Hours set 
Paddlefish Polvodon spothulo 1 
Shortnose gar lepisosteus platostomus 1 8 2 I 
Longnose gar lepisosteus osseus 4 1 

Spotted gar lepisosteus oculatus 3 
Bowfin Amiacalva s 2 1 
Skipjack herring Alosa chrysochloris 

Shad spp 0orosoma spp 

Gizzard shad oo,osoma cepedianum 6 24 35 35 
Threadfin shad Dorosoma petenense 12 2 
Goldeye Hlodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox amerfcanus 

Gran carp Ctenopharvngodon Idella 
Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys molitri, 

Goldfish Carassius auratus 
Carp Cyprinus carpio 27 II 4 8 I 
Non-u,p minnow spp. Cyprinldae spp. (ucept Cyprlnus utplo) 

Golden shiner Notemlgonus crysofeucas 

Creek chub Semotilus atromaiculatus 

Central stonetollet Campostom, anomah.1m 

Suckermouth minnow Phenacobius mirabilis 
Blacknose dilce Rhinith1hys atratulus 

Sllvert:hub Macrhybopsis storerian, 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lythrurus umbratilus 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyptinella spilopte,a 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 1 

Pugno~e minnow Opsopoe-odus emlliae 

fathead minnow Pimephares promelu 0 
Bluntnose minnow Plmephales notatus 

Bullhead minnow Pimephales vlgilax 2 
Emerald shiner Notropis atherCnoides 
River shiner Notropis blennius 
Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wick,iffi 

Bigmouth buffalo lctiobus cyprinetlus 8 8 2 I 
Smallmouth buffalo Jctiobus bubalus 7 3 5 
Black buffalo lcUobus niger I 
Unidentified Carpsucker Carplodes sp. 
Quillback ca,plodes cyprinus 

River carpsucker C.arpiodes carpio 5 3 1 
Highfin carpsucker Carpiodes velifer 1 
White sucker CatoUomus c:ommersoni 

Spotted sucker Minytrema melanops 

Creek c:hubsucker Erimyzon oblongus 
River redhor$e •y• Moxostoma cari!latum 

Shorthead redhorse Moxostoma macro,epidotum 

Golden redho,se Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 4 13 14 I 
Blue calfish lct.alurus furcatus I 
Yellow bullhead Ameiurus nat.at.s 
Slack bullhead Amelurus melas 

Bl"OWn. bullhe-ad Amelt.itus nebulosus 

Flathead catfish Pylodiclls ollvarls 8 4 1 2 8 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

Fredded madtom Noturus nocturnus 
Pirate perch Aphredoderus savanus 

Blackstripe topmirinow Fundulus notatus 

Blackspotted topminnow fundulus olivaceus 

Mosquitofish G.ambusia .affinis 

Brook silvenide L.abidesthu slcculus 

Inland silversides Menldia be,yllina 0 Mississippt silversldes Menldia beryllina 
Striped bass Morone saxatms I 
White bass Morone chrysops 7 2 3 3 

up 10 201S 27 0194 



R02378

Woterbody Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 19801Ul29 1986AUGl4 1988AUGl8 1990SEP26 I992AUG18 

Striped bass • White bass hybtld (Wiper) Morone saxatilis x M. chrysops 
Yellow bass Morone mississipplensls 
Flier Centrarchus maeropterus 
Black crappie Pomoxis nigrom.iculatus 4 I 1 
Blacknose crappie Pomoxis migromaculatus 
White crappie Pomoxls annularls 2 I s I 
largemouth bat.$ Micropterus salmoides 2 7 s 4 
Spotted bass Micropterus punctuSatus 
Warmouth lepomis gulosus l 1 
Green suofish lepomis cyanellus 
Green sunfish x Warmouth hybrid Lepomis cyanellus. x l. gulosus 
Bluegill it Gl'ell!!n sunfish hybrid Lepomls ma(roc::hirus x L. <:yanellus 
longear sunfish x Green sunfish hybrid Lepomis megalotis x l. cyanellus 
Bluegill lepomis macrochirus 13 44 I 7 
Bluegill• Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
longear sunfish • Bluegill hyb,id Lepomls megalotis ,c l. macrochirus 

Redear sunfish lepomls mlcrolophus 
longear sunfish lepomis megalotis 8 
OrcmsespoUed 5,1,.1nfish lepomis humilis 43 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Sti2ostedion vltteum 
Sauger Stl2ostedion canadense 
81ackside darter Pe,clna maculau 
Dusky darter Percina sc.lera 
River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 
81untnose darter Ethe:ostoma chlo,osomum 

Mud darter Etheosroma asprigene 
o,angeth,oat dane, Etheosroma spectabile 
SpottaH darte, Etheosloma squamkeps 
Slough darter Etheostoma gracile 
Freshwater drum Aplodinotus g,unniens 12 3 53 3 1 

L 
lh/94 



R02379

Water body Big Muddy River Big Muddy River 811 Muddy River Big Muddy River Big Muddy Rivor 

Date 1994AUG15 199SAUG12 1998SEP08 200DSEP07 2003JUL30 

Station code N-99 N-99 N-99 N-99 N-99 
Specits IS 11 22 22 23 

Non-nat)ve proportion 0.06 0.16 0.12 0.19 0.16 
0 

Total fish 114 49 141 126 131 
Electrode minutes 60 60 60 60 60 

Seine hauls 

Hours set 
Paddlefish Polyodon spathula 3 2 

Shortnose gar Leplsosteus platostomus 3 3 9 

Longnose gar Lepisosteus oueus 1 

Spotted gar lepisosteus oculatus 1 1 

Bowfin Amiacalva 3 2 2 1 
Skipjack herring Alosa thrvsochloris 1 
Shad spp. Oorosoma spp. 

Gi:uatd shad Oorosoma cepedianum 13 6 30 12 37 

Threadfin shad 0orosoma petenense 3 
Goldeye Hiodon alosoides 

Mooneye Hiodon tel'gisus 

Grass pid:erel Esox americanus 

Grass carp Ctenopharyngodon Idella 

Bighead carp Aristichthys nobilis 3 

Silver carp Hypophthalmichthys molilrix 1 9 

Goldfish Carassius auratvs 
Carp Cypriflus carpio 6 8 14 21 12 
Non-c:a,p minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 

Ceotral 1toneroller Camponoma anomatum 

Sucl<ermouth minnow Phenacoblus mirabllis 

81acknose dace Rhinichlhys atratulus 

Sitverc.hub Macthybopsls stotetiana 

Silvery minnow Hybognathus nuchalis 5 

Redlin shiner Lvthrurus umbralilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrens•s 4 3 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Ptmephales promelas 0 
Btuntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vjgilaw: 

Emerald shiner Notropis athel'inoides 6 3 2 
River shiner Notropis btennius 

Sand shiner Notropis ludibundus 

Mtmic shiner Notropis volucellus 

Channel shiner Notropis wick1irti 

Bigmouth buffalo ktiobus cyprinellus 5 6 7 7 10 

Smallmouth buffalo •ctiobus bubalus 19 13 5 17 10 

Bla<k buffalo lctiobus niger 9 5 
Unldentllied Carpsucker Carpiodes sp. 

Qulllback Carpiodes cyprinus 

River carpsucker C.rpiodes carpio 1 1 2 
Highfin carpsucker Carpiodes vellfet 

White sucker Catostomus commersoni 

Spotted sucker Mlnytrema melanops 

Creek thubsucker Erimyton cblongus 

River red horse • T' MoxOi,toma carinatum 

Shorthead redhorse Moxostoma mactofepidotum 1 

Golden redhorse Moxostoma e,vthrurum 

Channel catfish lctalurus punctatus 7 17 12 
Blue catfish lctalurus rurcatus 

Yellow bullhead Ameiurus natc1lis 

Black bullhead Ameiurus melas 

Btown bullhead Ameiurus nebufosus 

flathead catfish Pylodtctis olivaris 7 2 10 2 2 
Madtomspp. Notutus spp. 

Tadpole madtom Ncturus gyrinus 

Freckled madtom Noturus nocturnus 

Pf rate perch Aphredoderus sayanus 

Blackstripe topminnow Funduh..Js r,otatus 1 

Btackspotted topminnow fundulus olivaceus 

Mosquitofish Gc1mbusia affinis 1 l 
Brook sllverside Labidesthes sicculus 1 2 1 
Inland sllversides Menidia beryllfna 

Mississippi sHvetsides Menidia beryllina 
Striped bass Morone saw:attlis 0 
White bass Morone chrysops 2 1 1 6 

up to 2015 29 of 94 



R02380

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Big Muddy River 

Date 1994AUG15 1995AUGl2 1998SEP08 2000SEP07 2003JUL30 
Striped bass x White bass hybrid (Wiper) Morone saxatilis x M. chrysops 
Yellow bas, Morone mississippiemis 1 4 
Flie, Centrarchus macropterus 
8latk crappie Pcmoxis nigromac:ulatus 6 2 3 1 
Blacknose crappie Pomox•s migromaculatus 
White crappie Pomoxis annularis 4 I 2 
largemouth bass Micropterus salmoides 16 2 2 3 

Spoiled bass Micropterus punctulatus 

Warmouth lepomis gulosus 1 
Green sunfish lepomls cy:anellus 1 
Green sunfish x w,rmouth hybrid lepomis cyainellus ,c L. gulosus 
Bluegill• Green sunfi,h hybrid lepomis macrochirus x L. cyanellus 
Longear sunfish..: Green sunfish hybrid lepomis megalotis x L cyanellus 
Bluegill lepomls macrochirus 24 s 15 4 4 
Bluegill x Redear sunfish hybrid Lepomls macrochirus x L. microlophus 

Longear sunfish x sruegill hybrid lepomis meB<llotis x l. m,croc.hirus 

Redear sunfish Lepomis microlophus 

Longear sunfi,h lepomi, meg•lotis 1 
Orangespotted sunfish lepomis humilis I 
Unidentified Sunfi,h hybrid Unidentified Ce:nt,archldae hybrtd 

Walleye Stizostedion vilreum 
Sauger Stizostedion canadense 

81,ckside dar1er Pen:inai maculata 

Dusky darter Percinai sciera 

A.;ver darter Petcina shumardi 

Lo1perch Percina caprodes 

lohnnv darter Etheostoma nlgrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 

Orangethroilt darter Etheostoma spectabile 
Spottail dorter Etheostoma squamiceps 

Slough darter Etheostoma gracile 

Freshwate, drum AplodJnotus grunnlens 2 s 18 9 



R02381

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Cedar Creek 

Date 2008AUG26 2010NOV09 2013AUG08 l014SEP25 l964JUl09 
Station code N-99 N-99 N-99 N-99 NA-01 
Species 26 20 32 18 9 0 
Non-native proportion 0.08 0.12 0.06 0.05 
Total fish 177 158 416 167 84 

Electrode minutes 60 60 60 60 
Seioe h,uls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 2 1 18 1 

Longnose gar Lepisosteus osseus 1 12 2 

Spotted gar Leplsosteus oculatus 3 6 
8owfin Amlacalva 4 3 
Skipjack herring Alosa chrysochlods 1 
Shad spp, Oorosoma spp. 
Gizzard shad Oorosoma cepedianum 45 18 229 82 
Threadfin shad OOrQS,Qma petenense 1 1 
Golde'f" Hlodon alasotdes I 1 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 
Grass carp Ctenopharyngodon idella 1 1 
Bighead carp Aristichthys nobllis 

Silver carp Hypophthalmichthys molitrix 2 5 8 
Goldfish Carassius au,•tus 

Carp Cyprinus carplo 10 18 17 1 
Non-<arp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 39 
Golden shiner Notemisom,.1s crysoleucas 

Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratu1us 

Silver chub Macrhybopsis storeriimai 

Silvery minnow Hybognathus nuchalis 2 
Redfin shiner Lythrurus umbratilus 

Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprlnella spiloptera 

Blacktail shiner Cyp,inella venuua 

Red shiner Cyprlnella lutrensls 2 9 14 

0 Pugnose minnow Opsopoeodus emlliae 

fathec1d rninnow Pimephc11es promel~s 

8funtnose minnow Pimephales notatus 
Bullhead minnow Pimephales vigilax 2 

Emerald shiner Notropis atherinoides 7 12 24 
River shiner Notropis blennius 1 
Sand shiner Notropis ludibundus 1 
Mimic shiner Notropls volucellus 

Channel shiner Notropls wicldiffl 

Bigmouth buffalo lctiobus cyprinellus 10 4 I 
Smallmouth buffalo lctiobus bubalus 7 6 19 3 
8Iack buffalo tc:tiobus niger I 1 
Unidentified Ca,psutke, Carpiodes sp. 
Quillback Carpiodes t;yprinus 

River carpsuc;ker CarpCodes carpio l 4 s 
Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonJ 

Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 

River redhorse • T' Moxostoma carinacum 

Shorthead redhorse Moxostoma macrofepidotum 

Golden ,edhorse Moxosroma erythru,um 

Channel catfish lttalu,us punttatus 29 2 12 6 
Blue catfish lttatu,us furtatus 3 3 
Yellow bullhead Amelurus natalls 

Black bullhead Ameiurus melas 1 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodjctis oliv,ris 4 4 1 
M•dtomspp. Noturus spp. II 
Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus nocturnus 
Pirate perch Aphredoderus sayanus 17 
Blatkst,lpe topminnow fundulus notatus I l 
Blackspotted topminnow Fundulus olivaceus I 
Mosqultolish Gambusia affinls I 
Brook silverslde Labidesthes sicculus 10 
Inland silvers.Ides Menidia bervllina 0 Mississippi $ilvetsides Mel'\idia beryllin, 

Striped bas, Morone saJCatHis 

White bass Morone chrysops 7 31 s 2 
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R02382

Water body Big Muddy River Big Muddy River Big Muddy River Big Muddy River Cedar Creek 
Dale 2008AUG26 2010NOV09 2013AUG08 2014SEP2S 1964JUl09 

Striped bass • White bass hybrid (Wiper) Morone sa,i:attlis ,c M. chrvsops 1 

Yellow bass Morone mississippiensis 2 
Flier Centrarchus macropterus 

Black crappie Pomoxls nlgromaculatus I 2 2 
Black nose crappie Pomoxis migromaculatus 

White crappie Pomoxis c1r,nularfs 3 2 1 
Largemouth bass Mlcropterus salmoides 3 34 2 
Spotted bass Mlcropterus punctulaIus 2 
Warmouth Lepomh gulosus I 7 3 
Green sunfish Lepomis cyaneHus 2 
Green sunfish ,c Warmouth hybrid lepomis cyaneflus x l. gulosus 1 
Bluogilt • Green ,unfish hybrid Lepomis macrochirus x l. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L. cyanellus 

BlueRill Lepomis macr0<hirus 6 14 14 I 
Bluegill x Redear sunfi;,h hybrid Lepomis mc1crochirus ,cl. microlophus 

longear sunfish x Bluegill hybrid lepomis megalotis >1 L. mac,ochirus 

Redear sunfish lepomis microlophus 

tongear sunfish Lepom•s megalotls 4 5 2 
Orangespotted sunfish Lepomis humllis 3 l 3 2 
Unidentiflod Sunfish hybrid Unidentified Conlrarchidae hybrid 

Walleye Stizostedion vltreum I 
Sauger Stizostedion tanadense I 1 
Black<ide darter Perc.ina maculata 

ou,ky darter Pertina sciera 

River darter Percina shumardi 

logpet<h Perc:ina c.aprodes 

Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gra.dle 

Freshwater drum Aplodinotus grunniens 21 6 II 12 



R02383

Water body Cedar Creek Cedar Creek Cedar Creek Cedar Creek Cave Creek 

Date 199SJUL28 2003JUL23 2003lUL22 2008lUL29 199SJUL24 

Station code NA-01 NA-02 NA-03 NA-03 NAC-01 
Species 12 13 17 27 11 0 
Non-native proportion 0.07 0.04 

Total fish 32 52 75 176 8S 
Electrode minutes 2S.36 3S 26.0S 38 27 

Seine haiuls 

Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 4 I 
longnose gar Lepisosteus osseus 
Spotted gar Leplsosteus oculatus 1 
Bowfin Amlacalva 
Skipjack herring Alosa chrysochloris 

Shad spp. Dorosomo spp. 
Gizzard shad Dorosoma cepedianum 10 13 2 3 
Threadfin $had Oorosoma petenense 
Goldeye Hjodon alosoides 

Mooneve Hiodon tergisus 

Gran pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Arlstichthys nobllis 

Silver carp Hypophthalmichthys molit<ix 

Goldfish Carassius auratus 
Carp Cyprlnus carpio 2 2 
Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus c:rvsoleucas 3 3 
Creek chub Semotilus a1romaculatus 2 17 

Central stoneroller Campostoma anomalum 7 

Suckermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 
Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 8 
Redfin shiner Lythrurus umbratilus 16 
Ribbon shiner lythrurus fumeus 1 

Spotfin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinella venusta 

A.ed shiner Cyprinena lutrensls 6 
Pugnose minnow Opsopoeodus emilfae I 
Fathead minnow Pimephales promel.-i 0 
Bluntnose minnow Pimephafes notatus 2 1 3 
Bullhead minnow Pimephates vfgilax: 1 

Emerald shiner Notropis atherinoides 
River shiner Notropis blennius 
Sand shiner Notropis ludibundus 

Mimic shiner Notropls volucelrus 
Channel shiner Notropls wlcklim 21 
Bigmouth buffalo lctiobus cyprinellus 1 1 4 

Smallmouth buff•lo lctiobus bubalus 4 
Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 
Qulllback Carpiodes cyp,inus 

River carpsucke, Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 
White sucker Catostomus commersonJ 2 22 

Spotted sucker Miflytrema melanops 2 s 4 
Creek chubsucker Erimyzon obfongus 1 14 
River redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 
Golden redhorse Moxostoma erythrurum I 
Channel catfiih lt:talurus punc:tatus 1 
Blue catfish lttalurus furcatus 
Yellow bullhead Amelurus natalls 1 
Black bullhead Ameiu,us melas 
Brown bullhead Ameiurus neburosus 

flathead catfish PyJodi<.tis oliv,11ris 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 1 

freckled madtom Noturus nocturnus 
Pirate perch Aph,edoderus sayanus 3 2 1 

Blackstripe topminnow Fundulus notatus 2 s 16 

Blackspotted topminnow fundulus olivaceus 1 2 7 2 
Mosquttofish Gambusla affinis 2 
Brook silverslde Ubidesthes si,c:uh,1s 1 

Inland silversides Menidia berylfina 
Mississippi silversides Menidia beryllina 

Striped bass Morofle sa.xatilis 0 
White bass Marone chrysops 
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R02384

Waler body Cedar Creek Cedar Creek Ceda, Creek Cedar Creek C•ve Cteek 

r- Date 199SJUL28 2003JUL23 2003JUL22 2008JUL29 199SJUL24 
Striped bass x While bas, hybrid (Wipe,) Morone saxatilis. x M. chrysops 
Yellow bass Morone mississippiensis 
Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 3 
Blac.knose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 

La,gemouth ban Micropterus salmoides 2 2 2 7 
Spotted bass Mlcropterus punctulatus 
Warmouth lepomls gulosus 2 
Green sunfish Lepomis cyanellus 3 l II 8 
Green sunfish JC Warmoulh hybrid Lepomis cyanellus x l. gulosus 
Bluegill• Gteen sunfish hybrid Lepomis macrochirus x l. cyanellus 
Longear sunfish x Green sunfish hybrid Lepomis megalotis x l. cyaneHus I 
Bluegill Lepomis macrochirus 1 s 8 35 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L. mic,olophus 

Longear sunfish x Bluegill hybrid lepomis megatotis x L maicrochirns 2 
Redear sunfish lepomis microlophus 6 
Longear sunfish Lepomls megalotis 2 13 13 21 I 
Orangespotted sunfish Lepomis humllls 13 
Unidentified Sunfish hybrid Unidentified Ce:ntrarchidae: hybrid I 
Walleye Stizosledion vitreum 
Sauger Stizostedion canadense 

81ackside darter Percina maculata 

Dusky darte-r Percina sciera 

River darter Putlna shumardl 

Logperch Perclna caprodes 
Johnny darter Etheostoma nlgrum I 2 3 
Blvntnose darter Etheosloma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 
Spottail darter Etheostdma squamiceps 

Slough darter Etheostoma craclle I 3 
Freshwater drum Aplodinolus gtunnlens 4 4 

.,~ 10 lOJS 



R02385

Water body Cave Creek Kinkaid Creek Beaucoup Creell: 8eaucoup Creek Beaucoup Creek 

Date 2008JUN09 1964JUL09 199SJUL20 1998AUG20 2000AUG16 

Station code NAC-02 NB-01 NC-03 NC-03 NC-03 

Species 15 13 16 10 20 

Non-nathte proportion 0.04 0.44 o.zz 0.17 
0 

Total fish 130 892 57 37 111 

Electrode minutes 42 30 60 70 

Seine hauls 1 

Hours set 

Paddleflsh Polyodon spathula 

Shortnose gc11 Lepisosteus pla1ostomus 
longnose gar Lepisosreus osseus 1 1 

Spotted gar lepisosleus oculaitus. 
Bowfin Amiac~rvc1 1 

Skipjack herring Alosa chrysochloris 
Shad spp. Oorosom• spp. 

Gizzard shad Oorosoma cepedianum 3 10 26 

Thre~dfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hlodon terglsus 

Grass pickerel Esox amel'lcal'\us 

Grass carp Ctenopharyngodon Idella 
Bighead carp Aristichthys nobilis 

Silver carp Hypophthiillmichthys molitrix 

Goldfjsh Carassius auratus 

Carp Cyprinus carpio 7 25 8 19 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 705 

Golden shiner Notemigonus crysoleucas l 1 

Creek chub Semotilus atroma,ulatus l 
Central stoneroller Campostoma anomalum 10 

Suckermouth minnow Phet1acobius mirabilis 

Blacknose dace Rhlnlchthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lythrurus umbratilus 13 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spitoptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinellai lutrensis 4 5 

Pugnose minnow Opsopoeodus emiliae 

hthead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales nomus 25 

Bullhead minnow Pimephales vigila,,; 1 

Emerald shiner Nottopis atherln.oides 

River shiner Notropls blennlus 

Sand shiner Notropis ludlbundus 

Mimic shiner Notropis voh..1(ellus 

Channel shiner Notropis wickUffi 

Bigmouth buffalo lttiobus cyprinetlus 1 

Smallmouth buff,lo lctiobus bubalus 3 

Slack buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 1 

River carpsucke, Carpiodes carpio 1 1 

Highfin carpsucke, Carpiodes velifer 

White sucker Catostomus comme,soni 2 
Spotted sucker Minytrema melanops 9 

Creek chubsucker Erimyton oblongus 22 

River redhorse: •r Moxostoma carinatum 

Shortheaid redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 29 

Channel catfish lctalurus punctatus 1 8 1 

Blue catfish lctah,m,.is furc:atus 
Yellow bullhead Ameiurus nat.alis 2 25 

Black bullhead Ameiurus melas 
Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 2 1 

Madtomspp. Noturusspp. 3 
Tadpole madtom Noturus gyrinus 

Freckled madtom Notu,us nocturnus 

Pirate perch Aphredoderus sayanus l 1 1 

Blackstripe topminnow Fundulus notatus 8 l 1 
Blac.kspotted topminnow Fundulus olivaceus 4 l 

Mosquitoffsh Gambusla affinls 4 
a,ook sllvustde labidesthes stcc:ulus 2 2 

Inland sllversides Menidia beryllin• 

Mtssissippi silversides Menidia beryllina 

Striped b•ss Morone saxatilis 0 
White bass Morone chr,sops 

up to 201S 35 of 94 



R02386

wa1erbody Cave Creek Kinkaid Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2008JUN09 1964JUL09 1995JUL20 1998AUG20 2000AUG16 

Striped bass• While bass hybrid iWiperl Morone sautiUs )IM. chrysops 
Yellow bass Morone mississippiensis 

filer Ct:ntl'archus macrop1eru"S. 

Sfaclc crappie Pomoxis nigromaculatus 

Slack.nose crappie Pomoxis mtgromaculaitus 

White crappie Pomoxis annularis 3 7 
Large:mot.ith bass Mictopterus salmoldes 1 2 1 2 8 
Spotted bass Micropterus punctulatus 36 
Warmouth lepomls gu!osus 1 1 
Green sunfish lepornis cyanellvs 17 26 1 
Green sunf•sh x Warmouth hybrid Lepomis cyane11us x l. gulosus 

Bluegill x Green sunfish hybrid Lepomls mauochirus x L. cyanellus 

Longear sunfish x Green sunfish hybrid lepomls megalotls x L. cyanellus. 
Bluegill Lepomis macrochirus 6 6 s l 8 
Bluegill• Redeor ,unfah hybrid tepomis macrochirus x L. mic.rolophus 

Longear sunfish• Bluegill hybrid lepomis megalotis )( L. macrochlrus 

Redear sunfish Lepomis microlophu, 

Longear sunOsh Lepomis m1galotis 17 37 s 2 10 
OrangHponed sunfish Lepomis humilis 1 3 
Unidentified SunUsh hybrid Unidentified Centrarchidae hybrid l 
Walleye Stjzostedion vitreum 

Sauger Shzostedion canadense 
Blackside darter Percina maculata 

Ousky darter Pe,clna scie,a 

River darter Percina shumardi 

logperch Perc:ina caprodes 

Johnny da.rter Etheostoma nigrum 2 
81untnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamicep-s. 

Slough darter Etheosloma sracile 
Freshwater drum Aplodinotus grunniens 2 4 

L 



R02387

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

O•t• 2003JUl15 1964JUL09 1964JUL14 1995JUL20 2000JUL24 

Station code NC-03 NC-07 NC-08 NC-09 NC-09 

Spec:ies 19 4 12 30 20 

Non-native proportion 0.16 0.11 0 .07 
0 

Total fish 79 74 197 232 204 

Electrode minutes 60 35 33.2 

Seine hauls 
HO\JrSSet 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 
Longnose gar lepfsosteus osseus 
Spottedg•r Lepisosteus oculatus 
Bowfin Amlacalva 1 

Skipjack herring Alosa chrysochlorls 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosomc1 cepedi.anum 17 1 16 20 

Threadfin shad Dorosoma petenense 7 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 
Grass pickerel EsoK americanus 6 
Grass carp Ctenopharyngodon idella 
Bighead carp Arlstlchthys nobilis 

SHvet carp Hypophthalmichthys molitri, 

Goldfish Carasslus auratus 
Carp Cyprinus carpio 13 19 14 

Non-carp mionow spp, Cyp,inidae spp. jexupl Cyprinus ca,plo) 29 110 

Golden shiner Notemigonus crysoleucas 4 

Creekthub Semotilus atromaculatus 1 

Central stoneroller Campostoma ainomafum 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichlhys atratulus 

Silver chub Macrhybopsis storert,na 

Sil~ry minnow Hybognathus nucha\is 

Redlin shiner lythrurus umbratilus 

Ribbon shiner lythrurus fumeus 

Spotfir, shiner Cyp,inella spiloptua 

Blacktail shiner Cyp,lnella venusta 
Red shiner Cyp,lnella lutrensis 1 2 

P1.1gnose minnow Opsopoeodus emlliae 1 

Fathead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 2 
0 

Bullhead minnow Pimephales vigilax 

Emer.1ld shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shine< Notropis wicklitt. 

Bigmouth burtalo lctiobus cyprinellus 3 
Smallmouth buffalo lctiobus bubalus 1 

Black buffalo lc.tiobus nlger 1 
Unidentified Carpsucker Carplodes sp. 1 
Quillbotk Carpiodes cyprintJs 1 

River carpsuckef Carpiodes carpio 

Highfin carpsucke1 Carpiodes veHfer 

White sucker Catostomus commersoni 11 1 29 

Spotted sucker Minytrema melanops 5 s 1 

Creek chubsucker Erimyzon oblongus 3 s 
Riverredhorse •r• Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redho,se Moxostoma erythrurum 

Channel catfish lc.talurus punctatus 2 2 

81ue catfish lc.talurus furcatus 

Yellow bullhead Ameiurus natal s 4 10 3 3 
Black bullhead Amelurus melas 1 

Brown bullhe,d Amelurus nebu1osus 

Flathead catfish Pvlodlctls olivarls 1 

Madtom spp. Noturus spp. 12 

Tadpole madlom Noturus gyrinus s 3 

Freckled madtom Noturus nocturnus I 
Pirate perch Aphredoderus sayanus 1 4 13 

Bladcstripe topmlnnow Fundulus nota.tus s 31 

Blackspotted topminnow Fundulus olivaceus 1 1 

Mosquitofish Gambusia affinis s 3 

Brook silverside Labldesthes slcculus 

Inland silversides Menldia beryllina 

Mississippi silversides Menldia bery1IIn• 
Striped bass Morone saxatllls 

White bass Morone chrysops 

up to 2015 37 of 94 



R02388

Water body Beaucoup Creek Beaucoup Creek Beaucoup Cteek Beaucoup Creek Beaucoup Cree1c: 

Date 2003JUL15 1964JUL09 1964JUL14 1995JUL20 2000JUL24 
Suiped bass x White bass hybrid (Wiperl Morone saxatiJis x M. chtysops 

Yellow bass Motone mlssissippiensis 

Flier Centrarchus macropteru5 

Black crappie Pomo.w;is nigromaculatus 1 
Blacknose crappie Pomoxis migromacu,atus 

White crappie Pomo>1ls annularis l 2 30 
Largemouth bass Micropterus salmoides 4 1 1 9 
Spotted bass Micropterus punctulatus 

Warmouth lepomis gulosus 2 1 6 1 
Green sunfish lepomis cyanellus 2 12 8 9 43 
Green sunfish x Watmouth hybdd lepomis cyanellus 1t L. sulosus 
Bluegilf x Green sunfish hybrtd lepomis macrochlrus x L. cyanellus 

Longear sunfrsh x Green sunfish hybrid lep0mi1, megalotis x L. ('Vanellus 

Bluegill lepomts macrochlrus 3 9 75 21 
Bluegill x Redear sunfish hybrid lepomis macrochirus,: L. microlophus 

Longear sunfish x Bluegill hybrid lepomis megalotls x l. macrochirus 

Redear sunt.sh Lepomis microlophus 1 
longear s1.mfish lepomis megalotis 17 23 7 2 1 
Orangespotted sunfish lepomis humilis 1 18 6 2 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 2 
Walleye Sttzostedion vitreum 

Sauger Stizostedlon canadense 

Blaekside darter Perdna maculala 
Dusky darter Percina sciera 

River darter Percina shumard~ 
Logperch Percina caprodes I 
Johnny darter Etheosloma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprlgene 12 
Orangethroat dartet Etheostoma spectabile 

Spottail darte, Etheostoma squamiceps 

Slough darter Etheostoma gracUe I I 
Freshwater drum Aplodinotus grunniens 7 I 

l!of 94 



R02389

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 
Date 2013JUL1S 199SSEP06 2013AUG12 1995JUL18 2003JULIS 

Station code NC-09 NC-10 NC-10 NC-11 NC-11 

Species 14 20 22 8 10 0 
Non-native proportion 0.01 0.06 0.07 0.11 
Totalfish 77 108 330 29 39 
Electrode minutes 28.25 46.09 28.53 30 60 

Seine haub 
Hours set 

Paddlefish Polyodon spathula 

Shonnose gair lepisosteus platostomus 1 1 
Longnose gar Lepisosteus osseus 

Spotted gar Leplsosteus oculatus 

Bowfin Amiacalva 
Skipjack herring Alosa chrysochloris 

Shad spp. Oorosoma spp. 
Gizzard shad Dorosoma cepedianum 4 12 5 9 
Threadfin shad Oorosoma petenenH· 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 
Grass carp Ctenopharyngodon idella 

Bighead carp Arlstlchthys nobllls 

5llver carp Hypophthalmichthys molitrix 

Goldfish Carasslus auralus 
Carp Cyprinus ca,pio 1 7 2 4 

Non-carp minnow spp. Cyprinidae spp. (e>ecept Cyprinus carpio) 

Golden shiner Notemigonus crvsoleucas 2 
Creek chub Semotilus atroma<:ulatus 

Central stoneroller campostoma anomarum 

Suckermouth minnow Phenacobius m rabilis 

8facknose daice Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognalhus nuchalis 3 
Redfin shiner Lythrurus umbratilus 1 11 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinell.a venusta 

Red shiner Cyprlnella lutrl!Mis 4 1 37 14 3 
Pugnose minnow Opsopoeodus @mlHae 

Fathead minnow Pimephailes promelas 0 
Bfuntnose minnow Pimeph.ailes not.aitus 3 10 s 
Bullhead minnow Pimeph.ailes vigila,c 10 17 

Emerald shiner Notropis atherinoides 

River shiner Notropis blenn;us 

Sand shiner Notropis ludtbundus 142 

Mtmlc shiner Notropis volucellus 
Channel shiner Notropis wlckliffi 

Bigmouth buffalo lctiobus cyprinellus 1 
Smallmouth buffalo lctiobus bubalus 2 
Black buffalo tctiobus niger 

Unidentified Carpsuckl!r Carpiodes Sp, 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsudcer Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minylrema melanops 

Creek chubsucker Erimyzon oblongus 
Rive, redhorse •p Moxostoma carinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythturum 

Channel catfish lctalurus punc:tatus 1 3 2 
Blue catfish lc.talurus furc.atus 
Yellow bullhead Amelurus natarls 5 1 2 
Black bullhead Ameiuru'S mel.ais 

Brown bullhead Ameiurus nebulosus 

Flathead catfish PyJodittis olivaris 3 1 s 
Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 12 

Freckled madtom Noturus noctu,nus s 
Pirate perch Aphredoderus sayanus 3 1 
81.aekstripe topminnow fundulus notatus s 1 1 
Blackspoued topminnow fundulus oltv.iceus I 10 7 
Mosquitofish Gambusla affinls I 4 2 
Brook silversid@ Ubidesthes sicculus 

Inland silversldes Menidia beryJlina 
Mississippi silversides Menidia beryJlina 

Striped ba,1 Morone saix,tilis 0 
Whitl bass Marone chrysops 

up to 2015 390194 



R02390

Water body Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek Beaucoup Creek 

Date 2O131Ul15 199SSEPO6 2013AUGl2 199SJUllS 2003JUL1S 
Striped bass • While bass hybrid (Wiperj Morone saxatilis x M. chrysops 
Vellowbass Marone misslsslppiensls 

Flier Centrarch'-'s mac,optervs 
Black crappie Pomoxis nigromaculatus 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxls annutarls 1 1 
larQ:emouth bass Mii;ropten.11, sc1lmoides 4 2 3 
Spolted bass Mic.roplerus punctulatus 2 
Warmouth Lepomis gulosus 1 
Green sunfish lepomis cyanellus 14 4 1 
Green sunfish x Warmouth hybrid tepomis cyanellus x L gu1osus 
Bluegill t Green sunfish hyb,,d lepomis ma(rochirus x l. eycinellus 
longear sunfish x Green sunffsh hybrid Lepomis megalotis x L. cyanellus 

Bluegill lepomis macrochirus 23 22 10 
Bluegill • Redear sunfish hybrid lepomis m.acrochlrus x l. microlophus 

Longear sunfish• Bluegill hybrid lepomis meg.1lotis x L. macrochirus 

Redear sunfish Lepomls ml<rotophus 
Longe.ar sunfish lepomis megalotis 22 46 4 
OrJngespotted sunfish lepomis humilis s 
Unidentified Sunfish hybrid Unidenlified Centnrchidae hybrid 1 
Walleye Srlzostedlon llitteurn 

Sauger Stizosredton canadense 
Blackside darter Perdna mact.1lata 1 
Dusky da,ter Perdna sdera 

River darter Percfna shumardi 

Logperch Perdna caprodes 
Johnny darter Etheostoma nigrum 10 5 
Bluntnose darter Erheosroma chlorosomum 

Mud darter Erheosroma asprigene 1 
Orangethroat darter Erhe.osroma spec1abile 

Spottail darter Ethe:.ostoma squamis;:eps 

Slough darter Etheostoma gracife 2 
Freshwater drum Aplodinotus grunniens 2 1 7 

L 



R02391

Waler body Rattlesnake Creek Rattlesnake Creek Walkers Creek Walkers Creek GalumCreek 

Dale 199SJUL18 2003JUL14 19951UL31 2013JUN24 199SJUL18 

Station cod@ NCB-01 NCB-01 NCC-01 NCC-01 NC0-03 

Species 15 20 10 12 14 
Non-native proportion 0.08 0.02 

0 
Total fish 62 129 so 148 59 

Electrode minutes 30 18.63 
Seine hauls 2 6 2 
Hours set 
Paddlefish Polyodon sp,thula 

Shortnose gar lepisosteus platostomus 
Longnose gar lepisosteus osseus 
Spotted gar lepisosteus oculatus 1 1 

Bowfin Amiacalva 
Skipjack herring Alosa chrysochloris 

Shad spp. 0orosoma spp. 
Gluardshad Dorosoma cepedianum 44 
Threadfin shad 0orosoma petenense 
Goldeye Hiodon alosoldes 1 

Mooneye Hiodon tergisus 
Grass pic.kerel Eso,c americanus 4 1 
Grass carp Ctenopharyngodon idella 

Bighead carp Aristichlhys nobilis 

Silver carp Hypophthalmichlhys molilrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio s 2 

Non-utp minnow spp. Cyprlnidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 
Creekc.hub Semotllus alromaculatus 7 16 

Centr,I stoneroller Cc1mpostom.a .anomalum 10 
Suc'kermouth minnow Phenacobius mirabilis 
Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storel'lana 

Silvery minnow Hybognalhus nuchalis 33 

Redfin shiner Lythrurus umbratilus 

Ribbon shiner lythrurus fumeus 
Spolfin shine!' Cyprinella spiloptera 
81acklall shiner Cyprinella venusta 

A.ed shiner Cyprjnella lutrensis 11 9 4 18 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pfmephates pl'omel~s 0 
Bluntnose minnow Pimephales notatus 1 1 

Bullhead minnow Pimeph.ales \llgllax 

Emerald shiner Notropis ather•nofdes 
River shiner Notropis blennius 
S.tnd sh•ner Notropis rudibundus 
Mjmic shiner Notropis volucellus 
Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 1 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus nlget 
UnldenUfied Carpsucku Carpiodes sp. 

Qulllba<k ca,piodes cyprtnus 

River carpsudcer Carpiodes carpio 
Htghfin carpsuclcer Carpiodes velirer 
White sucker Catostomus commerson1 1 18 

Spotted sucker Minytrema melanops 
Creek chubsucker Erimyzon oblongus 
River redhorse •p Mo,costorna carinalum 
Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 
Channel catfish lctalurus punctatus 2 3 
Blue catfish lc.talurus fu,catus 

Yellow bullhe•d Ameiurus natalis 3 7 
Black bullhead Amelul'us melas 
Brown bullhead Amelul'us nebulosus 

Flathead catfish Pylodlclls ollv•ris 

Madlomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 
Freckled madtom Noturus nocturnus 
Pirate perth Aphredoderus 5ayanus s s l 

Stack.stripe topminnow fundulus notatus 1 1 

Blackspotted topminnow Fundulus olivaceus 1 2 1 2 
Mosquilofish Gambusia affinis 2 7 
Brook silverside Labidesthes sfcculus 3 
Inland silversides Menldia beryllina 

Mississippi silversides Menidia beryllina 
Striped bass Mol'one sa,catHls 0 
While boss Morone chrysops 

up lo 2015 41 of 94 



R02392

Waler body Rattlesnake Creek Rattlesnake Cree1c Walkers c,eek Walkers Cteak G.alumCreek 
Date 199SJULl8 2003JUL14 199S/UL31 2013JUN24 1995JUll8 
Striped ba,s • White bass hybtid (Wiper) Morone saxatms x M. chrysops 
Yellow bass Morone mississippiensls 

flier Centrarchus macropterus 4 
Slack crappie Pomoxis nigromaculatus 8 
81acknose crappie Pomoxis migromaculatus 

White er appie Pomoxis annutarls 6 2 
Largemouth bau Mict'opterus sailmoides 1 7 12 
Sponed bass Micropterus punctulatus 
Warmouth Lepomis gulosus 

Green sunfish Lepomis cyinellus 13 8 1 I 8 
Green sunfish )( Warmouth hybrid Lepomis cyanellus x l. gulosus 
Bluegill)( Gr.e-en sunfish hybtid Lepomis macrochirus x l. cyainellus 1 
longear sunfish x Green sunfish hybrid Lepomis megalotis )( L. cyanellus 

Blueaill Lepomis macrochtrus 6 3 19 66 7 
Bluegill• Redear sunfish hybrid tepomis macrochirus x l. mlcrolophus 1 
longear sunfish • Bluegill hybrid lepomls megaT01ls it L. macrochirus. 

Redea, sunfish Lepomis microlophus 
longear sunfish Lepomis megalotis s 1 1 1 3 
Orangespotted sunfish lepomis humilis 

Unidentified Sunfish hyb,id Unidentified Centrarchidae hybrid 

Walleye Stllostedion vlll'eum 

Sauger Sttzostedion canadense 
Blackside darter Percina maculata 1 
Dusky darter Perc:ina Sciera 

River darter Percina shumardi 
Logperch Percina caprodes 

Johnny darter Elheostoma nigrum I 3 2 3 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 1 
Orangethroat darter Etheostoma spectabife 3 2 
Spottail darter Etheos.toma sqvc1micep5, 
Slough darter Etheostoma gracile 2 3 6 1 
Freshwater drum Aplodinotus grunniens 



R02393

Water body Gillum Creek Galum c,aek GalumCreek Galum Creek Pipestone Creek 

Date 199SJUl27 2003JUL14 1964JUL14 20031UUS 199SJUL12 

Station code NCO-OS NC0-05 NC0-06 NC0-07 NCOA-01 

Species 9 9 5 16 18 

Non-native proportiorii 0.08 0.23 0.02 

Total fish 129 122 276 81 352 

Electrode minutes 30 60 

Seine hauls 14 

Hours set 
Paddlefish Polyodon spalhula 

Shortnose sar Lepisosteus platostomus 

Longnose g1r L@plsosteus osseus 

Spotted gar Lepisosteus otulatus 

Bowfin Amia calva 

5kipj•ck herring Alosa c.hrysochlotir. 

Shad spp. Dorosoma spp. 

Gizza,rd shad Dorosoma cepedianum 19 6 

Threadfin shad Oorosom~ petenerue 
Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 2 

Grass carp Ctenopharyngodon idella 

Bighead carp Ariuichthys nobilis 

saver carp Hypophthalmiehthys molilrlx 

Goldfish Carauius auratus 

Carp Cyprinus carpio 10 19 6 

Non-c.arp minnow spp. Cyprinidae spp_ (except Cyprinus carpio) 206 

Golden shiner No1emigonus crysoleucas 21 

Creek chub Semo1ilus atromaculatus 

Cen1raf stone,.oHel' Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichlhys alratulus 

Silver chub Macrhybopsis sloreriana 

Silvery minnow Hybognathus nuchalis 

Redfin shiner lythl'urus umbratilus 1 

Ribbon shiner lytht0tus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venu:s.1a 

Red shiner Cyprinell11 lu1rensis 12 4 13 
Pvgnose m nnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 
Bluntnose minnow Pimepha!es notatus 2 
Bul head m nnow Pimepha es vigUax 

Emerald shiner NottopJs atherinoides 

River shiner Notrop s blennius 

Sand shtner Not,op s ludibundus 

M,mic shiner Nolrop s volucellus 

Channel shiner NotroptS wkkliffi 

Bigmoulh buffalo lctiobus cypr'lnellus 

Smallmouth buffalo lctiobu;J bubal:us 2 
Black buffalo lctiobu1 niger 

Unidentiified Carpsucker Carpiodes sp. 

QuL bad:: Carpiodes cyprinus 

R.ver carpsucker Carpiodes carpio 3 

Highfin carpsucker Carpiodes velifer 

White sucker' Catostomus commenoni 

Spotted suc.ker Mlnytrema melanops 

c,eek chubsur;:ker Er"myzon oblongus 

River redhorse ' I ' Moxostoma catinatum 

Shorthead redhorse Moxosloma m•crolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish kta urus punc:tatus 15 4 168 

B"ueutfish lcta1urus furcatus 

Yellow bu. . .chead Ameiurvs na1alis 3 l 
B,ack bu head Ameiurus melas 

Brown bullhead Ameturus nebulosus 

Flathead catfish P-f-odiclis olivaris 2 

Madlom spp. Notu,us spp. 4 

Tadpole madlom Notutus gyrinus 

Fr'@ckltd madtom Noturus noctumus 1 

Plrale perch Aph,edoderus 5ayanus 38 2 
Blacks.tripe topmim,ow Fundulus notatus 13 14 4 

Black,potted topminnow Fundutus alivaceus 2 s 
M01quitofish Gambusla affinis 13 1 10 

Brook sllvuslde labidesthes sicculus 43 

lnlarid silver'sldes Menidia beryllina 

Miss•ssippi silversides Menidia beryllina 
Str,ped bass Morone sa>eatilis 0 
White bus Marone chtysops 
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R02394

Water body GalumCreek Galum Creek Galum Creek Galum Creek Pipes1one Creek 
Date 19951Ul27 2003JUll4 1964JULl4 2003JUL1S i995JULl2 
Striped bass x White ba .. hybrid (Wiper) Morone saxatrt.:_s x M chrysops 
Ye11ow bass Morone missl1,,:t:ppiens•s 
Flier Centr.-rchus macropterus 

Black crappie Pomox s nlgromacu atus 
Blacknose crappie Pomox s mlgromatulatus 

White crappie Pomo,c s annu1-.ar s 
largemouth bass Micropterus ulmo~des 3 20 I 1 
Spotted bass Micropterus punctulatus 

Warmouth lepomls gulosus l 1 
Green sunfish Lepomis cyaner us 10 l 2 4 
Green sunfish x Warmouth hybrid LePomis cyanel us x l . gu1osus 
81uegill x Green sunfish hybrid lepomi\ macrochirns JII L cyanellus 4 
lonaear sunfish x Green sunfish hybr d lepomis mega"ot is ,c L. cyanePus 4 

Bluegill Lepomis mac:rO(hirus 39 68 7 9 34 
Bluegill x Redear sunfish hybrid lepomis macrochirus x l. microlophus 

lor'\gear sunfish x BluegiNI hybr d lepomii- mega'otil, x L macroc:h rus 1 
Redear sunfish Lepomis microlophus 

longear sunfish lepomis megalotis 18 1 12 6 3 
Oraogespotted sunfish lepomis humiles 

Unidentified Sunfsh hybrid Un~dentified Centrarchidae hybrid 3 I 
Walleye St~zot.tedion vitre\lm 

Sauger Stizostedion canadense 

BJackside darter Perdna maculata 

Dusky darter Percina sciera 

R;ver darter Percina shumard 

logperch Perdna caprodes 

Johnny darter Etheosloma nigrum 1 1 3 
81untnose darter Etheostom.a chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spec.tabi e 
Spou.aU darter Etheostoma squamiceps 

Slough darter Etheostoma grac re 28 
Freshwater drum Aplodinotus grunniens 4 

G 

L 
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R02395

Waterbodv Pipestone Creek Rocky Fork Litt'.e Galum Creek Little Galum Creek Little Gc1lum Creek 

Date 20031Ull4 2013JUN13 2013JUt31 199SJUt12 2008JUN11 

Station code NCOA-01 NCOAA-01 NCDB• NCOB-01 NCOB,01 

Species. 6 13 12 12 11 

Non-nc1tive proporti:WI 

Total fish 22 230 246 131 2S9 

Electrode minutes 26.22 30 

Setne hauls 3 9.9 7S 

Hours set 

Paddlefish Polvodon soathula I 

1Shortnose 1ar lepisosteus p,atostomus I 
1:tongnosa rar lepi101teus osseus 

•Scolted gar leplIoueus oculatus 

Bowfin Amla calva 

,SkipJad: henin~ Alosa ch,ysochloris I 

Shad >pp. Ooros:oma soo 
' 

Ginard shad OoroJoma cepedianum I 

Threadfin shad Ooro:J.oma petenenst-

~oldeve Hiodon alosoides 
M ooneye Hiodon tergisus 

Grass olokerel e,ox ameocanus 

Gran carp Ctenopharvngodon idella 

Bi1head carp Ar,stichthvs nobilis I 

Sliver carp Hypophthalmichthvs molitrix 

Goldfish Caran u, auratus 
carp Cyprinu, carpio 

Non-carp minnow' soc,. Cypr,nidae spp (except Cyprinus caroio) 

Golden shiner No1ernigonus crysoleucas 

Creek chub Semotilus atromac:ulatus 4:11 u 
Cenlral stoneroller Camaostoma anomalum 8 35 

Suckermouth minnow Phenacobius mirabilis 
8lac~nose dace Rh nichthvs atratulus I 

Silverchub Macrhybopsls storeriana 

Slivery minnow H\1><>_1nathus nuchalis 

, Redfin shiner lytttrurus umbratilus 11• 4 60 
Ribbon shlnet lvthrurus fumeus 1 

Sootfin shiner ,Cypn nel a splloptera I 

Blatkt.ail shiner Cyprfne1a venusta 

Red shirier Cypr,nel a lu1rensls I l s I J Ji 
Pugnose minnow Opsopaeodus em_lllae 

Fathead mjnnow Pimeph,les promel,c1s I I 

Bluntnose minnow ,P1mepha es notatus s 6 

Bu' head minnOiY Pimepha~es vi1:Hax 

Emerald shine, Notropis atherinoides 

RNer shiner Notrop s blennius 

Sand shiner Notrop's ludibundus 118 I 3 
Mimic shiner Notroo s volucellus 
Channel 1hiner 'Notropls wlckliffi 

Bigmouth buffalo ,lttlobus rvnrinellus 

Smallmouth buffalo ctlobus bubalus 

Black buffalo lttiobus niger 

Uni dent, fied Carp,ucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River u1rosucker arpiodes carpio I 

Highfi:n carpsucker Carpiodes ve1ifer I 

White sucker Catostomus commersoni I 1•s 
Spotted sucker Minytrema melc1riops I 

Creek chubsucker ~-r•myzon oblongus I 

River' redhofSe •T" Moxostoma carinatum 

Shorthead redhorse Moxostoma macroleoidotum 

Go!lden redhorse Moxostoma erythrurum 

Chcmnel catfish lcta u,us p~nc.tatus 

Blue catfish lctalu,us furcatus 

Yellow bul head Amelu,us natalis 1 1 
Black bullhead Ameivrus melas 

Brown bullhead Ameiurus nebulosus 

Fla I head catf, sh Pylodiclis olivaris 

Madtomspp Noturus spp. 

Tadpole madtom Nottuus gyrinus 
freckled madtom Noturus nocturnus 
Pirateoerch .ti.nhredoderus sayanus l1 1 6 
Blaekstripe topminnow Fundulus notatus 2 z ~ 

Blad:spotted topmlnnow fundu1us ollvaceus l 1S g 1 I 

Mosquitof~sh Gambusla affin~s l 

Brook silverside labidesthes sicculus 

lntand silversideti Menidia beryllina 
M,ss .sip p l silverscdes Men Id'• bervllina 

Strioed bass Morone saJ1atills \... 
Whit@bass Morone chryso,ps 



R02396

Water body Pipestone Creek Rocky Fo,k little Galum Creek Little Galum Creek Little Galum Creek 

Date 2003JUL14 2013JUN13 2013lUl31 19951Ul12 2008JUNII 
Striped ba1! • White ban hybrid (Wiper) Morone saxatilis x M. chrysops 
Yelowban Morone misslssippiensis 

flier Centrarchus macropterus 

Black crappie Pomoxis nlgromaculatus 

8lac:kno1e i::tappie Pomods migromac:ulatus 

White crappie Pomoxis annu aris 

Largemouth baH Micropterui salmoides 4 2 8 14 
Spolted bas. Micropterus punctulatus 

Wa,mouth Lepomis gulosus 1 
Green sunfish Lepomls cyanellu! 4 42 1 
Green sunfish x Warmouth hybrid Lepomis cyane11us x l. gulosus 

B'uegill x Green sunfish hybrid lepomis macrochirus x l. cyanellus 

Longear sunfish x Green sunfish hybrid Lepomis megalotis x L cyanel'us 
B ueglll lepomls macrochirus 8 2 19 5 
Bluegill x Redear sunfish hybrid Lepomis macroc.hirus x L mic.rolophus 
Longear sunfish• Bluegill hybrid Lepomls megalotis x L. macr0<hirus 
Redear sunfish lepomis microlophus 

tongear :sunfish lepomis megatotis 6 1 1 
Orange,potted sunli,h lepomis humills 
Unidentified Sunfish hybrid Unident fled Centrarchidae hybftd 

W•ll•ve St zostedion vitreum 

Sauger 5tizostedion canadense 

8 achlde darter Percina maculata 1 
Dusky darter Percina scierai 

Rrver darter Percina shumardi 

logperch Perd na caprodes 

Johnny darter Etheostoma nlgrnm 4 1 l 
8 untno, e darter E(heostomc1 thlorosomum 

Mud darter ftheostoma asprigene 
Orangethroat darter Etheos.toma spectablle 

Spottc1it darter Etheostoma squamiceps 7 
Slough darter Etheostoma gracile l 

Fre:.hwater drum Aplod notus g1unniens 



R02397

Water body l~Ule G,11lum Creek Bonoie Creek 8011nie Creek P.inther Creek Pcmther Creek 

Date 2013JUL31 199SJUL27 2013JUN13 199SJUL2S 2000JUL24 

Station c:ode NCOB-01 NCOC-01 NCDC-01 NC£-02 NC£-02 

Species 12 IS 11 25 18 
Non.native proportion 0.01 0.04 

0 
Total fish 88 145 120 248 115 
E,ectrode minutes 3S.17 S3.S 

Seine hc1uls 8.1 9.7 2 

Hours set 

Paddlefish Polyodon spathula 

Shortnose g.ar lepi1osteus platostomtJ$ 

Longnose gar lepisosteus osseus 

Spotted gar lepisosteus oculatus 

eowfin Amiacolva I 
Sklpjack herring Alosa chrvsochloris 
Shad spp. Oo,osoma spp. 

Gizza1d shad Oorosoma cepedianum s 2 
Threadfin shad Oorosoma petenense 

Goldeye Hlodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Es.ox amerJc.anus 6 I 
Grass carp Ctenopharyngodon Idella 

Bighead carp Aristichthys nobUis 

Sllvercarp Hypophth.-lmic;:hthys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 2 5 

Non-carp minnow spp. Cyprinidae spp. (e.cepl Cyprinus carpio) 

Golden shiner Notemfgonus·crysoleuus 4 
c,eekc:hub Semotilus atromaculatus 16 8 
Central stoneroller Campostoma anoma1um 4 

Suckermouth minnow Phenacobl\JS mitabllls 1 l 
Blacknose dace Rhinichthys atratulus 

Silver chub Macthybopsls sto,erlana 

Slivery minnow Hybognathus n1,1chalis I 
Redfin shiner lythrurtJS umbrat\lus 7 3 4 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blad:tail shiner Cyprinella venusta 

Redshlr\1!r Cyprinella lutrensis 2 17 30 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus 10 3 I 11 

Bullhead minnow Pimephafes vigilax 

Emerald shiner Nolropls atherinoide:s. 

Rtver shiner Nouopis blennlus 

Sand shiner Notropls ludibundus 8 2 
Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 
Bigmouth buffalo lctiobus cyprinellus l 
Smallmoulh buffalo lcliobus bubalus 

Black buffalo lc.tiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Catpiodu carpio 

Highfin carpsucket Ca,piodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema melanops I 
Creek chubs.ucku Erimyzon obfongus I 
River redhorse •r• Moxostom.a carin.atum 

Shorthead redhorse Moxostoma macrotepidotum 

Golden redhorse Moxostoma erythrurum 
Channel catf;sh lctalurus punctatus 6 7 

Blue catfish lctalun,1s furcatus 

Yellow bullhead Ameiurus natalis 3 1 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 
flathead catfish Pylodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 

freckled madtom Noturus noctumus 

Pirate perch Aphredoderus sayanus 3 2 3 
81ackstripe topminnow Fundulus notatus 5 I 4 6 10 

81ackspotted topminnow f1,1ndulus olivaceus 14 2 10 6 I 
Mosquitofish Gambus;a affinis 7 

8rook silverside labidesthes sicculus 1 3 4 
Inland silversides Menidia beryllina 

Mississippi silversides Menidia beryllina 

Striped bass Morone sautilis 0 
White bass Morone chrysops 
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R02398

Water body little Galum Creek Bonnie Creek Bonnie Creek Panthll!r Creek Panther Creek 

Date 2013JUL31 19951Ul27 2013JUNB 19951Ul 25 2000JUL24 
Striped bass x White bass hybrid (Wipot) Morone saxatilis M M. chrysops 

Vellowbass Morone missiuippiensls 

Flier Centrarchus macropterus 

Black crappie Pomoxis nigromaculatus 3 
Blacknose crapp;e Pomoxis migromaculatus 

White crappie Pomoxis annularis 2 

Largemouth bass Micropterus salmoldes. 6 2 32 2 17 
Spott•d bass Micropterus punctulatus 

Wc1rmouth lepomis gulosus 3 
Green sunfish lepomis cyanellus 6 28 3 
Gre@n sunfish x Warmouth hyb,ld Lepom•s cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid Lepomts mac.rochirus x l. cyanellus 
Longear sunfish)( Gteen sunfish hybrid Lepornls megalotis x l. cyanellus 

Bluegill lepomis macrochirus 23 44 9S 41 
Bluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

longear sunfish x Bluegill hybrid lepomis megalotis x l. macrochirus 

Redear sunf;sh Lepomis microlophus I 
longeal' sunfish Lepomls megalotis 64 4 21 s 
Orangespotted sunfish lepomis humilis 1 
Unidentified Sunfish hybrid Unidentified Centrar<hidae- hybrid 3 
Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina matufata I 
Dusky darter Pel'clna sciel'a 

River darter Percina shumardi 

Logperch Percina caprodes 3 
Johnny darter Etheostoma nigrum 8 3 24 4 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 4 

Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma grae:lle 1 I 
Fre-shwater drum Aplodinotus grunniens 4 

L 
up tol01~ 



R02399

Water body White Walnut Cree ttle 8eau,oup C1'e1 ttle Seaucoup Cre1 Swanwick Creek S.wanwiclc Creek 

Date 2013JUL22 199SAUG01 2008JUL08 1995JUL20 2008lUN11 

Station code NCH-01 NCl-01 NCl-01 NCK-01 NCK-02 

Species 13 13 12 17 15 
Non-native proportion 0.14 

0 
Total fish 219 104 55 130 73 

Elec.trode minutes 20.1 25.17 24.5 35 23.4 

Seine hauls 60 

Hours set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platoslomus 

longnose gar Lapisosteus osseus 

Spotted gar Lepisosteus oculatus 

Bowlin Amlacalva 
Skipjack herring A1osa chrysochlori$ 

Shad spp. Oorosoma spp. 

Giuard shad Dorosoma cepedianum 2 27 

Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 

Moorieye Hlodon tergisus 

Grass pickerel Esox americanus 6 1 1 1 

Grass carp Ctenopharyngadon idella 

Bighead carp Ariscichthys nobills 

Sitve, carp Hyl)Ophthalmichthys molltrl• 

Goldfish Carassius auratus 
Carp Cyprinus carplo 18 

Nor\-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio} 

Golden shiner Notemigonus crysoleuus 3 14 1 

Creek chub Semottlus aitromaculatus 

CentTail stoneroller Campostoma anomalum 

Suckermouth minnow PhenacobltJs mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

SHvery minnow Hybognalhus nuchalls 

Redfin shiner lythru,us umbratilus 2 7 1 

Ribbon shiner Lythrurus fumeus 

Spot/in shiner Cyprinella spiloptera 

Slacktall shiner Cyprinella venusta 

Red shinu Cyprinella h.1trensis 

Pugnose m;nnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus l 1 

BuUhitad minnow Pimephales v;gilax 

Emerald shiner Nottopis atherfnoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo l<:tiobus typtlnellus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsuc1cer Carpiodes velifer 

While sucker Catos.tomus commenoni 6 

Spatted sucker Minytrema melanops 1 

Cree1c chubsucker E,lmyzon oblongus 12 3 4 

River redhorse 'T' Moxostoma carinatum 

Shorthead redhorse Moxostoma murolepidotum 

Golden redhorse MOJC0Uoma erythrurum 

Channel catfish h;:talutus puni:1atus 2 

Blue catfish lctalurus furi:atus 

Yellow bullhead Ameiurus nataUs 4 6 1 

Black bullhead Amefurns melas 3 

Bf'own bullhead Amefurus nebulosus 

flathead catfish Pvlodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Notu,us gyrinus 

Freckled madtom Noturus noctu,nus 

Pirate perch Aphredoderus sayanus 3 18 5 l 2 

Blackstripe topminoow Fundulus rtotatus 18 4 3 7 

Blackspotted topminnow Fundulus ollvai:eus 10 8 4 
Mosquitofish Gambusla affinls 17 1 4 
Brook sllvenide labidesthes sicculus 

Inland sllvetsides Menidla beryflina 

Mississippi silversides Menidia beryllina 

Striped bass Morone saxatilis 0 
White bass Morone chrysops 
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R02400

Water body White Walnut Cree tlle Beaucoup Cre, tUe Se.1ucoup CreE Swanwick Creek Swanwick c,eek 
Date 2013JUL22 !99SAUG01 2008JUl08 199SJUL20 2008JUN11 

Striped bass• White bass hybrid (Wiper) Morone saxatilis x M. chrysops 
Yelrowbass Morone miuinippiensis 

Flier Centrarchus rnaicropterus 

Black crappie Pomoxis nigromaculatus 
Blacknose crappie Pomoxis mlg1omaculatus 

White crappie Pomoxls annularis s 1 
largemouth bass Mitropterus salmoides 16 4 1 1 

Spotted bass Micropterus punctulatus 

Warmouth lepomis gulosus 2 
Green sunfish Lepomis cyanellus 40 19 3 2 18 
Green sunfish x Warmoulh hybrid Lepomis cvanellus x L. gulosus 
Blueg/11 x Green sunfish hybrid Lepomis macrochirus x l. cyanellus 

Longear sunfish x Green sunfish hybrid lepomis megalotis x L. cvanellus 
Bluegill Lepomis macrochirus 73 20 9 36 30 
Bluegill • Redear sunfish hybrid lepomis macrochirus ,c L. mkrolophus 

Longear sunfish x Bluegill hyb,id lepomls megalotl:s. x L. macrochirus 

Redear sunfish Lepomis microlophus 2 2 

Longear sunfish Lepomis megalotis 27 6 l lS 3 
Or.ansespotted sur,fis,h lepomis humms I 1 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stlzonedion vitreum 

Sauger Stlzo:s.tedion ca11adense 

81ackslde darte, Percina macu,ata 1 
Dusky dafter Perci11a sclen1 
River darter Percina shumardt 

Logperch Percina caprodes 

Johnny darter Etheostoma nigrum s 
Bluntnose da,ter Etheostoma ..:hlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat d;nter Etheostoma spectabile 

Spottall darter Etheostoma squamiceps 

Slough darter Etheostoma gradle 1 I 
Freshwater drum Aplodinotus grunniens 

L 
u ~ 101015 



R02401

wa,orbody Locust Creek Locust Creek Locust Creek Glenn Creek rab Orchard Cree 

Date 1995/Ul20 2000JUlll 2013JUL15 2013JUN24 1995/UllS 

Station code NCN-02 NCN-02 NCN-02 NCS-01 ND-01 

Species 22 19 12 18 18 

Non-native proportion 0.01 0.02 0.06 0.12 
0 

Total fish 166 142 251 383 82 
Electrode minutes 30 35.7 35.03 30 

Seine hauls 7.26 
Hours set 
Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 5 l 

Loncnose gar Lepisosteus osseus 
SpoUedgar Lepisosteus oculatus 

Bowfin Amlac:alva 2 

Skipjack herring Alosa chrvsochlorls 

Shad spp. Oorosoma spp 

Gizzard shad Oorosoma cepedi.anum 12 7 16 32 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus l l 

Grass carp Ctenopharyngodon idella 
Bithead carp Arlstichthys nobllis 

SUver carp Hypophthalmichlhys molitrix 

Goldfish carassius auratus 
Carp Cyprinus carpio 1 4 22 10 

Non-carp rninnow Spp. Cyprinidae Spp. {ex,ept Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 10 

Cree~ chub Semotilus atromaculatus 

Central stonerofler Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilts 

Blacknose dace Rhinichthys atratulus 

Sllverchub Macrhybopsis storerian,3 

SilWn;' minnow Hybognalhus nuchalis s 
Redfin shine, lythrurus umbratilus 2 l 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyptinella spilopteta 

Blacktail shiner CyprineHa venusta 

Red shiner Cyprinella lutrensls l s 
Pugnose minnow Opsopoeodus emlllae 

Fathead minnow Pimephales promefas 

Sluntnose minnow Pimephales notatus 16 

Sullhead minnow Pimephales vigi1,3;x: 

Eme,ald shiner Notropis atherinoides 

Rivet shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shine, No1rop,s volucellus l 

Channel shiner Notropls wlckllffi 

Bigmouth buffalo lctlobus cyprlnellus 93 
Smallrnouth buffalo lctiobus bubalus 17 s 
Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback C.arpiodes eyprinus 

River ca,psucker Clrpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersor,i 1 6 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 2 2 
Rivu redhorse •r• Mo,costoma carinalum 

Shorthead redhone Mo,costoma macroleptdotum 

Golden redhorse Moicostoma erythrurum 

Channel catfish lctalurus punctatus 1 

Blue catfish lctalurus fll,catus 

Yellow bullhead Amelurus nat.alls 9 11 4 
Black bullhead Ameiurus melas l 

Brown bullhead Ameiurus nebulosus 

flathead catfish Pyrodictts olivaris I 
Madtomspp. Noturus spp. 

Tadpole madtom Nolurus gyrinus 6 6 3 
Freckled madtom Noturus nocturnus 

Pitate ptrch Aphredoderus sayanus 9 s 3 1 

Blad:stripe topmfnnow fundulus notatus 8 2 14 14 1 
Blackspotted lopmlnnow Fundulus ollvaceus 3 6 6 3 

Mosquirofish Gambusla a/finis 77 1 
Brook silvenide Labidesthes sicculus 

Inland iiJver sides Menidia be,ylllna 

Mississippi silvers ides Menidia be,yllina 

Striped bass Morone saxatllis 0 
White bass Marone chrysops 

up to 2015 51 of 94 



R02402

Water bod',' Locust Creek Locust Creek Locust Creek Glenn Creek !Crab Orchard Cree 

r Cate 199SJUL20 2000JUL11 2013JUL15 2013JUN24 1995JUL18 

Striped bass • White bass hybrid (Wiper) Marone saxatilis x M. chrysops 

Yellow bass Morone mlsslsslppiensls 1 1 
Flier Centrarchus macropterus 25 
Blatk crappie Pomoxis nig,omaculatus 2 1 
Bladmose crappie Pomo>eis migromaculatus s 
White crappie Pomo•is annula,is 5 1 10 

Largemouth bass Mic.ropterus salmofdes 2 12 1 43 1 
Spotted b_.ss Micropterus punctulatus 
Warmoulh Lepomis gulosus 3 
Green sunfish lepomis cyanellus 16 1 16 1 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gutosus 

Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cvanellus 

tongear sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 
Bluegill lepomis macrochirus 36 43 163 38 4 
Bluegill x Rede•• sunfish hybrid lepomis macrochirus x L. microlophus 

longear sunfish• 81uegill hybrid lepomis megalotls ,c l. macrochlrus 

Redear sunfish lepomis mic:rotophu5 

longear sunfish lepomis megalotis 27 27 17 1 
Orangespotted sunfish lepomis humms 3 3 
Unide:ntified Sunfish hybrid Unidentified Cent,ar<hidae hybrid 3 6 
Walleye SUzostedion vitreum 

Sauger Sti2ostedion canaden:te 

81ackside darter Perclna mac:ulala 

Ous~y darter Perclna 5c:iera 

River darter Perciria 5humardi 

Logperch Percina caprodes 1 
Johnny diJrter Etheostoma nigrum 1 2 5 
81untnose darter Etheostoma chlorosomum 

Mud darter Erheostoma asprigene 1 
Orangethroat darter Elheostoma spectabile 

Spottail darter Ethe:os1oma squamiceps 

Slough darter Etheostoma gracile 1 1 
Freshwater drum Aplodinotus grunniens 

Sl<>I !M 



R02403

Water body ,ab Orchard Cru Crab Q,chard Cree rab Or'chatd CP'ee !'ab Orchard Ctee ICr•b Orchard Cree 

Date 2003JUll6 2008SEP02 2003JUl23 2008JUl07 1995JUll4 
Station code N0-01 ND-01 N0-04 N0-04 N0-08 
Species 27 29 17 13 11 0 
Non-native proportion 0.08 0 .05 0.07 0.07 
Total fish 270 285 183 99 72 
Electrode minutes. 60 53 60 26.1 21 
Seine hauls 3 

Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 9 

Longnose g.air lepisosteus osseus 
Spotted gar Leplsosteus oculatus 

Bowlin Amlacalva 4 1 1 
Skipjack herring Alosa chrysochlorls 

Shad spp. Oorosoma spp. 
Ginard shad Oo,.osomai cepedlanum so 88 30 6 2 

Threadfin shad Dorosoma petenense 
Goldeye Hlodon alosoides 

Mooneve Hiodon tergisus 

Grass pickerel Esox americanus 8 2 2 
Grass carp C1enopharyngodon idella 

Bighead carp Aristichthys nobilis 2 
Silver carp Hypophlhalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 22 12 12 7 

Non-catp minnow spp. Cypl'inldae spp (exi:ept Cyprinus c.arpio) 

Golden shiner Notemlgonus crysoleucas 

Creek chub Semotilus attomaculatus 

Central stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blackn~e dace Rhinichthvs atntulus 
Silverchub Maicrhybopsis storeriana 

Silvery minnow Hybogna1hus nuchatis 85 
Redlin shiner lythrurus umbratilus 

Ribbon shiner Lythr-urus fumeus 4 
Spotfin shinet Cypl'inetla spilopteta 

Blacktail shiner Cyprinella venus1a 

Red shiner Cyprinella lutrensis 2 2 
Pugnose minnow Opsopoeodus emlliae 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus 2 2 
Bullhead minnow Pimephales vi9ilax 3 5 

Emerald shiner Notropis atherinoides 6 
River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropis volucellus 

Channel shiner Notropis wicklift. 14 
Bigmouth buffalo lctiobus cyprinellus 3 1 
Smallmouth buffalo lctiobus bubalus 7 13 
Black buffalo ,c1iobus nlger 1 3 

Unidentified Carpsucker Catplodes sp. 

Quillback C.atpiodes cypri'nu-s 1 
River carpsuc1cer Carpiodes carpio 

Hlghfin c.irpsucker Carpiodes velifer 

White sucker Catostomus commersoni 3 
Spotted sucker Mtnytrema metanops 2 

Creek chubsucker Erimyzon oblongus 

River red horse • f' Mo,cos.toma carinatum 

Shorthead redhorse Mo,cos.toma macrolepidotum 

Golden redhorse Moicos.toma erythrurum 2 
Channel catfish lcta1urus punctatus 1 I 5 
Blue catfish lctalurus furcatus 

Yellow bullh••d Ameiurus nalalis 7 
Black bullhead Ameiurus melas 

Brown bullhlll!:ad Ametu,us nebulosus 

flathead catfish Pylodictis olivaris 1 
Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 
Freckled madtom Noturus nocturnus 

Pirate perth Aphredoderus savanus 1 I 4 
Blackstripe topminnow Fundulus nolatus 1 4 1 1 
Blackspotted topminnow Fundulus olivaceus 1 
Mosqui1ofish Gambusia aiffin s 20 2 
Brook silverslde labidesthes sicculus 4 1 
Inland silversldes Menidia btl'yllin.a 

Mj-ssisslppl sllversides Menidia beryllina 

Striped bass Marone s.axatilis 0 
White bass Morone chrysops 3 

up to 2015 53 of 94 



R02404

Water body rab Orchasd Creel Crab Orchard Cree rab Orchard Creel Crab Orchard Creel rab Orchard Creel 
Date 2003JULl6 2008SEP02 2003JULB 2008JUL07 199SJUll4 
Striped bass x White bass hybrid (Wiperl Morone saxatitis x M. chrysops 
Yellow bass Morone mississippiensis 2 
Flier Centrarchus maetopterus 
81.ick crappie Pomoxis nigromaculatus 12 3 2 
Blacknose c.rappie PomoKis migromacu1atus 
White crappie Pomo,cJs annularis 1 4 

largemouth bass Mic:,opte,us ulmoides 6 6 10 3 
Spotted bass Mic,opterus punctulatus 
Warmouth Lepomis gulosus 1 13 3 
Gueniunfish Lepomis eyanellus 4 1 4 7 44 

Green sunfish x Warmouth hybrid lepomis cyanellus x L gulosus 
Bluegill x Green sunfish hybrid lepomis mauochiws :11: l. cyanellus 
longear sunfish x Green sunfish hybrid lepomis megalotis )( l. c.yanellus 
Bluegill lepomis mc1croch•rus 6 H 31 22 4 
Bluegill x Redear sunfish hybrid lepomis macrochirus x L microlophus 
Longear sunfish x Bluegill hybrid lepomis megalotis ,c L. macrochirus 

Redear sunfish lepomis microlophus 1 
Longear sunfish Lepomls megalotis 9 44 34 34 2 
Orangespotted sunfish Lepomis humilis 3 12 3 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 
Walleye Stizostedion vilreum 2 
Sauger Stizostedion canadense 
Black5.ide darter Percina maculata 1 
Dusky darter Percina sciera 
River darter Percina shumardi 

Logperch Percina caprodes 4 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 1 
Orang:ethroat darter Etheostoma spectabile 

Spott•il darter Etheostoma squamlceps 
Slough darter Etheostoma gracile 2 
freshwate, dl'um Aplodinotus gr1,,1nniens 24 7 17 6 

L 
upto201S 



R02405

Water body rab Orchard Cree Crab Orchard Cree rab Orchard Cree little Crab Orchard Piles Fork 

Dale 20DOIUL26 199SAUG04 20D0JUL26 199SIUL07 199S1Ul10 

Station code N0-08 ND-14 N0-14 NOA-01 NOB-03 

Species 7 16 15 23 12 

Non•native proportion 0.04 0.02 0.17 0 .14 
0 

Totalfish 61 95 ss 117 so 
Electrode minutes 25.62 30 3S.S 23.S 23.16 

Seine hauls 

Hours set 
Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 

Longnose gar Lepisosteus osseus 

Spotted gar Leplsosteus oculatus 

Bowfin Amlacalva 

Sklpjack herring A1osa chtysochroris 

Shad >PP, Oorosoma spp. 

Gizzard shad Dorosoma cepedianum 39 17 4 1 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon a1osoides 
Mooneye Hiodon tergjsus 

Grass pickerel Esox americanus 1 4 

Grass carp Ctenopharyngodon Idella 

Bighead carp Aristlchthys nobilis 

Sllvetca,p Hypophthalmichthys molitrix 

Goldfish Ca!'asslus auratus 
Carp Cyprlnus carpio 4 1 19 7 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crvsoleui:as 1 

Creek chub Semotitus atromaculatus 14 

Central stoneroller Campostoma anomalum 3 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow Hybognathus nuchalis 

Redlin shiner Lythrurus umbratilus s 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensls 

Pugnose m•nnow Opsopoeodus emlllae 

Fathead minnow Ptmephales promelas 1 0 
Bluntnose minnow Pimephales notatus 4 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Not,opis blennius 

Sand shiner Notropis ludibund us 

Mtrnic shiner Notropls volucellus 

Channel shiner Nolropls wtckliffi 

Bigmouth buffalo lctiobus cyprineflus s 
Smallmouth buffalo lctiobus bubaJus 4 2 

Black buffalo ktiobus niger 4 

Unidentmed Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carp suclcer Carpiodes veliter 

White sucker Catostomus commersoni 3 

Spotted sucker Minytrema melanops 

Creek chubsucker Etlmyzon oblongus s 1 

River redhorse • r• M oxostoma carinatum 

Shonhead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma etythrurum 

Channel catfish lctalurus puni:tatus 2 l 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiuru-s. natalls 6 5 1 

Black bullhead Ameiurus melas 5 1 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 4 2 

Fr1ekled madtom Noturus noc.turnus 

Pirate per ch Aphredoderus sayanus 1 1 9 

Blackstripe topminnow Fundulus notatus 1 3 2 

Blackspotled topminnow Fundulus olivaceus 3 4 

Mosqultofish Gambusla afflnis 1 2 

Brook silverside Labidesthes sicculus 

Inland silve l'sides Menid4a beryllina 

Mississippi silversldes M enidia beryllina 

Striped bass Morone san tilis 0 
White bass Morone chrysops 

up to 2015 SS of 94 



R02406

Wate,body rab Orcha,d Cree Crab Orchard Cree rob Orchard Creel little Crab Orchard Pires fork 
Dale 2000/UL26 1995AUG04 2000/Ul26 199SIULO7 19951UUO 

Striped bass x White bass hybrid (Wiper) Morone saxatilts x M. chrysops 
Yellow bass Morone mississippiensis 1 
Flier Centrarchus macroptetus l 1 I 2 
Black crappie Pomoxis nigromaculatus 1 
Blacknose crappie Pomoxis mi1romaculatus 
While crappie Pomoxis annularis 
Lar2emouth bas.s Micropterus s.almoides l 2 I 6 

Spotted bass Mkropterus punctulatus 

Warmouth Lepomis gulosus 2 

Green sunfish lepomis cyanellus 13 38 16 7 

Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 
Bluegill• Groen sunfish hybrid lepomis macrochirus ,c L. cyanellus 
Longear sunfish x Green sunfish hyb,id Lepomls megalotis x l. cyanellus 

Bluegill Lepomis macrochirus 3 10 II 8 3 
Bluegill• Redeor sunfish hybrid lepomis macrochirus -. L. microlophus 

Longear sunfish x Bluegill hybrid lepomis mee:alotis x L macrochirus 
Redear sunfish Lepomis microlophus 

longear sunfish Lepomls megalotis 3 4 l 3 19 
Orangespotted sunfish lepomls hum!lis 

Unidentified Sunfish hybrid Unidentified Centnu(hidae hybrid 2 
Walleye Stizostedion vitreum 

Sauger Stizosted;on canadense 
81adside darter Percina maculata 
Ous1cydaner Percina sc.iera 

River darter Percina shumardi 

losperch Percina caprodes 1 

Johnny darter Etheo,tom, nign,1m 

8luntnose darter Etheostoma chlorosomum 1 
Muddaner £theostoma asprigene 

Orangethroat darter Etheostoma spectabile 
Spollail darter Etheostoma squamiceps 

Slough darter tcheostoma gracile 10 
Freshwater drum Aplodinotus grunniens 1 I 

e 

L-



R02407

Water body PUes Fork Glade Creek Drury Creek Drury Creek Drury Creek 

Date 2013JUN10 2013MAY29 1964JUL10 2000JUL25 1995AUG03 

Station code N06-0S NOBA-01 NDC-01 NDC-01 NDC-02 

Species 12 9 6 21 24 0 
Non-native proportion 

Total fish 116 865 1055 149 377 

Electrode minutes 20.92 24.4 30 

Seine hauls 8.1 
Hours set 

Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 2 
Longr\os@ gar lepisosteus osseus 

Spotted gar Lepisosteus oculatus 1 
Bowfin Amlacalva 1 
Skipjac:k herring Alosa th,ysothlol'lS 

Shad spp. Oorosoma spp. 
Ginard shad Oorosoma cepedianum 2 3 5 

Threadfin shod Oorosoma petenense 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel EsoM americanus 1 1 1 

Grass carp Ctenopharyngodon idella 
Bighead cup Aristlchthys nobilis 

SUwrcarp Hypophthalmlchthys molitrix 

Goldfish Carasslus au,atus 

Carp Cyprlnus carpio 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 904 

Golden shiner Noternigoous cry;oleuos 
Creek chub Semotilus atromaculatus 

Central stoneroller Campostoma anomaPum 6 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silverchub Macrhybopsis storeriana 

Slivery minnow Hybognathus nuchalis 26 201 

Redfin shiner Lythturus umbratUus 2 4 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

81acktail shiner CyprineHa venusta 

Red shiner Cyprinella lutrensls 31 24 
Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephafes promefas 

Bluntnose minnow Pimephales notatus s 5 s 
Bullhead minnow Pimephales vigilax 1 

Emerald shiner Notropls atherinoides 

River shinet Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropls volucellus 

Channel shiner Not,opls wlckliffi 

Bigmouth buffalo lctiobus cyprlnellus 

Smallmouth buffalo lctiobus bub.lus 

Block buffalo lctiobus niger 

Unidenhfied Carpsud:er Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes veltfer 

White sucker C.atostomus commersoni 

Spotted sucker Minytrema melanops I 1 

Cteek chubsucker Erimyzon ob!ongus 

Rive r redhorse •p Moxostoma carinalum 

Short.head redhorse Moxostoma macrotepidotum 

Golden redhorse Moxostoma erythrutum 

Channel catfish lctalurus punctatus 2 
Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 43 4 6 
Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebu1osus 

flathead catfish Pylodictis olivaris 

Madtom spp. Noturus spp. 11 

Tadpole madtom Noturus gyrinus 

freckled madtom Notu,us nocturnus 

Pirate perch Aphredoderus sayanus 1 6 17 3 2 
Blackstripe topminnow fundulus notatus 158 2 1 

Blackspotted topmlnnow Fundulus olivaceus 25 1 

Mosquitofish Gambusta afflnis 7 507 13 

Brook silverside Labidesthes sicculus 4 
lniand silversides Menidia berylUna 

Mississippi si!versides M enidia berylltna 

Striped bass Morone saxattlis 0 
White bass Moronechrysops 

up to 2015 57 0194 



R02408

Water body Piles Fork Glade Cre•k DfUl'Y Creek Drury Creek Oru,v Creek 

Oate 2013JUNIO 2013MAY29 1964JUL10 2000IUl25 199SAUG0 3 

Striped bass x While bass hybrid (Wiper) Marone saxatills x M. chrysops 

Yellow bass Motone mississippiensl'S 

Flier Centrarchus macroptesus I 
Black crappie Pomoxis nigromaculatus 
Blacknose crappie Pomoxis mtgromaculatus 
Whae crappie Pomoxis annulatls 

lar1temouth bass Micropterus sai1moides 2 7 6 
Spotted ba,s Microplerus punctulatus 4 
Warmouth lepomis gulosus 1 4 
Green sunfish lepomis cyanellus 10 22 so 22 25 
Gt'een sunfish x Warmouth hybtid lepomls tyanellus II L. gulosu,-
Bluegill, Green sunfish hybrid lepomls macrochirus x L. cyanellus 
Longear sunfish IC Green sunfish hybrid Lepomis megalotis x L cvaneHus 
Bluegill lepomis mact"Ochirus 16 141 10 25 

Bluegill• Redear sunfish hybrid lepomis macrochirus ,c L mlc,olophus 

Longear sunfish , Bluegill hybrid lepomis megalotts Kl ma(rO(hi,us 

Redear sunfish lepomis mlcro!ophus 1 

Lon.gear $unfish lepomis megafobs 4S 6 28 20 21 

Orangespotted sunfish Lepomis humilis 22 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid I 

Walleye Stizostedlon vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata I 1 2 
Dusky darter Percina sciera 

River darter Percina shumardi 

Losperch Percina caprodes 2 
Johnny darter Etheostoma nigrum I 2 10 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheos.toma spectabile 2 s 
SpoUail darter Etheostoma squamiceps 

Slough da<ter Etheostoma gracile 

Freshwater drum Aplodinotus grunniens 

"lll.02015 



R02409

Water body Drury Creek Drury Creek Drury Creek Sycamore Creek I Svtamore Creek 

Date 2003JUL22 2013JUNIO 2008JUN16 2008JUN05 2013JUNIO 

,Station code NOC-02 NDC-02 NDC-99 NDCA-01 NOCA-02 

1Spe-cles 17 19 18 10 8 
Non-native orooortion 0.04 

0 
Totalfosh 70 365 171 I 46 I 51 

Ele<:trode minutes 29.33 28.33 35 19.2 15.22 

Seine hau1s I I 

Hours set 

Paddlefish Polyodon spathul• I 

1Shortnose gar Leplsosteus platoSIOOIU$ J 2 
lon1Rnose gar Leplsosteus osseu~ 

Spotted gar lepisosteus oc:ul<1t\H. 

Bowlin ~miacalva I 
'Sklpjack herring ~tosa chrvsochloris 

Shad soo. Oorosoma s~. 
Giuardshad 'Dorosoma cepedianum l 6 
Threadfin sh.id Dorosoma oetenense 
'Goldeye 'Hiodon alosoides 
Mooneye Hlodon tergisus 

Grass oickerel fsox ame,lcanus I I 
'Grass carp Ctenopharyn1odon Idella ' 

Bighead caro Aristichthv-s nobills 

,Silver carp Hypophthalmichthys molitrlx 

Goldfish ca,asstus auratus 

Carp Cyprinus carpio 1 
Non•carp minn_ow_ ~oo. Cypr_i_n_idae sc,o. leKceot Cyprinus carpio) I 

Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromaculatus 6 9 

Central stone-roller Campostoma anomalum 7 6 10 18 

Suckermovth minnow Phenacoblus mlrabilis 

Blac1cnose dace Rhlnichthys atratulus 

Silver chub Macrhybopsis store1iana 

Silverv minnow Hybognathus nuchalls 4 

Redfin shiner lythrurus umbratilus I ,t 

Ribbon shiner lythrurus tumeus I j 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cypdnella venusta 

Red shiner Cyprinella lutrellSiS u 1• 8 lo Pug~ose minnow Oosopoeodus emiliaie 

FaIhead minnow Pimephales promelas 

Bluntnose minnow Pimeohales notatus S<5 I g I 

Bullhead minnow Pimephales vigila>1 6 
Emerald shirier Nottopls aIherinoldes I 

River shiner Notropis blenntus 

Sand shiner Notrools ludibundus UI 
Mimic shiner Notropis volucellus I 
Channel shiner Notropis wi(klitfi 2 
Bigmouth buffalo IC:tiobus cyprinelfus I ! 

Smallmouth buffalo lctiobus bubalus I I 
Black buffalo lctiobus nii'er I 

Unidentified Carpsucker Carpiodes sp. I I 
Qulllback Caroiodes cyprinu-5 I i 
River i::.a,psucker Carpiodt-s carp;o 

Highfin carpsucker Carpiodes velifer 

While sucker Catostomus commersoni 11 I 

Spotted sucker Minvtrema melanoos 11 
1Creek chubsucker Erimyzon oblongus l 5 
River redhorse •T' Mo>1ostoma carinatum 

Shorthead redhorse Moxostoma mauolepidolum 

Golden redhorse Moxostoma ervthrurum 

Channel catfish 1,tailurus ,:11,Inc:l.atus l I 

'Blue catfish lctalurus furc:atus 

Yellow bullhead Ameiurus natal s ] 2 

Black bullhead ~meiurus melas 
Brown bullhead Ameiurus nebufoJUli 

flathead catfish Pylodictis ol:ivaris 

,Madtom SDD. Noturus soo 

Tadpole madtom Noturus gyrinus I 
;Freckled modtom Notul'us nocturnus 

Pirate peri::h Aphl'edoden,s sayanus 2 
Blackst,ipe topminnow Fundufus notaws II 
Blacksootted topminnow Fundulus ollv aceus l 4 

Mosquitofish Gambusla afflnls l ) 2 
Brook silverside Labidesthe. siccul..i l 
Inland silversides Menidia bervllina 

Q ,Mississipoi sihrersides Menidta berylUna 

Striped bass Morone sa~aitnis 
White bass Morone chrysol?S 

up 10 lOl S 



R02410

Waler body Drury Creek Drury Creek Drury Creek Sycamore Creek Sycamore Creek 

r Date 2D031UL22 2013JUNIO 2008JUN16 2008JUNOS 2013JUN10 
51riped b•ss x While b;m hybrid (Wiperl Morone sc1xatilis x M. chrysops 
Yellow bass Morone mississippiensis 

flier Centrarchus matropterus 
Blade crappie Pomoxls nlgromaculatus I 
Blac.knQSe crappie PomoJCIS mlgroma(ufiatus 

White crappie PomoJCiS annularis 
Largemouth bass Micropterus salmoides 4 2 13 1 2 
Spotted bus Microplerus punctulatus 6 
Warmouth Lepomis gulosus 

Green sunfish Lepomis cyanellus 14 20 10 2 2 
Green sunfish x Warmouth hybrid lepomis cyanellus x L. gulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus x L cyaneHus 
tongear sunfish x Green s.tmfish hybrid lepomis megalotis x l. cyanellus 
Bluegill lepomis macl'ochlrus 4 10 7 3 12 
Bluegill x Redear sunfish hybrid tepomis macrochlrus Kl. microlophus 
longear sunfhh x Bluegill hybrid lepomis megalotis x L. macroc.hirus 

Redear sunfish lepomis microlophus 

longear sunOsh lepomis meg.1lotis 4 S3 48 6 
Orangespotted sunfish lepomis humilis 

Unidentified Sunfish hybrid Unidentified Cent,archldae hybrid 3 

W•lleve Stitostedion vitreum 

Sauger Stizostedion canadense 

Blackstde darter Perdna maculata I 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Pe,dna caprodes 

Johnny darter Etheostoma nfgrum 1 3 
Sluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile I 
Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracire I 
freshwater drum Aplodinotus grunniens 2 

L 



R02411

Water body Indian Creek Indian Creek lndtan Creek Indian Creek Grassy Creek 
O.ate 1995JUL26 2000JUL25 2008JUNIO 2008JUL29 199SJUL06 
Station code NOCB-01 NDCB-01 NDCB-01 NOCB-02 N00-03 
Species 14 IS 9 15 15 
Non-native proportjon 

0 
Total fish 176 49 37 1503 732 
Elettrode minutes 30 44.S 27.1 27.8 31 
Seine hauls 
Hours set 
Paddlefish Polyodon spathula 
Short.nose g,1r Lepisosteus platostomus 

Longnose gar Lepisos.teus osseus 
Spoiled gar lepisosteus oculatus 

Bowfin Amiacalva 

Skipjack herring Alosa chrysochloris 
Shad spp. Dorosoma spp. 

Gizzard shad Oorosoma cepedianum 
Threadfin shad Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 
Grass pickerel Esox amerlcanus I 
Grass cal'p Cl@nopharyngodon Idella 

Bighead carp Aristichthys nobilis 
Sliver carp Hypophthalmiththys molitrix 

Goldfish Carassius auratus 

Carp Cyprinus carpio 
Non-ca,p minnow spp. Cyprinidae spp. (eKcept Cyprinus carpio) 
Golden shiner Notemigonus crysoleucas 

Creek chub Semotilus atromac.ulatus 5 69 36 
Central Sloneroller Campostoma anomalum 14 133 S4 
Suc1cermouth minnow Phenacobius mi,.1bilis 

Blacknose dace Rhinichthys atratulus 163 
Silverchub Macrhybopsis sto,eriana 

Silvery minnow Hybognathus nuchalis 

R.edfin shine, lythrurus umbratih.1s 7 3 26 11 
Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprjnella spiloplera 

Blackt.~.i shiner Cyprinella ven1.1stc1 

Red shiner Cyprinella lutrensis 

Pusnose minnow Opsopoeodus emili,e 

Fa,thead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus 15 5 3 622 228 
Bullhead minnow Pimephales vigila>c 

Emerald shiner Notropis atherinoides 

River shiner Nottopis blennlus 

Sand shiner Notropis ludibundus 
Mimic shiner Notropis voluce11us 

Channel shiner Notropis wieldiffi 

Bigmouth buffalo lctlobus cyprinellus 

Smallmouth buffalo lc.tiobus bubalus 

8I•ck buffalo lc.tiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni l l 1 
Spotted sucker Minytrema melanops I 
Creek chubsucker Etimyzon oblongus 19 2 116 57 
River red horse •y • Moxostoma carinatum 

Shorthead redh01Se Moxostoma macrolepidotum 

Golden recfhotff: Moxostoma erythrurum 
. 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 1 7 
Black bullhead AmettJrus meras 

8rown bullhead Ameiurus nebulosus 

Flathe•d catfish Pyfodictis olivarts 

Madtom spp. Noturus spp. 

Tadpole madtom Notu,us gyrinus l 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus s.ayanus 6 1 
81ac.kstripe topminnow fundulus notatus l 15 5 I 
81ackspotted topminnow fundulus olivaceus 18 6 8 
Mosquirofish Gambusaa affinis 

Brook silverside Lilbidesthes sic.cvlus 

lnPand sUversides Mentdta bervUina 

Mississippi silveoide, Menidia beryHioa 

Striped bass Morone saxatilis 0 
White bass Marone chrysops 

up to 2015 61 of 94 



R02412

Waterb<>dy lndlan Creek Indian Creek Indian Creek Indian c,eek Grassy Creek 

r Date 19951UL26 2000JUL25 2008JUN10 2008JUL29 !995JUL06 

St<iped bass x White bass hybrid !Wiper) Mo,one saxatilis lt M. chrysops 

Yellow bass Marone mlsslsslpplensls 
Flier Centrarchus macrcpterus 

Black crappie Pomoxis nigromacutatus 

Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularts 

Largemouth bau Micropterus salmoides 2 I 1 3 
Spotted bass Micropterus punctula1us I 
Warmouth Lepomis 11:ulosus. 1 

Green sunfish lepomis cyanellus 25 8 4 76 49 
Green sunfish ,c Warmouth hybrid Lep<>mls cyanellus x l. gulosus 
Bluegill x Grein sunfish hybrid lepomis macroch rus x L cyanellus 

Longear sunfish .11 Green sunfish hybrid lepornis meg.tlotls x L. eyanellus 

Bluegill tepom•s macroch rus 2 3 I 135 l 
Bluegill• Redear sunfish hybrid lepom•s macrochirus k L microlophus 

Longear sunfish• Bluegill hybrid lepom•s megalotis x l. macroch rus 
Redear sunfish lepomts microlophus 

Longear sunfish lepomis megalotis 53 10 8 293 9 7 
Orangespotted sunfish lepomis humilis 

Unidentified Sunfish hybrid Ur,identified Cenlrarchidae hybrid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside duter Percina maculata 
Dusky darter Percina sciera 

River darter Perdoa shumardi 

logperch Percina caprodes 

Johnny darter Etheostoma nigrum 3 3 ~ 3 
Bluntnose darter Etheostoma c.hlorosomum 

Mud darter Etheostoma asptlgene 

Orangethroat darter Etheostoma speclablle 9 3 13 16 
Spottall darter Etheostoma squamiceps 

Slough darter Etheostomc1 grilcile 3 
Freshwater drum Aplodinotus grunniens 

L 



R02413

Water body Grassy Creek Grassy Creek little Grassy Creek little Grassy Creek WolfCroek 

Date 200&JUN16 199SJUN02 199SJUL0S 2008JUN12 199SJUL28 

Station code NDD-03 NDD-04 NDDA-01 NDDA-01 NDl-01 
Species 15 13 16 10 22 
Non-native propottion 

0 
Total fish 346 155 336 ss 165 

Electrode minutes 35.4 28.33 30 37.1 30 
Seine hauls 

Hours set 

Paddlefish Polyodon spalhula 

Shortnose gar lepisosteus ptatostomus 
Longnose gar Lepisosteus osseus 

Spotted gar Leplsosteus oculatus 
Bowfin Amla catva 
Skipjack herring Alosa chrys.ochlotis 

Shad spp. Dorosoma spp. 

Ginard shad Dorosoma cepedianum 1 4 5 

Thre,dfin shad Dorosom.i petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus s 2 

Grass carp Ctenopharyngodon idella 

Bighead carp Aristlchthys nobllis 

Silver carp Hypophthalmlchthys molitrlx 

Goldfish Carassius auratus 

Carp Cyprlnus carplo 

Non-carp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigorn.1s crysoleucc1s 1 I 
Creek chub Semotilus atromaculatus 17 4 

Central stoneroller Campostoma anom.alum l3 26 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognathus nucha1is 

Redfin shinu lythrurus umbratilus 25 I 
Ribbon shiner Lythrurus rumeus 

Spotfin shiner Cyprinella spiloptera 

Bladctail shine, CyprineUa venusta 

Red shine, Cyprinella lutrensis I 
Pugnose minnow Opsopo1odus emiliae 

Fathead minnow Pimephales prome,as 140 
Bluntnose minnow Pimephales notatus 104 31 3 14 25 

0 
Bullhead minnow Pimephales visilax 

Emerald shiner NotfOpis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropls volucellus 

Ch.ann1I shiner Notropls wickliffi 

Bigmouth bulfalo lctlobus cyprlnellus 

Smallmouth buffalo lctiobus bubalus 

Black bulfalo lc;::ttobus niger 

un,denUfied Carpsud:er Carplodes sp. 

Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 1 2 
Spotted sucker Minyt,ema mefanops 1 4 
Creek chubsucker Erimyzon oblongus 10 2 
River redhorse •p Moxostoma carinatum 

Shorthead redhone Moxostom.a macrolepidotum 

Goldan redhotse Moxostoma erythrurum 

Channel catfish letalurus punelatus 6 7 1 
Blue catfish lct.alurus furutus 

Yellow bullhead Amelurus natalls 3 4 11 3 
Black bullhead Ameiurus melas 2 

Brown bullhead Ameiurus nebulosus 

flathead catfish Pylodictis olivairis 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrirtus 

Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 3 

81.aekstr'ipe topminnow fundulus notatus 4 1 1 3 
Blackspotted lopminnow Fundulus olivaeeus 6 3 1 4 1 
Mosqultofish Gambusi.a affinis 6 
Brook silverside labidesthes si-cculu-s 

Inland silverstdes Menidia berymna 

Mi1sissippi silversides Meoidia beryHina 

Striped bass Morone sax;,titis 0 
White bass Morone chrysops 

up to 2015 63 of 94 



R02414

W.1terbody Grass'/ Creek Grassy c,ee'k Little Grassy Creek Litlle Gr•51y Creek Woll Creek 

Date 2008JUN16 1995JUN02 1995JUL05 2008JUN12 199SJUL28 

Striped bass x White ba51 hybrid (Wiper) Morone saxatilis >« M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 
Black crappie Pomoxis nigromac:ulatus 

Blade.nose crappie Pomoxis migromaculatus 
White crappie Pomoxis annularis 

largemouth bass Micropterus salmoides 6 2 11 1 2 

Spotted bass Micropterus punctulatus 

warmouth Lepomls gulosus 2 1 

Green sunfish Lepomls cyanellus 10 23 s 6 11 

Green sunfish x Warmouth hybrid lepomis cyanellus x L. gulosus 
Bluegill• Green sunlish hybrid lepomis macrochirus x L. cyanellus 
longear sunfish ,c Green sunfish hybrid lepomis megalotis x l. cyanellus 

Bluegill lepomis macrochirus 25 9 56 7 20 

61uegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 

longe.ar wnfish JC Bluegill hybrid Lepornis megalotis x L mc1crochirus 

Redear sunfish Lepomis microlophus 30 1 

Longear sunfish Lepomis megalotis 77 66 56 10 21 

Orangespotted sunfish Lepomis humifis 

Unidentified StJnfish hybrid Unldentined Cet1trarchldae hybrid 2 7 
Walleye Stizostedion vitreum 

SatJger Stizostedion unadense 

Bl.1ckside darter Percina macufata 

Dusky d.1rter Percina sciera 

Rivel' darter' Perclna shumal'dl 

Logperch Perclna caprodes 11 3 

Johnny d.trte, Etheos.toma nlgrurn 4 10 

Bluntnose darter Elheostomai chlorosomum 

Mud darter Etheos.toma asprigene 

Orangethroat darter Etheostoma spectabile 21 7 
Spottail darter Etheostoma squamiceps 

Slough datte, Etheostoma g,acHe 1 

freshwater drum Aplodlnotus grunnlens 

C 

L 
up to lOl S 



R02415

Water body Wolf Creek Little Muddy River Little Muddy River Little Muddy River Little Muddy River 

Date: 2008JUN16 1995JUL19 2000JUL27 2013AUG12 1964JULIO 

Station code NDJ-01 NE-04 NE-04 NE-04 NE-OS 

Species 20 19 24 25 13 

Non-n•tive propOrtion 0.22 0.11 0.05 
0 

Total fish 245 158 174 150 226 

Electrode minutes 27.6 so 40 28.67 

Seine hauls 
Hours sit 

Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 1 

Longnose gar lepisosteus osseus 

Spotted gar teplsosteus oculatus 1 
8owfin Amlacalva 1 2 1 

Skipjc1ck herring Alosa chtysochlOt'is 

Shad spp. Dorosoma spp. 

Ginard shad Dorosoma cepedianum 71 45 

Threadfin shad Oorosoma petenl!!nse 

Goldeye HJodon alosoides 

Mooneye Hjodon t-ergisus 
Grass pickerel Esox americanus 25 3 2 3 4 
Grass catp Ctenopharvngodon idella 

Bighead carp Arbtlchthys nobilis 

Silver carp Hypophthalmichthys molit,ix 

Goldfish Carasslus auratus 
Carp Cyprlnus carpio 35 19 8 

Non-carp minnow spp. Cyprinidae spp. (excepl Cyprinus carpio) 47 

Gorden shiner Notemigonus crysoleut.as 

Creek chub Semotilus atromaculatus 13 

c,ntral stoneroller campostoma anomalum 17 

Suckermouth minnow Phenacobius mirabHis 

8Jacknose dace Rhinichthys atratulus 

Silver chub Mac,hybopsis storerian, 

Slivery minnow Hybognathus nuchalis 

Re:dfin shiner Lythrurus umbratilus 8 I 1 

Ribbon shiner Lythrurus rumeus 

Spotfin shiner CyprineHa spi!optera 

81-itcktail shiner Cyprinella venuita 

Red shiner Cyprinetla lutrensls 1 3 
Pusnose minnow Opsopoeodus emlllae 

Fathead minnow Pimephales promel,s 

Bluntnose minnow Pimepha1es notalus 34 1 4 I 
0 

Bullhead minnow Pimephales vigilax 1 

Emerald shiner Nolropis atherinoides 

River shin@r Notropis blennius 

Sand shiner Notropis ludibundus 1 

Mjmic shine, Notropls volucellus 

Ch.11nnel ,:hfne:r Nottopls wlCkliffi 

Bigmouth buffalo lctlobus cyp,lnellus 2 2 2 
Smallmouth buffalo lctiobus bubalus 

Slack buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. I 
Quillback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersonj 

Spotted sucker Minvtrema mehanops 3 2 7 

Creek chtJbsucke, Erlmyzon oblongus 7 

River redhorse •r• Moxostoma car1 natum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden Ted horse Moxostoma eryth,urum 

Channel catfish lctalurus punctatus 1 6 
Blue catfish lctalurus fu,catus 

Yellow bullhead Ameiutus natalis 1 1 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfi,h Pylodic.ti5, olivaris 1 

Madtomspp. Noturus spp. 28 
Tadpole madtom Noturus gyrinus l 
Freckled madtom Noturus nocturnus 

Pi,ate petch Aphredoderus sayanus 6 9 2 11 
Blackstripe topminnow Fundulus notatus 11 1 18 
Blackspotted topminnow fundulus olivace-us 2 7 7 

Mosquitofish Gambusla ~fflnls 2 1 

Brook silverside Labidesthes sicculus s 2 
Inland silverstdes Menidia beryllina 
Mississippi silversides Menidicl beryllina 

Striped bass Morone saxatilis 0 
White bass Morone chrysops 

up to 2015 



R02416

Water body Wolf Creek Little Muddy River Little Muddy River Little Muddv River little Muddy River 
Date 2008lUN16 199SJUl19 2000JUL27 20!3AUG12 1964JUL10 
Striped bass• White ban hybrid {Wiperl Morone saxat11 s x M. chrysops 
Yellow bass Morone mississippiens s 
Flier Centrarchus macropterus 
Black crappie Pomoxis nigromacufatus 3 1 6 
Blacknose cro11pp1e f'omoxis migromaculatus 
White crappie Pomoxis annutar;s 3 2 1 
Largemouth bass Microptetus sa_moldH 4 2 17 7 

Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 8 11 12 11 
Green sunfish lepomis cyanel us lS 6 6 10 
Green sunfish x Warmouth hybrid lepomis cyanel us x L gufosus 1 
Bluegill• Green sunfish hybrid lepomis macrochirus • L. cyanellus 
Longear sunfish ,c Green sunfish hybrid Lepomis megalotls x l cvanellus 1 
Bluegill lepomis macroch rus 42 4 13 17 
Bluegill • Redear sunf sh hybrid lepomis macroch rus x L. microlophus 
Longear sunfish >1 Bluegitl hybr d Lepomis megalotis ,c L. macrochirus 
Redear sunfish lepomis mkrolophus 1 
longear sunfish Lepomis megalotls 38 6 2 36 74 
Orangespolted sunfish lepomls humllls 1 10 7 10 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 3 
Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackside darter Percina macu ata 2 1 
Ous1'.y d.,rter Percina sciera 
River darter Percina shumard, 
logpetch Perdn.a caprodes s 4 
Johnny darter Etheostoma ni9rum 6 5 
Bluntnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene 2 
Orangethroat darter Etheostoma spectab le 4 1 
Spottail darter Etheostoma squamlceps 

Slough darter Etheostoma grac le 1 s 
Freshwate, dtum Aplodinotus gn,mniens 8 s 2 

L 



R02417

Water body little Muddy River Little Muddy River Little Muddy River Lltlle Muddy Rivet Little Muddy River 

Date 1995lUL19 2000AUG16 2003JUL17 2008JUN19 199SAUG07 

Stat~on code NE-05 NE-05 NE-05 NE-05 NE-06 

Species 19 20 19 21 8 

No11-native proportion 0.31 0.13 0 .19 0.02 
0 

Tota1fish 49 104 102 226 1S6 

Electrode minutes 40 60 60 50 27 
Seine hauls 

Houts set 
Paddlef, sh Polyodon spathula 

Shortnose gar lepisosteus platostomus 1 I 4 
Lo.ngnose gar lepisosteus osseus 

Spotted gar tepisosteus oculatus 2 2 2 4 

Bowfin Amlan~va 2 

Skipjack herring Alosa chrysoc.hlor~s 

Shad spp_ Oorosoma spp 

G zzard shad Oorosoma cepedlanum 7 2S 9 16 

Threadfln shad oo,osoma petenense 
Goldeye Hiodon alosoldes 

Mooneye Hiodon tergis\ls 
G,ass pickerel Eso,c arnerrcan\lS. 1 
G,ass carp Ctenopharyngodon idella 

Biehead carp Arist• chthys nobilis 
Silver carp Hypophthalmichthvs molit,ix 

Goldf;sh Carassius auratus 

Carp Cyprinus carpio 1S 14 19 4 

Non-carp rrinnow SPP Cyprinldae spp. (except Cyp,inus ca,pio) 

Golden shiner Notem:gonu, tr'ysoleucas 

Creek chub SemotUus atromaculatus 100 

Central stonerolle, Campostoma anomalum 

Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhimchlhys atratulus 

~ erchub Mac.rhybopsis uoreriana 

s-iverym'nnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratUus 

Ribbon shiner lythrurus fumeus 

Spotfin sh ner Cyprlnella splloptora 

81ack1ail shiner Cyprinena ve.nusta 

Red sh ner Cyp,lnella lutrensis 2 12 13 

Pugnose minnow Opsopoeodus emiliae 

fathead minnow P•mephales promelas 0 
Bluntnose minnow Pimephales notatus 1 s 14 

Bullhead minnow Pimephalu viglla,c 3 3 

Emerald shiner Notropis atherinoides 

Rivu shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Nolropis vofucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lcliobus cyprinellus 2 2 2 
Smallmouth buffalo tcliobus bubalus 4 1 I 

Black buffalo h:tiobus nlger 1 I 

Unidentified Carpsucker Carplodes sp. 

Quillback Carpiodes cyprinus 1 

River carpsucker Carpiodes urpio 

Highfin carpsucker Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted sucker Minytrema mePanops 

Creek chubsucker Erimyzon obfongus 16 
River redhone •r• Moxostoma cairinalum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxos.toma t-,ythrurum 

Channel catfish lctalurus punctotus 3 1 7 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus natalis 3 

Black bullhead AmeiufuS melas 

Brown bullhead Ameiurus nebulosus 

flathead catfish Pyfodic:tis ollvaris 1 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus I 1 2 11 

Blackstripe topmlnnow fundulus notatus 2 1 
81ackspotted topminnow Fundulus oPivaceus 

Mosquitofish Gambusia affinis 1 1 

8rook stlverstde Labldesthes sfcculus 2 
Inland silversides Menldia berylllna 

Mississipp~ silversides Me.nid;a beryllina 

Striped bass Moro.ne saxatills 0 
White bass Morone chrvsops 

up to 201S 67 0194 



R02418

Water body Little Muddy River Little Muddy River Little Muddy River Little Muddy River Little Muddy Rivet 
Oate 199SJULl9 2000AUG16 2003JUL17 2008JUN19 199SAUG07 
Striped ba,s • White bass hyb,id (Wiper) Moro11e ,axatilis x M. c.hrysops 
Yetlow bass Morone mississippiensis 

Flier Cenlrarchus macropterus 

Black crappie Pomoxis nigromaculatus 1 3 2 3 
Blacknose crappie Pomoxis migromaculiHus 

White crappie Pomoxis annul•ris 3 3 4 4 

Largemouth bass Mtcropterus salmoides 1 2 7 1 
Spotted bass Mtcropterns punctu!atus 
Warmouth lepomls gulosus 1 3 13 56 
Green sunfish Lepomls cyanellus 2 2 7 
Green sunfish II Warmouth hybrid lepomis cvanellus >1 l. gulosus 
Bluegill , Green 1unfi1h hybrid Lepomis macroc.hirus >el. cyanellus 
longear sunfish x Green sunfish hybrid Lepomis megalotis x l. cyanellus 
Bluegill Lepomls mactochirus 2 6 3 26 
Bluegill , Redea, sunfish hybrid Lepomis matrochirus x l. mioolophus 
Longear sunfish x Bluegill hybrid Lepomis megafotis x L. macrochirus 

Re:dear sunfish Lepomis microlophus 

longear sunfish Lepomis megalotis 2 3 8 
Orangespotted sunfish Lepomis humilis 1 10 16 61 
Unidentified Sunfi1h hybrid Unidentified Centrarchidae hybrid 2 3 

Walleye s,izostedion vit,eum 

Sauger Stizos,edion cc1nadense 

Black side darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 

Losperch Percina caprodu 

Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostomil chlorosomum 
Mud darter E,heostoma c1sprigene 1 
Orangethroal darter Etheostoma spectabile 
Spottail daner Etheostoma sQuamiceps 

Slough darter Uheosloma gracile I 
Fteshwater drum Aplodinotus grunniens 3 8 6 6 

C 

L 



R02419

Water body Little Muddy River Little Muddy River Little Muddy River Six Mile Creek Reese Creek 

Date 1964JUt01 2003JUL08 2013JUL17 1995JUL13 1995JUL13 

Station (Oda NU)8 NE-09 NE-09 NEA-02 NES-02 

Species 7 18 17 19 17 

Non-native proportion 0.04 0.01 
0 

Tolalfish 116 94 196 251 276 

Electrode minutes 42.13 44.7 

Seine hauls 2 

Hours set 

Paddle fish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

Longnose gar Lepisoueus oueus 
Spotted gar lepisosteus otufatus 

Bowfin Amiacalva I 

Skipjack herring A.fosa chrysochloris 

Shad spp, Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 5 7 1 

Threadfin shad Dorosoma peteneme 

Goldeve Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 3 12 IS 
Grass carp Ctenophary"8odon Idella 

Bighead carp Aristichthys nobilis 
Sllve, i:a,p Hypophthalmichthys molitrix 

GoldHsh Carassius auratus 

Carp Cyprinus carpio 4 2 
Non-cairp minnow spp. Cyprinidae spp. (except Cyprinus carpiof 29 
Golden shiner Notemigonus crysoreucas 9 

Creek chub Semotilus atromaculatus 20 

Central stoneroller Camposroma anomalum 
Suckermouth minnow Phenacoblus mirabills 

Blacknose dace Rhlnh:hthys atratu1us 

Silver chub Macrhybopsls storerlana 

Slivery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 3 2 19 

Ribbon shine, Lythrurus fumeus 

Spotfio shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusta 
Red shiner Cyprinella lutrensis 14 
Pugnose minnow Opsopoeodus emiliae 1 

Fathead minnow Pjmeph•les promelas 

Bfuntnose minnow Pimephales notatus 6 8 
0 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notrop1s atherinoides 

River shiner Notropls blennius 

Sand shiner Notropis ludibundus 
Mimic shiner Notropis volucellus 

Channel shiner Notropis wickltffi 

Bigmou1h buffalo lctlobus cyprineHus 3 

Smallmouth buffalo ICliobus bubalus 

Black buffalo 9cliobus nieer 

Unidentified Carpsucker Carpiodes sp. 

Quillbock Carpiodes cyprinus 

River carpsucker Carpiodes ca,pio 

Highfin carpsucker ca,piodes velifer 

White sucker Catostomus commersonl 7 

Spotted sucker Mlnytrema melanops 11 6 

Creek chubsucker Erimyzon oblon&tJS 2 1 

River redhorse •y• Moxostoma carinatum 

Shorthead redhorse Moxostoma mac,olepidotum 

Golden redhorse Moxostoma erythrurum 2 
Channel catfish lctalurus punctatus 1 

Blue <atfish lctalurus furcatus 

rellow bullhead A.meiurus natailis 6 s 2 1 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 
Flathead catfish Pylodictis olivaris 

Madtom spp. Noturus s13p. 9 

Tadpole madtom Noturus svrinus 2 
Freckled madtom Noturus nocturnus 

Pirate perch Aphredodews sayanus 23 l 6 15 15 

Blackstripe topminnow Fundulus notatus 8 42 3 

Blackspotted topminnow Fundulus olivaceus 16 

Mosquitoflsh Gambusia offinis 1 1 9 

Brook silverslde Labidesthes sicculus I 1 

lo~and sitversldes Menidi• beryllina 

Mississippi sHversides Menidia beryllina 

Striped bass Morone saxatilis 0 
While bass Morone c.hrysops 
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R02420

Water body Uttle Muddy River Little Muddy River Little Muddy River Si• Mile Creek Reese Creek 

r. Date 1964JULOI 2003JUL08 2013JUL17 199SIULl3 199SJUL13 
St,iped bass • White bass hybrid IWiperl Morone sa,catilis x M. chrysops 
Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 4 
Black crappie Pomoxis nigromaculatus l 2 
Blacknose crappie Pomo~ds m;g,omacul,tos 
White crappie PomoxJs annularis 3 

Latgemouth bass Micropre,us satmoldes 7 3 2 
Spotted bass Micropterus punctulatus 
Warmouth Lepomis gulosus 2 2 
Greer, sunfish lepomis cyanelJus 5 7 19 8 13 
Green sunfish x Warmouth hybrid Lepomis cyanellus x t gulosus 

Bluegill• Green sunfish hybrid lepomls macrochirus x L. cyaneUus 
longear sunfjsh M Gre-en sunfish hybrid tepomis megalotis x l cyanetfus 
Bluegill lepomis ma<:rochirus 32 65 32 41 
Bluegill• Redear sunfish hybrid lepomis macrochirus x L microlo,phus 

longear sunfish x Bluegill hybrid lepomis megalotis x l. macrochirus 

Redear sunfish lepomis microlophus 4 
Longear sunfish Lepomls mega,otls 28 l 16 25 l 
Orangesponed sunfish Lepomis humills 4 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid l 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Slackside darter Pe,cina maculata l 

Ousky darter Percina sciera 

River dairter Pe,cina shumardi 

logper<h Perc.ina caprodes 

Johnny darter Etheostoma nigrum l 8 31 

Bluntnose darter Etheostoma chlorosomum 11 10 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spouail darter Ethl!'ostoma squamiceps 

Slough darter Etheostoma gracile 4S 137 
Freshwate, drum Aplodlnotus grunniens 



R02421

Water body ReueCreek Little Indian Creek Puncheon Creek Puncheon Creek Puncheon Creek 

Date 2008JUL08 199SJUL21 1995JUL25 2003JUL08 2013JUL17 

Station code NEB-02 NEE-01 NEl-01 NEl-01 NEl-01 

Species 21 16 13 17 12 

Non-mUl\l'e ptoportion 
0 

Total fish 98 127 161 131 152 

Electrode minutes 31.7 17.S 25.93 17.33 

Seine hauls 2 

Hours set 

Paddle fish Polyodon spathvla 

Shortnose ga,r lepisosteus platostomus 1 
longnose gar Lepisosleus osseus 

Spotted1ar lepisosleus oculatus 
Bowfin Amia catva 
Skipja<k herring Alosa chrysochloris 
Shad spp. Oorosoma spp. 

Ginard shad Dorosoma cepedlainum 1 
Threadfin shad Oo,osoma petenense 

Goldeye Hfodon .ilosoldes 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 7 1 2 2 
Grass carp Ctenopharyngodon Idella 

Bighead carp Aristichthys nobilis 

Sliver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 

Corp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. (e,ccept Cyprinus carpio) 

Golden ~hlner Notemlgonus crysoleucas 3 12 

Creek chub Semotilus atromaculatus 1 4 78 l 18 
Central stoneroller C.ampostoma anomalum 

Suckermouth minnow Phenacobius mlt.abills 

Blacknose dace Rhlnichthys atratuius 

Silver chub Macrhybopsls storeriana 

Silvery minnow Hybognathus rmcholis 3 

Redfin shiner lythrurus umbratilus 21 1 
Ribbon shiner lvthrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blad:taiJ shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emUiae 

hlhead minnow Plmephales promelas 0 
Bluntnose minnow Pimephates notatus 3 4 7 2 7 
BuHhe.ad minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mimic shine, Notropis voJucellus 

Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprjnellus 

Sm•llmouth buffalo lctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Ca1psucker Carpiodes sp. 

Qulllback Carptodes cyprinus 

River carpsuc:ker Carplodes c.atpio 

Htghfin carpsucker Carplodes velifet 

White sucker Catostomus commersoni 

Spotted sucker Minytrem.a melanops 1 

Creek chubsucker Erimyzon oblonsus 1 3 3 16 3 
River redhor5e •T' Moxostom.a c.arinatum 

Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse MoKostoma erythrurum 

Channel catfish ktalurus punctatus 

Blue c•tfish lctalurus turcatus 

Yellow bullhead Ameiurus natalis 2 1 14 19 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 1 

Flathead catfish Pylodiclis o1ivaris 

Madtomspp. Notutus spp. 

Tadpole madtom Noturus gyrtnus 2 

freckled madtom Noturus nO(turn.us 

Pirate perch Aphredoderus say.anus 9 l 2 6 6 

Blackstripe topminnow fundulus notatus 3 6 2 9 10 

Bladcspotted topminnow fulldulus olivaceus 4 4 

Mosquitofish Gambusia affinis 30 2 2 

Btook s.!verside Labidesthes sicculu, 

Inland silversides Menidia beryllina 

Mississippi salversides Menidia beryllina 

Sttlped bass Morone saxalilis 0 
White bass Marone chrys.ops 

up to 2015 71 of 94 



R02422

Water body Reese Creek Little Indian Creek Puncheon Creek Puncheon Creek Puncheon Creek 

Date 2008JUl08 199SJUL2 l 1995IUl25 2003JUL08 2013lULl7 

Striped bass • White bass hybrid (Wiper> Morone saxatilis )( M. chrysops 

Vellowbass Morone mhsissippiensls 

Flier Centrarchus macropterus 11 
Black ct.appi,e, Pomoxts nlgtomaculatus 12 I 

Blacknose crappie Pomoicis migromaculatus 

White crappie Pomoxls annula<is I 
largemouth bass Micropterus salmoides I 2 6 29 

Spotted bass Micropterus punctulatus 

Warmouth lepomis gulosus 6 I 2 
Green sunfish Lepomis cyanellus 4 20 12 20 8 
Green s\.lnfish x Warmouth hybrid Lepomis c:yanellus x L. g1.1lotius 

Bluegill• Green sunfish hybrid lepomis macrochirus x L. cyanellus 
longear sunfish x Green sunfish hybrid lepomis megalotis x l. cyanellus 

Bluegill Lepomis macrochirus 9 16 17 45 34 
Bluegill , Redear sunfish hybrid Lepomls macrochlrus x l. microlophus 

Longe•r sunfish x Bluegill hybrid Lepomis megalotls )Cl. macrochil'us 

Redear sunfish Lepomis mlcrolophus 1 
longear sunfish Lepomis megalotis 8 6 l 
Orangespotted sunfish Lepomis humms 8 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid s 2 

Walleye Stltostedion vitreum 
Sauger Stitostedion canadense 
81-ckside darter Pertln.a maculata 

Dusky darter Percina sclera 

River darter Percina shumardi 
Logperch Percina caprodes 
Johnny darter Etheostoma nigrum 18 1 12 

Bluntnose darter Etheostoma chrorosomum 
Mud darter Etheostoma asprlgene 

Or,angethroat darter Etheostoma spectablle 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile s 3 

Freshwater drum Aplodinotus grunniens 

C 



R02423

Water body Hurricane Creek Hur,tcane Creek Pond Creek Pond Creek Pond Creek 

Dale 1995JULl7 2008JUN10 199SJUL21 2000AUG17 199SJUL11 

Statton c:ode NF-01 NF-01 NG-03 NG-03 NG-04 

Species 12 16 15 17 19 
Non~n.ative proportion 0 0.24 0.27 0.04 

0 
Totalfish 99 239 113 97 167 

Electrode minutes 36 50 40 30 

Seine hauls 2 

Hours; set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 

longtiose gar Lepisosteus osseus 
Spoued gar Lepisosteus oculatus 1 1 

Bowfin Amiacalva 
Sklpjack herring A1osa chrysochloris 
Shad spp oo,osoma spp. 
Ginard shad Oorcsoma cepedianum 14 44 31 l 
Threadfin shad Dorosoma pelenense 

Goldeye Hlodon alosoides 

Mooneye Hiodon tergisus 
Gra1.! pickerel Esox americanus 4 8 l 17 

Gr.ass carp Ctenophc1ryngodon idella 

Bighead carp Aristichthys nobilis 

Silver carp Hypophthalmichthys mclitrix 

Goldfish CarassitJs auratus 
Carp Cyprinus carpio l 27 26 6 
Non-carp mlnrtow spp Cyprlnldae spp. (except Cyprinus carpio) 

Golden shiner Notemlgonus crysoleucas 

Creek chub Semotllus auomaculatus 

Central stoneroller Camoostoma anomalum 

~kermouth minnow Phenacobius mirabilis 

Blat kncse dote Rhinichthys atratulus 

Silver chub Macrhybopsis storerlana l 

Silve,y minnow Hybognathus nuchalis 2 
Redfin shiner lythrurus umbrattlus 

Ribbon shiner lythrurus fumeus 

Spotfn shiner Cyprinella spifoptera 

81ackto1 shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 11 4 1 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 0 
Bluntnose minnow Pimephales notatus l 
Bullhead minnow Pimephales vigilax 
Emerald shiner Notropis atherinofdes 

River shiner Notropis blennius 

Sand shiner Notropis ludibundus 

Mjmic shin~r Notropis volucellus 

Channel shiner Notropis widdiffi 

Bigmouth buffalo lc.tiobus cyprinellus l 3 

Smallmouth buffalo lctiobus bubalus 2 3 
Black buffalo Jcttobus niger 2 
Unidentified Carpsucke-r Carpiodes sp. 

Qulllback Carpiodes cyprinus 

River carpsucker Ca,plodes carpio 

Highfil'\ ca,rpsud:er Carpiodes velifet 

White sucker Catostomus commersonl 4 
Spotted sucker Minytrema melanops 1 

Creek chubs"cker [rimyzon oblongus 1 
River redhorse •r• Moxostoma carinatum 

Shorthead ,edhorse Moxostoma macrolepidotum 

Golden redhorse Mo~ostoma erythrurum 

Channel catfish lctalurus punctatus 2 2 l 

Bluecalfish lctalurus furcatus 

Yellow bullhead Ameiurus natafis 4 
Black bullhead Ameiurus melas 

Brown bullhead Ameiu,us nebulosus 

flathead catfish Py1odictis olivaris 

Madtom spp. Noturus spp. 

Tadpole madlom Noturus gyrinus 2 
Freckled madtom Noturus noctumus 

Pirate perch Aphntdoderus sayanus 5 1 20 
Blackstripe topminnow Fundulus notatus 2 
Bl•ckspotred topminnow Fundulus olivaceus 6 so 
Mosquitofish Gambusia affinis 17 1 
Brook silve,side Labideslhes stcculus 

Inland silversides Menidia beryllina 

Misslssfppi sitversides Menidia beryllina 

Striped bass Morone saxatilis 0 
While bass Merone chryscps 

up to 2015 73 of94 



R02424

Water body H\lrricane Creek Hurricane Creek Pond Creek Pond Creek Pond Creek 

Dale 199SIUL17 20081UN10 199SJUL21 2000AUG17 199SJUlll 
Strip8d bass x White ban hybrid {Wiper} Mo1one saxatilis x M. chrysops 

Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 7 1 

Black crappie Pomoxis nigromaculatus 4 2 
81acknose crappie Pomoxls mlgromaculatus 

White crappie Pomoxls annulal'is 1 
Largemouth bass Miuopterus salmoides 14 4 1 3 3 

Spotted bass Micropterus punctulatus 1 
Warmoulh lepomis gulosus l s 5 2 8 
Green sunfjsh Lepomis cyaneJlus 2 44 l 12 
Green sunfish ,i: Warmoulh hybrid lepomis cyaneUus x L. gulosus 

Bluegill x Green sunfish hybrid Lepomis macrochiros x L. cyanellus 

Longear sunfish x Green n1nfish hybrid lepornis megalotis x. l. cyanellus 

Bluegill lepomis macrochlrus 27 42 3 3 42 
Bluegill• Redear sunfish hybrid Lepomis mactochirus x L. miuolophus 

Longear sunfish x Bluegill hybrid Lepomis megalotls x L. mactochitus 

Rede.a, sunfish lepornis microlaphu& l 
longear sunfish lepom•s megalotis 25 31 16 11 25 
Orangespotted sunfish Lepom•s humilis 3 
Unidentified Sunfish hybrid Unidentified Cent,archidae hybrid I 5 l 
Walleye Stitostedion v~treum 

S.augl!r Stitostedion can.adeMe 

Black1ide darter Percina maculata 

Dusky dar1er Percina sciera 

River darter Percina shumardi 

Logperch Perdna caprodes I 1 

Johnny darter Etheostoma nigrum 2 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma .asprigene 

Orangethroat darter Etheostoma spectabile 1 
Spottail darte, Etheostoma squamiceps 

Slough darter Etheostoma gracile 5 

freshwater drum Aplodinotus grunniens 5 



R02425

Water body Pond Creek Pond Creek LakaCraek Lake Creek d Fk. Big Muddy Ri 

Oate 2003!Ul21 2008JUNl2 199SJUUS 2008JUN12 1964JUl02 

Station code NG-04 NG-OS NGA-02 NGA-02 NH-06 

Species 18 11 14 12 11 
Non-native proportion 0.01 0.05 

0 
Total fish 178 189 105 244 136 

Erect,ode minutes 37.22 27.3 28.1 

Seine hauls 87 

HOLll'S set 
Paddlefish Polyodon spathu•• 

Shortnose gar lepisosteus platoi tomus 
Longnose gar Lepisosteus osseus 

Spotted gar Lepisosteus ocullatui 
Bowfin Amla calva 8 
Skipjad. herring Alosa ch~o,:hlorl• 

Shad spp. Oorosoma spp. 
Gizzard shad Oorosoma tepedianum 2 
Threadfin shad Oorosom, petenense 
Goldey@ Hiodon alosoides 

Mooney• Hiodon tergisus 
Grass pickerel Esox americanus 39 6 12 4 
G,asscarp Ctenopharyngodon ldela 

Biizhead carp Arislichthvs nobilis 
Silver carp HypophthalmtChthys molitr~M 

Goldfish Cuasslus autatu-s 2 

Carp Cyprlnus carpio s 
Non-carp minnow spp. Cyprinidae spp. (except Cypr,nu, carp lo) 37 

Golden shiner Noternigollus crysoleucas 2 8 4 
Creak thub Semotttus atromaculatus 2 

Centr•I stoneroller Campostoma anomalum 

Suckermouth minnow Phenilcobius mirabilis 

Blacknose dace Rhinithlhys atratulus 

Sllverthub Mocrhybopsis storeriana 

Silvery minnow Hybognathus nuc.halls 

Redlin shinu lyth,urus umbrati1us 12 2 

Ribbon shiner lythrurus fumeus 3 

Spotfin shiner Cyprinella spiloptera 

BlacktaU shiner Cyprinella venu1ta 

Red shiner Cyprinella lutren1i$- 1 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephates promelas 0 
Bluntnose minnow Pimephales notatus 

Bullhead minnow Pimephales vigilax 
Emerald shiner Notropis ath1:rinoides 

River shiner Notropis blennius 

Sand shiner Notrop;s ludjbundus 

Mimic shiner Notropis voluceUus 

Chainnel shiner Notropis wiekliffi 

Bigmouth buffalo lctiobus cyprinetlus 

Smallmouth buffalo lctfobus bubalus 

Black buffalo tctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyp1inus 

River carpsucker Carpiodes carpio 

Hlghfin carpsucker Carpiodes velifer 

White sucke, catostomus commersone 1 

Spotted sucker Minytrema melanops 1 1 

Creek chubsucker Erlmvzon oblongus 2 3 3 
River redhorse • T' Mo,costoma carinatum 

Shorthud redhorse Mo,costoma macrolepldotum 

Golden redhorse Moxosloma erythruru,n 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus furca1us 

Yellow bullhaad Ameiuru-s nait.-lis I 1 2 

Black bullhead Ameiurus melas I 
Brown bullhead Ameiurus nebulosus 

flathead catfish Pytodictis otivaris 

Madtomspp. Noturus spp. 3 
Tadpole madtom Noturus eyrlnus 

fredded madtom Noturus noc.turnus 

Pirate perch Aph,edodf'tus sayanus 24 4 1 34 
Blackstripe topmlnnow Fundulus notatus 3 18 2 1 

Blackspotted topmlnnow Fundulus olivaceus 6 8 

Mosquitofish Gambusia affinis. 10 
Brook silverside Labidesthes siccu,us 

Inland silversides Menidia beryllina 

Mississippi silversides M enidia baryllina 

Striped bass Marone saxatilis 0 
White bass Morone chrysops 

up to 2015 75 of 94 



R02426

Woterbody Pond Creek Pond Creek Lake Creek l•keCreek d. Fk. Big Muddy Ri 

Date 2003JUL21 2008JUN12 1995JUL25 2008JUNl2 1964JUL02 

Striped bass x White bass hybrid (Wiperf Morone saxatilis x M. chrysops 
Yellow bass Morone mississippiensis 

Flier Centrarchus matropterus 19 2 
Black crappie PomoJCls nlgromacuJatus 
Blacknose cr,ppie Pomoxis migromaculatus 

White crappie PomoJCiS annularis 3 

Largemouth bass Mlcropcerus salmoides 4 2 
Spotted bass Mic.ropterus punctulatus 

Warmoulh lepomis gulosus 7 1 9 
Green sunfish lepomls <yanellus 19 81 31 180 3 
Gre-en sunfish x Warmouth hybrid lepomis cyanellus x L. gu1osus 

Bluegill x Green sunfish hybrid lepomis macrochirus x L cy.aneltus 2 
Longe•r sunfish x Green sunfish hybrid lepomis megalotis x L. cyanellus 
Bluegill lepomis macrochitus 22 44 21 25 29 
Bluegill x Redear sunlish hybrid lepomis macrochtrus x L. microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x L. macrochirus 

Redear sullfish lepomis micro1ophvs 4 2 
Longea, sunfish lepomis megalotis 6 3 27 6 4 

Or•naespotled sunfish lepomis humilis I 
Unidentified Sunfish hyb,id Unidentified Centnrchidae hybrid 12 

Walleye Stitostedion vitreum 

Sauger Stizostedion canadens.e 

Blackside darter Percina maculata 

Dusky darter Perdna sciera 

River darter Perdna shum.irdi 

logperch Pe,dn.i caprodes 

Johnny darter Etheostoma nigrum I 

Bluntnose darte, Etheostoma ch1orosomum 

Mud darter Etheosloma asprigene 

Orangelhroat darter Etheosloma spectabire 

Sponail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 2 I 
freshwatet d,um Aplodinotus grunniens 



R02427

Water body d. Fk. Big Muddy Ri le Fork Big Muddy d. Fk. Bis Muddy Ri . Fork Big Muddy R "· Fk. Big Muddy Ri 
Dote 199SJUL2S 2000SfP0S 2003JUL09 20!3JUNU 2003JUll0 

Station code NH-07 NH-07 NH-07 NH-09 NH-23 
Spedes 19 22 21 10 2S 
Non·native proportion 0.1 0.07 0.14 0 .11 
Total fish 205 240 122 58 229 

Electrode minutes 60 60 60 18 60 

Seine hauls 60 
Hours set 
Paddlefish Polyodon spathula 

Shortnose gar lepisosteus platostomus 1 

Longnose gar Lepisosteus osseus 1 
Spotted gar Lepisosteus oculatus 2 I 1 3 
Bowfin Amlacalva 1 4 4 10 
Skipjatk herring Alosa thrysothlorls 
Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedian1,1m 37 so 2 13 

Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 

Mooneve Hiodon lergisus 
Grass pickerel Eso>e ame,icanus 4 
Grassc:arp Ctenopharyngodon idella 
Bighead tarp Arlstlchthys nobllis 

Silver carp Hypophthalmithlhys molilri, 

Goldfish Cataulus auratus 
Carp Cyprlnus carpio 20 17 17 26 
Non-carp minnow spp. Cyprinidae spp. (e.xcept Cyprinus carplo) 

Golden shiner Notemigonus crvsoleucas 1 4 

Creek chub Semotilus atromaculatus 7 

Central stoneroHer Campostoma anomalum 

Suckermouth minnow Phenacobius mirabitis 

81acknose dace Rhinithlhys atratulus 

Silver chub Macrhybopsis store,iana 

Silvery minnow Hybognathus nuchalis 

Redfin shtnel' Lythrurus umbratilus 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprlnella venus.ta 

Red shiner Cyprinella lutl'ensls 2 1 

Pugnose mil'\now Opsopoeodus emiliae 

Fathead minnow Pimephailes prornelas 0 
Bluntnose minnow Pimephailes notatus 

Bullhead minnow Pimephailes vigilax 

Emerald shiner Notropis atherinoides 

River shiner' Notropis blennius 

Sand shiner Nolropis ludibundu, 

Mimic shiner Notropis 1i1olucellus 

Channel shiner Not,opis wlckliffi 

Bigmouth buffalo lctiobus cyprinellus 8 17 3 2 
Smallmouth buffalo ldiobus bubailus 3 7 1 14 
Black buffalo lcliobus. niger 1 I 

UnidenUfied Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River cal'psucker Carpiodes carpio 
Highfin cal'psucke, Carpiodes velifer 

White sucker Catostomus commersoni 

Spotted suc'ker Minytrema melanops 

Creek thubsudutl' Etimyzoo oblongus 1 
River red horse • P Moxostoma carinatum 
Shorthead l'edhorse Moxostoma macrolepidotum 

Golden redhorse Moxosroma erythl'urum 

Channel catfish lctalurus punctitus I 
Blue catfish lct.alurus ful'catus 

Yellow bullhead Arneiurus nilalls 3 2 1 2 

Black bullhead Ameiurus melas 

Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis oliv,ris 

Madtom spp. Noturus spp. 

Tadpole madtom Noturus gyrinus 2 
Freckled madtom Noturus nocturnus 

Pirate p•rc:h Aphredoderus sayanus 6 s 2 3 6 

Blackstripe topminnow Fundulus notitus 2 2 4 1 
Blackspotted topminnow Fundulus olivaceus 1 2 
Mosquitofish Gambusia affir\is 1 1 

Brook silverside Labidesthes sicculus 2 
Inland silversides Menidi• bervllina 

Mississippi silversides Menidia beryllina 

Striped ball Morone saxatilis 0 
White ball Morone chrysops 

up lo 201S 77 0194 



R02428

Water body let. Fk. Big Muddy Ri le Fork Big Muddy Id. Fk. Big Muddy Ri . Fork Big Muddy R ~. Fk. Big Muddy Ri 

C 
Date 199SJUL2S 2000SEPOS 2003JUL09 2013/UNII 2003JULIO 
Striped bass x White bass hybrid {Wiper) Morone saxatilis.,: M. c.hrysops 

Yellowba,s Morone missis'Sipplensis 1 
Flier Centrarchus. macropterus I 

Bla<k crappie Pomoxis nigromaculatus 2 I s 
Bladcnose crappie Pomoxts mlgromaculatus 

White c.rapple Pomoxis annularis 2 2 2 7 

Largemouth bass Micropterus salrnoides 2 2 12 13 

Spotted bass Micropterus punctulatus 2 
Warmouth Lepo mis gulosus 21 22 21 37 
Green sunfish lepomls cyanellus 8 9 9 25 8 
Green su11fish x Warmouth hybrid Lepomis cyanellus JC L. sulosus 
Bluegill x Green sunfish hybrid lepomis macrochirus KL cyanellus 
longear sunfish II Green sunfish hybrid lepomis megaloUs x L. cvane11us 
Bluegill Lepomls macrochirus 67 60 26 8 32 

Bluegill x Redear sunfish hybrid Lepomls mac,ochln.1s KL. microlophus 

Longear sunfish , Bluegill hybrid Lepomls megalotis x L. mactochirus 
Redear sunfish Lepomis microlophus 

longear sunfish Lepomis megalolis 8 10 3 s 
Orangespotted sunfish Lepomis humilis 10 II 9 I 33 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid I I 

Walleye Stizostedion vitreum 

Sauger Stil05tedion canadense 

Blackside darter Perc:inai macula1,a 

Dusky darter Percina sdera 

River darter Percina shumardj 
Logperch Percina caprodes 
Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostoma c.hlorosomum I 
Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 
Spotlai1 darter Etheostoma squamiceps 
Slough darter Etheostoma gracile I 
freshwater drum Aplodinotus grunniens 3 II 3 

e 
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R02429

wa1erbody ~ Fk Big Muddy Ri d. Fk. l!lg Muddy Ri le Fork Big Muddy Ewing Creek twing Creek 

Date 2008AUG20 199SJUl17 2000AUGl7 199SJULII 2000JUL26 

Station code NH•B NH•26 NH•26 NHB-01 NHB-01 

Species 25 19 30 20 21 

Non-native proportion 0.08 0.08 0 .09 0.01 0.02 
0 

Total fish 338 220 243 476 196 

Electrode minutes 60 60 60 28.08 43 
Seine haurs 

Hours set 
Paddlefish Polyodon spathula 

Shortnose gar Lepisosteus platostomus 1 

longnose car Leplsosteus osseus 1 
Spotted gar Lepisosteus oculatus 1 1 
Bowfin Amiac,lva 5 1 1 
Skipjack herring Alon chrysochloris 
Shad spp. Dorosoma spp 

Ginard shad Oorosoma cepedianum 85 63 61 10 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hlodon tergisus 

Grass pickerel Esox americanus I 1 1 
Grass<:airp Ctenophary"£odon Idella 

Bighead carp Aristichthvs nobilis 
Silver carp Hyp0phthalmichthys molitrix I 
Goldfish Carassius auratus 
Carp Cyprinus carpio 27 17 23 4 4 
Non-carp minnow spp. Cyprinidae spp. (e.cept Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas I 1 1 

Creek chub Semotilus atromac.utatus 3 4 

Centraf stoneroller Campostoma anomalum 

Suckermouth minnow Phenacobius mlrabills 

81.ad::nos• dace Rhlnlchthys atr.atulus 

Silver chub Macrhybopsls storerlana 

Silvery minnow Hybo9nathus nuchalis 

Redfin shiner lythrurus umbradlus 2 1 50 1 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprinella spiloptera 

Blacklail shiner CyprineUa venusta 

Red shiner Cyprinella lutrensis 2 

0 Pugnose minnow Opsopoeodus emiliae 

fathead minnow Pimephales promelas 

Blunlnase mir'\now Pimephales notatus 29 2 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis athertnoides 3 3 
Rjver shiner Notropis bfennius. 

Sand shiner Notropts ludibundus 

Mimic shiner Notropis voluceflus 

Channel shiner Notropis wickliffi 

Bigmoulh buffalo lctiobus cyprinellus 7 55 6 

5mallmoulh buffalo lcUobus bubalus 44 1 3 

Black buffalo Jctiobus niger I 3 
Unidel'\lifl@d Carpsucker Carpiodes sp. 

Qulllbat k Carpiodes cyprinus 1 

River carpsucker Carplodes ca,pio 

Highfin C<iirpsucker Carpiodes velif@r 

White sucker Catostomus commersonl 9 

Spotted sucker Minytrema melanops I 1 

Creek thubsucker Erimyzon oblong1.1s 20 30 

River red horse • T • Moxostoma cadnatum 

Shonhead redhone Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punc.tatus 6 

Blue calfish ltlalurus furcatus 

Vellow bullhead Ameiurus natalis 8 2 4 1 
Black bullhead Ameiurus m1las I I 
Brown bullhead Ameiurus nebulosus 

Flalhead catfish Pylodictis olivaris 1 

Madlom , pp. NoturtJS $pp. 

Tadpole madlom Noturus gyrinus I 3 

Freckled madtom Noturus nO(turnus 

Pirc1te perch Aphredoderui uyanus 6 2 3 6 34 
Blackslripe topminnow Fundulus notatus 6 s 2 10 12 

Blackspotted topminnow Fundulus olivaceus 8 
Mosquilofish Gambusia affinis 5 1 3 2 

Btook sllversfd@ Labidesthes sicculus 10 2 

Inland sllversldes Menidia beryllina 

0 Mississippi silversides Menldi• beryll ina 

Strip(td bass Morone saxatiHs 

White bass Morone chrysops 

up to 2015 79 ol 94 



R02430

Water body d. fk Sig Muddy Ri ll. Fk 8Ig Muddy Ri le Fork 8ig Muddy Ewing Creek Ewfng c,eek r _) Date 2008AUG20 1995JUL17 2000AUG17 199SIUL11 2000JUL26 

Striped bass • While bass hvbrid (Wiper) Morone saxaitms x M. chrysops 
Yellow ba55 Morone mississippiensis 1 3 
Flier Centrarchus macropte1us l 1 

Black crappie Pomoxb nlgromaculatus 5 27 17 

Blacknose crappie Pomoxis migromaculatus 

White c .. appie Pomoxis. a,noularis 9 2 2 I 
Largemouth bass Micropterus sa1moides 8 8 10 11 
Spotted bass MICtoptel'US punctulatus I 
Warmouth Lepomis gulosus 36 44 1 
Gre@n sunfish Lepornis cyanelh,.15 3 36 8 
Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 
Bluegill• Green sunfish hybrid Lepomis m,1crochirus x L. cyanellus 

longear sunfish x Green sunfish hybrid lepomis megalotis x L cyanellus 

Bluegill Lepomis macrochirus 39 31 27 19 24 
Bluegm Ii. Redear sunfish hybrid lepomis mcJcrochirus x L. microlophus 

Longear sunfish • Bluegill hybrid Lepomis megaloUs x L macrochirus 

Redear $unfish lepomis miuolophus 

Longear sunfish Lepomls megalotts 6 4 257 42 
OrangespoUed sunfish Lepomls humllls 14 7 
Unidentified Sunfish hybrid Unidentified Centrarehldae hybrid 1 
Walleye Stizosledion vitreum 

s,uger SUzostedion canadense 

Blackside darter Percina macu,ata 

Dusky da,ter Percina sciera 

River darter Perclna shumardi 

Logperch Perclna caprodes 1 
Johnny darter Etheostoma nigrum 

Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma .asprjgene I 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 1 l 3 
Freshwater drum Ap1odlnotus grunnlens 10 7 

L 



R02431

Water body Ewing Creek Little Bessie Creek Akin Creek Akin Creek Sugar Comp Creek 

Date 2013JUN11 20131UN11 2008JUN04 2013MAY30 1995JUL2S 
Station c:ode NHB-02 NHD-01 NHG-01 NHG•Ol NHH-01 

Species 17 12 6 5 17 0 
Non-native proportion 

Total fish 210 88 17 30 241 

Electrode minutes 22.63 lS.28 16.7 24 29.1 
Seine haul$ 
Hours set 

Paddlefish Polyodon spalhula 

Shortnose gar lepisosteus platostomus 

longnose gar lepisosteus osseus 
Spotted gar lepisosteus oculatus 

Bowfin Amiaulva 

Skipjack herring Alon chrysochloris 

Shad spp. Oorosoma spp. 
Gizzard shad Oorosoma cepedianum l 
Threadfin $had Dorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hlodon tergisus 

Grass pickerel Esox americanus 5 
Grass carp Ctenopha,yngodon idella 

Bighead carp Aristichthys nobilis 

Sllvercarp Hyp0phthalmich1hys molitrix 

Goldfish ca,assius auratus 
Carp Cyprinus carpio 

Non-carp minnow spp. Cyprinidae spp. !except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 14 

Creek chub Semotetus atromaculatus 24 1 2 
Central stoneroller Campostoma anomatum 

Suckermouth minnow Phenacoblus mirabilis 

Blacknose dace Rhinichthys atratulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognathus nuc.halis 

Redfin shiner Lythrun.15 \Jmbratilus 3 1 
Ribbott shiner lythrurus fumeus 

Spotlin shiner Cyprinella spiloptera 
Blacktail shiner Cyprinella venusta 

Red shiner Cyprinella lutrensis 

Pugnose minnow Opsopoeodus emm,c1e 
Fathead minnow Pimephales promelas 1 0 
Bluntnose minnow Pimephales notatus 58 2 1 
Bullhead minnow Pimephales vigil.ax 
Emerald shiner Notropls athulnoides 

River shiner Nouopis blennius 

Sand shiner Notropls ludibundus 

Mjmic shiner Nolropis voluce!I\Js 
Channel shiner Notropis wickliffi 

Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lcliOb\.lS b\.lbalus 

Black buffalo lctiobus niger 

Unide!"ltified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

River carpsud:er Carptodes carpio 

Hlghfin carpsuc.ker Carpiodes velifer 

White sucker Catostomus commersoni 2 1 1 
Spotted sucker Minytrema melanops 

Creek chubsucker Erimyzon oblongus 1 1 45 
River red hone •1 • Moxostoma carinatum 

Shorthead redhorse Moxostoma macroleptdotum 

Golden redhorse Mo><ostomo erythrurum 

Channel catfish lctalurus punctatus 

Blue catfish lctalurus fon;aitv1 

Yellow bullhead Ameiurus natal•s 2 2 3 

Black bullhead Ameiurus metas 

Brown bullhead Ameiurus nebulosus 

Flathead calfish Pylodictis oltvaris 

Madlom spp. Notu,us spp. 

Tadpole madtom Noturus gydnus 1 
Freckled madtom Notu,us noctumus 

Pirate perch Aph,edodel'us say.anus 2 s s 
Blac:ks.ttlpe topminnow Fundulus notatus 14 9 I 14 
81ackspotted topminl'lOw Fundulus olivaceus 12 5 12 32 

Mosqultofish Gambusi.a affinis 1 2 2 

Brook silvel'side Labidesthes sicculus 

Inland sifversides Menidia be,yllina 
Mississippi silversides Menidia be,yllina 

Striped bass Morone saxatilis 0 
White bass Marone chrysops 
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R02432

Waler body Ewing Creek little Bessie Creek Akin Creek Akin Creek Sugar Camp Creek 
Oate 2013/UNll 2013/UNll 200RIUN04 2013MAV30 1995JUL25 
Slriped bass x While bass hybrid (Wiper) Morone saxatilis x M. chrysops 
Yellow bass Merone mississippiensis 

flier Centrarchus macropterus 
Black crappje Pomoxts nigromaculalus 

Blacknose traippie Pomoxis migromac.1,1lalus 

White crappie Pomoxis annularis 

Largemouth bass Micropterus salmoides 3 7 

Spotled bass Micropterus punctulatus 
W.armouth Lepomis gulosus 5 
Green sunfish Lepomis tyanellus 26 21 I 13 15 
Green sunfish k Warmouth hybrid Lepomis cyanellus x L. gulosus 

Bluegill , Green sunfish hybrid lepomis macrochirus IC L. cyanellus 4 
longear sunfish x Green sunfish hybrid Lepomis megalotis ,ct. cyanellus 

Bluegill Lepomis m.ai:rochirus 40 30 8 I IS 
eluegill x Redear sunfish hybrid Lepomis macrochirus x L. microlophus 
longear sunfish x Bluegill hybr;d lepgmis megalotis x l. macrothirus 

Redear sunfish lepomis rnicrolophus 

Longea, sunfish lepomis megalotis 13 3 79 
Orangespolled sunfish L~pomls humilis I 3 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 

Walleye Stizostedjon vitreum 

Sauger Strzostedion canadense 

Blackside daner Percina macuJata 

Dusky darler Percina sc.iera 

River datler Percina shumardi 

Logperch Perclna caprodes 

Johnny darter Etheostoma nlgrum 

Bluntnose darter Etheostoma thlorosornum 

Mud darter Etheostoma asprigene 

Orangethroat darter Etheostoma spectabile 

Spollail darter Etheostoma squamiceps 

Slough darter Etheostoma gracite 7 1 I 
Freshwater drum Aplodinotus grunn.iens 
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R02433

Waterbodv Sugar Camp Creek Gun Creek Gun Creek Casey fork Casey Fork 

Date 2003JUL21 1995JUL21 20D8AUG18 199DJUL24 1992JUL14 

Station code NHH-01 Nl-01 Nl-01 NJ-07 NJ-07 

Species 23 17 13 14 4 
Non·native proportion 0-02 0.03 0.14 0.25 

0 
Total fish 254 84 103 44 20 

Electrode minutes 33.38 30 15.8 60 60 

Seine hauls 

HO\Jr$ $et 
Paddlefish Polyodon spathula 

Shortnose gar lepisosteus pl.11ostomus 

Longnose gar lepisosteus osseus I 

Sponedgar lepisosteus oculahJs 
Bowfin Amiacalva 

Skipjack herring Alosa chrysochl0tls 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedianum 1 13 4 
Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosofdes 

Mooneye Hiodon tergisus 
Grass pickerel Esox americanus 12 

Grass carp Ctenopharyngodon idella 
Bighead carp Aristichlhys nobilis 

Silver carp Hypophthalmlchthys molitrix 

Goldfish Carasslus a1.1ratus 1 

Carp Cyprinus carplo 2 3 5 5 

Non<arp minnow spp, typrinidae spp. {except Cyprinus carploJ 

Golden shiner Notem;gonus crysoleucas 1 
Creek chub Semolilus atromatu1atus 2 

Central sloneroller Camposloma anomalum 

Suckermouth minnow Phenacobius mirabilis 

81acknosa dace Rhinichthys atratulus 

Sliver chub Macrhybopsis storerian, 

Silvery minnow Hybognalhus nuchalis I 

Redfil"I shiner Lythrurus umbratilus 8 I 

Ribbon shiner Lythrurus fumeus 6 
Spotfin shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venusra 

Red shiner Cyprinella lutrensls 6 
Pugnose minnow Opsopoeodus emlliae 

Fathead minnow Pimephofes prornefas 0 
Blunlnose minnow Pimephales notatus 34 
Bullhead minnow Pimepha,les vigilax 

Emeratd shlnu Nolropis atherinoides 

Rivet shinet Notropis blennius 

Sand sh•ner Nolropis ludibundus 

Mimic: shiner Nottopls voluct-llus 

Chc1nnel shiner Notropls wlckliffi 

Bigmouth buffalo tctlobus cyprinellus 1 1 

Smallmouth buffalo tctiobus bubalus 

Black buffalo lctiobus niger 

Unidentified Carpsucker Carpiodes sp. 

Quillback Carpiodes cyprinus 

ftivu carpsucker Carpiodes carpio 

Highfin carpsucker Carpiodes veHfer 

Wh~te sucker Catostomus c:ommer.soni l 3 9 

Spoiled sucker Minytrema melanops 

Creek chubsuder Erimyzon oblongus 24 2 
River redhorse "T• Mo•ostoma caririatum 

Shorthead redhorse Mo•osloma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lcta!urus puncta.tus 1 5 5 

Blue catfish lctalurus furcatus 

Yellow bullhead Ameiurus ,utalis 7 6 

Black bullhead Ameiurus mefas 

Brown bullhead Amei1,m,11s nebulosus 

Flathead catfish Pylodictis olivaris 

Madtomspp. Noturus spp. 

Tadpole madtom Notur us gyrinus 

freckled madtom Noturus nocturnus 

Plratt-pt-rch Aphredoderus sayanus 19 10 s 1 
Blackstripe topmlnnow fundulus notatus 4 6 24 l 
Blackspotted topmlnnow Fundulus olivaceus 5 
Mosquitofish Gambusia a.ffinis 3 s 10 

Brook silvenide Labidesthes sicculus 

Inland silversides Menidia beryllina 

Mississippi silvenides Menidia beryllina 

Striped bass Morone saxatilis 0 
Whiteb•ss Morone chrysops 
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R02434

Water body Sugar Camp Creek Gun Creek Gun Creek Casey Fork Casey Fork 

C 
0a1e 2003JUL21 1995JUL21 2008AUG18 l990JUL24 1992/UL14 

Striped bass• White bass hybrid (Wiper) Morone saxa,tilis x M. chrysops 
Yellow bass Morone mississippiensis 

Flier Centrarchus macropterus 

Blac'k crappie Pcmoxis nigr.omar;ulatus 3 
Bfadmose crappie Pomoxis migromacuh1tus 
White crappie Pomoxis annularis 8 5 
t.rgemouth bass Micropterus safmoides 1 2 11 9 5 
Spotted bass Micropterus punc.tulatus 
Warrnoulh Lepomls gulosus 1 7 1 
Green sunfish Lepomls cyane11us 38 8 4 

Green !iUnfish x Warmouth hybrid Lepomis cyanellus , L. gulosus 

Bluegill, Green sunfish hybrid Lepomis macrochirus x l. cyanellus 
Longear sunfish x Green sunfish hybrid lepomis megafotis x L. cyanellus 

Blue~ill Lepomis macrochirus 31 26 5 3 
Bluegill, Redear sunfish hybrid lepomis macrochirus x l. microlophus 

longear sunfish x Bluegill hybrid lepomis megalotis x L. matroth4rus 

Redear sunfis.h Lepomis microlophus 

Lon.gear sunfish Lepomis meg.alotis 29 2 1S 
Orangespotted sunfish Lepomis humilis II I 
Unidentified Sunfish hybrid UnldentHied Centrarchidae hybtid 

Walleye Stizostedion vitreum 

Sauger Stizostedion canadense 

Blackside darter Percina maculata 

Dusky darter Percina sciera 

Rivet darter Pe,cina shumardi 

Logperch Percina uprodes 3 
Johnny darter Etheo!itoma nlgrum 

Bluntnose darter Etheostoma chlorosomurn I 
Mud darter Etheostoma asprfgene 

Orangethroat darter Etheostoma spec.tabile 

Spottail d•rter Etheostoma squamic.eps 

Slough darter Etheostoma graclle 6 1 2 
Fl'eshwatel' d,um Aplodlnotus g,unnlens I 
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R02435

Water body Casey Fork Casey Fork Casey fork Casey Fork Casey Fork 

Oate 199SJUN22 199SJUL21 2000JUL27 2003JUL09 2008JUN18 

Station eode NJ-07 NJ-07 NJ-07 NJ-07 Nl•07 

Species 14 15 24 14 22 0 
Non-n.ative proportion 0.11 0.01 0 .09 0.02 

Total fish 217 132 222 268 279 

Electrode minutes IS 60 60 60 

Seine hauls 3 

Hours set 

Paddlefish Polyodon spathula 
Shortnose gar Lepisosteus platostomus 
Longnose gar Leplsosteus osseus 

Spotted gar leplsosteus oculatus 1 1 

8owfin Amiacalva 
Skipjack herring Atosa chrysoch Ofls 

Shad spp. Oorosoma spp. 
Gizzard shad Dorosoma cepedianum 22 22 25 21 IS 

Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 
Mooneye Hiodon tergisus 
Grass pickerel Esoic americanus 3 4 
Grass carp Ctenopharyngodon idella 

Bi1head carp Arlstlchthys nobllis 
Silver carp Hypophthalmichlhys molitri, 
Goldfish Caranlus auratus 
Carp Cypl'lnus ca,pio 24 l 20 6 

Non-c.arp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 

Golden shiner Notemigonus crysoleucas 2 10 
Creek chub Semotilvi. atromaculatus 

Central stoneroHet Campostoma anomalum 

Sudcermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinichthys •tr•tulus 

Silver chub Macrhybopsis storeriana 

Slivery minnow Hybognathus nuch•lis 
Redfirt shiner Lythru,us umbratilus 1 I 2 

Ribbon shiner Lyth,u,us fumeus 

Spotfin shiner CyprineHa spilopteta 

Bi•cktall shiner Cyprinerla venusla 

Red shiner Cyprinella lutrensls 48 4 s 
Pugnose minnow Opsopoeodus emlHae I 
Fathead minnow Pjmepha,les promela,s 0 
Bluntnose minnow Pimephales notatus 4 4 

Bullhead minnow Pimephales vigilax 

Emerald shiner Notropis atherinoides 

Rtver shiner Nolropis blennius 

Sand shiner Notropis ludibundus 

Mimic shiner Notropls volucellus 

Channe1 shiner Notropls wic'kliffi 

Bl1moulh buffalo lttiobus cyprinellus 7 3 

Smallmouth buffalo lctiobus bubalus 
Block buflalo lcliobus niger 

Unident.fied Carpsucker Carpiod,es sp. 

Quillback (arpiodes cyprinus 

River carpsude, Carpiodes carpio 

Highfin carpsucker Carpiodes velifer 

White sucker catostomus commersoni 2 13 9 s 
Spotted sucker Minvtrema melanops 

c,uk chubsucker Erlmyzon oblongus 
River redhors.e •r• Moxostoma carinatum 

Shorthe•d redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma uythrurum 

Channel catfish •ttalutus punctatus s 3 6 

Blue catfish lc talurus furcatus 

Yellow bullhead Ameiurus natalis 1 I 3 1 3 

Black bullhead Ameiurus rnelas. I 
Brown bullhead Ameiurus nebulosus 

Flathead catfish Pylodictis oliva,is 

Madtom spp. Notunn spp, 

Tadpole madtom Noturus gyrinus 

Freckled madtom N'oturus nocturnus 

Pirate perch Aphredoderus savanus s 3 
Blackstripe topminnow Fundu1us nolatus 3 4 16 

Blackspotted topminnow Fundurus oliva.ceus 1 

Mosquitofish Gambusia affinis 11 

Brook silver side l.abidenhes slcculus 2 
Inland sllversides Menidia berylllna 
Mississippi silversides Menidia be:ryllina 

Striped bass Morone saxatllis 0 
White bass Morone chrvsops 2 
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R02436

Wc1terbody Ccuey Fotk Cosey fork Casey fork Casey fork Casey Fork 

r. Date 1995lUN22 1995JUL21 2000JUL27 200lJUL09 2008JUN18 
Striped bass • White bass hybrid (Wiper} Mo,one saxatms J{ M. th,ysops 
Yellow ban Marone mississippiensis 
Flier Centr'1r,h1.1s m•cropterus 5 
Black c,oppie Pomoxis nigromaculatus 10 1 1 
Blacknose crappie Pomo,cis migromaculatus 

White crappie Pomoxis annularls 16 5 1 3 
Largemouth bass Micropterus sarmoides 29 2 23 10 3 
Spotted boss Micropterus punctulatus 
Warmouth lepomis gulosus 4 2 9 4 16 
Green s\Jnfish Lepomis cyanellus 4 6 ll 9 
Green sunfish x Warmouth hybrid L@Pomls cyanellus lC l . gulosus 
81ue,gill x Green sunfi$h hybrid lepomis mc1crcxhirus ,cl. tyctnellus 14 
longear sunfish x Green sunfish hybrid lepomis megalotis x L. cyaneUus 3 
Bluegill Lepomis macrochirus 90 10 64 39 95 
Bluegill • Redear sunfish hybrid lepomls macrochirus x l. mic,olophus 

Longear sunfish • Bluegill hybrid Lepomls megalotis x L. macrochi,us 

Redeal' sunfish Lepomls mit:l'olophus 2 
longear sunfish lepomis megalotis 5 8 84 28 
Or•ngespaued sunfish lepomis humilis 8 S9 12 
Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 1 I 1 
Walleye Sti1ostedion viln!um 

Sauge, Stlzostedion c.anadense 
Blackslde dail'tel' Perclna mai:ulata 

Dusky darter Pereina $tier" 

River darter Percina shuma,di 

Logperch Pe,cina caprodes 

Johnny darter Etheostoma nigrum I 
Bluntnose darter Etheosroma chloro$,Omum 

Mud darter Etheostoma asprigene 
Or'angethroat dairter Etheostoma spectabile 

Spottall darter Etheostoma J.q1.1amic:eps 

Slough darter Etheostoma gracile 
Freshwate, drum Aplodinotus grunniens 4 2 6 II 29 
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R02437

Water body Casey Fork C•sev Fork Casey Fork Casey Fork Atchison Creek 
Date 2013SEP13 199SJUl27 2003!Ul07 1964!Ul03 2013JUN12 
Station code NJ-07 NJ-10 NJ-10 NJ-30 NJA-02 
Species 17 16 11 9 11 
Non-native proportion 0.02 

0 
Totalfosh 227 122 229 126 S5 
Electrode minutes 21 26 38.25 19.57 
Seine hauls 
Hou,s set 
Paddlellsh Polyodon spathula 

Shortnose gar Lepisosteus platostomus 
Longnose gar Lepisosteus osseus 
Spotted gar lepjsosteus ocufatus I 1 
8r;iwfin Amiacalva 1 
Skipjack herring Alosa chrysochloris 
Shad spp. Ootosoma spp. 

Gizzard shad Oorosoma cepedlanum 37 3 l2 9 
Threadfln shad Dorosoma petenent.e 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 
Grass pickerel Esox americanvs 3 
Grass ca,p Ctenopharyngodon idella 
Bi1head carp Aristichth~ nobilis 
Silver carp Hypophthalmichthys molitri• 

Goldfish Carassius •uratus 
Carp Cyprinus carpjo 1 
Nol'l<arp minnow spp. Cyprinidae spp. (except Cyprinus carpio) 66 
Golden shiner Notemigonus crvsoleucas 34 1 
Creek chub Semotilus atromaculatus 14 

Central stoneroller Campostoma anomalum 
Suckermouth minnow Ph~nacobius mirabilis 
81.acknose dace Rhinichthys .atratulus 

Silver chub Macrhybopsis storeriana 
Silvery minnow Hvbognathus nuchalis 
Redfin shiner lythrurus umbratilus 2 
Ribbon shiner lythrurus fumeus 

Spotfin shiner Cyprlnell• spiloptera 
Blacktail shiner Cyprinella venusta 
Red shiner Cyprinell.1 lutre-nsis 8 l 1 
Pugnose minnow Opsopoeodus emiltae 
fathead mjnnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 6 16 
Bullhead minnow Pimephales vigil.ax 

Emerald shiner Notropis atherinoides 
Ri\ler shiner Notropis blennius 

Sand shiner Notropis ludibundus 
Mimic. shiner Notropis volucellus 

Channel shiner Notropis wickliffi 
Bigmouth buffalo lctiobus cyprinellus 

Smallmouth buffalo lctiobus bubalus 

Black buffalo •ctiobus nl1e, 

Unidentified Carpsucker C.ltpiodes sp. 

Quiliback Carptodes cypn nus 

River carpsucker Carpiodes carpfo 

Highfin carpsuckel' Ca1piodes velifer 

White sucker Catostomus commersoni 2 35 1 
Spotted sucku Minvtrema melanops 
Creek chubsui;ker Erimyzon oblon1us l 
River- redhorse •rt Moxostoma carinatum 
Shorthead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 
Channel catfish lctalurus ptmctatus 1 
81ueutfi1,h k talurus furcatus 

Yellow bullhead Ameiurus natalis 2 I 1 
Black bullhead Amelurus melH 

Brown bullhead Ameiul'us nebulorns 
Flathead catfish Pytodictis olivaris 

Madtom spp. Noturus spp, 14 

Tadpole madtom Noturus gyrinus 
fl'eckled madtom Not1.1rus nocturnus 
Piriate perch Aphredoderus s.ayanus 2 2 
eJackstripe topminnow fundulus notatus 14 1 3 13 
81aclc$potte d topminnow fundulus olivaceus 

Mosquitofish Gambusia affln1s 3 1 s 
Brook silverside Labidesthes sicculus 

Inland sUversides Menidia berylllna 

0 Mississipp~ silversides Menidla berytllna 

Slriped b.iss Motone saxatilis 

White bass M orone ch,vsops 
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R02438

Wa1e,body Caiev Fork Casey Fork Casey fo1k Casey Fork Atc.hjson Creek 

Date 2013SEP13 1995JUL27 2003JUL07 1964JUL03 2013JUN12 
Striped ban x White bass hybrid (Wiper) Morone saxablis x M. chrysops I 
Yellow bass Morone mississippiensis 

Flier' Cent,archus macl'opter-us l 

Black crappie Pomo.xis nigromaculatus 2 
Blacknose uappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 

Lal'gemouth bass MICl'Optel'US salmofdes 8 5 29 1 5 
Spotted bass Micl'opte,us punctulatus 2 
Warmouth Lepomts gulosus l 
Green sunfish Lepomis i;yanellus 18 6 60 24 
Green sunfish x Warmouth hybrid Lepomis cyanellus x L. gulosus 

81uegill • G!'een sunf1sh hybrid lepomis macrochirus x L cyantllus 1 
longeal' sunfish x Green sunfish hybl'id lepomis megalotls x l. cyanellus 

8Iuegill lepomis mac:roc.hirus 48 65 66 12 II 
Bluegill x Redear sunli,h hybrid Lepornis mac:rochirus ,c L rnic:rolophus 

Longear sunfish x Bluegill hybrid Lepom•s megalotis x L. macroch rus 

Redear sunfish lepomis microlophus 3 
longear sunfish lepomls megalotls 18 II I l 9 
Orangespotted sunfish lepomts humms 

Unidentified Sunfish hybrid Unidenlified Centrarchidae hybrid 11 l 
Walleye Stizostedion vitreum 

Sauger Stizostedlon canadense 
Blackslde darter Percina maculata 

Dusky darter Percina sciera 

River darter Perdna shumardi 

logperch Perc.ina caprodes 

Johnny darter Etheostoma nigrum 3 
Bluntnose darter Etheostoma chlorosomum 

Mud darter Etheostoma asprigene 4 
Orangethroat darter Etheostoma spectabile 

Spottail darter Etheostoma squamiceps 

Slough darter Etheostoma gracile 8 I 
Freshwater drum Aplodinotus grunniens 3 

e 

L 
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R02439

Water body Sevenmlle Creek Sevenmile Creek Seven Mile Creek Rayse Creek Ray,e Creek 

Date 199SJUL27 2000JULl7 2013JUN12 2008AUG18 199SJUL26 

Station code NJC-01 NJC-01 NJC-01 NK-01 NK-02 

Species 16 9 17 22 21 

Non-native proportion 0 .04 0.01 
0 

Total fish 157 75 175 694 191 

Electrode minutes 21 3B.5 37 34.3 30 

Seine hauls 

Hours set 

Paddlefish Polyodon ,pathula 

Shortno$e gar lepisosteus platostomus 
Longnose gar Lepisosteus osseus 
Spotted gar Leplsosteus ocula.tus 

Bowlin Amiacalva 
Skipiack herring Alosa chrysochlorls 

Shad spp. Oorosoma spp 

Gizzard shad Oorosoma cepedi.anum 19 

Threadfin shad Oorosoma petenense 
Goldeye Hiodon alosoides 

Mooneye Hiodon tergisus 

Grass pickerel Esox americanus 6 2 
Grass carp Ctenopharyngodon idella 

Bighead carp Adslichthys nobilis 

Silver carp Hypophthalmichthys molitrix 

Goldfo,h Carasslus auratus 
Carp Cyprlnus carpio l 1 

Non-carp minnow spp, Cyprinidae spp (except Cypr'inus carplo) 

Golden shiner Notemigonus crysoleucas 4 

c..-eek chub Semotilus atromaculatus 17 s 20 20 

Central stoneroller Campostoma anomalum 

Sutkermouth minnow Phenacobius mirabi1is. 

Blacknose dace Rhinichthvs atratulus 

Sifver chub Macrhybops;s storeri<1na 

Sifvery minnow Hybognathus nuchalis 

Redfin shiner Lythrurus umbratilus 9 1 8 

Ribbon shiner Lythrurus fumeus 

Spotfin shiner Cypdnella spiroptera 

Blacktail shiner Cyprinella venusta 

Red shiner Cypl'tnella lutrensls 2 114 

0 Pugnose mirmow Opsopoeodus emlllae 

Fathead minnow Pimephales promeias 

Bluntnose minnow Pimephales not.atus 19 1 10 206 2 

Bullhead minnow Pimephares vigilax 

Emerald shiner Notropis atherinoides 

River shiner Notropis blennius 

Sand shiner Notropi, ludibundus 

Mimic shiner Notropls voluullus 

Channel shiner Notropls wickliffi 

Bigmouth buffalo lctlobus cyprinellus 

Smallmouth buffalo lctlobus bubalus 1 
Black buffalo lctiobus niger 

Unidentified (arpsucker Carpiodes sp. 

Qulllback Carpiodes cyprinus 

River carpsucker Carpiodes carpio 

Highfin carpsuclcer Carpiodes velifer 

White sucker Catostomi.,s commersoni 1 I 6 4 

Spotted sucker Minytrema melanops 

Creek chubsuckef' Erimyzon oblongus 9 11 21 29 

River redhof'se •r• Moxostoma carinatum 

Shonhead redhorse Moxostoma macrolepidotum 

Golden redhorse Moxostoma er'Vthrurum 

Channel catfish lctarurus punctatus 7 

Blue catfish Ccralu1us furcatus 

Yellow bullhead Ame;u,us natalls 4 40 9 

Black bullhead Ameiurus melas 

Brown bullhead Ameiuri.,1, nebulosus 

Flathead catfish Pylodiclis olivaris 1 

Madtomspp. Noturus spp. 

Tadpole madtom Noturus gyrinus 1 7 2 
Freckled n,adtom Noturus nocturnus 

Pirate perch Aphredoderus sayanus 8 26 2 9 16 

Blackstripe topminnow fundulus nolatus 11 1 27 39 2 

Blackspotted topminRow Fundulus olivace-us 5 

Mosquitofish Gambusla affinis 13 

Brook silverside labidesthes steculus 

Inland silversides Menidta beryllin.a lo Mississippi silversides Menidia beryllina 

Striped bass Morone s.axa1ilis 

White bass Morone chrysops 

up lo 2015 890194 



R02440

Water body Sevenmile Creek Sevenmile Creek Seven Mile Creek Rayse Cree~ Rayse Creek 
Oale 199SJUL27 2000JUl17 2013JUN12 2008AUG18 199SJUL26 

Striped bass x White bass hybrid (WtperJ Morone saxatllis x M. chrysops 
Yellow bass Morone rnississippiensis 

Flier Centrarchus macropterus 

Black c,appie Pomoxfs nlgt0m.iculatus 

8Iacknose crappie Pomoxis migromaculatus. 
White crappie Pomoxis annularls 1 l 
largemouth bass Microplen.1s salmoides 1 3 4 11 4 
SpoUedba,s Micropterus punctu,atus 2 

Warmouth lepomis gulosus 1 1 

Green sunfish Lepomls cyanellus 31 11 16 23 28 
Green sunfish lt Warmouth hybrid Lepomis cyane11us M L. gulosus 
Bluegill x Green sunfish hybrid Lepomis macrochirus x L. cyanellus 7 
Longear sunfish M Green sunfish hybrid Lepomis megalotis x L. cyanellus 3 

Bluegill lepomis macrochirus 36 14 66 s 39 
Bluegill x Redear sunfish hybrid Lepomls mac,othlrus x l. mkrolophus 

Longe•r sunfish , Bluegill hybrid lepomls megalotfs x L. mac.rochirus I 
Redea, sunfish Lepomis micro!ophus 11 1 
longear 5unfish lepomis megalotis 4 8 115 2 

Orangespotted sunftsh Lepomis humilis 

Unidentified Sunfish hybrid Unidentified Centrarchidae hybrid 

Walleye Stizostedion vitreum 
Sauger Stizostedion canadense 
Blackslde darter Percina maculata 
Dusky darter Percina sciera 

River darter Percina shumardi 

Logperch Percina caprodes 

Johnny darter £theostoma nlgtum 1 34 1 
Bluntnose darter Etheostoma chlorosomum 1 
Mud darter Etheostoma asprigene 1 
Orangeth,oat darter Etheostoma spe-ttabile 
Spottail darter Etheostoma squamiceps 
Slough darter Etheostoma gracile s 10 1 
freshwater drum Aplodinotus grunniens 2 4 

L 
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R02441

Woterbody Rayse Creek Rayse Creek Snow Creek Snow Creek Snow Creek 

Date 20D0JUl18 2013AUG05 199SJUl26 2000JUU8 2008JUN17 

Station code NK-02 NK-02 Nl-01 Nl-01 NL-01 

Species 15 20 25 19 15 

Non-native proportion 0.02 
0 

Total fish 281 235 341 190 175 

Electrode minutes 44 22.6 29.2 49 28.5 

Seine hauls 

Hours set 
Poddlefosh Polyodon spathula 

Shortnose gar lepisosteus platostomus 

longnose gar lepisostetJs osseus 
Spotted gar lepisosteus oculatus 

Bowfin Ami• c,lva 
Skipjack herring Alosa chrysochlorls 

Shad spp. Oorosoma spp. 

Gizzard shad Oorosoma cepedi.-nutn 3 4 

Threadfin shad 0orosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hiodon tergtsus 
Grass pickerel Eso,c americanus 16 2 

Grass carp Ctenopharyngodon idella 
Bighead carp Aristichthys nobUls 

Silver carp Hypophthalmic:hth'/S moliuix 

Goldfish Carasslus auratus 
Carp Cyprinus carplo 6 

Non<up minnow spp. Cyprinidae spp. (e;l(ept Cyprinus catpio) 

Golden shiner Notemigonus crvsoleucas 2 2 
Cre:elt chub Semotilus atromaculatus 86 2 7 

Central stoneroller Campostoma anoma1um 

Suckermouth minnow Phenacoblus mirabilis 27 

Blacknose dace Rhlnichthys atratulus 

Silver chub Macrhybopsis storeriana 

Silvery minnow ~yt,ognathu• nuchall• 

Redfin shiner lythrurus umbratilus 11 2 26 3 

Ribbon shiner lythrurus fumeus 

Spotfln shiner Cyprinella spiloptera 

Blacktail shiner Cyprinella venus.ta 

Redshlr\er Cyprinella lutrensis 2 IS 

Pugnose minnow Opsopoeodus emiliae 

Fathead minnow Pimephales promelas 

81untn0$4! minnow Pimephales notatus 37 3 39 15 13 
0 

Bullhead minnow Pimephales vigUu: 

Emerald •hiner Notrop._s atherlnoides 

River shiner No1ropls blennius 

Sand shiner Notrop s ludlbundus 

Mimic shiner Notrop s volucellus 

Channel shiner Notropis wic1diffi 

Bigmouth buffalo 1c1;0bu1 cyprineHus 1 

Smallmouth buffalo lcb obus bubalus 

Black buffalo lctiobus n.ger 

Un dentmed Carpsucker Carpiodes sp. 

Qulllback Carpiodes cyprinus 

River urpsud.er Carplodes carpio 

H ghfin carpsucker Carplodes velifer 

Whi te sucker Catostomus commersoni 30 2 11 7 11 

Spotted sucker Minytrema melanops 3 

Creek chubsucker Erimyton oblongus 7 11 S7 6 6 

River redhorse •y" Moxostoma carinatum 

Shorthead redhone Moxostoma macrolepidotum 

Golden redhorse Moxostoma erythrurum 

Channel catfish lctalurus punctatus 1 
Blue catf,sh lctalurus furtatus 

Yellow bullhead Ameiurus natalis I 6 3 3 2 

Blac, bullheod AmeiurU's mela'S 

Brown bullhead Amelurus nebulosus 
Flathead catfish Pylodictis olivaris 

Madtom,pp, Noturus spp 

Tadpole madtom Noturus gyrinus I 1 1 

Freckled madtom Noturus noc.tumus 

Pirate perch Aphredoderus sayanus 16 5 12 4 

B !ackstrtpe topminnow Fundulus notatus s 19 12 13 13 

Blackspotted topminnow fundulus olivae:eus 21 1 1 13 

Mosqultoflsh Gambusl1 afftnis 6 3 1 

Brook , lverside Labidesthes sicculus 

Inl and sitversides Menidia beryllina 
M•uissippt s1 lversides Menldia beryllina 

s,.;pedbau Morone sa)lalitis 0 
White bass Morone ch~ops 
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R02442

Water body R•yse Creek Rayse Creek Snow Creek Snow Creek Snow Creek 
Date 2000JUL18 2013AUG05 199SJUl26 2000JUU8 2008JUN17 
Striped b•ss • White bass hybrid (Wiper) Morone saxatilis :ic M. chrysops 
Yellow bass Morone mississippiensis 

Flier Centrarchus macropte,us 

Black crappie Pomoxis nlgromaculatus 

81acknose crappie Pomoxis, migromac:ulatus 

White crappie Pomoxis anntJl1ris 2 

largemouth bass Micropterus satmoides 17 16 3 11 9 
Spotted bass Micropterus punctu1atus 6 
Warmouth lepomls gulosus 2 4 
Green sunfish Lepomls cyaneUus 10 11 67 21 6 
Green sunfish x Warmouth hybrid Lepomis cyanelltJs ,cl. gulosus 

Bluegill • Green sunfish hybrid Lepomis macrnchirus ~ L. cyanellus 3 
longear sunfish x Green sunfish hybrid Lepomis megalot;s x L. cyanellus 

Bluegill lepomls macrot:hirus 3 S6 43 6S 49 
Bluegill x Redear sunfish hybrid Lepomis macrochirus 11 l. microlophus 
Longear sunfish ,c Bluegill hyb,id Lepomis megalotis x L. macrochirus 

Redear sunfish Lepomis microlophus 12 7 

Longear sunfish Lepomis megalotis 39 35 s 24 
Orange,potted sunfish Lepomis humilis 5 
Unidentified Sunli,h hybrid Unidentified Cent,archidae hybrid l 2 
W•lleye StiloSledion vitreum 
Sauger Stizostedion canadense 
Blad:sldt: darter Percina maculata 
Dusky dafter Percina sciera 

Rjver darter Percina shumardi 

Logperch Percina cap,odes 

lohnny darter Etheosromai nlgrum 26 3 1 10 l 
Btuntnose darter Etheostoma chlorosomum l 
Mud darter Etheostoma asprigene 
Orangethroat darter Etheostoma spectabile 

Spouall dar1er Etheostoma squamiceps 

Slough darter Etheostoma gracile 4 2 
Freshwater drum Ap1odinotus g,unnlens l 

L 
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R02443

Water body Mud Creek Prairie Creek Andy Creek Andy Creek 

Date 2003/UN09 2013JUL23 199SJUL17 2008JUN11 

Station code NZL·0l NZM-02 NZN-13 NZN-15 

Species 18 6 18 14 

Non-native proportion 0.04 o.os 0 
Total fish 121 53 252 84 

Elec:trode minutes 19 20.67 22.67 27.6 

Seine hauls 
Hours set 

Paddlefi•h Polyodon spalhula 

Shortnose gar Leplsosteus platostomtJs 

Longnose gar Leplsosteus osseus 
Spotted gar Lepisosteus oculatus 
Bowfin Amiacalvc1 1 

Skipjack herring A1osa chrysochloris 
Shad spp. Dorosoma spp. 
Gizzard shad Dorosoma cepedianum 8 

Threadfin shad Oorosoma petenense 

Goldeye Hiodon alosoides 

Mooneye Hlodon tergisus 

Grass pickerel Esox amerlt1nus 1 1 

Grass carp C1enopharyngodon idella 

Bighead carp A<istichthys noblli, 

Silver carp Hypophthalmichthys molitrix 

Goldfish Carassius auratus 
Carp Cyprinus carpio 9 4 

Non-carp minnow spp. Cyprinidae spp, (el(cept Cyprin\JS <:arpio} 

Golden shiner Notemigonus crysoleucas 3 9 5 2 

Creek chub S.emotilus atromaculatus 7 3 

Cel'tral stoneroller Campostoma anomalum l 
Suckermouth minnow Phenacobius mirabilis 

Blacknose dace Rhinlchthys atratulus 

Silver chub Macrhybopsls storeriana 

Silvery minnow Hvbognathus nuchalls 

Redfin shiner Lythru11.1s umbratllus 13 
Ribbon shine,- Lythru11.1s fumeus 

Spotfin shiner Cyprinella spilopter• 
Blacktail shiner CyprineHa venusta 

Red shiner CyprineHa lutrensis 6 

Pugnose minnow Opsopoeod"" emiliae 

hthead minnow Pimephales promelas 

Bluntnose minnow Pimephales notatus 27 

Bullhead minnow Pimephales visilaic 

Emerald shiner Notropis at:herinoldes 

River shine, Nottopls blennius 

Sa,nd shiner' Notropls ludibundus 

Mimic shiner Notropis voluc:etlu'S 

Channel shiner' Notropis widdiffi 

Bigmouth buffalo lcUobus cyprineUus 3 

Smallmout h buffalo lc:tiobus bubalus 2 

alack buffalo lctiobus niger 

Unidentified Cc1rp1,ud:.el' Carpiodes sp. 

Qulllback Carpiodes cyprinus 2 

River c.upsucker Carplodes carpio 

Highfin carpsucker Car'plodes velifer 

White sucker Catostomus commersoni 2 2 

Spotted sucker Minytrema melanops 

Creek c:hubsucker Erimyton oblongus 2 s 
River redho,se •r- Moicostoma c.1rlnatum 

Shorthead redhorse Moxonoma macroteptdotum 

Golden redhorse Moxostoma erythrurum 

Channel c~tflsh lct.1lurus punctatus 

Blue catfish lctalurus furc,tus 

Yellow bullhead Ameiurus n,talis 1 

alack bullhead Ameiurus melas 3 

Srown bullhead Ameiurus n ebulosus 

Flathead catfish Pylodiclis oliv.1ris 

Madtom spp. Notul'US spp. 

Tadpole madtom Noturus gyrinus 

Freckled madtom Noturus noc.turnus 

Pirate perch Aphredodel'us sayanus 4 16 7 1 

Blickstripe -opminnow Fund"lus notatus 7 16 

Bl.1ckspotted 1opminnow Fundu1us olivaceus 13 

Mosquitofish Gamb"si, affin s 1 1 

Brook silverside Labidesthes stccu,us 

Inland silvers.ides Menidia beryllina 
Mississippi silversides Menidia beryllina 

Slripedbass Morone saicalilis 0 
White bass Morone chrysops 

up to 2015 



R02444

Water body Mud c,.ek Prairie Creek Andy Creek Andy Creek 

C. 
Date 2008JUN09 2013JUL23 199SJUL17 2008JUN11 
Striped bass K White bass hybrid (Wipe,) Morone s.axatilis x M. chrysops 
Yellow bass Morone mississippiensls 

flier Centrarchus macropterus 
Black crappie Pomoxis ni1romaculatus I 3 
Blacknose crappie Pomoxis migromaculatus 

White crappie Pomoxis annularis 

largemouth bass Mlcropterus salmoldes 2 
SpoUed bass Micropterus punctula,us 
W:a,rmouth lepomis gulosus 5 5 
Green sunfish lepomis cvanellus 4 21 22 2 
Green sunfish x Warmouth hybrid lepomis cyanellus x l. gulosus 

Bluegill • Green sunfish hybrid Lepomis macrochirus x L. cyanellus 

Longear sunfish • Green sunfish hybrid Lepomis megalolls • t. cyanellus 
Bluegill lepomis macrochirus 23 3 172 35 
Bluegm x Redeal' sunfish hybrid lepomis macrochirus x L microlophus 

Longear sunfish x Bluegill hybrid Lepomis megalotis x l. macrochirus 
Redear sunfish Lepomis mic,olophus 

Longear sunfish Lepomls mega1otis 3 2 
OrangespoUed sunfish Lepomis humilis 3 
Unidenlif<ed Sunfish hybrid Unidentified Centrarchidae hybrid 7 1 
Walleye Stizostedion viueum 
Sauger Stizostedion c.anadense 

Blackside darter Percina macutata 
Dusky darter Percina sciera 

River darter Percina shumard; 

Logperch Perclna caprodes 
Johnny darter Etheo11otomc1 nigrurn I 

B1untnose darter Etheostoma chlorosomum 
Mud darter Etheostoma asprigene I 
Or;ngethroclt darter Etheostoma spectabile 2 

Spottail darter Etheostoma squamiceps 

Slough darter ftheostoma g,adle 1 2 
Freshwater drum Apfodinotus grunniens 1 

L 



R02445

Water body Total Big Muddy River Big Muddy River 

10 14458 14457 I' 
Date 2016NOV10 2016NOV09 \ 

Station code N-12 N-23 

Species 29 24 20 

Non-native proportion 0.04 0.03 0.15 

Total fish 241 144 97 

Electrode minutes 60 60 

Seine hauls 

Shortnose gar lepisosteus platostomus 10 2 8 

Longnose gar Lepisosteus osseus 6 2 4 

Spotted gar lepisosteus oculatus 2 2 

Skipjack herring Alosa chrysochloris 1 1 
Gizzard shad Dorosoma cepedianum 57 54 3 

Goldeye Hiodon alosoides 1 1 

Grass carp Ctenopharyngodon idella 2 1 1 

Silver carp Hypophthalmichthys molitrix 8 8 

Carp Cyprinus carpio 10 4 6 

Redfin shiner lythrurus umbratilus 1 1 
Spotfin shiner Cyprinella spiloptera 13 6 7 

Steelcolor shiner Cyprinella whipplei 2 2 

Red shiner Cyprinella lutrensis 10 10 

Bullhead minnow Pimephales vigilax 9 8 1 

Emerald shiner Notropis atherinoides 6 2 4 

Bigmouth buffalo lctiobus cyprinellus 28 16 12 

Smallmouth buffalo lctiobus buba1us 9 1 8 

Black buffalo lctiobus niger 2 2 

Channel catfish lctalurus punctatus 3 2 1 

Blackspotted topminnow Fundulus olivaceus 1 1 \) Brook silverside Labidesthes sicculus 2 2 

White bass Morone chrysops 1 1 

Black crappie Pomoxis nigromaculatus 3 1 2 

White crappie Pomoxis annularis 4 4 

Spotted bass Micropterus punctulatus 1 1 

Bluegill Lepomis macrochirus 13 7 6 

Longearsunfish Lepomis megalotis 15 11 4 

Orangespotted sunfish Lepomis humilis 2 2 

Freshwater drum Aplodinotus grunniens 19 3 16 

0 
2016 1 oft 



R02446

Water body Total Big Muddy River Big Muddy River Big Muddy River 

C Date 2017NOV02 2017NOV03 2017OCT24 
Stat, on code N-12 N-99 N-23 

Species 35 26 23 20 
Non-native proportion 0.05 0.07 0.04 0 23 
Total fish 322 111 145 66 
Electrode minutes 60 60 60 
Se,ne hauls 

Shortnose gar lepisosteus platostomus 14 1 10 3 
longnose gar lepisosteus osseus 7 1 1 5 
Spotted gar lepisosteus oculatus 1 1 

Bowlin Amia calva 4 3 1 
Gizzard shad Oorosoma cepedianum 83 37 39 7 
Threadfin shad Oorosoma petenense 2 2 

Grass carp Ctenopharyngodon 1della 2 2 
Silver carp Hypophthalm chthys mohtrix 15 3 12 
Carp Cyprinus carp,o 9 8 1 
Redlin shiner Lythrurus umbratllus 9 4 4 1 

Bluntnose minnow Pimephales notatus 3 3 
Bullhead minnow Pimephales v,gilax 15 5 10 
Emerald shiner Notropis atherinoides 18 1 8 9 

Sand shiner Notropi s ludibu nd us 3 3 
Bigmouth buffalo lctiobus cyprrnellus 5 2 3 
Smallmouth buffalo lctiobus bubalus 8 5 2 1 
Black buffalo lctiobus niger 11 5 3 3 
River carpsucker Carpiodes carp,o 6 3 1 2 
Shorthead redhorse Moxostoma macrolepidotum 1 1 
Channel catfish lctalurus punctatus 3 1 2 
flathead catfi.sh Pylodictls olivaris 1 1 
B•ackstripe topminnow Fundulus notatus 5 1 4 
Blackspotted topminnow Fundulus olivaceus 1 1 
Mosqu1tofish Gambus,a affin,s 5 5 

C 
Brook s;lverside Labidesthes sicculus 2 1 1 
Inland s1lve rs,des Menid1a bery,l ina 1 1 
Whi te bass Marone chrysops 6 3 3 
Black crapp:e Pomoxis nigromaculatus l 1 
largemouth bass M,cropterus salmo·des 2 2 
Warmouth lepomis gulosus 1 1 
Green sunfish lepomis cyanellus s 2 1 2 
Bluegill lepomis macrochirus 32 8 20 4 
Longear sunfish lepomis megalotis 1S 3 11 1 
Orangespotted sunfish Lepomis humi.is 7 1 6 

Freshwater drum Aplodmotus grunnlens 19 6 12 1 

2017 t of l 
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Waler body 
Date 

Station c.ode 
Species 
Non-nt1tive prcponlon 

Total fish 
Electrode minutes 

Seine hauls 
Unidentified Gar 

Shortnose g,r 
longnose gar 
Spotted gar 

Bowfin 

Gizzard shad 
Grass pickerel 
Gr,uscarp 

Silver carp 

Carp 

Golden shiner 

Creek ch•b 

Central stoneroller 

Silver chub 

Silvery minnow 
Redfin shiner 

Spotfin shine, 

Red shiner 

Bluntnose minnow 

Bullhead minnow 

Emerald shll'\er 

Sand shiner 

Silver;aw minnow 

Bigmouth buffalo 
Smallmouth buffalo 

Black b•llalo 
River carpsuc\(er 

White sucker 

Spotted sucker 

Creek chubsucker 

Golden redhorse 
Channel catfish 

Yellow bullhead 
Black bullhead 

Flathead catfish 
Tadpole madtom 

Pirate perch 

Blackstr(pe topminnow 

Blackspotted topminnaw 

Mosquitofish 

White bass 

Flier 

Black crappie 
White crappie 

Largemouth bass 

Spoiled bass 
Warmouth 

Green sunfish 

Bluegill 
Rede.a, suRfish 

Longear sunfish 

Orangespoued sunfish 

Unidentified Sunfish hybrid 

Sa1.1get 

Blackside darter 
Dusky darter 
Logperch 
Johnny darter 

Bluntnose darter 

Rainbow darter 

Mud darter 

Orangelhroat darter 

Stripetail da,tel' 

Fantail darter 

Slough darter 
Freshwater drum 

'Six Mlle Creek 

Lepisosteus sp. 
Lepisosteus platostomus 

lepisosteus osseus 
lepisosteus oculalus 

Amiacalva 
Oorosoma cepedianum 

Esox americanus 
Ctenopharyngodon idella 
Hypoph1halmichthys molitrix 

Cyprinus carp;o 

Notemlgonus crysoteucas 

SemoUlus atromaculatus 
Campostoma anomalum 

Mac.rhybopsis storeriana 
Hybognathus nuchalis 
Lythru'"s umbratilus 
Cyp,inella spiloptera 

Cyp,ineUa lutrernis 

Pimephales notatus 

PimephalM vigilax 

Notropis atherinoldes 

Notropis ludibund•s 
Notropis buccatus 

lctiobus cyptinellus 

lctiobus bubalus 
lctiobus niger 

Carpiodes carpio 

Catostomus commersoni 

Minytrem.a melanops 

Erimyzon oblongus 

Moxostoma erythrurum 

lctaturus punctatus 

Ameiu,us natalis 

Ameiurus melas 

Pylodictis olivaris 

Noturus gyrinus 

Aphredodetus say.anus 

Fundu1us natat1.1s 

fundulus oUvaceus 

Gambusia affinis 

Morone chrysops. 

Centr.archus mactopterus 

Pomoxis nigromaculatus 

Pomoxis annularis 

Micrapterus salmoides 

Micropter1.1s punctul.atus 

lepomis gulosus 

lepomis cyanellus 

lepamls macrochirus 

lepomis microlophus 

lepomis megalotis 

lepomis humilis 

unidentified Centrarchidae hybrid 
Stizostedion canadense 

Perein.a maculata 

Perctna sc.iera 

Perd11a caprodes. 

Etheostama Rlgrum 

Etheostoma chlorosomum 

Etheostoma caeruleum 

Erheostoma asprigene 

Etheostoma spectabile 
Etheostoma kennlcotti 

Etheostom, fl,ibetlare: 

Etheostoma gracile 

Aplodinotus grunniens 

•poor sample; high cor1ductivity had to use 
MS,lolS of debris made it hard to sample 

Total Big M•ddy River Big M•ddy River Big M•ddy River Cedar Creek 

2018JUL12 2018JUL2S 2018JUL2S 2018MAY29 

N-0S N-06 N•ll NA-04 

64 16 23 17 9 0 
0 0.15 0.06 

S740 95 134 96 255 
33 60 60 34.72 

13 
46 IS 6 

15 2 s 
10 5 2 
8 s 
31 8 9 

27 2 
2 I 
I 1 

40 18 6 

16 1 
699 142 

734 59 
11 

8 
288 8 

l 
60 4 4 

720 3 1 6 

4 2 

40 1 2 

176 
8S 

9 s 1 
64 30 33 

11 7 3 
19 8 10 

129 
3 

1S9 4 2 

1 

22 1 5 4 

71 2 0 
2 

4 I 1 
8 1 

118 7 
263 4 

118 1S 
39 1 

7 
2 

3 
s s 

292 s 1 

3 3 

22 11 1 1 

22S 3 17 

416 7 I 2 

31 
448 22 2 1 

1 
9 

3 
2 

1 
s 

59 
1 
2 

1 
79 24 

s 
4 

3 
36 s 6 

0 
20Ji toU 
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Mill Creek Alto Pass Creek Kinkaid Creek Little Kinkaid Creel Beaucoup C!'eek Rattlesnake Creek anther Creek (Soul Swanwick Creek rab Orchard Cree le Crab Orchard Cr 

C 
2018JUN06 20l8JUN06 2019JUN05 2018JUN05 2018JUL09 2018JUN05 2018JUN20 2018JUN20 2018IUN11 2018JUN14 

NAFA-02 NAl•Ol NB-02 NBA-01 NC-09 NCB-01 NCE-02 NCK-02 N0-06 NDA-01 
10 6 18 23 14 17 14 14 16 17 

0.06 0.01 
130 289 990 804 Ill 218 114 103 188 105 

21.62 43.37 36 33.75 22.6 32 55 32.23 26 36.13 3193 

13 
I 

2 
I 12 

6 8 9 

7 I 

2 1 7 
9 172 58 24 23 20 6 
65 44 180 364 14 

7 1 
2 38 4 9 13 1 

10 22 
7 312 54 I 26 7 

145 23 8 

75 10 

16 3 I 

I I 

3 15 48 

I 

7 
I 4 5 3 5 3 s 

I 1 
28 1 7 3 3 

13 17 2 16 1 15 2S 3 
I 2 1 I 

5 4 6 

I I 

I 

1 224 4 8 3 4 3 

2 3 I 1 1 
3 4 10 8 21 11 16 2 

39 29 22 7 13 66 28 45 29 
2 6 7 

108 18 51 3 10 18 24 
I 

l 2 2 1 

1 
1 

3 1 1 
3 1 4 2 

1 
2 

1 
2 37 2 8 1 

5 
4 

I 
3 1 

L 
2018 
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Indian Creek Little Grassy Creek little Muddy River 'Six Mlle Creek little Indian Creek Pond Creek Sugar Carnp Creek Casey fork Dodds Creek Ravse Creek 

2018JUN12 2018JUN12 2018JUL09 20J8JUN20 2018JUN21 2018JUN11 2018JUN19 20 18JUL12 2018JUN19 2018JUN21 

NOCB-02 NOOA-01 NE-06 NEA-02 NEE-01 NG-05 NHH-02 NJ-10 NJB-01 NK-01 

13 9 17 4 10 9 IS 17 12 13 0 
547 38 196 8 193 150 143 145 92 204 

37 30.37 24 22 23.22 17.93 22.S 

1 I 

4 

7 18 3 I 16 1 62 33 

6 1 

Sl 7 3 145 1 

I 16 

230 2 16 s 8 7 4 29 

I 

62 I 4 7 6 26 
I 

I S 12 I 54 6 

I 0 1 2 

2 1 1 4 1 31 

2 

1 4 

17 30 3 3 8 

24 22 50 I 14 4 16 

s 12 11 2 2 60 2 2 1 

1 11 7 3 

2 

3 l 3 5 9 1 10 1 

1 

81 2 9 1 4 10 8 3 s 
9 3 7 4 8 8 39 1 s 

3 8 

131 8 2 s 4 2 1 24 

1 2 

1 

7 1 25 3 6 

s 

2 

0 
2018 SoU 
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Novack Creek Mud Creek Big Muddy River 

201SJUL09 2018JUN14 l018SEP06 

NKC.01 NZL-01 N-03 

11 16 l2 
0.06 

208 38 146 

24 21.8 60 

l 22 
8 
3 

1 

1 

1 

8 
1 

102 2 

1 

11 

6 

1 
3 

2 
2 
37 

3 

1 

1 
1 

4 

1 -
( 

{ 

2 

2 1 

2 

5 3 

33 3 

I 

I 

7 

6 

6 1 

34 3 7 

s 
11 3 

3 

5 2 

21 

1011 
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( 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYS'l'S & CO NSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DA TE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2 1407-1 
Pond I 
I 0/25/ 19 

RESULT 

7.9 
10 

144 
113 
80 

244 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.0100 
< 0.0100 
< 0.0010 
< 0.0020 
< 0.0020 
< 0.0050 
< 0.0050 

0.372 
< 0.100 

< 0.0060 
0.195 

< 0.0100 
< 0.002 

< 0.0050 
< 0.0050 
< 0.0100 
< 0.0050 
< 0.0200 
< 0.0200 

UNITS 

Unit 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: ----"A"-J...£111-b-<-="-'~=-'(M=_,¥=.J' =""---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.0100 
0.0100 
0.00 10 
0.0020 
0.0020 
0.0050 
0.0050 
0.100 
0.100 

0.0060 
0.0100 
0.0100 
0.002 

0.0050 
0.0050 
0.0100 
0.0050 
0.0200 
0.0200 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
245. 1 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

11 / 19/1 9 

Client-BM 
I 0/25/ 19 

DATE/ 
ANALYST 

10/25/ 19 KR 
10/3 1/ 19 OG 
10/31/19 OG 
10/29/ 19 KR 
10/29/1 9 KR 

11/1/1 9 OG 
10/28/19 KR 
10/28/1 9 KR 

11 /5/ 19 KR 
11 /8/19 KR 

ll /15/ l9WA 
11/15/1 9 WA 
11/ 15/1 9 WA 
11/1 5/1 9 WA 
11/1 5/19 WA 
11/ 15/1 9 WA 
11/1 5/1 9 WA 
11/ 15/1 9 WA 
11/1 5/1 9WA 
11/15/ 19 WA 
11/ 15/1 9 WA 
11/ 15/1 9 WA 

11/6/1 9 AK 
ll /15/ 19 WA 
I 1/15/19 WA 
11/15/1 9 WA 
11/ 15/ 19 WA 
ll/1 5/19WA 
11/15/1 9 WA 
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SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

( West Frankfort, Jllinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax (6 l8) 983-8208 

CHEM I CAL ANALYS'l'S & CONSULTANTS Website: WWI'\ .summilenviro.com 

CLIENT: Mach Mining REPORT DATE: 11119/ 19 
PDL: 21407-2 COMMENT: DRY 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH * Unit I - 14 4500 B * Acidi ty * mg/L 10 23 10 B * Alkalinity * mg/L 10 2320 B * Sulfate * mg/L 5 4500 E * 
Chloride * mg/L 10 4500 B * 
Hardness * mg/L 10 2340 C * Total Suspended Solids * mg/L 5 2540 D * 
Settleable Solids * mL/L 0.25 2540 F * Cyanide * mg/L 0.02 335.4 * Phenols, Total Recoverable * mg/L 0.01 420.4 * 
Antimony * mg/L 0.0100 200.7 * Arsenic * mg/L 0.0100 200.7 * 

C 
Beryllium * mg/L 0.00 10 200.7 * 
Cadmium, Total * mg/L 0.0020 200.7 * 
Cadmium, Dissolved * mg/L 0.0020 200.7 * Chromium * mg/L 0.0050 200.7 * 
Copper * mg/L 0.0050 200.7 * Iron, Total * mg/L 0. 100 200.7 * Iron, Dissolved * mg/L 0.100 200.7 * 
Lead * mg/L 0.0060 200.7 * 
Manganese, Total * mg/L 0.0 100 200.7 * Manganese, Dissolved * mg/L 0.0 100 200.7 * 
Mercury * mg/L 0.002 245. 1 * 
Nickel, Total * mg/L 0.0050 200.7 * Nickel, Dissolved * mg/L 0.0050 200.7 * 
Selenium * mg/L 0.0 100 200.7 * Silver * mg/L 0.0050 200.7 * Thallium * mg/L 0.0200 200.7 * Zinc * mg/L 0.0200 200.7 * 

(_ 
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SUMMIT 
~-=~--'Y ... /1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC AL ANALYSTS & CONSULTAN TS 

CLIENT: Mach Mining REPORT DATE: 
POL: 21407-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 10.7 Unit I - 14 4500 B 
Acidity < 10 mg/L IO 23 10 B 
Alkalinity 176 mg/L 10 2320 B 
Sulfate 40 mg/L 5 4500 E 
Chloride 15 mg/L 10 4500 B 
Hardness 180 mg/L 10 2340 C 
Total Suspended Solids 48 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 
Antimony < 0.0100 mg/L 0.0100 200.7 
Arsenic < 0.0 100 mg/L 0.0100 · 200.7 
Beryllium < 0.0010 mg/L 0.0010 200.7 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200 .7 
Chromium < 0.0050 mg/L 0.0050 200.7 
Copper < 0.0050 mg/L 0.0050 200.7 
Iron, Total 1.72 mg/L 0.100 200.7 
Iron, Dissolved < 0. 100 mg/L 0. 100 200.7 
Lead < 0.0060 mg/L 0.0060 200.7 
Manganese, Total 0.625 mg/L 0.0100 200.7 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 
Mercury < 0.002 mg/L 0.002 245.1 
Nickel, Total < 0.0050 mg/L 0.0050 200.7 
Nickel, Dissolved < 0.0050 mg/L 0.0050 200.7 
Selenium < 0.0100 mg/L 0.0100 200.7 
Silver < 0.0050 mg/L 0.0050 200.7 
Thallium < 0.0200 mg/L 0.0200 200.7 
Zinc < 0.0200 mg/L 0.0200 200.7 

(_ Reviewed By: -~A~hlb'""""'-'~"'-=-.... fM~ ~~=-7f-· .u=,c,...__ 

J 7650 Route 37 
West Frankfort, l11inois 62896 

Phone (61 8) 983-8280 
Fax (618) 983-8208 

Website: w,v .. v.summite11viro.com 

11/ 19/ 19 

C lient-BM 
10/25/ 19 

DATE/ 
ANALYST 

10/25/19 KR 
10/31 / 19 OG 
10/3 1/19 OG 
10/29/19 KR 
10/29/ 19 KR 

11/1/19 OG 
10/28/ 19 KR 
I 0/28/ 19 KR 

11/5/19 KR 
11 /8/19 KR 

11/15/19 WA 
11/15/ 19 WA 
11/15/ 19 WA 
11/15/ 19 WA 
11/15/ 19 WA 
11/15/ 19 WA 
11 /15/19 WA 
11/15/19 WA 
ll/ l5/ 19WA 
11 /1 5/19 WA 
11 /15/19 WA 
11/15/19 WA 

11 /6/ 19 AK 
11 / 15/19 WA 
11/15/19 WA 
11/15/19 WA 
11 / 15/1 9 WA 
ll / \ 5/ 19WA 
11/15/ 19 WA 
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SUMMIT 
ENVIRONMENTAL I 7650 Route 37 

C West Frankfort, llli.nois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: I 1/19/ 19 
PDL: 21407-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L 10 2310 B 10/3 1/ 19 OG 
Alkalinity 136 mg/L 10 2320 B 10/31 /1 9 OG 
Sulfate 93 mg/L 5 4500 E 10/29/19 KR 
Chloride 30 mg/L 10 4500 B 10/29/19 KR 
Hardness 300 mg/L 10 2340 C 11/1 /1 9 OG 
Total Suspended Solids II mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 ll /5/19KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 ll/15/19WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/15/ 19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 ll/15/ l9WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11/15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 I 1/15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.593 mg/L 0.100 200.7 11 /1 5/19 WA 
Iron, Dissolved < 0.100 mg/L 0. 100 200.7 I 1/1 5/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11 /1 5/ 19 WA 
Manganese, Total 0.368 mg/L 0.0100 200.7 11/15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/ 19 AK 
Nickel , Total < 0.0050 mg/L 0.0050 200.7 11/15/1 9 WA 
Nickel , Dissolved < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Selenium < 0.0100 mg/L 0.0 100 200.7 11 /1 5/1 9 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 /1 5/ 19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/ 15/1 9 WA 
Zinc 0.0203 mg/L 0.0200 200.7 11/ 15/1 9 WA 

(_ Reviewed By: _ __,_A-'-'-"me-'-=-"-€/4,=-'w."'-=-'~=,f-~~-
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SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMIC AL AN ALYST S & CONSULTAN T S Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 21407-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < IO mg/L 10 23 10 B 10/31/ 19 OG 
Alkalinity 160 mg/L 10 2320 B 10/31/19 OG 
Sulfate 60 mg/L 5 4500 E 10/29/1 9 KR 
Chloride 18 mg/L 10 4500 B 10/29/1 9 KR 
Hardness 276 mg/L 10 2340 C 11/1 / 19 OG 
Total Suspended Solids 39 mg/L 5 2540 D I 0/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/5/19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 /8/19 KR 
Antimony < 0.0 100 mg/L 0.0100 200.7 11/15/ 19 WA 
Arsenic < 0.0 100 mg/L 0.0100 200.7 11 /1 5/19 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 11/ 15/19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 ll / 15/19WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 / 15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 2.48 mg/L 0.100 200.7 11/ 15/19 WA 
Iron, Dissolved < 0.100 mg/L 0. 100 200.7 11/ 15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 \VA 
Manganese, Total 0.736 mg/L 0.0100 200.7 11 / 15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245 .1 11/6/ 19 AK 
Nickel, Total 0.0052 mg/L 0.0050 200.7 11 / 15/19 WA 
Nickel , Dissolved < 0 .0050 mg/L 0.0050 200.7 11/15/ 19WA 
Selenium < 0 .0100 mg/L 0.01 00 200.7 11 /15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 11 /15/19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 / 15/19 WA 
Zinc 0.0255 mg/L 0.0200 200.7 11/15/1 9 WA 

(_ Reviewed By: _ __,,_A>..L.<mb="'-'"-""''-1""<:...JCc..c/4""'),.--'~~-='.t-:~-
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SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, Hlinois 62896 

SERVICES, INC. Phone ( 6 18} 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: l l/19/ 19 
PDL: 2 1407-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LI MIT ANALYST 

pH 8.4 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L IO 23 10 B 10/3 1/ 19 OG 
Alka linity 640 mg/L 10 2320 B 10/31 / 19 OG 
Sulfate 1,320 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,490 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 340 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 15 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 l l /5/19KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.0 1 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11 /15/1 9 WA 
Arsenic < 0.0 100 mg/L 0.0100 200.7 11 /15/19 WA 

C 
Beryllium. < 0.0010 mg/L 0.00 10 200.7 11/ 15/1 9 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 11 /15/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 /15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11 /15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.651 mg/L 0.100 200.7 11/ 15/ 19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 ll/1 5/19WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/15/19 WA 
Manganese, Total 0.0772 mg/L 0.0 100 200.7 l 1/15/1 9 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0 100 200.7 l l/15/19WA 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/ 19AK 
Nickel, Total 0.0245 mg/L 0.0050 200.7 11/ 15/1 9WA 
Nickel, Dissolved 0.0 168 mg/L 0.0050 200.7 11 /15/19 WA 
Selenium < 0.0 100 mg/L 0.0 100 200.7 11/15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 ll /15/19 WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11/15/ 19 WA 
Zinc 0.0217 mg/L 0.0200 200.7 l l/ 15/19WA 

(_ Reviewed By: ----"'A...L.L.mb<-=<'--'M.-=_.,(M"-""---"'~-=n'-· uo."---



R02457

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West FraJ1kforl, 1l1inois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEM I C AL AN ALYST S & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 2 1407-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION l'vtETHOD DATE/ 
LIMIT ANALYST 

pH 7.5 Unit I - 14 4500 B 10/25/19 KR 
Acidity < 10 mg/L IO 2310 B 10/31 / 19 OG 
Alkalinity 412 mg/L 10 2320 B 10/3 I/I 9 OG 
Sulfate 1,220 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,350 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 580 mg/L 10 2340 C I 1/ 1/19 OG 
Total Suspended Solids 12 mg/L 5 2540 D 10/28/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 0/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /5/ 19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/ 15/ 19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 ll / 15/I9WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 ll / 15/19WA 
Cadmium, Total 0.0089 mg/L 0.0020 200.7 ll /15/19WA 
Cadmium, Dissolved 0.0072 mg/L 0.0020 200.7 11/15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Copper 0.0123 mg/L 0.0050 200.7 11/15/ 19 WA 
Iron, Total 0.801 mg/L 0. 100 200.7 I 1/ 15/ 19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11/15/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 ll /1 5/19WA 
Manganese, Total 2.05 mg/L 0.0100 200.7 I 1/1 5/ 19 WA 
Manganese, Dissolved 1.82 mg/L 0.0100 200.7 11/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/1 9AK 
Nickel, Total 0.140 mg/L 0.0050 200.7 11/15/ 19 WA 
Nickel, Dissolved 0.1 13 mg/L 0.0050 200.7 11 /1 5/19 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Silver < 0.0050 mg/L 0.0050 200.7 ll / 15/19WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 /15/ 19 WA 
Zinc 0.227 mg/L 0.0200 200.7 I 1/ 15/19 WA 

C Reviewed By: _ _..,A'-L,LmAL.O<L."-'"-""''A""~--'C""V.""--"~-· CL.W>.~-



R02458

SUMMIT 
ENVIRONMENTAL l 7650 R oute 37 

West Frankfort, 11linois 62896 

SERVICES, INC. Phone(618)983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: w,vw.summite11viro.corn 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 2 1407-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: 10/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 6.9 Unit I - 14 4500 B 10/25/19 KR 
Acidity 26 mg/L 10 23 10 B 10/3 1/ 19 OG 
Alkalinity 3 12 mg/L 10 2320 B 10/31/ 19 OG 
Sulfate 1,633 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,590 mg/L 10 4500 B 10/29/1 9 KR 
Hardness 980 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 91 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids 1.50 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 ll /5/1 9KR 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 11 /8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/15/19 WA 
Arsenic < 0.0100 mg/L 0.0100 200.7 ll/15/19WA 

C 
Beryll ium < 0.0010 mg/L 0.0010 200.7 11/15/19 WA 
Cadmium, Total 0.0114 mg/L 0.0020 200.7 11/ 15/19 WA 
Cadmium, Dissolved 0.0031 mg/L 0.0020 200.7 11 /15/1 9 WA 
Chromium < 0 .0050 mg/L 0.0050 200.7 ll /15/19WA 
Copper 0.0 155 mg/L 0.0050 200.7 11 /15/19 WA 
Iron, Total 60.3 mg/L 0.100 200.7 11 /15/19 WA 
Iron, Dissolved < 0. 100 mg/L 0. 100 200.7 11/ 15/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/ 15/ 19 WA 
Manganese, Total 4.19 mg/L 0.0100 200.7 11/15/ 19WA 
Manganese, Dissolved 3.6 1 mg/L 0.0 100 200.7 ll/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/19 AK 
N ickel, Total 0.222 mg/L 0.0050 200.7 11/15/1 9 WA 
N ickel, Dissolved 0.100 mg/L 0.0050 200.7 11 /15/1 9 WA 
Selenium < 0.0100 mg/L 0.0100 200.7 ll /15/19WA 
Silver < 0.0050 mg/L 0.0050 200.7 11/15/19 WA 
Thallium < 0 .0200 mg/L 0.0200 200.7 ll / 15/19WA 
Zinc 0.288 mg/L 0.0200 200.7 11/15/19 WA 

(_ Reviewed By: _ _.c_//..1...L.l;,n,b'-"""''-"'~"--""--"'W,.'-"'--~-"'"7.'FL.l<""'---



R02459

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEM I CAL ANA LYS T S & CONSU LTAN TS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 21407-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < IO mg/L IO 2310 B 10/31/19 OG 
Alkalinity 484 mg/L 10 2320 B 10/31 / 19 OG 
Sulfate 1,600 mg/L 5 4500 E 10/29/19 KR 
Chloride 1,380 mg/L IO 4500 B I 0/29/ 19 KR 
Hardness 400 mg/L IO 2340 C ll / l/I9OG 
Total Suspended Solids 22 mg/L 5 2540 D I 0/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/5/ 19 KR 
Phenols, Total Recoverable 0.01 mg/L 0.01 420.4 11/8/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 ll/15/19WA 
Arsenic < 0.0100 mg/L 0.0 100 200.7 11 / 15/19 WA 

C 
Beryllium < 0.0010 mg/L 0.0010 200.7 I 1/15/ 19 WA 
Cadmium, Total < 0.0020 mg/L 0.0020 200.7 l l/15/19WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 / 15/ 19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/15/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 ll/15/ 19WA 
Iron, Total 0.647 mg/L 0.100 200.7 11/15/ 19 WA 
Iron, Dissolved < 0.100 mg/L 0.100 200.7 11 /1 5/19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11/1 5/ 19WA 
Manganese, Total 0.239 mg/L 0.0 100 200.7 11/ 15/ 19 WA 
Manganese, Dissolved < 0.0100 mg/L 0.0100 200.7 11/1 5/19 WA 
Mercury < 0.002 mg/L 0.002 245.1 11/6/ 19 AK 
N ickel, Total 0.0488 mg/L 0.0050 200.7 l l/15/19WA 
Nickel, Dissolved 0.0341 mg/L 0.0050 200.7 ll/15/19WA 
Selenium 0.0172 mg/L 0.0 100 200.7 11/15/19WA 
Silver < 0.0050 mg/L 0.0050 200.7 ll / 15/ l9WA 
Thallium < 0.0200 mg/L 0.0200 200.7 11 /15/1 9 WA 
Zinc < 0.0200 mg/L 0.0200 200.7 11/15/1 9 WA 

(_ Reviewed By: ---=/I..L..L.,htb'""""c.,,M..-,=,c...,.W,c.=..-"'~"91"-· <--""-"---



R02460

( 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONS U LTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
C hloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Be1)'llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Tota l 
Manganese, Dissolved 
Mercury 
Nickel, To tal 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2 1426-1 
Pond I 
10/30/ 19 

RESULT 

7 .6 
< 10 
116 
100 
56 

240 
9 

< 0 .25 
< 0.02 
< 0.01 

< 0.002 
0.001 

< 0.001 
< 0.0002 
< 0.0002 

0.002 
0.003 
0.680 
0.063 

< 0 .002 
0.052 

< 0.020 
< 0.002 
0.003 
0.002 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 

Reviewed By: _ __,/l'--1-JmCLJJ.A..LJG,o,1~,:__(,1..<",,{...,h~rr~· e:u..,c.....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0 .001 

0.0002 
0.0002 
0.001 
0 .001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0 .002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, 111i.nois 62896 

Phone ( 61 8) 983-8280 
Fax (6 L8) 983-8208 

Website: www.sumrnitenviro.com 

11/26/ 19 
Grab W2 
Client-BM 
I 0/30/ l 9 

DATE/ 
ANALYST 

10/30/1 9 KR 
I 0/3 1/1 9 OG 
10/3 1/1 9 OG 

11/l/19 KR 
11/1 / 19 OG 
11 / 1/19 OG 

10/30/19 OG 
10/30/ 19 OG 

11/8/ 19 OG 
11/14/19 KR 
11/25/19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11 /25/1 9 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/ 19 AK 

11/6/ 19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
ll /25/19AK 



R02461

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax ( 6 I 8) 983-8208 

CHEM I CAL ANALYST S & CONSULTAN TS Website: w,.vw.surnrnitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/19 
PDL: 21426-2 COMMENT: Grab W2 
SAMPLE ID: Pond 2 SAMPLED BY: C lient-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.2 Unit I - 14 4500 B 10/30/19 KR 
Acidity < IO mg/L 10 23 10 B 10/31 / 19OG 
Alkalinity 11 2 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 350 mg/L 5 4500 E l l / 1/19 KR 
Chloride 52 mg/L 10 4500 B I 1/ 1/ 19 OG 
Hardness 304 mg/L 10 2340 C I l /1 / 19 OG 
Total Suspended Solids 7 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 ll /8/ 19OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 / 14/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B ll /25/19AK 
Arsenic < 0.001 mg/L 0.001 3125 B 11 /25/19 AK 

C 
Be1yllium < 0.001 mg/L 0.001 3 125 B I 1/25/19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3125 B 11 /25/ 19 AK 
Cadmium, Dissolved 0.0008 mg/L 0.0002 3125 B I 1/25/19 AK 
Chromium 0.002 mg/L 0.001 3125 B 11 /25/19 AK 
Copper 0.004 mg/L 0.001 3 125 B I 1/25/19 AK 
Iron, Total 0.195 mg/L 0.050 3 125 B I 1/25/19 AK 
Iron, Dissolved < 0 .050 mg/L 0.050 3 125 B 11/25/1 9 AK 
Lead < 0.002 mg/L 0.002 3125 B 11/25/19 AR 
Manganese, Total 0.376 mg/L 0.020 3125 B 11 /25/ 19 AK 
Manganese, Dissolved 0.323 mg/L 0.020 3125 B I 1/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11/6/19 AK 
N ickel, Total 0.023 mg/L 0.001 3 125 B 11/25/19 AK 
Nickel , Dissolved 0.0 19 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Selenium 0.004 mg/L 0.002 3 125 B 11 /25/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11/25/19 AK 
Thallium < 0 .0004 mg/L 0.0004 3 125 B 11 /25/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B I 1/25/19 AK 

(_ Reviewed By: ----"'A....i..Lm.LJ.4.ALlq""'&-'£.JC-"l'd..£./2-'-',L. ... F",,,_· :£.<.d,~-



R02462

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfo1i, ll1inois 62896 

SERVICES, INC. Phone ( 6 J 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/19 
PDL: 21426-3 COMMENT: Grab W2 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.0 Unit I - 14 4500 B 10/30/ 19 KR 
Acidity < IO mg/L 10 23 10 B 10/3 1/19 OG 
Alkalinity 148 mg/ L 10 2320 B 10/31/19 OG 
Sulfate 46 mg/ L 5 4500 E 11/ 1/19 KR 
Chloride < 10 mg/L IO 4500 B 11/ 1/ 19 OG 
Hardness 184 mg/L 10 2340 C 11/1 /19 OG 
Total Suspended Solids 5 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 
Arsenic 0 .003 mg/ L 0.00 1 3125 B 11/25/19 AK 

C Be1yllium < 0 .001 mg/ L 0.00 1 3 125 B 11/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0 .0002 3125 B 11/25/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/ L 0.0002 3 125 B I 1/25/19 AK 
Chromium 0.001 mg/L 0.001 3 125 B 11/25/19 AK 
Copper 0.003 mg/L 0.001 3 125 B 11/25/19 AK 
Iron, Total 0.634 mg/L 0.050 3 125 B 11/25/ 19 AK 
Iron, Dissolved 0.106 mg/L 0.050 3 125 B 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B I 1/25/ 19 AK 
Manganese, Total 0.250 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved 0 .025 mg/ L 0.020 3125 B 11/25/1 9 AK 
Mercury < 0.002 mg/ L 0.002 245. 1 11/6/1 9 AK 
Nickel, Total 0 .003 mg/L 0.001 3 125 B 11 /25/1 9 AK 
Nickel, Dissolved 0.002 mg/ L 0.001 3 125 B I 1/25 / 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 11 /25/ 19 AK 
Thallium < 0.0004 mg/L 0 .0004 3 125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B I 1/25/ 19 AK 

(_ 



R02463

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Fra nkfort, lllinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTAN TS Website: ww~v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 21426-4 COMMENT: Grab W2 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DA TE SAMPLED: 10/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.9 Unit I - 14 4500 B 10/30/19 KR 
Acidity 12 mg/L 10 2310 B 10/31 / 19 OG 
Alkalinity 156 mg/L 10 2320 B I0/31 /19OG 
Sulfate 86 mg/L 5 4500 E 11/1/19 KR 
Chloride 14 mg/L 10 4500 B 11 / 1/ 19 OG 
Hardness 232 mg/L 10 2340 C ll /l / l9OG 
Total Suspended Solids 24 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11/14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11 /25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B ll /25/19AK 
C hromium 0.002 mg/L 0.001 3 125 B 11/25/19 AK 
Copper 0.004 mg/L 0.001 3125 B 11 /25/19 AK 
Iron, Total 0.499 mg/L 0.050 3125 B 11/25/19 AK 
Iron, Dissolved 0.067 mg/L 0.050 3 125 B ll /25/19AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /25/19 AK 
Manganese, Total 0.085 mg/L 0.020 3 125 B 11/25/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 B 11 /25/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 l l/6/ 19AK 
Nickel, Total 0.005 mg/L 0.001 3125 B 11 /25/ 19 AK 
Nickel, Dissolved 0.003 mg/L 0.001 3125 B 11/25/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B I 1/25/19 AK 
Thallium < 0 .0004 mg/L 0.0004 3 125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11/25/19 AK 

(_ 



R02464

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, lllinois 62896 

( SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/26/ 19 
PDL: 21426-5 COMMENT: Grab W2 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/30/19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 8 10/30/19 KR 
Acidity 10 mg/L 10 2310 8 I 0/31 / 19 OG 
Alkalinity 108 mg/L 10 2320 8 10/3 1/ 19 OG 
Sulfate 180 mg/L 5 4500 E 11/ 1/19 KR 
Chloride 32 mg/L 10 4500 8 I l/1 /1 9 OG 
Hardness 284 mg/L 10 2340 C 11/1 /1 9 OG 
Total Suspended Solids 43 mg/L 5 2540 D 10/30/1 9 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L O.o2 335.4 11 /8/1 9 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 / 14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 8 11 /25/19 AK 
Arsenic 0.002 mg/L 0.001 3125 8 11 /25/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 8 11/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 8 11 /25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 8 I 1/25/ 19 AK 
Chromium 0.002 mg/L 0.001 3 125 B I 1/25/19 AK 
Copper 0.002 mg/L 0.001 3 125 8 11/25/ 19 AK 
Iron, Total 1.575 mg/L 0.050 3 125 8 11/25/19 AK 
Iron, Dissolved 0.321 mg/L 0.050 3 125 8 11 /25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 8 I 1/25/1 9 AK 
Manganese, Total 0.296 mg/L 0.020 3125 B 11 /25/1 9 AK 
Manganese, Dissolved 0.135 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 I 1/6/1 9 AK 
Nickel, Total 0.004 mg/L 0.001 3125 8 11/25/19 AK 
Nickel, Dissolved 0.003 mg/L 0.001 3 125 8 l l /25/ 19AK 
Selenium < 0.002 mg/L 0.002 3 125 8 11 /25/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B 11 /25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 8 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 8 11/25/ 19 AK 

(_ Reviewed By: _ __../l ......... m ........ b ... a'""L2'"'", .... [,,._..',{..._,/4_,_F._· ........_~ -



R02465

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

C West Frankfort, Illinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEM I CAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 21426-6 COMMENT: Precip/ 

Grab W2 
SAMPLE ID: Pond 6 SAMPLED BY: C lient-BM 
DATE SAMPLED: I 0/28/ 19 DATE RECEIVED: 10/30/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.2 Unit I - 14 4500 8 10/30/ 19 KR 
Acidity 16 mg/L 10 2310 8 10/3 1/ 19 OG 
Alkalinity 272 mg/L 10 2320 8 I0/3 1/ 19OG 
Sulfate 1,567 mg/L 5 4500 E 11/1/19 KR 
Chloride 880 mg/L 10 4500 8 11/1/19 OG 
Hardness 632 mg/L 10 2340 C 11/1/1 9 OG 
Total Suspended Solids 31 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 0/30/ 19 OG 
Cyanide < 0.02 mg/L 0,02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 I 1/14/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 8 11 /25/1 9 AK 

C Arsenic 0.002 mg/L 0.001 3125 8 I 1/25/1 9 AK 
Beryllium < 0.001 mg/L 0.001 3125 8 11/25/ 19 AK 
Cadmium, Total 0.0073 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved 0.0073 mg/L 0.0002 3 125 8 11/25/ 19 AK 
Chromium 0.012 mg/L 0.001 3 125 B 11 /25/19 AK 
Copper 0.004 mg/L 0.001 3125 8 11 /25/ 19 AK 
Iron, Total 0.704 mg/L 0.050 3 125 8 11/25/ 19 AK 
Iron, Dissolved 0.147 mg/L 0.050 3125 8 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Manganese, Total 1.749 mg/L 0.020 3 125 8 11/25/ 19 AK 
Manganese, Dissolved 1.749 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 ll /6/ 19AK 
Nickel, Total 0.096 mg/L 0.00 1 3125 B 11/25/ 19 AK 
N ickel, Dissolved 0.094 mg/L 0.001 3 125 8 11/25/ 19 AK 
Selenium 0.0 19 mg/L 0.002 3 125 B l l /25/1 9AK 
Silver < 0.001 mg/L 0.001 3 125 8 11/25/1 9 AK 
Thall ium 0.0004 mg/L 0.0004 3125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 8 11 /25/ 19 AK 

C 



R02466

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

Wes1 Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: wv-n,v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 2 1426-7 COMMENT: Grab W2 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit 1 - 14 4500 B 10/30/19 KR 
Acidity 16 mg/L 10 2310 B 10/3 1/ 19 OG 
Alka linity 392 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 967 mg/L 5 4500 E 11/1/19 KR 
Chloride 776 mg/L 10 4500 B 11/1/ 19 OG 
Hardness 628 mg/L 10 2340 C 11/ 1/ 19 OG 
Total Suspended Solids 26 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11 /8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 11 / 1'1/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0 .002 mg/L 0.001 3 125 B 11/25/19 AK 

C 
Bery llium < 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/ 19 AK 
Chromium 0.006 mg/L 0.001 3 125 B I 1/25/ 19 AK 
Copper 0.004 mg/L 0.001 3125 B 11 /25/ 19 AK 
Iron, Total 0.290 mg/L 0.050 3 125 B 11 /25/1 9 AK 
Iron, Dissolved 0.062 mg/L 0.050 3 125 B 11/25/ 19 AK 
Lead < 0.002 mg/L 0 .002 3 125 B 11/25/19 AK 
Manganese, Total 0.320 mg/L 0.020 3 125 B 11/25/19 AK 
Manganese, Disso lved 0. 128 mg/L 0.020 3 125 B 11 /25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/ 19 AK 
Nickel, Total 0 .021 mg/L 0.00 1 3 125 B 11 /25/ 19 AK 
Nickel, Dissolved 0.021 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Selenium 0.006 mg/L 0.002 3 125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11/25/19 AK 
Z inc < 0.050 mg/L 0.050 3 125 B l l/25/19AK 

(_ Reviewed By: _ _....,&...i..Lm,.,_A"-"-"0'""12r..:., 4,t:.a.'J.c..h:L.~~-ZLLr __ 



R02467

SUMMIT 
ENVIRONMENTAL I 7650 Route 37 

West Frankfort, 1l1inois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEMICAL AN ALYSTS & CONSULTANT S Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /26/ 19 
PDL: 21426-8 COMMENT: Grab W2 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/30/ 19 DATE RECEIVED: 10/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 10/30/19 KR 
Acidity 10 mg/L 10 2310 B 10/3 1/ 19 OG 
Alkalinity 340 mg/L 10 2320 B 10/3 1/1 9 OG 
Sulfate 967 mg/L 5 4500 E 11/1/19 KR 
Chloride 1,516 mg/L 10 4500 B ll / l / 19OG 
Hardness 672 mg/L 10 2340 C 11/1 /19 OG 
Total Suspended Solids 25 mg/L 5 2540 D 10/30/ 19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 ll/14/19KR 
Antimony < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/25/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11 /25/ 19 AK 
Cadmium, Total 0.0002 mg/L 0.0002 3 125 B 11/25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/ 19 AK 
Chromium 0.007 mg/L 0.001 3 125 B 11/25/19 AK 
Copper 0.004 mg/L 0.001 3125 B 11/25/ 19 AK 
Iron, Total 0.391 mg/L 0.050 3125 B 11 /25/19 AK 
Iron, Dissolved 0.103 mg/L 0.050 3125 B ll /25/19AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Manganese, Total 0.417 mg/L 0.020 3125 B 11/25/ 19 AK 
Manganese, Dissolved 0.197 mg/L 0.020 3125 B ll /25/19AK 
Mercury < 0.002 mg/L 0.002 245. 1 ll /6/ l9AK 
Nickel, Total 0.023 mg/L 0.001 3 125 B 11 /25/19 AK 
Nickel, Dissolved 0.021 mg/L 0.001 3 125 B ll /25/ l9AK 
Selenium 0.009 mg/L 0.002 3 125 B 11/25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /25/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B ll /25/19AK 

Reviewed By: _ __..//-¥-Lhtah,c..uflc.cAc..,.,-1,(4J..c../4.:.,..✓urr=,,.· UA.~-



R02468

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

C West Frankfort, 11linois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYS TS & CO N SULTAN TS Website: www.summitenviro.com 

CLIENT: Mach M ining REPORT DATE: 11 /26/ 19 
PDL: 21426-9 COMMENT: Grab W2 
SAMPLE ID: Pond 9 SAMPLED BY: C lient-BM 
DA TE SAMPLED: 10/30/ 19 DATE RECEIVED: I 0/30/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LI MIT ANALYST 

pH 8.3 Unit I - 14 4500 B I 0/30/19 KR 
Acidity < 10 mg/L 10 2310 B I 0/31 / 19 OG 
Alkalinity 320 mg/L 10 2320 B 10/3 1/19 OG 
Sulfate 1,333 mg/L 5 4500 E 11 / 1/19 KR 
Chloride 834 mg/L 10 4500 B 11/1/1 9 OG 
Hardness 524 mg/L 10 2340 C 11/1/19 OG 
Total Suspended Solids 27 mg/L 5 2540 D 10/30/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/30/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 11/ 14/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 11/25/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B I 1/25/ 19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B I 1/25/1 9 AK 
Cadmium, Total 0.0005 mg/L 0.0002 3 125 B I 1/25/1 9 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11 /25/ 19 AK 
Chromium 0.009 mg/L 0.001 3125 B 11 /25/ 19 AK 
Copper 0.001 mg/L 0.001 3125 B 11/25/ 19 AK 
Iron, Total 0.267 mg/L 0.050 3 125 B 11/25/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3125 B 11/25/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /25/ 19 AK 
Manganese, Total 0.351 mg/L 0.020 3 125 B 11/25/19 AK 
Manganese, Dissolved 0 .224 mg/L 0.020 3125 B 11/25/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /6/ 19 AK 
N ickel, Total 0.033 mg/L 0.00 1 3 125 B 11 /25/ 19 AK 
N ickel, Dissolved 0.026 mg/L 0.001 3 125 B 11/25/ 19 AK 
Selenium 0.022 mg/L 0.002 3125 B 11 /25/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /25/19 AK 
Thallium 0 .0005 mg/L 0.0004 3125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/25/ 19 AK 

Reviewed By: _ ___,CA>..J..LJn6="--'u"'-""_.W..ci.:c..:.<~~-"-"""'---



R02469

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTAN T S 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21449-1 
Pond 2 
11 /5/ 19 

RESULT 

7.7 
< 10 
36 

540 
26 

610 
39 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0 .0002 

0.002 
0.004 
0.354 
0.063 

< 0.002 
0.037 

< 0.020 
< 0.002 
0.006 
0.005 
0.0 15 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __.A,._,_.mCLl.«b""-"<Mcc..,.'-i.<CUw:A ......... ✓~,,,,· ::u.o7-:-'""---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0 .020 
0.002 
0.001 
0.001 
0.002 
0.001 
0.0004 
0 .050 

METHOD 

4500 8 
23 10 8 
2320 8 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 8 
3 125 8 
3125 8 
3125 8 
3125 8 
3125 8 
3 125 8 
3125 8 
3 125 8 
3 125 B 
3 125 B 
3125 8 
245.1 

3125 B 
3 125 B 
3 125 8 
3125 8 
3125 8 
3 125 8 

17650Route37 
West Frankfort, lllinoi 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: .,...,,.v1,v.summitenviro.com 

11 /27 / l 9 
Grab W3 
Client-BM 
11/5/19 

DATE/ 
ANALYST 

11 /5/19KR 
11/ 11 / 19 OG 
I 1/11/19 OG 
ll/11 / 19KR 

11/6/ 19 KR 
11/ 12/1 9 KR 

11 /7/ 19 KR 
11/5/19 KR 
11/8/1 9 OG 

11/14/ 19 KR 
11 /25 / 19 AK 
11 /25/19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11 /25/19 AK 
I 1/25/19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11/20/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 
II /25/19AK 
11 /25/ 19 AK 



R02470

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11 /27/19 
PDL: 21451-1 COMMENT: Grab W3 
SAMPLE ID: Pond I SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /6/ 19 DATE RECEIVED: 11/6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.6 Unit I - 14 4500 B 11/6/1 9 KR 
Acidity IO mg/L 10 23 10 B 11 / 11/ 19 OG 
Alkalinity 116 mg/L 10 2320 B I 1/1 1/ 19 OG 
Sul fate 120 mg/L 5 4500 E 11 /ll/l9KR 
Chloride 52 mg/L 10 4500 B I 1/1 2/ 19 OG 
Hardness 220 mg/L 10 2340 C I 1/1 2/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11 /7/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335 .4 11/8/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 11 /22/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/25/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 11/25/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B ll /25/19AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B I 1/25/1 9 AK 
Chromium 0.002 mg/L 0.001 3125 B 11/25/1 9 AK 
Copper 0.004 mg/L 0.001 3125 B 11/25/19 AK 
Iron, Total 0.359 mg/L 0.050 3 125 B 11/25/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/25/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B l 1/25/19AK 
Manganese, Total 0.077 mg/L 0.020 3 125 B 11 /25/1 9 AK 
Manganese, Dissolved 0.044 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
Nickel, Total 0.002 mg/L 0.001 3 125 B 11/25/ 19 AK 
Nickel, Dissolved 0.001 mg/L 0.00 1 3 125 B 11/25/1 9 AK 
Selenium 0.0 1 I mg/L 0.002 3 125 B I 1/25/1 9 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 11/25/1 9 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11 /25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 11 /25/ 19 AK 

(_ Reviewed By: _ __.,&c...¥-,,CmL<.,(,.ALJou.Au,-1{..a'd..£/2~F,,,.· =~-



R02471

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEM I CAL ANALYSTS & CONSU LTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Be1yllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2 1451-2 
Pond 3 
11 /6/ 19 

RESULT 

7.4 
< IO 
108 
60 

< 10 
108 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.00 1 
< 0 .0002 
< 0.0002 

0.002 
0.003 
0.275 
0.073 

< 0.002 
0.054 

< 0.020 
< 0.002 
0 .002 
0.002 
0.009 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __,,,&..:,..LmUA..bu/JG-<4t..t.,_,_(..a'J..,_/4.:.,..,,,,,.F.,,.· ZL.4.--

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
IO 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.00 1 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
245.1 

3125 B 
31 25 B 
3125 B 
3125 B 
3125 B 
3125 B 

17650 Route 37 
West Frankfort, 111inois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

11/27/19 
Grab W3 
Client-BM 
11 /6/19 

DATE/ 
ANALYST 

I 1/6/19 KR 
I 1/ 11/ 19 OG 
11/1 1/19 OG 
11/11/19 KR 
11/ 12/19 OG 
I 1/ 12/19 KR 

11/7/ 19 KR 
11/6/19 KR 
11/8/ 19 OG 

11/22/19 KR 
11/25/19 AK 
I 1/25/1 9 AK 
11/25/1 9 AK 
11/25/19 AK 
11/25/ 19 AK 
11 /25/19AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11 /20/ 19 AK 
11/25/ 19 AK 
11/25/1 9 AK 
11/25/1 9 AK 
11/25/1 9 AK 
11 /25/ 19 AK 
11/25/19 AK 



R02472

C 

C 

(_ 

SUMMIT 
~ --=-:::s:!: _.,,.~/1 ENVIRONMENTAL 

SERVICES, INC. 
CHEM I C AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Si lver 
T hallium 
Zinc 

Mach Mining 
21451-3 
Pond 4 
11/6/ 19 

RESULT 

8.2 
< IO 
100 
100 
36 
180 
5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.002 
0.002 
0.249 

< 0.050 
< 0.002 
0.059 

< 0.020 
< 0.002 
0.004 
0.002 
0.008 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mL/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: - ~/I......_.M'-"--"'"'---5',M.-'-""'--U-'/22~F91·-,....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
IO 
IO 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
245.1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 

17650 Route 37 
West Frankfort, l lhnois 62896 

Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

11/27/ 19 
Grab W3 
Client-BM 
11 /6/ 19 

DATE/ 
ANALYST 

I 1/6/19 KR 
11 / 11 / 19 OG 
I 1/11 / 19 OG 
11/11 / 19 KR 
11/ 12/19 OG 
I 1/12/ 19 KR 

11/7/19 KR 
11 /6/ 19 KR 
ll /8/ 19OG 

11/22/19 KR 
11 /25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/l9 AK 
I 1/25/19 AK 
I 1/25/1 9 AK 
I 1/25/1 9 AK 
I 1/25/1 9 AK 
11 /25/ 19 AK 
11 /25 / 19 AK 
11/25/19 AK 
I 1/20/ 19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
11/25/19 AK 
11 /25/19 AK 



R02473

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website.: www.surnmitenviro.com 

CLIENT: Mach Mining REPORT DATE: I l/27/ 19 
PDL: 21451-4 COMMENT: Grab W3 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /6/ 19 DATE RECEIVED: 11 /6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.1 Unit I - 14 4500 B 11/6/19 KR 
Acidity 10 mg/L 10 2310 B l l /l l/ 19 OG 
Alkal inity 104 mg/L 10 2320 B 11/11/19 OG 
Sulfate 145 mg/L 5 4500 E 11/11 / 19 KR 
Chloride 34 mg/L 10 4500 B 11 /12/1 9 OG 
H·ardness 188 mg/L 10 2340 C 11 / 12/19 KR 
Total Suspended Solids 35 mg/L 5 2540 D 11/7/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/8/19 OG 
Phenols, Total Recoverab le < 0.01 mg/L 0.0 1 420.4 11/22/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/25/19 AK 
Arsenic 0.002 mg/L 0 .001 3 125 B 11/25/19 AK 

C 
Beryllium < 0.00 1 mg/L 0.001 3 125 B 11/25/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11 /25/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0 .0002 3 125 B 11/25/ 19 AK 
Chromium 0.002 mg/L 0.00 1 3 125 B 11/25/ 19 AK 
Copper 0.002 mg/L 0.001 3 125 B 11/25/ 19 AK 
Iron, Total 1.233 mg/L 0.050 3 125 B 11/25/ 19 AK 
Iron, Dissolved 0.245 mg/L 0.050 3 125 B l l/25/ 19AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /25/ 19 AK 
Manganese, Total 0.2 13 mg/L 0.020 3125 B l l/25/ 19AK 
Manganese, Dissolved 0. 126 mg/L 0.020 3 125 B 11/25/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/ 19 AK 
Nickel, Total 0.003 mg/L 0.001 3 125 B 11/25/1 9 AK 
N ickel, Dissolved 0.002 mg/L 0.001 3 125 B 11/25/19 AK 
Selenium 0 .007 mg/L 0.002 3125 B 11/25/1 9 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /25/1 9 AK 
Thallium < 0.0004 mg/L 0 .0004 3 125 B 11/25/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/25/ 19 AK 

(_ Reviewed By: __ .... /l.:,..s;,h1""'h'-'-"t1'"4.,_, -'-'/Ja.h"--"-'F~·,p.L....._-



R02474

C 

(_ 

SUMMIT 
~~~~ENVIRONMENTAL 

SERVICES, INC. 
CHEM I CAL AN ALYS T S & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Be1y ll ium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
2145 1-5 
Pond 6 
11/6/ 19 

RESULT 

7.6 
12 

176 
560 
248 
480 
13 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.002 

< 0.001 
0.0014 
0.0014 
0.004 
0.002 
0.520 
0. 112 

< 0 .002 
0.438 
0.390 

< 0.002 
0.025 
0.024 
0.009 

< 0 .00 1 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __,Al.....Llmb:.a..£Lq,..'A,,""'--'{,""'j""'/4...c,~~· """"~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0 .0002 
0.0002 
0.001 
0.001 
0.050 
0 .050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summite11viro.com 

I 1 /27/ 19 
Grab W3 
Client-BM 
11/6/19 

DATE/ 
ANALYST 

11/6/ 19 KR 
11 / 11/ 19 OG 
11/11/19 OG 
11/11/19 KR 
11/12/ 19 OG 
11/ 12/19 KR 
1l /7/19KR 
11 /6/19 KR 
11 /8/1 9 OG 

11/22/19 KR 
11 /25/ 19 AK 
11/25/ 19 AK 
ll /25/19AK 
11/25/19AK 
11/25/ 19 AK 
11/25/19 AK 
I 1/25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11/20/ 19 AK 
11/25/ 19 AK 
l l /25/ 19AK 
11/25/19 AK 
11 /25/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 



R02475

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI C AL AN ALYSTS & CONSULTANT S 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, T otal Recoverable 
Antimony 
Arsenic 
Beryll ium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21451-6 
Pond 7 
11 /6/19 

RESULT 

7.4 
32 
720 

1,800 
1,600 
980 
< 5 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.001 
0.0003 

< 0.0002 
0.010 
0.004 
0.463 
0.112 

< 0.002 
0.404 
0.394 

< 0.002 
0.01 I 
0.010 
0.020 

< 0.00 I 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 

Reviewed By: -~/lo....i..ni~'b"-"'M.-a.L..uU""'/2'-""'F~·p.,.,.....__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.00 1 
0 .002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
245.1 

3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 

17650 Route 37 
West Frankfort, 1lli.nois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

11/27/ 19 
Grab W3 
Client-BM 
11/6/19 

DATE/ 
ANALYST 

11 /6/ 19 KR 
11 / 11 / 19 OG 
11/11 /19 OG 
11/ll/19KR 
l 1/12/19 OG 
11/12/19 KR 

11 /7/19 KR 
11/6/ 19 KR 
11/8/1 9 OG 

11 /22/19 KR 
11/25/ 19 AK 
I 1/25/ 19 AK 
I 1/25/19 AK 
11/25/19 AK 
11 /25/ 19 AK 
ll /25/ 19AK 
11/25/19 AK 
11 /25/1 9 AK 
11 /25/19AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/19 AK 
I 1/20/ 19 AK 
11/25/19 AK 
11 /25/ 19 AK 
l 1/25/19 AK 
11 /25/19 AK 
11/25/ 19 AK 
11/25/ 19 AK 



R02476

C 

SUMMIT 
-..-::-.=::--~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Pheno ls, Total Recoverable 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

Mach Mining 
21451-7 
Pond 8 
11 /6/ 19 

RESULT 

7.4 
24 

668 
1,867 
1,799 
780 
< 5 

< 0.25 
< 0 .02 
< 0.0 1 

< 0.002 
0.003 

< 0.001 
0.0003 

< 0.0002 
0.010 
0.004 
0 .399 

< 0.050 
< 0.002 
0.374 
0.356 

< 0.002 
0.0 1 I 
0 .0 10 
0.020 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 

Reviewed By: - ~ A"'-'-m.6........,'""'-"-M""""--< _...ltc.../2<....<dF-""'·,=,,..,......__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0 .050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245 .1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, !llinois 62896 

Phone (618} 983-8280 
Fax (618} 983-8208 

Website: www.summitenviro.com 

11/27/ 19 
Grab W3 
Client-BM 
11 /6/ 19 

DATE/ 
ANALYST 

11/6/19 KR 
11 / 11/19 OG 
l l/l l /1 9 00 
11/11/19 KR 
11/ 12/ 19 OG 
11 /12/ 19 KR 

11 /7/19 KR 
ll / 6/ 19KR 
I 1/8/ 19 OG 

11/22/19 KR 
I 1/25/ 19 AK 
I 1/25/19 AK 
11/25/19 AK 
11/25/19 AK 
l l /25/19AK 
11 /25/19 AK 
ll /25/19AK 
11/25/19 AK 
ll /25/19AK 
11 /25/ 19 AK 
ll /25/ 19AK 
11/25/19 AK 
11 /20/ 19 AK 
11 /25/1 9 AK 
l l /25/1 9AK 
11/25/1 9 AK 
11/25/19 AK 
11 /25/1 9 AK 
11/25/19 AK 



R02477

C 

(_ 

SUMMIT 
------,ENVIRONMENTAL 

SERVICES, INC. 
CHE MI CAL ANA LYS'l' S & CONSULTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverab le 
Antimony 
Arsenic 
Be1yllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21451-8 
Pond 9 
11 /6/19 

RESULT 

8.5 
< IO 
432 

1,467 
1,200 
460 
46 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.003 

< 0.001 
< 0.0002 
< 0.0002 

0.008 
0.004 
0.210 

< 0.050 
< 0.002 
0.057 

< 0.020 
< 0.002 
0.013 
0.013 
0.021 

< 0.001 
< 0 .0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __.A,._._.mb'-L.<4""--""U'-'"'--'"'U""'/2_...F-99" CL.wO'""--

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 
0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.00 1 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
3125 B 
3125 B 
245.1 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Webs ite: www.summitenviro.com 

I 1 /27 / l 9 
Grab W3 
Client-BM 
11/6/ 19 

DATE/ 
ANALYST 

ll /6/19KR 
l l/ll/19OG 
11 / 11/19 OG 
11/11 / 19 KR 
11/12/ 19 OG 
11/12/1 9 KR 

11/7/ 19 KR 
ll /6/ 19KR 
11/8/19 OG 

11 / 22/19 KR 
I 1/25/ 19 AK 
ll /25/19AK 
11/25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11/25/19 AK 
11 /25/1 9 AK 
11/25/ 19 AK 
11 /25/19 AK 
11 /25/19 AK 
11/25/ 19 AK 
11 /20/ 19 AK 
11/25/ 19 AK 
11 /25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 



R02478

C 

(_ 

SUMMIT 
~--~ --'Jl"V/ ENVIRONMENTAL 

SERVICES, INC. 
CHEM I CAL AN ALYS T S & CONS U LTAN T S 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTlON 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
lron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thall ium 
Zinc 

Mach Mining 
21478-1 
Pond 1 
11/13/ 19 

RESULT 

7.1 
< 10 
80 
115 
54 
108 
7 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
< 0.001 
< 0.00 1 

< 0.0002 
< 0.0002 
< 0.001 
< 0.00 I 
0.260 
0.085 

< 0.002 
< 0.020 
< 0 .020 
< 0.002 
< 0.00 1 
< 0.00 1 
< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: - ----"A,._,__.l11A ......... "u""'"""'-'t""'1""-/._.u ... ~""'· CL.L<>r...____ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.0 1 

0.002 
0.001 
0.00 1 

0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/3/ 19 
Grab Wk4 
Client-BM 
11 / 13/ 19 

DATE/ 
ANALYST 

11 / 13/19 OG 
11/19/19 KR 
11/19/19 KR 
11/ 15/19 KR 
11/18/ 19 OG 
11/18/ 19 KR 
I 1/ 14/1 9 KR 
11/13/19 OG 
11/25/ 19 OG 

12/3/ 19 KR 
l l/27/19AK 
11/27/ 19 AK 
11 /27/1 9 AK 
11 /27/1 9 AK 
11 /27/19 AK 
11 /27/19 AK 
11/27/ 19 AK 
11 /27/19 AK 
11 /27/ 19 AK 
11 /27/19 AK 
11 /27/1 9 AK 
11 /27/19 AK 
11/20/ 19 AK 
11/27/ 19 AK 
11/27/ 19 AK 
ll/27/19AK 
11 /27/ 19 AK 
11 /27/ 19 AK 
11 /27/19 AK 



R02479

SUMMIT 
ENVIRONMENTAL l 7650 Route 37 

( West Frai1kfort, Hlinois 62896 

SERVICES, INC. Pb one ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICA L ANALYSTS & CON SULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-2 COMMENT: Grab Wk4 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/19 DATE RECEIVED: 11/1 3/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.3 Unit I - 14 4500 B 11 /13/ 19 OG 
Acidity < 10 mg/L IO 23 10 B I 1/ 19/ 19 KR 
Alkalinity 100 mg/L 10 2320 B 11/ 19/1 9 KR 
Sulfate 660 mg/L 5 4500 E ll/15/ l9KR 
Chloride 156 mg/L IO 4500 B 11/18/1 9 OG 
Hardness 460 mg/L IO 2340 C 11/18/1 9 KR 
Total Suspended Solids 17 mg/L 5 2540 D 11/1 4/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.001 mg/L 0.001 3125 B l l/27/19AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B 11 /27/19 AK 
Cadmium, Total 0.0008 mg/L 0.0002 3 125 B 11 /27/ 19 AK 
Cadmi um, Dissolved 0.0008 mg/L 0.0002 3 125 B 11 /27/ 19 AK 
Chromium 0.001 mg/L 0.001 3 125 B 11 /27/19 AK 
Copper < 0.001 mg/L 0.001 3125 B 11 /27/1 9 AK 
Iron, Total 0.164 mg/L 0.050 3 125 B 11 /27/ 19 AK 
Iron, Dissolved 0.068 mg/L 0.050 3125 B 11/27/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Manganese, Total 0.5 11 mg/L 0.020 3125 B 11/27/ 19 AK 
Manganese, Dissolved 0.511 mg/L 0.020 3 125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/ 19 AK 
Nickel, Total < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3 125 B 11 /27/ 19 AK 
Selenium 0.003 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11 /27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B ll /27/1 9AK 
Zinc < 0.050 - mg/L 0.050 3 125 B 11 /27/19 AK 

(_ Reviewed By: -~A"'--L.<m<.-U.O'b""--"'M"""J"--'-'u"'")'-~ ... '31·PJ.<,___ 



R02480

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Sol ids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21478-3 
Pond 3 
11/13/19 

RESULT 

7.5 
< 10 
64 
63 
12 

104 
5 

< 0.25 
< 0,02 
< 0.01 

< 0.002 
< 0.001 
< 0.00 I 

< 0.0002 
< 0.0002 
< 0.001 
< 0.001 
0.473 
0.209 

< 0.002 
< 0.020 
< 0.020 
< 0.002 
< 0.001 
< 0.00 1 
< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mL/L 
mg/L 
mg/I , 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 

Reviewed By: __ ...,.A--l-Lmu.cb«.o<..od.:c,<'2<'-<--1.llQ.L),.C,,.,u"'"F""'. L<.d.~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335 .4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
245 .1 

3125 B 
3125 B 
3125 B 
3125 B 
3125 B 
3 125 B 

17650 Route 37 
West Frankfort, Jlli.nois 62896 

Phone ( 618) 983-8280 
Fax (618) 983-8208 

Website: w\.v-..v.summitenviro.com 

12/3/19 
Grab Wk4 
Client-BM 
11/13/ 19 

DATE/ 
ANALYST 

11/13/19 OG 
11 / 19/19 KR 
11/ 19/ 19 KR 
11/15/ 19 KR 
11/18/ 19 OG 
11 / 18/ 19 KR 
11/ 14/19 KR 
11/13/ 19 OG 
11/25/19 OG 

12/3/19 KR 
11/27/ 19 AK 
11 /27/19 AK 
11/27/1 9 AK 
11/27/ 19 AK 
11 /27/19 AK 
11/27/19 AK 
11/27/ 19 AK 
11 /27/ 19 AK 
11/27/19 AK 
I 1/27/19 AK 
11 /27/19 AK 
l l/27/19AK 
11/20/ 19 AK 
11 /27/ 19 AK 
11/27/ 19 AK 
11 /27/19 AK 
11 /27/19 AK 
11/27/ 19 AK 
ll /27/ 19AK 



R02481

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Fra11kfort, Illinois 62896 

SERVICES, INC. Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

CHEM I CAL AN ALYSTS & CONSULTAN TS Website: ww~v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-4 COMMENT: Grab Wk4 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/ 13/ 19 DA TE RECEIVED: 11/13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.9 Unit I - 14 4500 B 11 / 13/ 19 OG 
Acidity < 10 mg/L 10 23 10 B 11/19/ 19 KR 
Alkalinity 88 mg/L 10 2320 B I 1/19/19 KR 
Sulfate 107 mg/L 5 4500 E I 1/ 15/ 19 KR 
Chloride 22 mg/L 10 4500 B 11 /18/ 19 OG 
Hardness 168 mg/L 10 2340 C 11/18/ 19 KR 
Total Suspended Solids 19 mg/L 5 2540 D I 1/ 14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/1 3/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 l l /25/19OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B ll /27/19AK 
Arsenic < 0.001 mg/L 0.001 3 125 B 11/27/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3125 B I 1/27/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11 /27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/27/ 19 AK 
Chromium < 0.00 1 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Copper 0.019 mg/L 0 .00 1 3125 B 11/27/19 AK 
Iron, Total 0.127 mg/L 0.050 3 125 B 11/27/19 AK 
Iron, Dissolved 0.058 mg/L 0.050 3 125 B I 1/27/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Manganese, Total < 0.020 mg/L 0.020 3125 B 11/27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/19 AK 
Nickel, Total < 0.001 mg/L 0.001 3125 B I 1/27/ 19 AK 
N ickel, Dissolved < 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 11/27/ 19 AK 
Thallium < 0 .0004 mg/L 0.0004 3 125 B 11/27/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B I 1/27/19 AK 

(_ Reviewed By: - ~//,.__,__.m'-«o&A..L.K.odA"'-''--'-"(,J....,/4c....,..o.F""'~....._-



R02482

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYS TS & CONSULTAN TS Website: www.summite11viro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-5 COMMENT: Grab Wk4 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/19 DATE RECEIVED: I 1/13/ 19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 11/ 13/19 OG 
Acidity < 10 mg/L 10 23 10 B 11 / 19/19 KR 
Alkalinity 72 mg/L 10 2320 B I 1/ 19/19 KR 
Sulfate 130 mg/L 5 4500 E 11 /15/ 19 KR 
Chloride 38 mg/ L 10 4500 B 11/ 18/19 OG 
Hardness 176 mg/L 10 2340 C 11 / 18/19 KR 
Total Suspended Solids 19 mg/L 5 2540 D I 1/14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/13/1 9 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/ L 0.0 1 420.'1 12/3/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.001 mg/L 0.00 1 3 125 B 11 /27/ 19 AK 

C Beryllium < 0.001 mg/ L 0.001 3125 B 11 /27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B I 1/27/ 19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11 /27/19 AK 
Chromium < 0.001 mg/L 0.001 3125 B l l/27/19AK 
Copper < 0.001 mg/L 0.001 3 125 B ll/27/19AK 
Iron, Total 0.384 mg/L 0.050 3 125 B I 1/27/ 19 AK 
Iron, Dissolved 0.147 mg/ L 0.050 3125 B I 1/27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11 /27/ 19 AK 
Manganese, Total 0.139 mg/L 0.020 3125 B I 1/27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 B I 1/27/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 11 /20/ 19 AK 
N ickel, Total < 0.00 1 mg/L 0.001 3125 B ll/27/ l9AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3125 B 11/27/ 19 AK 
Selenium < 0.002 mg/L 0.002 3125 B I 1/27/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3125 B 11/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 11 /27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 8 I 1/27/ 19 AK 

Reviewed By: __ A,,__,_m"-"-""/z...,_.u"-'"'-~V~'A~u-~9'-FL'-',._,__ 



R02483

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (618) 983-8208 

CHEMI CAL AN ALYST S & CONSULTANTS Website: w·ww.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-6 COMMENT: Grab Wk4 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/19 DATE RECEIVED: I 1/ 13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8. 1 Unit I - 14 4500 B 11/13/19 OG 
Acidity < 10 mg/L 10 23 10 B 11/ 19/19 KR 
Alkalinity 172 mg/L 10 2320 B 11/19/19 KR 
Sulfate 760 mg/L 5 4500 E ll /15/ 19KR 
Chloride 526 mg/L 10 4500 B 11/18/19 OG 
Hardness 420 mg/L 10 2340 C 11/ 18/ 19 KR 
Total Suspended Solids 10 mg/L 5 2540 D l l / 14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.00 1 mg/L 0.001 3125 B 11/27/19 AK 

C 
Bery llium < 0.001 mg/L 0.001 3125 B 11/27/19 AK 
Cadmium, Total 0.0007 mg/L 0.0002 3 125 B 11/27/19 AK 
Cadmium, Dissolved 0.0007 mg/L 0.0002 3125 B 11/27/ 19 AK 
Chromium 0.007 mg/L 0.001 3125 B 11/27/19 AK 
Copper < 0.001 mg/L 0.00 1 3125 B 11/27/19 AK 
Iron, Total 0 .1 55 mg/L 0.050 3125 B 11/27/ 19 AK 
Iron, Dissolved 0.088 mg/L 0.050 3 125 B 11/27/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 11/27/ 19 AK 
Manganese, Total 0.508 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved 0.508 mg/L 0.020 3125 B ll/27/19AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
Nickel, Total < 0.00 1 mg/L 0.00 1 3125 B 11/27/ 19 AK 
Nickel , Dissolved < 0.00 1 mg/L 0.00 1 3125 B 11 /27/19 AK 
Selenium 0.009 mg/L 0.002 3 125 B 11/27/1 9 AK 
Silver < 0.001 mg/L 0.001 3 125 B 11/27/19 AK 
Thall ium < 0.0004 mg/L 0.0004 3125 B 11/27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11/27/1 9 AK 

(_ Reviewed By: __ ..,_A.:J..L.,m""A""'-"a<!1'~L.J..u::J.,).<..,;~:..."';
0

,p..t......__ 



R02484

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( ' West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax ( 6 I 8) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: Wv\n,v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21478-7 COMMENT: Grab Wk4 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/ 19 DATE RECEIVED: 11/13/ 19 

TEST DESCRIPTION RES ULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 11/13/ 19 OG 
Acidity 16 mg/L IO 2310 B 11/ 19/19 KR 
Alkalinity 740 mg/L 10 2320 B 11 /19/19 KR 
Sulfate 1,933 mg/L 5 4500 E 11 /1 5/19 KR 
Chloride 1,849 mg/L 10 4500 B 11/18/ 19 OG 
Hardness 1,200 mg/L 10 2340 C 11/ 18/ 19 KR 
Total Suspended Solids 14 mg/L 5 2540 D 11/ 14/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335 .4 11 /25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/27/ 19 AK 

C Beryllium < 0.001 mg/L 0.00 1 3125 B 11/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 11/27/ 19 AK 
Chromium 0.021 mg/L 0.001 3 125 B 11 /27/1 9 AK 
Copper 0.045 mg/L 0.00 1 3 125 B 11/27/1 9 AK 
Iron, Total 1.156 mg/L 0.050 3 125 B 11 /27/ 19 AK 
Iron, Dissolved 0.943 mg/L 0.050 3 125 B 11 /27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Manganese, Total 0.597 mg/L 0.020 3125 B 11 /27/19 AK 
Manganese, Dissolved 0.597 mg/L 0.020 3 125 B 11/27/ 19 AK 
Mercury < 0.002 mg/L 0.002 245.1 I 1/20/ 19 AK 
Nickel, Total < 0.00 1 mg/L 0.001 3 125 B I 1/27/19 AK 
Nickel, Dissolved < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Selenium 0.020 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.00 I mg/L 0.001 3 125 B 11/27/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B l l/27/ 19AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /27/19 AK 

(_ Reviewed By: _ __.,,_A..LL<mu.cb<..<..><Q,&,Lt,L ..... ()a.½.c....:..<.,L"lFrF="""---



R02485

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, 1llinois 62896 

SERVICES, INC. Phone(618)983-8280 
Fax (618) 983-8208 

CHEMI CAL ANALYSTS & CONSULTAN T S Website: W\,\l'\V.summitenviro.corn 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 2 1478-8 COMMENT: Grab Wk4 
SAMPLE ID: Pond 8 SAMPLED BY: Cl ient-BM 
DATE SAMPLED: 11/ 13/19 DATE RECEIVED: 11/13/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.0 Unit I - 14 4500 B 11/13/ 19 OG 
Acidity < 10 mg/L 10 2310 B 11 / 19/19 KR 
Alkalin ity 630 mg/L 10 2320 B 11/ 19/ 19 KR 
Sulfate 1,700 mg/L 5 4500 E l l/ 15/19KR 
Chloride 1,500 mg/L IO 4500 B 11/ 18/19 OG 
Hardness 760 mg/L 10 2340 C I 1/18/19 KR 
Total Suspended Sol ids 14 mg/L 5 2540 D 11/ 14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/13/19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.0 1 420.4 12/3/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Arsenic 0 .001 mg/L 0.001 3 125 B 11 /27/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.00 1 3 125 B l l/27/19AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 11/27/1 9 AK 
Cadm ium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 11/27/ 19 AK 
Chromium 0.0 14 mg/L 0.001 3125 B 11 /27/ 19 AK 
Copper 0.072 mg/L 0.001 3125 B 11 /27/19 AK 
Iron, Total 0. 149 mg/L 0.050 3125 B 11 /27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B ll /27/19AK 
Lead < 0.002 mg/L 0.002 3125 B 11 /27/19 AK 
Manganese, Total 0.416 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved 0.4 16 mg/L 0.020 3 125 B 11 /27/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11 /20/ 19 AK 
Nickel, Total < 0.00 1 mg/L 0.001 3125 B 11/27/19 AK 
N ickel, Dissolved < 0.001 mg/L 0.001 3125 B 11 /27/ 19 AK 
Selenium 0 .016 mg/L 0.002 3 125 B 11/27/ 19 AK 
Silver < 0.001 mg/L 0.00 1 3125 B 11/27/19 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 11/27/19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 11 /27/19 AK 

(_ Reviewed By: _ __,,A...:J..L.rnALJ.4.,.<..>'14-"""'-..J..ua.).L~:...~·f"LL<....__ 



R02486

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

( West Frankfort, Hli.nois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/19 
PDL: 2 1478-9 COMMENT: Grab Wk4 
SAMPLE ID: Pond 9 SAMPLED BY: C lient-BM 
DATE SAMPLED: 11/ 13/ l 9 DATE RECEIVED: 11/13/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIM IT ANALYST 

pH 8.5 Unit I - 14 4500 B 11/1 3/ 19 OG 
Acidity < 10 mg/L 10 2310 B 11 / 19/ 19 KR 
Alkalinity 440 mg/L 10 2320 B 11/19/1 9 KR 
Sulfate 1,500 mg/L 5 4500 E 11/15/ 19 KR 
Chloride 1,250 mg/L 10 4500 B 11/18/1 9 OG 
Hardness 360 mg/L 10 2340 C 11/1 8/1 9 KR 
Total Suspended Solids 16 mg/L 5 2540 D 11/14/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/ 13/ 19 OG 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/ 19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/3/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic < 0.00 1 mg/L 0.001 3 125 B 11/27/19 AK 

C Beryllium < 0.001 mg/L 0.00 1 3125 B 11 /27/1 9 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11/27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 8 11/27/ 19 AK 
Chromium 0.0 10 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Copper 0.008 mg/L 0.001 3125 8 11/27/ 19 AK 
Iron, Total < 0.050 mg/L 0.050 3 125 8 11/27/ 19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 11/27/1 9 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Manganese, Total < 0.020 mg/L 0.020 3 125 8 11 /27/19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3125 8 11/27/ 19 AK 
Mercury < 0.002 rng/L 0.002 245. 1 11/20/ 19 AK 
Nickel, Total < 0.00 1 mg/L 0.001 3125 8 11/27/ 19 AK 
Nickel, Dissolved < 0.001 mg/L 0.001 3 125 B 11/27/ 19 AK 
Selenium 0.016 mg/L 0.002 3 125 8 11/27/19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 11 /27/ 19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 8 11/27/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 8 I 1/27/19 AK 

(_ Reviewed By: -~&'1...:t.Jkne:.a..b;LJO,Ma.,<-.U()L</4'--'L.,f.r~·~r .... __ 



R02487

C 

C 

(_ 

SUMMIT 
,.,..~ ..... ·ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL AN ALYS T S & CONSU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRJPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadm ium, Dissolved 
C hromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
Nickel, Dissolved 
Selenium 
Si lver 
Thallium 
Z inc 

Mach Mining 
21505-1 
Pond l 
11/20/ 19 

RESULT 

7.9 
< IO 
68 
120 
60 
120 
8 

< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
0.001 

< 0.00 1 
< 0.0002 
< 0.0002 

0.002 
< 0.001 
0.808 
0.197 

< 0.002 
0.121 
0.057 

< 0.002 
0.003 
0.003 

< 0.002 
< 0.001 

< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 

Reviewed By: ---"A,._,__.m/t"""'-L.'1/4-"""""'-'('""'',,('""'/4_..../F"". c,..,..,,...,__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0 .0002 
0.0002 
0.001 
0 .001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
245.1 

3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone ( 61 8) 983-8280 
Fax ( 618) 983-8208 

Website: W\.\"rv.sumrnitenviro.com 

12/6/ 19 
Grab W5 
Client-BM 
11/20/ 19 

DATE/ 
ANALYST 

11/20/ 19 KR 
11/22/ 19 KR 
11/22/19 KR 
11/25/19 KR 
11 /2 1/ 19 KR 
11/2 1/ 19 KR 
11/21/19 KR 
11/21 / 19 KR 
11/25/ 19 OG 

12/5/19 KR 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
I 2/2/19 AK 
12/2/1 9 AK 
12/2/1 9 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/6/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 



R02488

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 6 1 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: w,vw.summitenviro.com 

CLIENT: Mach Min ing REPORT DATE: 12/6/ 19 
PDL: 2 1505-2 COMMENT: Grab W5 
SAMPLE ID: Pond 2 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/ 19 DA TE RECEIVED: 11 /20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.7 Unit I - 14 4500 B 11/20/ 19 KR 
Acidity < 10 mg/L 10 2310 B 11 /22/ 19 KR 
Alkalinity 100 mg/L IO 2320 B 11/22/1 9 KR 
Sulfate 590 mg/L 5 4500 E 11 /25/19 KR 
Chloride 172 mg/L IO 4500 B 11 /21/19 KR 
Hardness 550 mg/L 10 2340 C 11 /2 1/ 19 KR 
Total Suspended Sol ids 5 mg/ L 5 2540 D 11/2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 I 1/25/ 19 OG 
Pheno ls, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/ 19 KR 
Antimony < 0.002 mg/L 0 .002 3 125 B 12/2/19 AK 
Arsenic 0.00 1 mg/L 0.001 3 125 B 12/2/ 19 AK 

C 
Bery llium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total 0.001 3 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved 0 .0013 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium 0.002 mg/ L 0.001 3 125 B 12/2/ 19 AK 
Copper 0 .005 mg/L 0.001 3 125 B 12/2/ 19 AK 
Iron, Total 0.2 18 mg/L 0.050 3 125 B 12/2/ 19 AK 
Iron, Dissolved 0.104 mg/L 0.050 3 125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Manganese, Total 0.641 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.641 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0 .002 245. 1 12/6/19 AK 
Nickel, Total 0.029 mg/L 0.001 3 125 B 12/2/19 AK 
Nickel, Dissolved 0.029 mg/L 0.001 3 125 B 12/2/19 AK 
Selenium 0.006 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/ L 0.001 3 125 B 12/2/19 AK 
Tha llium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19 AK 
Z inc < 0.050 mg/L 0.050 3 125 B 12/2/ 19 AK 

(_ Reviewed By: - ~ Ac.....w111<.LklA ...... u'-'"'---""u""'),'-'-"~""'-F<""'-"--



R02489

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, 1Hinois 62896 

SERVICES, INC. Phone (61 8) 983-8280 
Fax (618) 933-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DA TE: 12/6/ 19 
PDL: 2 1505-3 COMMENT: Grab W5 
SAMPLE ID: Pond 3 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/19 DATE RECEIVED: 11 /20/ 19 

TEST DESCRJPTION RESULT UNITS DETECT ION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B 11/20/ 19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/ 19 KR 
Alkalinity 44 mg/L 10 2320 B 11 /22/19 KR 
Sulfate 68 mg/L 5 4500 E 11/25/19 KR 
Chloride 16 mg/L 10 4500 B I 1/21/19 KR 
Hardness 104 mg/L 10 2340 C 11/2 1/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 11/21/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F I 1/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.0 1 420.4 12/5/ 19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/2/1 9 AK 

C 
Be1ylliu111 < 0.001 mg/L 0.00 1 3 125 B 12/2/1 9 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/1 9 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Chromium < 0.00 1 mg/L 0.001 3 125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Iron, Total 0.548 mg/L 0.050 3 125 B 12/2/ 19 AK 
Iron, Dissolved 0.262 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Manganese, Total 0.185 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.146 mg/L 0.020 3125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/1 9 AK 
Nickel, Total 0.003 mg/L 0.001 3125 B 12/2/1 9 AK 
Nickel, Dissolved 0.002 mg/L 0.00 1 3 125 B 12/2/1 9 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 12/2/1 9 AK 
Silver < 0.00 1 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/ 19 AK 

Reviewed By: __ ..,.A..J...LJm'-'<~f..L.l<d.C,~-<....J..,u<J.A"--'-"'.L.""l~rF="""--



R02490

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, llli..11ois 62896 C SERVICES, INC. Phone (618) 983-8280 
Fax ( 6 18) 983-8208 

CHEMICAL AN ALYS T S & CON SULTAN TS Website : www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 2 1505-4 COMMENT: Grab W5 
SAMPLE ID: Pond 4 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/19 DATE RECEIVED: 1 I /20/19 

TEST DESCRJPT!ON RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.3 Unit I - 14 4500 B 11 /20/ 19 KR 
Acidity < 10 mg/L 10 2310 B ll /22/19KR 
Alkalinity 68 mg/L IO 2320 B 11/22/19 KR 
Sulfate 117 mg/L 5 4500 E 11 /25/19 KR 
Chloride 24 mg/L 10 4500 B 11 /21/19 KR 
Hardness 176 mg/L IO 2340 C 11/21/19 KR 
Total Suspended Solids 11 mg/L 5 2540 D I 1/2 1/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Arsenic 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/1 9 AK 
Iron, Total 0.327 mg/L 0.050 3 125 B 12/2/1 9 AK 
Iron, Dissolved 0.118 mg/L 0.050 3 125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Manganese, Total 0.101 mg/L 0.020 3125 B 12/2/ 19 AK 
Manganese, Dissolved 0.040 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/19 AK 
Nickel, Total 0.005 mg/L 0.001 3 125 B 12/2/ 19 AK 
Nickel, Dissolved 0.005 mg/L 0.001 3 125 B 12/2/19 AK 
Selenium < 0.002 mg/ L 0.002 3 125 B 12/2/19 AK 
Silver < 0.00 1 mg/L 0.001 3 125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/1 9 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/ 19 AK 

(_ Reviewed By: _ _ ...._A.L.L<MC<d..<..,.(l&"-""<........,Uc.i../2"-'-'.L._,,,~~.....__ 



R02491

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone (6 18) 983-8280 
Fax (6 l8) 983-8208 

CHEMIC AL AN ALYSTS & CONSULTANTS Website : \',,Ww.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-5 COMMENT: Grab W5 
SAMPLE ID: Pond 5 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/19 DATE RECEIVED: 11/20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.7 Unit I - 14 4500 B 11/20/19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/ 19 KR 
Alkalinity 68 mg/L 10 2320 B 11/22/19 KR 
Sulfate 135 mg/L 5 4500 E 11/25/19 KR 
Chloride 38 mg/L 10 4500 B 11 /21 / 19 KR 
Hardness 172 mg/L 10 2340 C 11 /21 / 19 KR 
Total Suspended Solids 20 mg/L 5 2540 D 11/21 / 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /2 1/1 9 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Arsenic 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 

C 
Beryllium < 0 .001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 12/2/19 AK 
Cadmium, Dissolved < 0 .0002 mg/L 0.0002 3125 B 12/2/19 AK 
Chromium 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
Iron, Total 0.754 mg/L 0.050 3125 B 12/2/ 19 AK 
Iron, Dissolved 0.241 mg/L 0.050 3125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/19 AK 
Manganese, Total 0.226 mg/L 0.020 3125 B 12/2/19 AK 
Manganese, Dissolved 0.131 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/ 19 AK 
Nickel, Total 0.003 mg/L 0.001 3125 B 12/2/ 19 AK 
Nickel, Dissolved 0.003 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Selenium < 0.002 mg/L 0.002 3 125 B 12/2/ l9AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19 AK 
Z inc < 0.050 mg/L 0.050 3125 B 12/2/ 19 AK 

Reviewed By: -~A"'--'-'M'-L><>_,__..M,,'-'-'--~U-/2>~F~·µ..."-'--



R02492

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, 11linois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALY ST S & CONSULTAN TS Website: www.summitenviro.com 

CLIENT: Mach M ining REPORT DATE: l 2/6/ 19 
PDL: 2 1505-6 COMMENT: Grab W5 
SAMPLE ID: Pond 6 SAMPLED BY: Cl ient-BM 
DATE SAMPLED: 11 /20/ 19 DA TE RECEIVED: I 1 /20/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.2 Unit I - 14 4500 B 11 /20/ 19 KR 
Acidity < 10 mg/L 10 2310 B 11/22/ 19 KR 
Alkalinity 132 mg/L 10 2320 B 11 /22/19 KR 
Sulfate 933 mg/L 5 4500 E ll /25/19KR 
Chloride 605 mg/L 10 4500 B 11/21/ 19 KR 
Hardness 372 mg/L 10 2340 C 11/21/19 KR 
Total Suspended Solids 8 mg/L 5 2540 D I 1/21/19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3125 B 12/2/ 19 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/2/ 19 AK 

C Beryllium < 0.00 1 mg/L 0.001 3125 B 12/2/19 AK 
Cadmium, Total 0.0010 mg/L 0.0002 3125 B 12/2/1 9 AK 
Cadmium, Dissolved 0.0009 mg/L 0.0002 3125 B 12/2/19 AK 
Chromium 0.006 mg/L 0.00 1 3 125 B 12/2/19 AK 
Copper 0.012 mg/L 0.001 3125 B 12/2/ 19 AK 
Iron, Total 0.302 mg/L 0.050 3125 B 12/2/ 19 AK 
Iron, Dissolved 0.071 mg/L 0.050 3 125 B 12/2/19 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/19 AK 
Manganese, Total 0.675 mg/L 0.020 3125 B 12/2/19 AK 
Manganese, Dissolved 0.629 mg/L 0.020 3125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/6/1 9 AK 
Nickel, Total 0.032 mg/L 0.001 3125 B 12/2/1 9 AK 
Nickel, Dissolved 0.028 mg/L 0.001 3125 B 12/2/ 19 AK 
Selenium 0.0 16 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.00 1 3125 B 12/2/1 9 AK 
Thallium < 0.0004 mg/L 0.0004 3125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/19 AK 

(_ 



R02493

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

West Frankfort, 11linois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMI CAL ANALYSTS & CONSULTANTS Website: 1,v\vw.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-7 COMMENT: Grab W5 
SAMPLE ID: Pond 7 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/19 DA TE RECEIVED: 11 /20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.7 Unit I - 14 4500 B 11/20/19 KR 
Acidi ty 10 mg/L 10 2310 B 11 /22/ 19 KR 
Alkal inity 556 mg/L 10 2320 B 11 /22/ 19 KR 
Sulfate 1,800 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 1,719 mg/L 10 4500 B 11 /2 1/ 19 KR 
Hardness 740 mg/L 10 2340 C I 1 /2 I /19 KR 
Total Suspended Solids 12 mg/L 5 2540 D 11/2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/21 / 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverab le < 0.01 mg/L 0.01 420.4 l2/5/ l9KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Arsenic 0.003 mg/L 0.001 3 125 B 12/2/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0 .0002 rng/L 0.0002 3125 B 12/2/19 AK 
Chromium 0.012 mg/L 0.001 3 125 B 12/2/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Iron, Total 0.750 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0.223 mg/L 0.050 3 125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/ 19 AK 
Manganese, Total 0.558 mg/L 0.020 3 125 B 12/2/ 19 AK 
Manganese, Dissolved 0.558 mg/L 0.020 3125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/ 19 AK 
Nickel, Total 0.017 mg/L 0.001 3125 B 12/2/ 19 AK 
Nickel, Dissolved 0.016 mg/L 0.001 3125 B 12/2/19 AK 
Selenium 0.0 18 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

(_ Reviewed By: __ ..,.A..L.LaM,...._.'-"~""''A""'J....,{""'',,l/4""-"~""""· ......._~_ 



R02494

SUMMIT 
ENVIRONMENTAL 17650 Route 3 7 

C West Frankfort, Jl1inois 62896 

SERVICES, INC. Phone(618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: ,v,.v,;v.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 21505-8 COMMENT: Grab W5 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/20/ 19 DATE RECEIVED: 11/20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.4 Unit I - 14 4500 B I 1/20/ 19 KR 
Acidity 18 mg/L 10 23 10 B 11/22/ 19 KR 
A lkalinity 640 mg/L 10 2320 B 11/22/ 19 KR 
Sulfate 2,000 mg/L 5 4500 E 11/25/19 KR 
Chloride 1,969 mg/L 10 4500 B I 1/21 / 19 KR 
Hardness 800 mg/L 10 2340 C 11/2 1/1 9 KR 
Total Suspended Solids 14 mg/L 5 2540 D I 1/2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/2 1/1 9 KR 
Cyanide < 0.02 mg/L 0.02 335 .4 11/25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/5/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Arsenic 0.004 mg/L 0.001 3 125 B 12/2/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.00 1 3 125 B 12/2/19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/ 19 AK 
Chromium 0.015 mg/L 0.001 3 125 B 12/2/ 19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/2/1 9 AK 
Iron, Total 1.9 19 mg/L 0.050 3 125 B 12/2/1 9 AK 
Iron, Dissolved 0 .366 mg/L 0.050 3125 B 12/2/1 9 AK 
Lead < 0.002 mg/L 0.002 3125 B 12/2/19 AK 
Manganese, Total 0.569 mg/L 0.020 3 125 B 12/2/ 19 AK 
Manganese, Dissolved 0.566 mg/L 0.020 3 125 B 12/2/19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/6/ 19 AK 
Nickel, Total 0.0 14 mg/L 0.001 3 125 B 12/2/19 AK 
Nicke l, Dissolved 0.0 12 mg/L 0.001 3 125 B 12/2/19 AK 
Selenium 0.024 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3125 B 12/2/19 AK 
T hallium < 0.0004 mg/L 0.0004 3125 B 12/2/ 19 AK 
Zinc < 0.050 mg/L 0.050 3125 B 12/2/ 19 AK 

(_ Reviewed By: __ _.,A'-L-Lm.6 ......... ""'M.-"""""'_.(""'',,(""-).__.~-· CLMO.~-



R02495

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West F!'a11kfort, Jllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (6 18) 983-8208 

C HEMIC AL ANALYSTS & CONSU LTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/6/ 19 
PDL: 2 1505-9 COMMENT: Grab W5 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DATE SAMPLED: 11 /20/19 DATE RECEIVED: 11 /20/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B I 1/20/19 KR 
Acidity < 10 mg/L 10 23 10 B 11 /22/19 KR 
Alkalinity 480 mg/L 10 2320 B 11 /22/19 KR 
Sulfate 1,733 mg/L 5 4500 E 11/25/ 19 KR 
Chloride 1,530 mg/L 10 4500 B 11/2 1/ 19 KR 
Hardness 3 10 mg/L 10 2340 C 11 /21 / 19 KR 
Total Suspended Solids 18 mg/L 5 2540 D 11 /2 1/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11 /2 1/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 11 /25/19 OG 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 l2/5/ l9KR 
Antimony 0.003 mg/L 0.002 3 125 B 12/2/ 19 AK 
Arsenic 0 .004 mg/L 0.001 3 125 B 12/2/19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/2/19 AK 
Cadmium, Total 0.0002 mg/L 0.0002 3 125 B 12/2/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3 125 B 12/2/1 9 AK 
Chromium 0.013 mg/L 0.001 3 125 B 12/2/ 19 AK 
Copper < 0.001 mg/L 0.00 1 3 125 B 12/2/ 19AK 
Iron, Total 0.3 85 mg/L 0.050 3 125 B 12/2/19 AK 
Iron, Dissolved 0 .166 mg/L 0.050 3125 B 12/2/ 19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/2/19 AK 
Manganese, Total 0.09 1 mg/L 0.020 3 125 B 12/2/19 AK 
Manganese, Dissolved 0.048 mg/L 0.020 3125 B 12/2/ 19 AK 
Mercury < 0.002 mg/L 0.002 245 . 1 12/6/1 9 AK 
Nickel, Total 0.022 mg/L 0.00 1 3125 B 12/2/19 AK 
Nickel, Dissolved 0.020 mg/L 0.00 1 3 125 B 12/2/19 AK 
Selenium 0.027 mg/L 0.002 3 125 B 12/2/19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/2/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/2/19 AK 
Zinc < 0.050 mg/L 0.050 3 125 B 12/2/19 AK 

(_ Reviewed By: - ~ //<>...L..Jzt,be::.u.,_,_,.,U"""--.1.<(d'-").'-"¥-""~·=,___ 



R02496

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL AN ALYSTS & CONS U LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
21533-1 
Pond 2 
11 /26/19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chro mium 
Copper 
Iron, T otal 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

7.6 
< 10 
120 
867 
250 
800 
8 

< 0.25 
< 0 .02 
< 0.01 

< 0.002 
0.002 

< 0.001 
0.0022 
0.00 17 
0.005 
0.013 
0 .063 

< 0.050 
< 0.002 
0.71 1 
0.219 

< 0.002 
0.048 
0.031 
0.008 

< 0.001 
< 0.0004 
< 0 .050 

UNITS 

Unit 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 

Reviewed By: __ _,,,A'-L.Lmft.,_..._._,q""''A""'<--'(,-"',{""-½_.L. .... F~· =~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0 .001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 
0.0004 
0.050 

METHOD 

4500 8 
23 10 B 
2320 8 
4500 E 
4500 8 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3125 8 
3 125 8 
3125 8 
3 125 8 
3 125 8 
3 125 B 
3125 8 
3125 8 
3125 8 
3 125 8 
3125 8 
245.1 

3125 8 
3 125 8 
3 125 8 
3 125 8 
3 125 8 
3125 8 

17650 Route 3 7 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/11/19 
W I makeup 
Cl ient-JP 
11/26/ 19 

DATE/ 
ANALYST 

11/26/ 19 OG 
12/2/ 19 OG 
12/2/19 OG 

11/26/ 19 KR 
12/3/ 19 KR 
12/2/19 OG 
12/3/19 KR 

11/26/ 19 OG 
12/10/ 19 KR 
12/ 10/19 KR 
12/5/ 19AK 
12/5/19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/ 5/19 AK 
12/6/19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/19 AK 
12/5/ 19 AK 
12/5/ 19 AK 
12/5/19 AK 



R02497

r 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYST S & CONSULTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DA TE SAMPLED: 

Mach Mining 
21550- I 
Pond I 
12/6/19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmi um, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selen ium 
Silver 
Thallium 
Zinc 

7.4 
IO 
92 
82 
34 
100 
29 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.004 
< 0.001 

1.897 
0.253 
0.002 
0.121 
0.074 

< 0.002 
< 0.00 1 
< 0.001 
0.002 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ ___..A'-"-'m'-""b ........ M'""'''-('-"J....,/2'-:Lo<o✓{F°"' r:z..r...d'---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0 .020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 8 
23 10 8 
2320 8 
4500 E 
4500 8 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 8 
3125 8 
3125 B 
3125 8 
3 125 8 
3 125 8 
3 125 8 
3125 8 
3 125 8 
3125 B 
3125 8 
3 125 8 
245.1 

3125 8 
3125 8 
3125 B 
3125 8 
3125 8 
3 125 8 

17650 Route 37 
West Frankfort, 111inois 62896 

Phone (61 8) 983-8280 
Fax (618) 983-8208 

Website: w,vw.summitenviro.com 

12/ 16/19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/1 9 OG 
12/9/1 9 OG 
12/9/19 OG 
12/6/19 KR 
12/6/19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/ 11/19 KR 
12/10/1 9 KR 
12/10/ 19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/ 10/ 19 AK 
12/10/19 AK 
12/10/19 AK 
12/ 10/ 19 AK 
12/10/ 19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/ 13/ 19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/ 19 AK 
12/1 0/19 AK 
12/10/19 AK 



R02498

r 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMI CAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
21550-2 
Pond 2 
12/6/ 19 

TEST DESCRIPTION RESULT 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Sol ids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iro n, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel , Dissolved 
Selenium 
Silver 
Thall ium 
Z inc 

7.3 
14 
72 

640 
175 
608 

9 
< 0.25 
< 0.02 
< 0.0 1 

< 0.002 
< 0.001 
< 0.00 1 
0.0039 
0.0038 
0.004 

< 0.001 
0.421 
0.149 

< 0.002 
1.185 
I .185 

< 0.002 
0.074 
0.074 
0.016 

< 0.00 1 
< 0 .0004 

0.059 

UNITS 

Unit 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 

Reviewed By: __ A"-Lc.,Y/1:.«cbLL.l<a.a.:a.-"'--'-'U::i..'/2"-"-'~-o;-F'-'-T:-.._~_ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
10 
5 
10 
IO 
5 

0.25 
0.02 
0.0 1 

0 .002 
0.00 1 
0.00 1 

0.0002 
0.0002 
0.001 
0.00 1 
0 .050 
0 .050 
0.002 
0 .020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
23 IO B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 l25 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfo1·t, J11inois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/ 16/ 19 
Grab W6 
Cl ient-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/ 19 OG 
12/6/ 19 KR 
12/6/ 19 KR 
12/9/19 OG 
12/6/19 KR 

12/ 11 / 19 KR 
12/1 0/1 9 KR 
12/ 10/19 AK 
12/1 0/1 9 AK 
12/ L0/1 9 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/10/19 AK 
12/I0/ l9AK 
12/1 0/ 19 AK 
12/ 10/1 9 AK 
12/ 13/1 9 AK 
12/10/ 19 AK 
12/10/19 AK 
l2/I0/ 19 AK 
12/ 10/ 19 AK 
12/1 0/19 AK 
12/ 10/19 AK 



R02499

( 

C 

SUMMIT 
~ "¥1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC AL AN ALYS T S & CONSU LTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
21550-3 
Pond 3 
12/6/ 19 

TEST DESCRJPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Z inc 

7.3 
< 10 
52 
41 

< 10 
64 
23 

< 0.25 
< 0.02 
< 0.01 

< 0.002 
0.002 

< 0.001 
< 0.0002 
< 0.0002 

0.004 
< 0 .001 
2 .247 
0.324 
0.002 
0.1 23 
0.103 

< 0.002 
< 0.00 1 
< 0.001 
< 0.002 
< 0 .001 

< 0 .0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: _ __.A......_..m ......... b"(/"""A'"',_.t'._.,,J..,,,/4-"-""✓r=,,,· ~~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0 .020 
0 .002 
0.001 
0.00 1 
0.002 
0 .00 1 
0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335 .4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
245. l 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, 111inois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/ 16/ 19 
Grab W6 
Client-BM 
12/6/1 9 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/1 9 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/ 19 OG 
12/6/19 KR 

12/1 1/19 KR 
12/ 10/19 KR 
12/10/19 AK 
12/ 10/19 AK 
12/ 10/1 9 AK 
12/10/ 19 AK 
12/ 10/1 9 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/1 0/ 19 AK 
12/10/19 AK 
12/I 0/19AK 
12/1 0/ 19 AK 
12/ 10/19 AK 
12/13/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/1 9 AK 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/1 0/19 AK 



R02500

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

Mach Mining 
2 1550-4 
Pond 4 
12/6/ 19 

TEST DESCRJPTION RESULT 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Cyanide 
Pheno ls, Total Recoverab le 
Antimony 
Arsenic 
Bery llium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thall ium 
Zinc 

7.5 
14 

128 
95 
18 

236 
JS 

< 0.25 
< 0 .02 
< 0.0 1 

< 0.002 
0.001 

< 0.001 
< 0 .0002 
< 0.0002 

0.002 
< 0.00 1 
0.612 
0. 151 

< 0.002 
0 .750 
0.736 

< 0 .002 
< 0 .00 1 
< 0.001 
< 0.002 
< 0.001 

< 0.0004 
< 0 .050 

UNITS 

Unit 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/ L 
mg/ L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ Ao....i...111='b'""-"'Ma<"-'--'U/4:>.£....:~ ... .,.-,::.c..,.......__ 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

l - I 4 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.00[ 
0.001 
0.050 
0.050 
0.002 
0.020 
0 .020 
0.002 
0.001 
0 .001 
0.002 
0.00 1 

0 .0004 
0.050 

l'vtETHOD 

4500 B 
23 LOB 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
335.4 
420.4 

3125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
245 .1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (6 18) 983-8280 
Fax (6l 8) 983-8208 

Website: "'"'-'w.summitenviro.com 

12/ 16/ 19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/19 OG 
12/9/1 9 OG 
12/9/19 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/ 19 OG 
12/6/19 KR 

12/ 11/19 KR 
12/10/ 19 KR 
12/ 10/1 9 AK 
12/ 10/1 9 AK 
12/1 0/1 9 AK 
12/ 10/1 9 AK 
12/ 10/ 19 AK 
12/10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/1 0/ 19 AK 
12/1 0/ 19 AK 
12/1 0/1 9 AK 
l2/ 13/19AK 
12/10/19 AK 
12/10/19 AK 
[2/10/19 AK 
12/1 0/ l9 AK 
12/ 10/19 AK 
12/10/1 9 AK 



R02501

SUMMIT 
~--.:~..,.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC AL AN ALYSTS & CONSULTANT S 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1550-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 12/6/19 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

pH 7.8 Unit I - 14 4500 B 
Acidity 12 mg/L 10 23 10 B 
Alkal inity 80 mg/L 10 2320 B 
Sulfate 90 mg/L 5 4500 E 
Chloride 20 mg/L 10 4500 B 
Hardness 148 mg/L 10 2340 C 
Total Suspended Solids 30 mg/L 5 2540 D 
Settleable Solids < 0.25 mL/L 0.25 2540 F 
Cyanide < 0.02 mg/L 0.02 335.4 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 
Antimony < 0.002 mg/L 0.002 3125 B 
Arsenic 0.00 1 mg/L 0.001 3125 B 

C Beryllium < 0.001 mg/L 0.001 3125 B 
Cadmium, Total < 0.0002 mg/L 0.0002 3 125 B 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B 
Chromium 0.003 mg/L 0.001 3125 B 
Copper < 0.00 1 mg/L 0.00 1 3125 B 
Iron, Total 1.666 mg/L 0.050 3125 B 
Iron, Dissolved 0.349 mg/L 0.050 3 125 B 
Lead < 0.002 mg/L 0.002 3125 B 
Manganese, Total 0. 174 mg/L 0.020 3 125 B 
Manganese, Dissolved 0. 149 mg/L 0.020 3125 B 
Mercury < 0.002 mg/L 0.002 245. 1 
Nickel, Total < 0.001 mg/L 0.00 1 3125 B 
N ickel, Dissolved < 0.001 mg/L 0.001 3 125 B 
Selenium < 0.002 mg/L 0.002 3 125 B 
Silver < 0.001 mg/L 0.001 3 125 B 
Thallium < 0.0004 mg/L 0.0004 3125 B 
Zinc < 0.050 mg/L 0.050 3125 B 

(_ Reviewed By: -~.t<l ........... rn~A..,__,...012~,c....t""'")~/2_._..r.,,· e.u.,or--__ 

J 7650 Route 37 
West Frankfort, 11linois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summilenviro.com 

12/16/ 19 
Grab W6 
Client-BM 
12/6/19 

DATE/ 
ANALYST 

12/6/ 19 KR 
12/9/ 19 OG 
12/9/ 19 OG 
12/9/19 OG 
12/6/ 19 KR 
12/6/19 KR 
12/9/19 OG 
12/6/ 19 KR 

12/11/19 KR 
12/10/ 19 KR 
12/10/19 AK 
12/10/1 9 AK 
12/10/1 9 AK 
12/10/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/10/ 19 AK 
12/10/19 AK 
12/10/1 9 AK 
12/13/ 19 AK 
12/10/19 AK 
12/10/19 AK 
12/10/ 19 AK 
12/10/ 19 AK 
12/ 10/19 AK 
12/10/ 19 AK 



R02502

SUMMIT 
ENVIRONMENTAL J 7650 R oute 37 

C West Frankfort, Jllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & C O N S ULTANTS Website: wv.n,.v,summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/ 16/19 
PDL: 21550-6 COMMENT: Grab W6 
SAMPLE ID: Pond 6 SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/19 DATE RECEIVED: 12/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B 12/6/ 19 KR 
Acidity 14 mg/L 10 23 10 B 12/9/1 9 OG 
Alkalinity 120 mg/L 10 2320 B 12/9/ 19 OG 
Sulfate 780 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 610 mg/L 10 4500 B 12/6/1 9 KR 
Hardness 550 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids < 5 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/ 11 /1 9 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/10/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/ 10/1 9 AK 
Arsenic 0.002 mg/L 0.001 3 125 B 12/ 10/ 19 AK 

C 
Beryllium < 0 .001 mg/L 0.00 1 3 125 B 12/10/19 AK 
Cadmium, Total 0.0065 mg/L 0.0002 3 125 B 12/10/19 AK 
Cadmium, Dissolved 0.0060 mg/L 0.0002 3125 B 12/ 10/ 19 AK 
Chromium 0.006 mg/L 0.00 1 3125 B 12/ 10/19 AK 
Copper < 0.001 mg/L 0.001 3 125 B 12/ 10/ 19 AK 
Iron, Total 0.364 mg/L 0.050 3 125 B 12/10/ 19 AK 
Iron, Dissolved 0.128 mg/L 0.050 3 125 B 12/1 0/19 AK 
Lead < 0 .002 mg/L 0.002 3 125 B 12/10/ 19 AK 
Manganese, Total 1.734 mg/L 0.020 3 125 B 12/ 10/ 19 AK 
Manganese, Dissolved 1.603 mg/L 0.020 3 125 B 12/ 10/ 19 AK 
Mercury < 0.002 mg/L 0.002 245 .1 12/13/ 19 AK 
Nickel, Total 0.106 mg/L 0.001 3125 B 12/10/ 19 AK 
Nickel, Dissolved 0.1 03 mg/L 0.001 3125 B 12/ 10/ 19 AK 
Selenium 0.022 mg/L 0.002 3 125 B 12/1 0/ 19 AK 
Silver < 0.00 1 mg/L 0.001 3125 B 12/1 0/1 9 AK 
Thallium < 0 .0004 mg/L 0.0004 3 125 B 12/10/ 19 AK 
Zinc 0.095 mg/L 0.050 3 125 B 12/1 0/19 AK 

(_ Reviewed By: _ ___.,//-....z:in.u..c../2L..11J<-<A,_,_,_.(..,J..,_/2-'-'-"'¥'=,.,.· ,..,...._~_ 



R02503

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

C West Frankfort, lllinois 62896 

SERVICES, INC. Phone ( 6 J 8) 983-8280 
Fax (618) 983-8208 

CHEM ICAL ANALYSTS & CONSULTANTS Website: ww,v.suinmitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/ 16/ 19 
PDL: 21550-7 COMMENT: Grab W6 
SAMPLE ID: Pond 7 SAMPLED BY: C lient-BM 
DA TE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 7.8 Unit I - 14 4500 B 12/6/ 19 KR 
Acidi ty 20 mg/L 10 2310 8 12/9/ 19 OG 
Alkal inity 472 mg/L IO 2320 8 12/9/19 OG 
Sulfate 1,220 mg/L 5 4500 E 12/9/ 19 OG 
Chloride 1, 150 mg/L IO 4500 8 12/6/ 19 KR 
Hardness 680 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 12 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/ 19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/ ll/19KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/ 10/19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/ 10/19 AK 
Arsenic 0.003 mg/L 0.001 3125 8 12/ 10/ 19 AK 

C 
Beryllium < 0.001 mg/L 0.001 3 125 B 12/ 10/ 19 AK 
Cadmium, Total 0.0009 mg/L 0.0002 3 125 8 12/1 0/19 AK 
Cadmium, Dissolved 0.0009 mg/L 0.0002 3 125 8 12/1 0/ 19 AK 
Chromium 0.014 mg/L 0.001 3 125 8 12/ 10/ 19 AK 
Copper < 0.001 mg/L 0.001 3 125 8 12/ 10/19 AK 
Iron, Total 0.909 mg/L 0.050 3125 8 12/10/ 19 AK 
Iron, Dissolved 0.538 mg/L 0.050 3 125 B 12/ 10/ 19 AK 
Lead < 0.002 rng/L 0.002 3 125 8 12/ 10/19 AK 
Manganese, Total 0.776 mg/L 0.020 3 125 8 12/ 10/ 19 AK 
Manganese, Dissolved 0.776 mg/L 0.020 3 125 B 12/ 10/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/ 13/1 9 AK 
Nickel, Total 0.023 mg/L 0.001 3 125 8 12/10/19 AK 
Nickel , Dissolved 0.021 mg/L 0.00 1 3125 8 12/ 10/ 19 AK 
Selenium 0.020 mg/L 0.002 3 125 B 12/10/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 8 12/10/ 19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/10/1 9 AK 
Zinc 0.2 17 mg/L 0.050 3 125 B 12/ 10/19 AK 

Reviewed By: _ ___.6/L.:l-'m=.c&..,_,,_.04u..,<--1,.o<U .... A"""'rc""'· ,:u,,..___ 



R02504

SUMMIT 
ENVIRONMENTAL 17650 Route 37 r West Frankfort, lllinois 62896 

SERVICES, INC. Phone (618) 983-8280 
Fax ( 6 1 8) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 12/ 16/ 19 
PDL: 2 1550-8 COMMENT: Grab W6 
SAMPLE ID: Pond 8 SAMPLED BY: Client-BM 
DATE SAMPLED: 12/6/19 DATE RECEIVED: 12/6/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.0 Unit I - 14 4500 B 12/6/ 19 KR 
Acidity 18 mg/ L 10 2310 B 12/9/19 OG 
Alkalinity 428 mg/L 10 2320 B 12/9/ 19 OG 
Sulfate 940 mg/L 5 4500 E 12/9/19 OG 
Chloride 1,000 mg/L 10 4500 B 12/6/ 19 KR 
Hardness 6 10 mg/ L 10 2340 C 12/6/19 KR 
Total Suspended Solids 14 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/ 11/ 19 KR 
Phenols, Total Recoverable < 0.01 mg/L 0.01 420.4 12/ 10/ 19 KR 
Antimony < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Arsenic 0.003 mg/L 0.00 1 3 125 B 12/ 10/ 19 AK 

C 
Beryllium < 0.00 1 mg/ L 0.00 1 3125 B 12/10/ 19 AK 
Cadmium, Total 0.0010 mg/L 0.0002 3 125 B 12/1 0/1 9 AK 
Cadmium, Dissolved 0 .0010 mg/ L 0 .0002 3 125 B 12/ 10/19 AK 
Chromium 0.012 mg/L 0.00 1 3125 B 12/10/ 19 AK 
Copper < 0.001 mg/L 0.001 3125 B 12/10/ 19 AK 
Iron, Total 0.505 mg/ L 0.050 3 125 B 12/10/ 19 AK 
Iron, Dissolved 0.3 11 mg/L 0.050 3 125 B 12/ 10/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/1 0/ 19 AK 
Manganese, Total 0.694 mg/L 0.020 3 125 B 12/1 0/ 19 AK 
Manganese, Dissolved 0.694 mg/ L 0.020 3 125 B 12/10/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 12/ 13/ 19 AK 
N ickel, Total 0.024 mg/L 0.001 3 125 B 12/ 10/ 19 AK 
N ickel, Dissolved 0.024 mg/ L 0.001 3125 B 12/ 10/ 19 AK 
Selenium 0.016 mg/ L 0.002 3 125 B 12/10/ 19 AK 
Silver < 0.001 mg/L 0.001 3 125 B 12/ 10/19 AK 
Thallium < 0.0004 mg/L 0.0004 3 125 B 12/1 0/19 AK 
Z inc 0.185 mg/ L 0.050 3125 B 12/ 10/19 AK 

(_ Reviewed By: --~Ll ......... m=b.....,_.O=A=< .... t.u.JL../4 .... ~._· .,_,_,._r _ _ 



R02505

SUMMIT 
ENVIRONMENTAL 17650 Route 37 

( West Frankfort, lllinois 62896 

SERVICES, INC. Phone (6 l 8) 983-8280 
Fax (618) 983-8208 

CHEMIC AL ANA LYSTS & CONSULTANTS Website: www.summitenviro.com 

CLIENT: Mach M ining REPORT DATE: 12/16/19 
PDL: 21550-9 COMMENT: Grab W6 
SAMPLE ID: Pond 9 SAMPLED BY: Client-BM 
DA TE SAMPLED: 12/6/ 19 DATE RECEIVED: 12/6/19 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.5 Unit I - 14 4500 B 12/6/ 19 KR 
Acidity < 10 mg/L 10 23 10 B 12/9/ 19 OG 
Alkalinity 352 mg/L 10 2320 B 12/9/19 OG 
Sulfate 1,000 mg/L 5 4500 E 12/9/ 19 OG 
C hloride 1,000 mg/L 10 4500 B 12/6/19 KR 
Hardness 450 mg/L 10 2340 C 12/6/19 KR 
Total Suspended Solids 29 mg/L 5 2540 D 12/9/19 OG 
Settleable Solids < 0.25 mL/L 0.25 2540 F 12/6/19 KR 
Cyanide < 0.02 mg/L 0.02 335.4 12/ 11/19 KR 
Phenols, Total Recoverable < 0.0 1 mg/L 0.0 1 420.4 12/ 10/19 KR 
Antimony 0.002 mg/L 0.002 3125 8 12/10/19 AK 
Arsenic 0.003 mg/L 0.001 3 125 B 12/ 10/19 AK 

C 
Beryll ium < 0.00 1 mg/L 0.001 3 125 B 12/ 10/ 19 AK 
Cadmium, Total 0.0019 mg/L 0.0002 3125 B 12/10/19 AK 
Cadmium, Dissolved 0.0019 mg/L 0.0002 3 125 B 12/10/19 AK 
Chromium 0.0 10 mg/L 0.001 3 125 B 12/10/ 19 AK 
Copper < 0.00 1 mg/L 0.001 3 125 B 12/10/19 AK 
Iron, Total 0.513 mg/L 0.050 3125 B 12/ 10/19 AK 
Iron, Dissolved 0.103 mg/L 0.050 3 125 B 12/ 10/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 12/10/19 AK 
Manganese, Total 0.661 mg/L 0.020 3125 B 12/10/ 19 AK 
Manganese, Dissolved 0.661 mg/L 0.020 3125 B 12/ 10/ 19 AK 
Mercury < 0.002 mg/L 0.002 245. 1 12/ 13/19 AK 
Nickel, Total 0.048 mg/L 0.001 3 125 B 12/ 10/19 AK 
Nickel , Dissolved 0.048 mg/L 0.001 3125 B 12/10/19 AK 
Selenium 0.027 mg/L 0.002 3125 B 12/ 10/ 19 AK 
Silver < 0.001 mg/L 0.001 3125 B 12/ 10/ 19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B 12/ I0/1 9A~ 
Z inc < 0 .050 mg/L 0.050 3125 B 12/ 10/ 19 AK 

(_ Reviewed By: __ __.,C{ .......... ht~b.,..0"'4"'''-'C""/'-"/4-"'"¥t="'. ou..,c __ 



R02506

SUMMIT 
ENVIRONMENTAL 17650 R oute 37 

West Frankfort, Illinois 62896 

SERVICES, INC. Phone ( 61 8) 983-8280 
Fax (618) 983-8208 

CHEMICAL ANALYSTS & CONSULTANTS Website: ""'-'W.summitenviro.com 

CLIENT: Mach Mining REPORT DATE: 11/19/ 19 
PDL: 21406-1 COMMENT: 
SAMPLE ID: 417 SAMPLED BY: Client-BM 
DATE SAMPLED: I 0/25/ 19 DATE RECEIVED: I 0/25/ 19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 10/25/ 19 KR 
Acidity < 10 mg/L 10 23 10 B 10/3 1/19 OG 
Alkalinity 644 mg/L 10 2320 B 10/31/19 OG 
Sulfate 1,220 mg/L 5 4500 E 10/29/ 19 KR 
Chloride 1,250 mg/L 10 4500 B 10/29/ 19 KR 
Hardness 344 mg/L 10 2340 C ll /l /19OG 
Total Suspended Solids 28 mg/L 5 2540 D 10/28/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 10/28/ 19 KR 
Ammonia 1.99 mg/L 0.02 4500B,F 10/29/ 19 KR 
Total Phosphorus 0.13 mg/L 0.05 365.4 10/29/19 KR 
Total Nitrogen 2.8 mg/L (as N) 1.0 351.2 / 353 .2 10/29/1 9 KR 

Total Kjeldahl Nitrogen 2.3 mg/L (as N) 0.5 35 1.2 10/29/19 KR 

C Total Nitrate-Nitrite 0.5 mg/L (as N) 0.5 353.2 10/29/19 KR 
Cyanide < 0.02 mg/L 0.02 335 .4 11 /5/19 KR 
Phenols, Total Recoverable 0.0 1 mg/L 0.01 420.4 11/4/19 KR 
Antimony < 0.0100 mg/L 0.0100 200.7 11/12/ 19 WA 
Arsenic < 0.0100 mg/L 0.0100 200 .7 11 /12/ 19 WA 
Beryllium < 0 .0010 mg/L 0.0010 200 .7 11 / 12/ 19 WA 
Cadmium, Total < 0 .0020 mg/L 0.0020 200.7 11 / 12/ 19 WA 
Cadmium, Dissolved < 0.0020 mg/L 0.0020 200.7 11 /15/19 WA 
Chromium < 0.0050 mg/L 0.0050 200.7 11/12/ 19 WA 
Copper < 0.0050 mg/L 0.0050 200.7 11 /12/19 WA 
Iron, Total 0.650 mg/L 0.100 200.7 11/12/19 WA 
Iron, Dissolved 0 .300 mg/L 0.100 200 .7 11/1 5/ 19 WA 
Lead < 0.0060 mg/L 0.0060 200.7 11 /12/ 19 WA 
Manganese, Total 0.0590 mg/L 0.0 100 200.7 11 /12/19 WA 
Manganese, Dissolved 0 .0504 mg/L 0.0100 200.7 11/15/ 19 WA 
Mercury < 0.002 mg/L 0.002 245 .1 11 /6/ 19 AK 
Nickel, Total 0.0278 mg/L 0.0050 200 .7 11/12/19 WA 
Nickel, Dissolved 0 .0192 mg/L 0.0050 200.7 11 / 15/ 19 \VA 
Selenium 0.01 28 mg/L 0.0 100 200 .7 11/12/ 19 WA 
Silver < 0 .0050 mg/L 0 .0050 200.7 11/12/19 WA 
T hallium < 0.0200 mg/L 0.0200 200 .7 11/12/ 19 WA 
Zinc < 0.0200 mg/L 0.0200 200.7 11 / 12/19 WA 

Reviewed By: -~A~tn-6~"-U"""""'--u),.""""...,~=,=,· '-'-""""---



R02507

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammoni.a 
Total Phosphorus 
Total Nitrogen 

Total Kjeldahl Nitrogen 
Total Nitrate-Nitrite 

Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel , Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21437-1 
417 
11/1/19 

RESULT 

8.2 
< IO 
596 

1,633 
1,300 
280 
28 

< 0.25 
2.10 
0.10 
3. 1 
2.6 
0.5 

< 0.02 
< 0.01 
0.005 
0.004 

< 0 .001 
0.0002 

< 0.0002 
0.0 I I 
0 .0 12 
0.153 

< 0 .050 
< 0.002 
0 .054 
0 .043 

< 0.002 
0.015 
0.013 
0.019 

< 0.001 
< 0.0004 
< 0 .050 

UNITS 

U nit 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
IO 
IO 
5 
10 
10 
5 

0.25 
0.02 
0.05 
1.0 
0.5 
0.5 
0.02 
0.01 

0.002 
0.00 1 
0.00 1 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0.050 

METHOD 

4500 B 
2310 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 
4500B ,F 
365.4 

351.2 / 353 .2 
35 1.2 
353.2 
335.4 
420.4 

3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
245.1 

3 125 B 
3125 B 
3125 B 
3 125 B 
3125 B 
3 125 B 

I 7650 Route 37 
West Frankfort, lllinois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: W\vw.sumrnite11viro.com 

11/26/ 19 
Grab W2 
C lient-BM 
11/1/19 

DATE/ 
ANALYST 

11/1/19 KR 
11 /4/ 19 OG 
11/4/1 9 OG 
ll /5/ 19KR 
11 /6/ 19 KR 
l l/5/ 19KR 
11/4/19 OG 
11 /1/19 KR 
ll /4/19KR 
11 /4/19 KR 
11/4/19 KR 
11/4/19 KR 
11/4/19 KR 
11/5/19 KR 
11 /8/19 KR 

11/25/19 AK 
I 1/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11 /25/19 AK 
I 1/25/19 AK 
11/25/19 AK 

11 /6/19 AK 
11/25/19 AK 
I 1/25/ 19 AK 
11 /25/19 AK 
11 /25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 



R02508

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL AN ALYS TS & CONSU LTAN TS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkal inity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total Nitrogen 

Total Kjeldahl N itrogen 
Total Nitrate-N itrite 

Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Tron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
Nickel, Total 
Nickel, Dissolved 
Selenium 
Silver 
T hallium 
Z inc 

Mach Mining 
2 1457- 1 
4 17 
11/7/ 19 

RESULT 

8.4 
< 10 
584 

1,367 
1,350 
260 
32 

< 0.25 
2.01 
O.Q7 
3.5 
3.0 
0.5 

< 0.02 
< 0.0 1 
0.003 
0.003 

< 0.001 
< 0.0002 
< 0.0002 

0.009 
0 .003 
0.107 

< 0.050 
< 0.002 
0.037 

< 0.020 
< 0.002 
0.008 
0.007 
0.022 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: - ~A~tn~'b"'--'"'u'-""--'C""-0.'"'-'~--=~-

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIM IT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.05 
1.0 
0.5 
0.5 
0.02 
0.01 

0.002 
0.00 1 
0.001 

0.0002 
0.0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0.001 
0.002 
0.001 

0.0004 
0 .050 

METHOD 

4500 8 
2310 B 
2320 8 
4500 E 
4500 8 
2340 C 
2540 D 
2540 F 
45008,F 
365.'1 

35 1.2 / 353.2 
351 .2 
353 .2 
335.4 
420.4 

3 125 8 
3 125 B 
3 125 B 
3125 8 
3 125 B 
3 125 8 
3 125 8 
3125 B 
3 125 8 
3 125 8 
3 125 8 
3 125 8 
245 .1 

3 125 8 
3 125 8 
3 125 B 
3 125 8 
3 125 8 
3 125 8 

17650 Route 37 
West Fra111<fort, 111inois 62896 

Phone ( 6 18) 983-8280 
Fax (618) 983-8208 

Website: www.summi te11viro.com 

11/27/1 9 
Grab W3 
Client-BM 
11 /7/ 19 

DATE/ 
ANALYST 

11 /7/19 KR 
l l/ll /190G 
11/11 / 19 OG 
11 / 11 /19 KR 
11/12/ 19 OG 
11 /12/19 KR 
11/12/19 OG 

ll /7/ 19 KR 
ll /8/ 19KR 

11/13/19 KR 
ll/1 3/ 19KR 
11/13/ 19 KR 
11/13/19 KR 

11/8/1 9 OG 
11/22/19 KR 
11 /25/1 9AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/ 19 AK 
11/25/19 AK 
11/25/19 AK 
11/25/19 AK 
11 /25/19 AK 
11 /25/19 AK 
11/25/19 AK 
11 /20/ 19 AK 
11/25/ 19 AK 
11 /25/ 19 AK 
11/25/19 AK 
11/25/1 9 AK 
l l /25/1 9AK 
l l /25/1 9AK 



R02509

SUMMIT 
ENVIRONMENTAL J 7650 Route 37 

C West Frankfort, J11inois 62896 

SERVICES, INC. Phone ( 6 I 8) 983-8280 
Fax (618) 983-8208 

CHEM I CAL AN ALYSTS & CONSULTAN TS Website: wv,1w.summiten viro.com 

CLIENT: Mach Mining REPORT DATE: 12/3/ 19 
PDL: 21479-1 COMMENT: Grab Wk4 
SAMPLE ID: 417 SAMPLED BY: Client-BM 
DATE SAMPLED: 11/13/ 19 DATE RECEIVED: 11 / 13/19 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD DATE/ 
LIMIT ANALYST 

pH 8.4 Unit I - 14 4500 B 11/ 13/19 OG 
Acidity < IO mg/L 10 23 10 B I 1/ 19/19 KR 
Alkalinity 530 mg/L 10 2320 B 11/19/ 19 KR 
Sulfate 1,567 mg/L 5 4500 E 11/15/19 KR 
Chloride 1,799 mg/L 10 4500 B 11/ 18/ 19 OG 
Hardness 1,000 mg/L 10 2340 C I 1/18/ 19 KR 
Total Suspended Solids 21 mg/L s 2540 D I 1/14/ 19 KR 
Settleable Solids < 0.25 mL/L 0.25 2540 F 11/ 13/ 19 OG 
Ammonia 1.78 mg/L 0.02 4500B,F 11/14/19 KR 
Total Pho5phoru5 0.06 mg/L o.os 365.4 11/13/19 KR 
Total Nitrogen 3.0 mg/L (as N) 1.0 351.2 / 353.2 11/13/ 19 KR 

Total Kjeldah l Nitrogen 2.5 mg/L (as N) 0.5 351.2 11/13/19 KR 

C 
Total Nitrate-Nitrite 0.5 mg/L (as N) 0.5 353.2 11/13/19 KR 

Cyanide < 0.02 mg/L 0.02 335 .4 11/25/19 OG 
Phenols, Total Recoverable < 0.0 1 mg/L 0.01 420.4 12/3/19 KR 
Antimony 0.002 mg/L 0.002 3 125 B 11/27/ 19 AK 
Arsenic 0.002 mg/L 0.001 3125 B 11/27/19 AK 
Bery llium < 0.00 1 mg/L 0.001 3125 B I 1/27/ 19 AK 
Cadmium, Total < 0.0002 mg/L 0.0002 3125 B 11/27/19 AK 
Cadmium, Dissolved < 0.0002 mg/L 0.0002 3125 B l l/27/19AK 
Chromium 0.0 14 mg/L 0.001 3125 B 11/27/ 19 AK 
Copper 0.025 mg/L 0.001 3 125 B l l/27/19AK 
Tron, Total 0.399 mg/L 0.050 3 125 B 11/27/19 AK 
Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 11/27/19 AK 
Lead < 0.002 mg/L 0.002 3 125 B 11/27/19 AK 
Manganese, Total < 0.020 mg/L 0.020 3 125 B 11/27/ 19 AK 
Manganese, Dissolved < 0.020 mg/L 0.020 3 125 B 11 /27/19 AK 
Mercury < 0.002 mg/L 0.002 245.1 11/20/19 AK 
Nickel, Total < 0.00 1 mg/L 0.001 J 125 B 11/27/19 AK 
Nickel , Dissolved < 0.001 mg/L 0.00 1 3125 B ll /27/ 19AK 
Selenium 0.0 19 mg/L 0.002 3125 B 11/27/19 AK 
Silver < 0.001 mg/L 0.00 1 3 125 B 11/27/ 19 AK 
Thall ium < 0.0004 mg/L 0.0004 3 125 B I 1/27/1 9 AK 
Zinc < 0.050 mg/L 0.050 31 25 B 11 /27/19 AK 



R02510

( 

C 

(_ 

SUMMIT 
~----!:~__,,':"¥// ENVIRONMENTAL 

SERVICES, INC. 
CHEMIC AL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total Nitrogen 

Total Kj eldahl Nitrogen 
Total N itrate-Nitrite 

Cyanide 

Mach M ining 
2 1506-1 
417 
11 /20/ 19 

RESULT 

8.5 
< 10 
520 

1,833 
1,570 
380 
49 

< 0.25 
1.93 

< 0.05 
2.8 
2.3 
0.5 

Phenols, Total Recoverable 
Antimony 

< 0.02 
< 0.01 
0.004 
0.004 Arsenic 

Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel , Dissolved 
Selenium 
Silver 
T hallium 
Z inc 

< 0.00 1 
0.0003 

< 0.0002 
0.011 

< 0.00 1 
1.405 

< 0.050 
< 0.002 
0.076 
0.036 

< 0.002 
0.016 
0.014 
0.023 

< 0.001 
< 0.0004 
< 0.050 

UNITS 

Unit 
mg/ L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/ L (as N) 
mg/ L (as N) 
mg/ L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/ L 
mg/L 
mg/L 

Reviewed By: _ __,,L/......._.M="'-M.,"""-""'-'L""'V.~1F"""". =""---

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

1 - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0.05 
1.0 
0.5 
0.5 
0.02 
0.01 

0.002 
0.001 
0.00 1 

0.0002 
0 .0002 
0.001 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.00 1 
0.001 
0.002 
0.00 1 

0.0004 
0.050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 

4500B,F 
365.4 

35 1.2 / 353.2 
35 1.2 
353.2 
335.4 
420.4 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
245. 1 

3 125 B 
3 125 B 
3125 B 
31 25 B 
3125 B 
3125 B 

17650 Route 37 
West Frankfort, minois 62896 

Phone ( 61 8) 983-8280 
Fax (6 18) 983-8208 

Website: W\V'iv.summitenviro.com 

12/6/19 
Grab WS 
C lient-BM 
11/20/19 

DATE/ 
ANALYST 

11/20/ 19 KR 
11/22/19 KR 
11 /22/19 KR 
11 /25/ 19 KR 
11 /2 1/ 19 KR 
11 /2 1/1 9 KR 
11 /2 1/19 KR 
11/21/19 KR 
ll /27/19KR 
11 /27/1 9 KR 
11/27/ 19 KR 
11 /27/19 KR 
11 /27/19 KR 
11/25/19 OG 

12/5/19 KR 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/19 AK 
12/6/19 AK 
12/2/19 AK 
12/2/ 19 AK 
12/2/ 19 AK 
12/2/1 9 AK 
12/2/19 AK 
12/2/19 AK 



R02511

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: 
PDL: 
SAMPLE ID: 
DATE SAMPLED: 

TEST DESCRIPTION 

pH 
Acidity 
Alkalinity 
Sulfate 
Chloride 
Hardness 
Total Suspended Solids 
Settleable Solids 
Ammonia 
Total Phosphorus 
Total N itrogen 

Total Kjeldahl N itrogen 
Total Nitrate-Nitrite 

Cyanide 
Phenols, Total Recoverable 
Antimony 
Arsenic 
Beryllium 
Cadmium, Total 
Cadmium, Dissolved 
Chromium 
Copper 
Iron, Total 
Iron, Dissolved 
Lead 
Manganese, Total 
Manganese, Dissolved 
Mercury 
N ickel, Total 
N ickel, Dissolved 
Selenium 
Silver 
Thallium 
Zinc 

Mach Mining 
21551-1 
417 
12/6/19 

RESULT 

8.5 
< 10 
604 

1,280 
1,250 
360 
29 

< 0.25 
1.04 

< 0.05 
3.0 
2.5 
0.5 

< 0.02 
< 0.01 
0.005 
0.004 

< 0.001 
0.0004 
0.0003 
0.013 

< 0.001 
0.392 
0.072 

< 0 .002 
0.145 
0.145 

< 0 .002 
0.014 
0.014 
0.027 

< 0.001 
< 0 .0004 
< 0 .050 

UNITS 

Unit 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mL/L 
mg/L 
mg/L 

mg/L (as N) 
mg/L (as N) 
mg/L (as N) 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Reviewed By: __ ....,,6/....,....m......_/t,_.o ... 4._.,_.t.-«J_,,_/4~r=.,,.· =---- -

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

DETECTION 
LIMIT 

I - 14 
10 
10 
5 
10 
10 
5 

0.25 
0.02 
0 .05 
1.0 
0.5 
0.5 

0.02 
0.01 

0.002 
0.001 
0.001 

0.0002 
0.0002 
0.00 1 
0.001 
0.050 
0.050 
0.002 
0.020 
0.020 
0.002 
0.001 
0 .001 
0.002 
0.00 1 

0.0004 
0 .050 

METHOD 

4500 B 
23 10 B 
2320 B 
4500 E 
4500 B 
2340 C 
2540 D 
2540 F 

4500B,F 
365.4 

35 1.2 / 353.2 
35 1.2 
353 .2 
335.4 
420.4 

3 125 B 
3 125 B 
3125 B 
3 125 B 
3125 B 
3125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3125 B 
3125 B 
245. 1 

3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 
3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone ( 6 1 8) 983-8280 
Fax (6 l8) 983-8208 

Website: W\,'11,v.summitenviro.com 

12/1 6/ l 9 
Grab W6 
Client-BM 
12/6/ 19 

DATE/ 
ANALYST 

12/6/19 KR 
12/9/ 19 OG 
12/9/19 OG 
12/9/19 OG 
12/6/1 9 KR 
12/6/19 KR 
12/9/ 19 OG 
12/6/1 9 KR 

12/10/19 KR 
12/10/1 9 KR 
12/ 10/1 9 KR 
12/10/1 9 KR 
12/10/1 9 KR 
12/ 11/19 KR 
12/10/19 KR 
12/ 10/19 AK 
12/ 10/ 19 AK 
12/10/19 AK 
12/ 10/1 9 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/ 10/19 AK 
12/ 10/19 AK 
12/ 10/ 19 AK 
12/10/19 AK 
12/10/19 AK 
12/1 3/ 19 AK 
12/10/1 9 AK 
12/ 10/ 19 AK 
12/ 10/19 AK 
12/10/19 AK 
12/10/ 19 AK 
12/10/19 AK 



R02512

SUMMIT 
( ~-c~_,."Y// ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21634-1 COMMENT: 
SAMPLE ID: Pond l SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 4.44 11g/L 0.500 1631 E 

C 

Reviewed and Authorized By: Atn..6:(lA,, ~~ 
Amber Wright, L~rory0irector 

(_ Page 1 of 11 

*These results relate only to the samples as received. 
*This repon shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: wvtw.summitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/1 3/20 WA 



R02513

C 

(_ 

SUMMIT 
~~_,,'"¥//ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTlON METHOD 
LIMIT 

Mercury, Low Level 0.783 11g/L 0.500 1631 E 

Reviewed and Authorized By: ~flA,, ~~ 
Amber Wright, LalmrnryDirector 

Page 2 of II 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

l 7650 Route 37 
West Frankfort, lll inois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02514

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.65 11g/L 0.500 1631 E 

Reviewed and Authorized By: Atn6u ~~ 
Amber Wright, LaboraryDirector 

Page 3 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02515

( 

C 

l 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DA TE SAMPLED: I /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0.963 11g/L 0.500 1631 E 

Reviewed and Authorized By: AM~ ~~ · 
Amber Wright, Laboraryllirector 

Page 4 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approva l of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

I / 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02516

C 

C 

(_ 

SUMMIT 
~~~~,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1 /6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 3.57 11g/L 0.500 163 1 E 

Reviewed and Authorized By: At>t,6flA, ~~ 
Amber Wright, L;;.;;;raryllirector 

Page 5 of 11 

*These results relate only to the samples as received 
*Th is report shall not be reproduced except m full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone ( 6 18) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02517

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 11g/L 0.500 1631 E 

Reviewed and Authorized By: /lm,bQA,, ~~ 
Amber Wright, Lain;raryllirector 

Page 6 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except m full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone(618)983-8280 
Fax (618) 983-8208 

Website: wv;w.surnmitenviro.com 

1/14/20 

C lient 
l /6/20 

DATE/ 
ANALYST 

l/1 3/20WA 



R02518

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.09 11g/L 0.500 163 1 E 

Reviewed and Authorized By: Atn-6:vi-~~ 
Amber Wright, Lab<m1ry0irector 

Page 7 of l l 

*These results re late only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (6 I 8) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/ 14/20 

Client 
l/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02519

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 0 .974 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AmA:u, ll/4~ 
Amber Wright, Lab~~rector 

Page 8 o f 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/1 4/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/ 13/20 WA 



R02520

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UN ITS DETECTION METHOD 
LI MIT 

Mercury, Low Level 1.29 11g/L 0.500 163 1 E 

Reviewed and Authorized By: AmA:u< ll/4~ 
Amber Wright, Laboratyol;ector 

Page 9 of 11 

*These res ults relate only to the samples as rece ived 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax ( 6 I 8) 983-8208 

Website: www.surnmitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/ 13/20 WA 



R02521

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1634-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level 1.86 11g/L 0.500 1631 E 

Reviewed and Authorized By: --~A"---'-'n1=~.,__a ... 'A_..<'--'(""''d-<-/2c..~-~-LLd..~­

Amber Wright, Laboratd;:rnrector 

Page 10 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/14/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/ 13/20 WA 



R02522

C 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21634-11 COMMENT: 
SAMPLE ID: Field Blank SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Mercury, Low Level < 0.500 1ig/L 0.500 1631 E 

Reviewed and Authorized By: Arn6:~ W~ 
Amber Wright, LaboraryDirector 

Page 11 of 11 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\1/w.summitenviro.com 

1/ 14/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/13/20 WA 



R02523

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21579-1 
SAMPLE ID: Mach 
DATE SAMPLED: 12/16/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: _ __,._/l:,....,kn<u..<.b.,_.o'-"o'-'--, "'-'{l"-'/4'-"'-"'F..,,.· u......-

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client-CS 
12/ 16/ 19 

DATE/ 
ANALYST 

12/23/19 AK 



R02524

C 

( 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21589-1 
SAMPLE ID: Mach 2 
DATE SAMPLED: 12/ l 8/ l 9 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 rng/L 0.050 3 125 B 

Reviewed By: -~8~!11b~=M---=-->W,.'-=---=~=,;;·~'---

17650 Route 3 7 
West Frankfort, Ill inois 62896 

Phone (6 I 8) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient-CS 
12/19/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02525

l 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21589-2 
SAMPLE ID: Mach 3 
DATE SAMPLED: 12/ l 9/ l 9 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(6l8)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient-CS 
12/ 19/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02526

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-1 
SAMPLE ID: Pond I 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.109 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/19 

DATE/ 
ANALYST 

12/27/19 AK 



R02527

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-2 
SAMPLE ID: Pond 2 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: -~/1'-'-'-'mb~"""M.-"'-=---"'-u)=--..,~=,;,--= '---

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

12/3 0/19 

C lient 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02528

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.222 mg/L 0.050 3125 B 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R02529

SUMMIT 

C ~~~~ ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21603-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 12/20/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

(_ Reviewed By: ---=A..J..L..:.m-6.=.::....=~=----W."-=--~=~· =,<__ 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/30/19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02530

L 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-5 
SAMPLE ID: Pond 5 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed By: -~//~J.11-b~~M..,~W,~~~-·,-.....=---

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R02531

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIM IT 

Iron, Dissolved 0.082 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

12/30/19 

C lient 
12/20/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R02532

( 

C 

L 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-7 
SAMPLE ID: Pond 7 
DATE SAMPLED: 12/20/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMlT 

Iron, Dissolved 0.174 mg/L 0.050 3125 B 

17650Route37 
West Frankfort, Hlinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

C lient 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02533

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21603-8 
SAMPLE ID: Pond 8 
DATE SAMPLED: 12/20/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02534

SUMMIT 
( ~-,-=-__.,.· .... /1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21603-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 12/20/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

(_ Reviewed By: _ _.A.,_._,_t@"-"""'--"'(U...::.=-""-W.:e::......:=~::::;--;µ.='""---

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (6 I 8) 983-8280 
Fax ( 6 18) 983-8208 

Website: www.summitenviro.com 

12/30/ 19 

Client 
12/20/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02535

SUMMIT 
~~~.!YI ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1603-10 COMMENT: 
SAMPLE ID: Mach 4 (417) SAMPLED BY: 
DATE SAMPLED: 12/20/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

(_ 

(_ Reviewed By: - ~/l~hlb-~'"""12.-1.,=c.=_-"'-(M=-.,1F-· = '---

17650 Route 37 
West Frankfort, lllinois 62896 

Phone ( 618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

12/3 0/ 19 

Client 
12/20/1 9 

DATE/ 
ANALYST 

12/27/19 AK 



R02536

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
POL: 21614-1 
SAMPLE ID: Pond 1 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.139 mg/L 0.050 3125 B 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/19 AK 



R02537

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1614-2 
SAMPLE ID: Pond 2 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCR1PTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Hlinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02538

C 

(_ 

SUMMIT 
~;~1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANT S 

CLIENT: Mach Mining 
PDL: 21614-3 
SAMPLE ID: Pond 3 
DATE SAMPLED: 12/23/ 19 

REPORT DA TE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.250 mg/L 0.050 3125 B 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (6 l8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/19 AK 



R02539

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-4 
SAMPLE ID: Pond 4 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION NIETHOD 
LIMIT 

Iron, Dissolved 0.123 mg/L 0.050 3 125 B 

17650 Route 37 
West Frankfort, 1llinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.surnmitenviro.com 

1/2/20 

C lient-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/19 AK 



R02540

SUMMIT 
~~.-=::---~' ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1614-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 12/23/19 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.107 mg/L 0.050 3 125 B 

C 

Reviewed By: - -=A_._mb"--'-="'-Vt-=_..{M'-=-~=;;;,.· .L=>,ec....__ 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R02541

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-6 
SAMPLE ID: Pond 6 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMTT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: -~A_.__ht,b-'-'-""'"'-~==-...... W.c=._~=~· -'-""""---

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/2/20 

Client-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/1 9 AK 



R02542

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1614-7 
SAMPLE ID: Pond 7 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.114 mg/L 0.050 3125 B 

I 7650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/2/20 

C lient-BM 
12/23/19 

DATE/ 
AN ALYST 

12/27/ 19 AK 



R02543

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-8 
SAMPLE ID: Pond 8 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

(_ Reviewed By: Atn6,QA,, W~ 

17650 Route 3 7 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax ( 6 I 8) 983-8208 

Website: www.summitenviro.com 

I /2/20 

C lient-BM 
12/23/19 

DATE/ 
ANALYST 

12/27/ 19 AK 



R02544

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 2 1614-9 
SAMPLE ID: Pond 9 
DATE SAMPLED: 12/23/ 19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: _ _,_/l-'--L..<..tn¢=-=<?A-'-=-'W."'-=--=~""-'f--'-=""'---

17650 Route 37 
West Frankfort, Jllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\1/w.summitenviro.com 

1/2/20 

C lient-BM 
12/23/ 19 

DATE/ 
ANALYST 

12/27/19 AK 



R02545

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

CLIENT: Mach Mining 
PDL: 21614-10 
SAMPLE ID: Mach 4 (4 17) 
DATE SAMPLED: 12/23/19 

REPORT DATE: 
COMMENT: 
SAMPLED BY: 
DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed By: __ A'-'--'--'htb~'-'tlA.,"'-=--"'(M.=.......,~~-=---'---

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax ( 6 I 8) 983-8208 

Website: www.sumrnitenviro.com 

1/2/20 

C lient-BM 
12/23/19 

DATE/ 
AN ALYST 

12/27/ 19 AK 



R02546

SUMMIT 
~~'WI ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21625-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0 .050 3125 B 

C 

Reviewed and Authorized By: Am.6u ~~ 
Amber Wright, LaboraryDirector 

(_ Page l of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02547

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: --~A~m-h~-~-(,_V,~~~· ~~-­
Amber\Vrighi:La~r~rector 

Page 2 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02548

SUMMIT 
~~~-..,,,.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21625-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 rng/L 0.050 3125 B 

C 

Reviewed a_nd Authorized By: Am.6:a ~~ 
Amber Wright, Lafu;raryDirector 

(_ Page 3 of 10 

*These results relate only to the samples as received. 
*Th is report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02549

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 21625-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: /brr-6-flA., w~ 
Amber Wright, LaboraryDirector 

Page 4 of 10 

*These results relate only to the samples as rece ived 
*T his report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02550

SUMMIT 
( ~~~~' ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 21625-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Atn6~ ~~ 
Amber Wright, Labor~rector 

l 
Page 5 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02551

C 

(__ 

SUMMIT 
~~'11ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTAN TS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21625-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 8 

Reviewed and Authorized By: /{hlb«, ~~ 
Amber Wright, Lai,;rnryDirector 

Page 6 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02552

SUMMIT 
~-<"=--_--.1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Am.bu ~~ 
Amber Wright, Laix;raryllirector 

(__ Page 7 of JO 

*These results relate only to the samples as received. 
*This report sha ll not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, 11linois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02553

SUMMIT 
~~==---,.--., ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Atn-6~ ~~ 
Amber Wright, Laboraryl}irector 

Page 8 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

l/7/20 

Client 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02554

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21625-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: l/2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn6,flA., ~~ 
Amber Wright, LaboratryDirector 

Page 9 of JO 

*These results re late only to the samples as received 
*This report shall not be reproduced except in fu ll without the approval of SES 

17650 Route 37 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.sumrnitenviro.com 

1/7/20 

Client 
l/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02555

SUMMIT 
~--=~_,.'¥// ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1625-10 COMMENT: 
SAMPLE ID: Mach 6 (417) SAMPLED BY: 
DATE SAMPLED: I /2/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION IVIETHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Anu,-u ~~ 
Amber Wright, LaiJc;rnryDirector 

(_ Page 10 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/7/20 

Client 
1/2/20 

DATE/ 
ANALYST 

1/3/20 AK 



R02556

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21630-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DA TE SAMPLED: l/3/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.362 mg/L 0.050 3125 B 

Reviewed and Authorized By: A ht,bQA,, (V~ 
Amb;Wrighl, Laborory0irector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except m full without the approval of SES. 

17650Route37 
West Frankfort, Illinois 62896 

Phone (6 l 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/ 10/20 AK 



R02557

C 

l 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Atn-6:u ~fr 
Amber Wright, Labotoryl)irector 

Page 2 of 10 

*These results relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.surnmitenviro.com 

1/ 13/20 

Cl ient 
1/3/20 

DATE/ 
ANALYST 

l/l0/20AK 



R02558

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.573 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am.6-u ~~ 
Amber Wright, LaboratryDirector 

Page 3 of 10 

*These res ults relate only to the samples as received. 
*This repon shall not be reproduced except m full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R02559

SUMMIT 
( ~~~ ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 I 630-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.126 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Am.6-u w~ 
Amber Wright, Laboraryl)irector 

(_ 
Page 4 of 10 

*These res ults relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R02560

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21630-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.1 79 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Am.6-u ~~ 
Amber Wright, LaboratryDirector 

Page 5 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval o f S ES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(6l8)983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

l/1 0/20AK 



R02561

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.200 mg/L 0.050 3125 B 

Reviewed and Authorized By: Atn.6u ~~ 
Amber Wright, Laitt;raryllirector 

Page 6 of IO 

*These res ults relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Ill inois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R02562

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0 .050 3 125 B 

Reviewed and Authorized By: AmA-QA., (~~ 
Am be~Wright,La boraryllirector 

Page 7 of 10 

*These results relate only to the samples as received 
*This rcpon shall not be reproduced except in fu ll without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

l/13/20 

C lient 
1/ 3/20 

DATE/ 
ANALYST 

1/10/20 AK 



R02563

SUMMIT 
~--==-~-..._/1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21630-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: I /3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: AmA:u lib~ 
Amber Wright, Labora 7y llirector 

(_ Page 8 of 10 

•These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

I/10/20AK 



R02564

SUMMIT 
~~-:YI ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1630-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTlON RESU LT UNITS DETECT ION METHOD 
L!MlT 

l ron, Dissolved < 0.050 mg/L 0.050 3125 B 

C 

Reviewed and Authorized By: Ab1-6:u ~~ 
Amber Wright, LaboratryDirector 

(_ Page 9 of IO 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.surnmitenviro.com 

1/13/20 

Client 
1/3/20 

DATE/ 
ANALYST 

1/1 0/20 AK 



R02565

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach M ining REPORT DATE: 
PDL: 2 1630-10 COMMENT: 
SAMPLE ID: Mach 7 (417) SAMPLED BY: 
DATE SAMPLED: 1/3/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am.6:Q/4; ~~ 
Amber Wright, Laboratryl)irector 

Page 10 of 10 

*These resul ts re late only to the samples as received. 
*This report sha ll not be reproduced except in full without the a pprova l of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
fax (6 18) 983-8208 

Website: www.surnrnitenviro.com 

1/13/20 

Cl ient 
1/3/20 

DATE/ 
ANALYST 

1/ 10/20 AK 



R02566

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-1 COMMENT: 
SAMPLE ID: Pond I SAMPLED BY: 
DATE SAMPLED: l/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.400 mg/L 0.050 3 125 B 

Reviewed and Authorized By: AmA:u ~~ 
Amber Wright, Laborory0irector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

I 7650 Route 3 7 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/! 7/20 AK 



R02567

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-2 COMMENT: 
SAMPLE ID: Pond 2 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.085 mg/L 0.050 3 125 B 

Reviewed and Authorized By: /'IMO& ~fo 
Amber Wright, Laborory0irector 

Page 2 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: W\1/W.summitenviro.com 

1/17/20 

Client 
l/6/20 

DATE/ 
ANALYST 

1/1 7/20 AK 



R02568

C 

(_ 

SUMMIT 
-=--~-~-,ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNlTS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.730 mg/L 0.050 3 125 B 

Reviewed and Authorized By: A;,,,,A-u U/4f 
Amber Wright, LabotoryDirector 

Page 3 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(6l8)983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17 /20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R02569

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.280 mg/L 0.050 3125 B 

Reviewed and Authorized By: AY11bu ~~ 
Amber Wright, LabontryDirector 

Page 4 of 10 

*These results relate only to the samples as received 
*This repon shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R02570

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.299 mg/L 0.050 3125 B 

Reviewed and Authorized By: AmA:u W-u~ 
Amber Wright, Labora ry llirector 

Page 5 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

l/ 17/20 AK 



R02571

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
UMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: ,<(/;,n6,u ~~ 
Amber Wright, Laboraryllirector 

Page 6 of 10 

*These results relate only to the samples as received . 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.surnmitenviro.com 

1/17/20 

Client 
1 /6/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R02572

C 

(__ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULrrANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DA TE: 
PDL: 2 1633-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: /ltnbM, UAfo 
Amber Wright, Labor ~irector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone ( 6 18) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02573

SUMMIT 
~-=::::e.~~/1 ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 21633-8 COMMENT: 
SAMPLE ID: Pond 8 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

C 

Reviewed and Authorized By: Am,6u W~ 
Amber Wright, LaboraryDirector 

Page 8 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02574

( 

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1633-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRJPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: 6/...JM/z.o.,, {,) ./4~ 
AmberWright~Labo;;tyDirector 

Page 9 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (6 18) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02575

C 

(_ 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21633-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/6/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: --~4. ......... m~A~o~A...._.,(,_,t-/4~./-d-r-·_......~-­
An1 berWrigh~La b~rat6?;:oirector 

Page 10 of 10 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Tllinois 62896 

Phone(618)983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/17/20 

C lient 
1/6/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02576

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
POL: 2 1658-1 COMMENT: 
SAMPLE ID: Pond 1 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.247 mg/L 0.050 3125 B 

Reviewed and Authorized By: Limb//& fJ/4f 
Amber Wright, Labo toryDirector 

Page 1 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone(6l8)983-8280 
fax (618) 983-8208 

Website: www.summitenviro.com 

l/17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02577

C 

(_ 

SUMMIT 
~-=~___,,"¥//ENVIRONMENTAL 

SERVICES, INC. 
CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-3 COMMENT: 
SAMPLE ID: Pond 3 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.595 mg/L 0.050 3 125 B 

Reviewed and Authorized By: 6/..IM/zo,,., {,I ./4~ 
Ami;;rWright, L~bo tory Director 

Page 3 of 10 

*These res ults relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02578

C 

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMIC AL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-4 COMMENT: 
SAMPLE ID: Pond 4 SAMPLED BY: 
DATE SAMPLED: I /8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.118 mg/L 0.050 3125 B 

Reviewed and Authorized By: Am-6u ~~ 
Amber Wright, L;i,;;r~irector 

Page 4 of IO 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full w ithout the approval of SES. 

17650 Route 3 7 
West Frankfort, Tllinois 62896 

Phone (618) 983-8280 
Fax (61 8) 983-8208 

Website: www.summitenviro.com 

I /17/20 

C lient 
l/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02579

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-5 COMMENT: 
SAMPLE ID: Pond 5 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved 0.265 mg/L 0.050 3125 B 

Reviewed and Authorized By: __ ...,,A'-'-"m ........ 'b~q..,'Awc<_.(.L>')_""-/4 ...... _/d:.' CLL47:-~-­
Am ber Wright, Labor;;z;;Director 

Page 5 of 10 

*These res ults relate only to the samples as rece ived. 
*This report shall not be reproduced except in full without the approval of SES 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (618) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

l/ 17/20AK 



R02580

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1658-6 COMMENT: 
SAMPLE ID: Pond 6 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DA TE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: Lltnbrl& u~~ 
Amber Wright, LabdrnryDirector 

Page 6 of IO 

*These results relate only to the samples as received 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 37 
West Frankfort, Illinois 62896 

Phone (6 I 8) 983-8280 
Fax (618) 983-8208 

Website: www.summitenviro.com 

1/ 17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/17/20 AK 



R02581

C 

(_ 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANTS 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-7 COMMENT: 
SAMPLE ID: Pond 7 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION l'v1ETHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 

Reviewed and Authorized By: 6m/2-M< U/2~ 
Amber Wright, Laboratyoi;ector 

Page 7 of 10 

*These results relate only to the samples as received. 
*This report shall not be reproduced except in full without the approval of SES. 

17650 Route 3 7 
West Frankfort, lllinois 62896 

Phone (618) 983-8280 
Fax (6 I 8) 983-8208 

Website: www.summitenviro.com 

1/17/20 

Client 
1/8/20 

DATE/ 
ANALYST 

1/ 17/20 AK 



R02582

C 

SUMMIT 
ENVIRONMENTAL 
SERVICES, INC. 

CHEMICAL ANALYSTS & CONSULTANT S 

ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
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SAMPLE ID: Pond 8 SAMPLED BY: 
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TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 
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ANALYSIS REPORT 

CLIENT: Mach Mining REPORT DATE: 
PDL: 2 1658-9 COMMENT: 
SAMPLE ID: Pond 9 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3 125 B 

Reviewed and Authorized By: .6/mbM, f.l/4~ 
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CLIENT: Mach Mining REPORT DATE: 
PDL: 21658-10 COMMENT: 
SAMPLE ID: Cell 417 SAMPLED BY: 
DATE SAMPLED: 1/8/20 DATE RECEIVED: 

TEST DESCRIPTION RESULT UNITS DETECTION METHOD 
LIMIT 

Iron, Dissolved < 0.050 mg/L 0.050 3125 B 
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Exhibit List for Williamson Energy, LLP 

Pond Creek Mine NPDES Permit Hearing 

NPDES Permit Number IL0077666 

December 18, 2019 6:00 p.m. 

Exhibit 
No. Document Name 
1 Notice of Public Hearing 
2 Draft NPDES Permit/Public Notice/Fact Sheet, July 12, 2018 
3 Comments, Jerry Dudley, postmarked July 29, 2019 
4 Comments, Katherine Rice, postmarked July 29, 2019 
5 Postcard Comments, Bonnie Burton, postmarked July 29, 2019 
6 Postcard Comments, Laraine Wright, postmarked July 29, 2019 
7 Comments, Chris Burton, postmarked July 30, 2019 
8 Letter, Debra Mileur, postmarked July 30, 2019 
9 Letter, Linda Craig, postmarked July 30, 2019 
10 Comments, Dotty Mitchell, postmarked July 31, 2019 
11 letter, Evelyn Sternselli, postmarked August 1, 2019 
12 Comments, Doris Snider, postmarked August 2, 2019 
13 Comment and newspaper article, anonymous, postmarked July 29, 2019 
14 E-mail, Kathleen Doherty, July 31, 2019 
15 E-mail, Ed Heierman, July 31, 2019 
16 E-mail, Dawna Miller, August 4, 2019 
17 E-mail, Jennifer (Jay) Bull, August 5, 2019 
18 E-mail, Sandy Hoskins, August 5, 2019 2:03 PM 
19 E-mail, Sandy Hoskins, August 5, 2019 2:09 PM 
20 E-mail, Lisa Suits, August 5, 2019 
21 Card with comments, Mae Hanns, dated August 5, 2019 (no postmark) 
22 Letter, Ruth Hawkins, postmarked August 5, 2019 
23 Letter, Neloa Jent, postmarked August 5, 2019 
24 Letter, Judith and Bill Rea, postmarked August 6, 2019 
25 Letter, Tim Moss, postmarked August 6, 2019 
26 Letter, Larry Hammel, postmarked August 7, 2019 
27 Letter, Wilma Hammel, postmarked August 7, 2019 
28 Letter, Linda Wright, postmarked August 6, 2019 
29 Letter, Robert Piland, postmarked August 7, 2019 
30 letter, Carmen Burzynski, postmarked August 30, 2019 
31 E-mail, Matt Battaglia, August 8, 2019 
32 E-mail, Kaitlin Battaglia, August 8, 2019 
33 E-mail, Charles Mitroka, August 9, 2019 
34 E-mail, Megan Flexter, August 9, 2019 
35 E-mail, "Ananimal999," August 9, 2019 
36 E-mail, Deb Browne, August 10, 2019 
37 E-mail, Kathy Livingston, August 11, 2019 
38 E-mail, Kelley Hessian, August 12, 2019 
39 E-mail, Marian Smith Furlow, August 12, 2019 
40 E-mails (10), 1 with comments, 9 with photographs, David L Freeman, August 12, 2019 
41 E-mail, Sabrina Hardenbergh, August 12, 2019 
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42 E-mail, Jennifer Reiman, August 12, 2019 
43 E-mail, Paula Meinert, August 12, 2019 
44 E-mail, Patricia Mullen, August 12, 2019 
45 E-mail, Betty Freeman, August 12, 2019 
46 E-mail, Shirley Krienert, August 12, 2019 
47 Letter and newspaper article, Isabel Madry Zimmerman, August 7, 2019 
48 Letter and appendix, Lucia Amorelli, July 22, 2019 
49 Letter, Jerry and Carolyn Worthen, Concerned Citizens of Southern Illinois, postmarked August 2, 2019 
50 Letter, Lynn Winston, received August 5, 2019 
51 Letter, Christian Sasse, received August 6, 2019 
52 Letter, Kathy Livingston, received August 12, 2019 (see Ex. 37) 
53 Letter Karen Fiorino, postmarked August 7, 2019 
54 Comment and 2 newspaper articles, Russ Kramer and Judy Baker, received August 12, 2019 
55 Letter, Kathy Renfro, Executive Director, Carbondale Park District, received August 9, 2019 
56 Letter, Kay Rippelmeyer and David Tippy, received August 9, 2019 
57 Letter, Dawna Miller, postmarked August S, 2019 (see Ex. 16) 
58 Letter, Beth Spezia, received August 7, 2019 
59 Letter Antonio Jacob Martinez, postmarked August 12, 2019 
60 Letter, Clara Smith, received August 12, 2019 
61 E-mail, Meghan Cole, November 11, 2019 
62 E-mail, Michelle Knox, July 22, 2019 
63 E-mail, Darla Judd, August 13, 2019 
64 Comment, Wangler, postmarked July 29, 2019 
65 Letter, hearing request, State Representative Terri Bryant, received August 12, 2019 
66 E-mail, Katie Keller, forwarded from Barb Lieberoff, July 24, 2019 
67 E-mail, Nelma Battrell, July 26, 2019 
68 E-mail, Katrina Renzaglia, July 26, 2019 
69 E-mail, Joan Steele, July 26, 2019 
70 E-mail, Patty Weyhrich, July 27, 2019 
71 E-mail, Susan Livingston, July 27, 2019 
72 E-mail, Robin Russell, July 28, 2019 
73 E-mail, Jack McKillip, July 28, 2019 
74 E-mail, Charles and Gayla Kain, July 29, 2019 
75 E-mail, Michael Duncan, July 29, 2019 
76 E-mail, Amber Hewette, July 29, 2019 
77 E-mail, Tess D Ford, July 29, 2019 
78 E-mail, Thomas Grant, July 30, 2019 
79 E-mail, Robert Swenson, July 30, 2019 
80 E-mail, R Neil Claussen, July 30, 2019 
81 E-mail, Kathryn Jenkel, July 30, 2019 
82 E-mail, Cheryl Couch, July 30, 2019 
83 E-mail, Henry Gelstor, July 31, 2019 
84 E-mail, Jon Womack, August 1, 2019 
85 E-mail, Sheila Simon, August 1, 2019 
86 E-mail, Christina Krost, August 2, 2019 
87 E-mail, Ann Wheeler, August 2, 2019 
88 E-mail, Toni Kennedy, August 3, 2019 
89 E-mail, Dona Reese, August 4, 2019 
90 E-mail, William Grisley, August 4, 2019 
91 E-mail & Attachment, Kay M Rippelmeyer-Tippy, August 4, 2019 (see Ex. 56) 
92 E-mail, Lawrence Schilling, August 4, 2019 
93 E-mail, James Kimmel, August 4, 2019 
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94 E-mail, Jamie Nash-Mayberry, August 4, 2019 1 
95 E-mail, J M Restivo, August 4, 2019 1 
96 E-mail, Ruane & Debra Tanner, August 4, 2019 1 
97 E-mail, Leonard Brantley, August 4, 2019 1 
98 E-mail, Donna Brantley, August 4, 2019 1 
99 E-mail, Monika Plumb, August 4, 2019 1 
100 E-mail, Terry Gillespie, August 4, 2019 1 
101 E-mail, Ed Doty, August 4, 2019 1 
102 E-mail, Marilyn Willis, August 4, 2019 1 
103 E-mail, Domenick Ronchetto, August 4, 2019 1 
104 E-mail, Rebekah Wilkerson, August 4, 2019 1 
105 E-mail, Michael K Calandra, August 4, 2019 1 
106 E-mail, Brian Barker, August 5, 2019 1 
107 Esma ii, Pat Knox, August 6, 2019 1 
108 E-mail, Michael W Eichholz, August 6, 2019 1 
109 E-mail and attachment, Cameron Smith, August 6, 2019 3 
110 E-mail, Les Winkeler, August 6, 2019 1 
111 E-mail, Joseph Stafford, August 6, 2019 1 
112 E-mail, Lee M Fronabarger, August 6, 2019 1 
113 E-mail, Karen Fiorino, August 6, 2019 (see Ex. 53) 2 
114 E-mail, Craig Wilson, August 7, 2019 1 
115 E-mail, Stephanie Solbrig, August 7, 2019 1 
116 E-mail, Kristine B McGuire, August 7, 2019 1 
117 E-mail, Randie Simpson, August 7, 2019 1 
118 E-mail, Gordon Smith, August 7, 2019 1 
119 E-mail, Randall Snyder, August 7, 2019 1 
120 E-mail, Jason Wild, August 7, 2019 1 
121 E-mail, Gary Lukuc, August 7, 2019 1 
122 E-mail, Cheryl Klopcic, August 7, 2019 1 
123 E-mail, Beth Martell, August 7, 2019 2 
124 E-mail, Beth A Roberts-Jacquot, August 7, 2019 1 
125 E-mail, "Old Wives", August 7, 2019 1 
126 E-mail, Earl Ray Jacquot, August 7, 2019 1 
127 E-mail, Hayley Mason, August 7, 2019 1 
128 E-mail, Amy Acorn, August 7, 2019 1 
129 E-mail, Ivy P Rodger, August 8, 2019 1 
130 E-mail, Michelle Wiseman, August 8, 2019 1 
131 E-mail, Roger Davis, August 8, 2019 1 
132 2 E-mails, Melanie Morrison, August 8, 2019 2 
133 E-mail, Nancy Spear, August 8, 2019 1 
134 E-mail, Michael T Madigan, August 8, 2019 2 
135 Letter, Representative Terri Bryant, August 6, 2019, e-mailed by Kathy Willis on August 8, 2019 (see Ex. 65) 2 
136 Letter, Senator Paul Schimpf, August 8, 2019, e~mailed by Kathy Willis on August 8, 2019 2 
137 E-mail, Ruth and Russell Miner, August 8, 2019 1 
138 E-mail, Allen and Madeline Meadows, August 8, 2019 1 
139 E-mail and attachment, Barbara McKasson, August 8, 2019 4 
140 E-mail, Barb Elam, August 8, 2019 1 
141 E-mail, Kaitlin Battaglia, August 8, 2019 (see Ex. 32) 1 
142 E-mail, Matt Battaglia, August 8, 2019 (see Ex. 31) 1 
143 E-mail, Josh Crouch, August 8, 2019 1 
144 E-mail, Deborah Saylor Connell, August 9, 2019 2 
145 E-mail, "Murphy momma," August 9, 2019 1 
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146 E-mail, Kathleen Gunkel, August 9, 2019 1 
147 E-mail, Megan Flexter, August 9, 2019 1 
148 E-mail, Elizabeth Connell, August 9, 2019 1 
149 E-mail, Tom Harbert, August 9, 2019 1 
150 E-mail, Eldon Benz, August 9, 2019 1 
151 E-mail, Lisa Collins, August 9, 2019 1 
152 E-mait, Catherine M Field, August 9, 2019 1 
153 E-mail, Linda Wyatt, August 9, 2019 2 
154 E-mail, Denise M Perry, August 9, 2019 1 
155 E-mail, Dawn Roberts, August 9, 2019 1 
156 E-mail, Jim Rademaker, August 10, 2019 1 
157 E-mail, Kim Swartz, August 10, 2019 1 
158 E-mail and attachment, Cade Bursell, August 10, 2019 4 
159 E-mail, Tom Ebenhoh, August 10, 2019 1 
160 E-mail, Diana Brawley Sussman, August 10, 2019 1 
161 E-mail, John Reimbold, August 10, 2019 1 
162 E-mail, Daniel Hillyard, August 10, 2019 1 
163 E-mail, Jesslyn Jobe, August 10, 2019 1 
164 E-mail, Susan Walch-Pimentel, August 10, 2019 1 
165 E-mail, Shannon Griffin, August 10, 2019 1 
166 E-mail, Keith Pharis, August 10, 2019 1 
167 E-mail, Tony Graham, August 10, 2019 1 
168 E-mail, Mark Coats, August 10, 2019 1 
169 E-mail, April Moritz, August 10, 2019 1 
170 E-mail, Jill Skinner, August 11, 2019 1 
171 E-mail, Michael D Covell, August 11, 2019 1 
172 E-mail, Rhonda Rothrock, August 11, 2019 2 
173 E-mail, John C McCall, August 11, 2019 1 
174 E-mail, Barbara Luttenbacher, August 11, 2019 1 
175 E-mail, William Terry, August 11, 2019 1 
176 E-mail, Tom Redmond, August 11, 2019 1 
177 E-mail, Thomas Tucker, August 11, 2019 1 
178 E-mail, Darby Ortolano, August 11, 2019 1 
179 E-mail and attachment, Edward J Brunner, August 11, 2019 3 
180 E-mail, Mary O'Hara, August 11, 2019 2 
181 E-mail, Ted and Gail Mieling, August 11, 2019 1 
182 E-mail, Jyotsna Kapur, August 11, 2019 1 
183 E-mail, Jennifer Haselhorst, August 11, 2019 1 
184 E-mail, Christopher Brown, August 11, 2019 1 
185 E-mail, Pam McLean Family, August 11, 2019 1 
186 E-mail, Alex Bishop, August 11, 2019 1 
187 E-mail, Abby Cripps, August 11, 2019 1 
188 E-mail & Letter with 4 Attachments, Sierra Club (Illinois Chapter) and Prairie Rivers Network, August 12, 2019 93 
189 E-mail and attachment, Jane Cogie, August 11, 2019 3 
190 E-mail, Casey R Stout, August 12, 2019 1 
191 E-mail, Jane Payne, August 12, 2019 1 
192 E-mail, Becky Schneider, August 12, 2019 1 
193 E-mail, Thomas Bik, August 12, 2019 1 
194 E-mail, Mary Ellen DeClue, August 12, 2019 2 
195 E-mail, Miles Maether, August 12, 2019 1 
196 2 E-mails, Matthew Borowicz, August 12, 2019 and August 13, 2019 2 
197 E-mail, Paula Bradshaw, August 12, 2019 1 
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198 E-mail, George Majka, August 12, 2019 
199 E-mail, Matthew Blessing, August 12, 2019 
200 E-mail, David Kidd, August 12, 2019 
201 E-mail, Laurel Toussaint, August 12, 2019 
202 E-mail, Carla Womack, August 12, 2019 
203 E-mail, Jon Womack, August 12, 2019 
204 E-mail and attachment, Jan Thomas, August 12, 2019 
205 E-mail and Letter, James Plumley, Williamson Energy, LLC, July 17, 2019 
206 E-mail, Steve Eberhart, August 12, 2019 
207 2 E-mails and attachments, Southern Illinois Against Fracturing Our Environment, August 12, 2019 
208 E-mail, Colleen Flanagan, August 12, 2019 
209 E-mail, Jennifer Reiman, August 12, 2019 
210 E-mail, Sarah Heyer, August 12, 2019 
211 E-mail, Robert Morwell, August 12, 2019 
212 E-mail and attachment, Joyce Blumenshine, August 12, 2019 
213 E-mail, Gary Kolb, August 12, 2019 
214 E-mail and 2 attachments, Leonard Jamie Snyder, City Attorney, City of Carbondale, August 12, 2019 
215 E-mail, Isabel Zimmerman, August 12, 2019 
216 E-mail, Mary Ann Stout, August 12, 2019 
217 E-mail, Ann Fischer, August 12, 2019 
218 2 E-mails, Linda Webb, August 12, 2019 
219 E-mail, Priscilla R Pimentel, August 12, 2019 
220 2 E-mails (identical), Paul Webb, August 12, 2019 
221 E-mail, Rebecca Schlosser, August 12, 2019 
222 E-mail, Dawn Roberts, August 12, 2019 
223 E-mail, Molly Alter, August 12, 2019 
224 E-mail, Karen Fiorino, August 12, 2019 
225 E-mail, Craig Wilson, August 12, 2019 
226 E-mail, Beau Henson, August 12, 2019 

227 E-mail and attachment, John Wallace, Shawnee Chapter, Illinois Audubon Society, August 12, 2019 
228 E-mail, JoAnn Pillatsch, August 12, 2019 
229 E-mail, Jill Adams, August 12, 2019 
230 E-mail, Brian Ritzel, August 12, 2019 
231 E-mail and attachment, John Wat lace and Karen Frailey, August 12, 2019 
232 E-mail, Rachel Cristaudo, August 13, 2019 
233 E-mail, Alex Trujillo, August 15, 2019 
234 E-mail, Marian Smith Furlow, August 12, 2019 
235 E-mail, Tony Graham, October 30, 2019 
236 E-mail, Josh Crouch, October 31, 2019 
237 E-mail and attachment, Lucia Amorelli, December 12. 2019 
238 Hearing Board Designation Memo, Sanjay Sofat, BOW Chief, December 11, 2019 
239 Big Muddy Monthly Mean Flow line Graph, Illinois EPA Hearing Exhibit 
240 Big Muddy Minimum Monthly Mean Flow Bar Chart, Illinois EPA Hearing Exhibit 
241 Hearing oral comments with attachments, Clayton Cross, December 18, 2019 
242 Written comments provided at hearing, Cameron Smith, December 18, 2019 
243 Hearing oral comments, Connie Schmidt, December 18, 2019 
244 Hearing oral comments, Galen Thomas, December 18, 2019 
245 Written comments and gauge data provided at hearing, Jerry Worthen, December 18, 2019 
246 Written comments provided at hearing, Barbara McKasson, December 18, 2019 
247 Copies of petitions provided at hearing, John Wallace, December 18, 2019 
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248 Foresight Energy LP Financial Statements provided at hearing, Tenney Naumer, December 18, 2019 
249 USEPA acid mine drainage info sheet provided at hearing, Mark Malkovich, December 18, 2019 -----~-----------
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250 Hearing oral comments, Karl Fraley, December 18, 2019 
251 Hearing oral comments, Christina Krost, December 18, 2019 
252 Written comments provided at hearing, Madeline Krost, December 18, 2019 
253 Written comments provided at hearing, Lucia Amorelli, December 18, 2019 
254 Written comments provided at hearing, Jane Cogie, December 18, 2019 
255 Written comments provided at hearing, William Sasso, December 18, 2019 
256 Written comments provided at hearing, Charles Mccann, December 18, 2019 
257 Letter, Susan Van Dyk, postmarked December 20, 2019 
258 Letter, Barb Elam, postmarked December 13, 2019 
259 letter, Karen Fiorino, postmarked December 20, 2019 
260 Letters, Jason, Bella, Alycia, and Sophia Stephenson, postmarked December 20, 2019 
261 E-mail, Margaret Shaklee, December 17, 2019 
262 E-mail, Dianne Ansari-Winn, December 17, 2019 
263 E-mail, Vince Unger, December 17, 2019 
264 E-mail, Karen Kortsch, December 17, 2019 
265 E-mail, Nancy Irons, December 17, 2019 
266 E-mail, Adair Small, December 17, 2019 
267 E-mail, Rev. Pamela Rumancik, Unitarian Church of Hinsdale, December 17, 2019 
268 E-mail, Karen Fort, December 17, 2019 
269 E-mail, Marcia Bernstein, December 17, 2019 
270 E-mail, Terry Kinsey, December 17, 2019 
271 E-mail, Dr. Elizabeth Dowell, MD, December 17, 2019 
272 E-mail, Renee Hoff, December 17, 2019 
273 E-mail, Julie Prandi, December 17, 2019 
274 E-mail, Brigitte Erbe, December 17, 2019 
275 E-mail, Mary Anne O'Toole, December 17, 2019 
276 E-mail, Mary Parks, December 17, 2019 
277 E-mail, Diane Heizer, December 17, 2019 
278 E-mail, Ruth Reagel, December 17, 2019 
279 E-mail, Rev. James Hobart, Unitarian Universalist Church, Chicago, December 17, 2019 
280 E-mail, Jennifer Livingston, December 17, 2019 
281 E-mail, Debbie Montgomery, December 17, 2019 
282 E-mail, Kathleen O'Laughlin, December 17, 2019 
283 E-mail, Sunny and Tom Hall, December 17, 2019 
284 E-mail, Donna Schiller, December 17, 2019 
285 E-mail, Robert Bulanda, December 17, 2019 
286 E-mail, Barbara Ghoshal, December 17, 2019 
287 E-mail, Craig and Glenda Shaver, December 17, 2019 
288 E-mail, Jerry Carden, December 17, 2019 
289 E-mail, Linda Groetzinger, December 17, 2019 
290 E-mail, Dr. Kristin Lems, December 17, 2019 
291 E-mail, Michael Pabian, December 17, 2019 
292 E-mail, Eleanor Hall, December 17, 2019 
293 E-mail, John Malan, December 17, 2019 
294 E-mail, Martha Holman, December 17, 2019 
295 E-mail, Mary Ellen McGoey, December 17, 2019 
296 E-mail, Jim Parr, December 17, 2019 
297 E-mail, Tracey Olson, December 17, 2019 
298 E-mail, Nancy Sidman, December 17, 2019 
299 E-mail, Jennifer Evans, December 17, 2019 
300 E-mail, Allen Harden, December 18, 2019 
301 E-mail, Wanda Hoover, December 18, 2019 
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302 E-mail, Anne White, December 18, 2019 
303 E-mail, Parry Stevens, December 18, 2019 
304 E-mail, Susan Frances, December 18, 2019 
305 E-mail, Andrea Schmidlin, December 18, 2019 
306 E-mail, William Koehl, December 18, 2019 
307 E-mail, Ruth Durkin, December 18, 2019 
308 E-mail, Rosemary Maziarz, December 18, 2019 
309 E-mail, Joyce Haeckel, December 18, 2019 
310 E-mail, Michael Moutrie, December 18, 2019 
311 E-mail, Andrea Budasi, December 18, 2019 
312 E-mail, Lisa Solomon, December 18, 2019 
313 E-mail, Vohny Moehling, December 18, 2019 
314 E-mail, Lydia Larrabee, December 18, 2019 
315 E-mail, Madeleine Van Hecke, December 18, 2019 
316 E-mail, Judy Medina, December 18, 2019 
317 E-mail, Bill Scown, December 18, 2019 
318 E-mail, Pam Richert, December 18, 2019 
319 E-mail, Jean Pierce, December 18, 2019 
320 E-mail, Lisa Gades, December 18, 2019 
321 E-mail, Rachel McManus, December 18, 2019 
322 E-mail, Jane Kimball, December 18, 2019 
323 E-mail, Jen Packheiser, December 18, 2019 
324 E-mail, Mary Alice Masonick, December 18, 2019 
325 E-mail, Joe Masonick, December 18, 2019 
326 E-mail, Carol Ovelmen, December 18, 2019 
327 E-mail, Kathie Wachholder, December 18, 2019 
328 E-mail, Susan Coleman, December 18, 2019 
329 E-mail, Shirley Adams, December 18, 2019 
330 E-mail, Trilby Evans, December 18, 2019 
331 E-mail, Lida Burns, December 18, 2019 
332 E-mail, Marsha Borders, December 18, 2019 
333 E-mail, Alex Matthews, December 18, 2019 
334 E-mail, Elizabeth McKinney, December 18, 2019 
335 E-mail, Jacquelyn Seaman, December 18, 2019 
336 E-mail, David Foulser, December 18, 2019 
337 E-mail, Ronald Campbell, December 18, 2019 
338 E-mail, Debra Singleton, December 18, 2019 
339 E-mail, Greg Clark, December 18, 2019 
340 E-mail thread, Sam Stearns, Friends of Bell Smith Springs, December 18, 2019 
341 E-mail, Alycia Stephenson, December 18, 2019 
342A E-mail, Marilyn Avery, December 18, 2019, 11:09 PM 
342B E-mail, Marilyn Avery, December 18, 2019, 11:17 PM 
342C E-mail, Marilyn Avery, December 18, 2019, 11:21 PM 
343 E-mail, Rachel Bozarth, December 19, 2019 
344 E-mail, Howard Hansen, December 19, 2019 
345 E-mail, Robert Jackson, December 18, 2019 
346 E-mail, Danielle O'Connell, December 19, 2019 
347 E-mail, Josselyn O'Connell, December 19, 2019 
348 E-mail, Linda Linsin, December 19, 2019 
349 E-mail, Dave and Barb Elam, December 19, 2019 
350 E-mail, Laura Basanta, December 19, 2019 
351 E-mail, Patty Weyhich, December 20, 2019 
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1 HEARING OFFICER: It's 6:00. Good 

2 evening, everyone. This is an informational 

3 hearing on the issuance of a water discharge 

4 permit for Williamson Energy at its Pond Creek 

5 Mine. Let the record reflect the time 1s now 

6 6:01 p.m. My name's Christine Zeivel, and I am 

7 the hearing officer for the Illinois 

8 Environmental Protection Agency. On behalf of 

9 Director John Kim, I welcome you to tonight's 

10 hearing, and at this time, please silence all 

11 cell phones and other electronic devices if you 

12 have not already done so. 

13 As I said, this is an informational 

14 hearing before the Illinois EPA in the matter of 

15 a renewal of a National Pollution Discharge 

Page3 

16 Elimination System permit, which will be referred 

17 to generally as an N-P-D-E-S or NPDES permit, for 

18 Williamson Energy's Pond Creek Mine located in 

19 Franklin and Williamson counties. As part of 

20 this hearing proceeding, the Illinois EPA has 

2 1 prepared documents for public review that outline 

22 the major permit terms and conditions that are 

23 the subject of this hearing. And those documents 

24 are available for review at the registration desk 
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1 and also on the Illinois EPA's Public Notice web 

2 page. 

3 The Illinois EPA is holding this 

4 hearing for the purpose of accepting comments 

5 from the public on the proposed renewal of the 

6 NPDES permit for Williamson Energy's Pond Creek 

7 Mine prior to taking final action on the renewal 

8 application. This public hearing is being held 

9 under the provisions of the Illinois EPA's 

Page4 

10 procedures for permit and closure plan hearings 

11 which can be found at 35 Illinois Administrative 

12 Code, Part 166, Subpart A, which is in accordance 

13 with 35 Illinois Administrative Code Part 309 for 

14 public participation in NPDES Permit 

15 Applications. Copies of these procedures can be 

16 accessed on the website for the Illinois 

17 Pollution Control Board. That website is 

18 www.ipcb . state.il.us or if you do not have ready 

19 access to the internet, that can be obtained from 

20 me upon request. 

21 An informational public hearing is 

22 not a contested case hearing but rather is meant 

23 as an opportunity for you to provide information 

24 to and ask questions of the Illinois EPA 

-
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1 concerning this specific permit. My 

2 responsibility as the hearing officer is to 

3 ensure that this proceeding comports with the 

4 procedural requirements and is conducted in a 

5 proper and fair but efficient manner. 

6 Now I would like to explain how 

Pages 

7 tonight's hearing is going to proceed. First, we 

8 will have the Illinois EPA staff located to my 

9 right introduce themselves. They will each 

10 identify their responsibilities within the agency 

11 in regard to the permitting action, and then a 

12 few of them will provide you a brief overview of 

13 information we believe is relevant to tonight's 

14 proceeding. This will be followed by additional 

15 

16 

17 

instructions from me on how we will be taking 

oral comments during the hearing this evening, 

and then the public will be allowed to ask 

18 questions and provide comments utilizing the 

19 microphone and table located in between the 

20 aisles here in front of the panel. 

21 We have a court reporter here who is 

22 taking a record of these proceedings for the 

23 purpose of creating a public record. Therefore, 

24 for her benefit, please keep the general 

I 

i 
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background noise in the room to a minimum so that 

she can hear and properly record everything that 

is said. Any comments or statements made from 

the audience without a microphone will not be 

recorded by the court reporter and will not be 

located and recorded in the transcript. Illinois 

EPA will post the transcript of this hearing on 

our web page in the same general place where the 

hearing notice and draft permit and other 

documents associated with this proceeding have 

been posted. 

You are not required to provide your 

comments orally. Written comments are given the 

same consideration as oral comments made during 

this hearing and may be submitted to the Illinois 

EPA at any time during the comment period which 

ends January 17, 2020. All comments submitted by 

mail must be postmarked in sufficient time so as 

to arrive at the Illinois EPA no later than the 

closing day of January 17, 2020. Although we 

will continue to accept comments through that 

date, tonight is the only time that we will 

accept oral comments. 

Any person who wishes to make oral 

-
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comments may do so as long as the statements are 

relevant to the issues at hand and the time 

allows. If you have not completed a registration 

card at this point, please head to the 

registration desk and complete a card making sure 

to check the appropriate box on the card if you 

desire to make comments at the hearing this 

evening. If you have lengthy comments, please 

consider giving only a summary of those comments 

at this hearing and then submitting the remainder 

and entirety of your comments to the Agency 

before the end of the comment period, and I will 

ensure that they are included in the hearing 

record. Please do keep your comments relevant t o 

the conditions and requirements in the permit 

that Illinois EPA is proposing to renew. If your 

comments fall outside of the scope of this 

hearing, I may ask you to proceed to your next 

issue. 

Each speaker will have the optio n o f 

addressing questions to the Illinois EPA panel 

located to my right or making just a general 

comment, or you can do both. However, since we 

have a limited time in which to conduct this 
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hearing, Illinois EPA staff members will be 

responding to issues presented primarily for 

clarification purposes. We will be available to 

answer questions if those answers are readily 

available, but the Agency panel may respond by 

agreeing to defer the response to the 

responsiveness summary which will be posted 

following the close of the comment period. I 

will not allow speakers to argue, cross-examine 

or engage in prolonged dialogue with each other 

or with members of the panel, and I will also not 

allow members of the public to address comments 

to other members of the public. Comments from 

the public are to be addressed to the hearing 

panel located at the front of the room and the 

court reporter. We do have representatives of 

Williamson Energy here tonight, and they will be 

providing a statement for the reco~d, but they 

will not be responding directly to questions or 

issues raised at this hearing tonight. 

As the hearing officer, I intend to 

treat everyone in this room in a courteous, 

respectful and professional manner, and I ask 

that members of the panel and the public please 

-
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1 do the same. You may disagree with or object to 

2 some of the statements and comments that are made 

3 here tonight, but this is a public hearing, and 

4 everyone has a right to express their comments on 

5 this matter. However, I will only allow 

6 statements to be made tonight that relate to 

7 issues involved with this specific water permit. 

8 Statements and comments that are of a personal 

9 nature or reflect on the character or motive of a 

10 person or group are not appropriate at this 

11 hearing, and if statements or comments begin to 

12 

13 

drift into this area, I may interrupt the person 

speaking and ask them to move on to their next 

14 issue. While the issues tonight may justifiably 

15 invoke an emotional response, responsive noises 

16 such as applause, jeering, booing and other 

17 responsive noises are also not appropriate. It 

18 interfere's with the court reporter's ability to 

19 create a fair and accurate record of tonight's 

20 proceeding. And so I ask that everyone in the 

21 audience respect her time and ability to be able 

22 to provide a transcript that's accurate for both 

23 the benefit of the Agency and for the benefit of 

24 the public following this hearing. If the 

1 
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conduct of persons attending this hearing should 

become unruly, I am authorized to adjourn this 

hearing should the actions warrant. And if that 

were to happen, the Illinois EPA would still 

accept written comments through the close of the 

comment period which is January 17, 2020. 

In addition, I'd like to briefly 

stress that we want to avoid unnecessary 

repetition. As you can see, we have a full room 

tonight, and there are many individuals who have 

indicated their desire to provide comments, so if 

anyone before you has already presented what is 

contained in your comments, please skip over 

those issues when you speak. If someone speaking 

before you has already said what you desire to 

say, you can pass when I call your name to come 

forward. Once a single point is made, it makes 

no difference if that same point is made once or 

a dozen times. It will be considered, and it 

will be responded to in the responsiveness 

summary. Duplicative comments or sentiments will 

not lend weight to the Agency's decision in this 

matter. 

All who legibly complete a 

I 

I 
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1 registration card or submit written comments 

2 during the comment period will be notified of the 

3 final decision in the matter and of the 

4 availability of the responsiveness summary. In 

5 the responsiveness summary, the Il l inois EPA will 

6 respond to relevant issues that were raised at 

7 

8 

9 

10 

11 

12 

13 

this hearing or submitted prior to the close of 

the comment period on January 17, 2020. Again, I 

will accept those written comments as long as 

they are received at the Illinois EPA in 

Springfield by that date. 

While the record is open, all 

relevant comments, documents and data will be 

14 placed into the hearing record as exhibits. You 

15 can send all written documents to the attention 

16 of Barb Lieberoff in the matter as directed in 

17 the revised public notice which is available at 

18 the registration desk and on the Agency's public 

19 notice web page. The physical mailing addr ess 

20 should you want to submit your comments via mai l 

21 is located in that public notice . And if you 

22 wanted to send your comments via e-mail, that 

23 e-mail address is epa.publichearingcom . That's 

24 publicheari ngcom@illinois.gov. Please include 

I 

I 

Ii 
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Pond Creek Mine NPDES or the permit number, which 

is IL0077666, in the subject line of the e-mail. 

Again, those addresses are located in the public 

notice that's available to you at the 

registration desk or on the web page. 

At this time, I'm going to have the 

Illinois EPA staff present tonight introduce 

themselves and make a brief statement regarding 

the permit and tonight's proceeding. Afterwards, 

they'll return it to me, and I will provi de 

further instruction on how we will be taking 

comments during this hearing, and then we will 

begin taking comments from the public. 

MR. LeCRONE: Is it on? Not on? No, 

not on. Okay. I'll just go ahead and yell then. 

My name is Darin Lecrone. I'm the manager of the 

Industrial Unit, so I am the -- you can't hear 

me? 

My name's Darin Lecrone. I am the 

manager of the Industrial Unit and the permit 

section, and so I am the one whose name is on the 

draft permit and have the supervisory 

responsibilitie s for not only coal mi ne 

permitting but o t her non-municipal - type 

www.alaris.us 
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wastewaters. 1 

2 MS. WARD: My name is Iwona Ward, and 

3 I am with the permit regulation unit for the 

4 agency and responsible for reviewing the coal 

5 mine applications and preparation of the coal 

6 mining EPA's permits. 

7 MR. TWAIT: My name is Scott Twait. 

8 I'm the manager of the Water Quality Standards 

9 Section. I worked on the antidegradation 

10 assessment, the mixing zone, which is based on 

11 the CORMIX model, and water quality issues for 

12 the NPDES permit. 

13 MS. DIERS: Hi. My name is Stephanie 

14 Diers, and I'm legal counsel for the Agency. 

15 MS. WARD: Good evening, ladies and 

16 gentlemen. Again, my name is Iwona Ward, and I 

17 am the permit engineer for the Mine Pollution 

18 Control Program for the Environmental Protection 

19 Agency. 

20 The purpose of this renewal and 

21 modified NPDES permit is to regulate surface 

22 discharges to the water of the state from the 

23 surface facilities of the existing underground 

24 Pond Creek Mine. The surface facilities of this 
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underground mining operation are located on 

approximately 986 acres and include drainage 

control structures. 

Page14 

UNIDENTIFIED SPEAKER: We can't hear 

you. 

MS. WARD: I will try and speak 

louder. Will this be okay? Well, I will try 

again. The purpose of this renewal and modified 

NPDES permit is to regulate surface discharges to 

water of the state from the surface facilities of 

the existing underground Pond Creek Mine. The 

surface facilities of this underground mining 

operation are located on approximately 986 acres 

and include drainage control structures, nine 

sedimentation basins, and a coal preparat i on 

plant with a slurry disposal system that i s 

operated as a closed circuit. The surface 

facilities at this operation also includes coal 

stockpiles, coal conveyors, a railroad loop, 

access roads, office and maintenance buildings. 

Nine basins with eleven outfal ls are 

identified in the NPDES permit which control 

runoff from these surface facilities. Receiving 

waters for the discharges from the facility are 

' 
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identified as Pond Creek, unnamed tributaries to 

Pond Creek, and the Big Muddy River. 

The following additional changes and 

modification have been incorporated into the 

current NPDES permit: 

Three new discharges of Outfall 009 

discharging to the Pond Creek, Outfall 009ES 

discharging to the unknown tributaries of the 

Pond Creek, and Outfall 011 discharging to the 

Big Muddy River; 

Various mining operation and drainage 

control plan revisions; 

About 229 acres incorporated for 

Refuse Disposal Area Number 3; 

70.7 acres incorporated for the 

pipeline to the Big Muddy River; 

About 145 acres for various IBR's for 

additional permit area; 

Addition of bi-annual metals 

monitoring of discharges from Outfall Numbers 6, 

7, 8, 9, 9ES and 11; 

Incorporated previously issued 

Subtitle D Permits; 

Mixing zone to the Big Muddy River is 

I 
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approved with this permit. Excess water will be 

transported from the Pond Creek Mine to Outfall 

Number 011 located in the Big Muddy River through 

an HDPE pipeline. Water will be pumped from the 

water holding cell through approximately 12.5 

miles of pipeline to the diffuser located at the 

mixing zone. The amount of water that could be 

discharged through the pipeline depends upon the 

chloride concentration in the discharge stream, 

the background chloride content, and the flow in 

the Big Muddy River. Maximum pumping rate is 

5,000 gallons per minute from the facility. 

I would like to thank you everyone 

for coming this evening and welcome you to the 

Illinois EPA public hearing. Thank you. 

MR. TWAIT: Once again, my name is 

Scott Twait. I want to provide some background 

on the mixing zone issue as the Agency has 

received several comments on this topic. Mixing 

zones are allowed by the Clean Water Act and 

Board Regulations. Mixing zones are a defined 

area in the receiving stream which allows the 

discharger to design an effluent structure to mix 

their effluent with the receiving stream to meet 

I 

I 
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1, 
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the water quality standards. This facility will 

have to calculate the chloride concentration at 

the edge of the mixing zone based on the upstream 

river flow and upstream chloride concentration 

and the effluent flow and the effluent chloride 

concentration. The maximum calculated chloride 

concentration at the edge of the mixing zone will 

then have to be reported on the DMRs, which is 

the discharge monitoring report, which is 

submitted to the Agency. Using the equation in 

Special Condition 14 and 16, they can only use 

25 percent of the receiving stream for mixing. 

The facility will be installing conductivity 

meters upstream in the effluent pipe and 

downstream of the mixing zone. The conductivity 

meters will be correlated to the chloride 

concentration so that the facility will have 

continuous information of the chloride 

concentration in the stream (upstream and 

downstream) and the effluent. In addition to the 

calculated chloride concentration at the edge of 

the mixing zone, the facility will be required to 

install a conductivity meter downstream of the 

mixing zone that is correlated to the chloride 
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1 concentration. They will then be required to 

2 report the highest chloride concentration 

3 (correlated to conductivity) on the DMRs. This 

4 will ensure that the calculations for the mixing 

5 zone are being computed correctly and the water 

6 quality standard is being met for chlorides 

7 downstream of the mixing zone. 

8 Also, I wanted to let you know that 

9 the company has provided additional information 

10 yesterday by e-mail with a paper copy to follow 

11 in response to the public comments that have been 

12 received. The information that the company 

13 provided includes: Supplemental information 

14 concerning the antidegradation document for Pond 

15 Creek Mine; the Big Muddy flood analysis; and 

16 modeling of the Big Muddy River chloride 

17 dispersion downstream of the proposed mixing zone 

18 regarding Pond Creek Mine. 

19 The Agency has not had time to fully 

20 review these materials, but they will be added to 

21 the permit record and reviewed in considering 

22 comments and revisions to the draft permit. 

23 Finally, the Agency has received a 

24 lot of comments about flooding and has prepared 
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the graphs shown on the easels over here. The 

first graph is Exhibit 239. The first graph 

shows the monthly mean flows of the Big Muddy 

River for the calendar years of 2005 to 2009 at 

1 

2 

3 

4 

5 

6 

the Plumfield Station, which is just upstream of 

the discharge. 2015 to 2019, sorry. This 

7 station is a few miles upstream of the proposed 

8 discharge location. The graph also shows a 

9 straight line at the bottom showing the maximum 

10 discharge from Pond Creek Mine of 11.1 cfs --

11 that's cubic feet per second. This is provided 

12 to indicate the relative magnitude of the maximum 

13 discharge of the Pond Creek Mine of 11.1 cfs to 

14 the monthly mean flow of the Big Muddy River at 

15 the upstream gauge station. Please note that the 

16 peak monthly mean on this graph is 4,893 cfs. 

17 When the Big Muddy River is flowing at this rate, 

18 the maximum discharge of the mine, 11.1 cfs, is 

19 0.23 percent of the flow. Using the peak in 2015 

20 monthly average flow of 2,122 cfs, the maximum 

21 discharge of the mine is 0.52 percent of the 

22 flow. 

23 The second figure, Exhibit 240, shows 

24 the lowest monthly mean for each calendar year of 
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2015 to 2019 with a comparison to the maximum 

discharge rate from the Pond Creek Mine of 11.1 

cfs. This graph shows that there is enough flow 

during the dryer portions of the year for the Big 

Muddy River to accept effluent and maintain the 

chloride water quality standard. Thank you for 

attending this hearing. 

HEARING OFFICER: I will note that we 

had someone scheduled to be here tonight from the 

Agency's groundwater division, but she was unable 

to attend at the last minute due to health 

reasons. Any questions pertaining specifically 

to groundwater, which we acknowledge will be 

present by the comments received to date, those 

comments may be addressed in the responsiveness 

summary and not by tonight's panel. I apolo gize 

for the absence of our groundwater division 

representative tonight. 

People who have requested to speak 

will be called upon in the order in which they 

registered to make a comment. I have that stack 

of cards here. For the purpose of allowing 

everyone to have a chance to comment and t o 

ensure that we conduct this hearing in a timely 

II 

II 

!I 
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fashion, I'm going t o have to impose a time limit 

of four to five minutes per speaker. We have had 

over fifty members of the public indicate their 

desire to speak tonight, and we'd like to give 

everybody an opportunity to come to the 

microphone. If everyone has had an opportunity 

to speak and we still have time, I may allow 

those who initially did not desire to speak to 

come to the microphone or tho s e who have spoken 

to speak again if there's additi onal comments 

that they weren't able to fit in during their 

initial time. If we cannot accommodate everyone 

who desires to speak and make comments this 

evening, please submit your comments to us in 

writing. Each comment submitted is received, 

entered into the hearing record, and addressed in 

the responsiveness summary. Again, those 

comments are given the same weight as any 

comments made orally here tonight. 

We will start with the first speaker 

at the microphone, as I said, that's located in 

the aisleway here beginning with Clayton Cross on 

behalf of Williamson with Foresight. Once he 

begins or before he begins, I will read the 

Ii 
11 

I 
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1 name of the next speaker and ask that you come 

2 and stand behind them so that you can approach 

3 the microphone as soon as the previous speaker 

4 has finished. I recognize that this may be 

5 inconvenient for some, but by having you ready 

6 behind the speaker who is at the microphone, 

7 we'll be able to get people to the microphone 

8 quicker and be able to fit in as many speakers 

9 tonight as possible. 

10 When it is your turn to speak, you 

11 should state your name and, if applicable, any 

12 governmental body, organization or associ ation 

13 that you represent for the record. If you are 

14 not representing a governmental body, an 

15 organization or an association, you may simply 

16 indicate that you're a concerned citizen, 

17 resident or member of the public. 

18 For the benefit of the court 

19 reporter, I ask that you spell your last name. 

20 If there are al t ernate spellings to your f irst 

21 name, and you know who you are, please provide 

22 the spelling -- the correct spelling of your 

Page 22 

23 first name for t he benefit of the court report e r . 

24 And once you spell your name, we wil l start 
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timing and your time period will begin. 

Mr. Twait referenced two graphs that 

have been provided today for visual 

representation. As he referenced, those graphs 

have been marked as Exhibit 239 and 240. If you 

have questions specific to those graphs or 

comments specific to those graphs, please 

reference the exhibit numbers. It makes it much 

more clear for the transcript and for the Agency 

reviewing the comments later exactly to what you 

were referencing. 

UNIDENTIFIED SPEAKER: Can you name 

those exhibit numbers again? 

HEARING OFFICER: Sure. It's 

Exhibit 239 is the graph that's closest to me, 

and Exhibit 240 is the -- that's farthest away to 

my left that shows the minimum mean flow. 

I ask that while you're speaking, you 

direct your attention to the hearing panel at the 

front of the room and to the court reporter to 

ensure that an accurate record of your comments 

is made. If you're reading from a prepared 

statement, please read slowly so that all of your 

comments can be transcribed by the court 

ii 
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reporter. And also, please consider leavi ng a 

copy of your prepared remarks for the court 

reporter. You can just walk up he re and provide 

them to this corner of the table when you're d one 

speaking. That will help make su r e that the 

transcription is as accurate as possible. 

Before we get started, I would j ust 

like you to raise your hand if you cannot hear me 

or if you have not been able to hear us to this 

point. No? Wonderful. 

As I said, Clayton Cro ss is with 

Foresight on behalf of Williamson Energy. 

Clayton will be giving a statement that's limited 

to the same period as any other member of the 

public, and then our next speaker following 

Clayton, if you wouldn't mind coming behind the 

microphone, is Clare Killman with Carbondale 

Spring. You will be up following Clayton's 

II 

II 

II 

II 

comments. 1 

CLAYTON CROSS: Good evening. Is 

this on? Can you hear me? Hello? Okay. Good 

evening. My name is Clayton Cross, last name 

C-R-O-S-S. I am the Director of Engineering at 

Foresight and Williamson Energy. Williamson 

I 

I 
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Energy operates one of the safest and most 

productive mines in the entire world. This is no 

mistake. Williamson Energy has invested in the 

best people, best systems and best equipment to 

build this coal mine. In all, over $600 million 

has been invested into this property. We are 

responsible for employing 194 coal miners 

directly. Another 283 contractors work 

supplying, servicing and performing some other 

activity for our operation. This means almost 

500 families in this area directly depend upon 

the success of this mine for their livelihood, to 

pay their mortgages, educate their children, and 

buy Christmas gifts. Furthermore, every year 

this mine directly or indirectly generates 

$78 million in state, county, and local revenues. 

The economic boost that this mining operation 

provides to southern Illinois is very, very 

significant. 

Given the extensive coal reserve that 

we have the rights to mine, this mine could be 

operating for another 50 years at current 

production levels. We need this permit renewed 

to keep this mine open long term and operating in 
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1 an environmentally-responsible manner while 

2 ensuring that our coal miners are not exposed to 

3 the unnecessary dangers of excessive water. This 

4 mine has operated since 2006, and the purpose of 

5 this hearing is to take comments on the IEPA's 

6 decision to renew and modify our NPDES permit. 

7 Generally, the NPDES permit allows us to 

8 discharge water at our mining operation under 

9 

10 

certain conditions. 

When we first started this mine in 

11 2006, the mine was very dry, meaning that we had 

12 to import almost all of our water for various 

13 uses. In other words, the mine didn't make much 

14 water. Now, as our mine has expanded for 13 

15 years, we have had to handle an increasing amount 

16 of groundwater that is seeping into our mine. 

17 This groundwater infiltrating into 

18 our underground coal mine presents two main 

19 problems for us. First, we have to get • it out of 

20 the mine, because the water has the ability to 

21 block our critical ventilation systems or flood 

22 escapeways out 0£ the mine, any of which leads to 

23 serious risks to our miners. We have to get the 

24 water out of the mine. We do this with pumps 

i 
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that bring the water to the surface and pipelines 

that convey it to our main facilities. 

This brings me to the second problem. 

The groundwater that is infiltrating our mine has 

naturally-occurring sulfates and chlorides in it. 

So one nontechnical way t o loo k at it, it's a 

little bit salty, what you might call "brackish" 

water. 

Again, this littl e bit of saltiness 

is naturally occurring in the water. It is not 

caused by anything that we add o r because the 

water comes into contact with our coal. But 

because it is relatively salty, we have to deal 

with it differently than normal water. 

Historically, we have stored the water in surface 

ponds or impoundments, but they have limited 

capacities. We recirculate and use as much of 

the brackish water as we can on site through 

various processes, but we still have an excess. 

So as many of you know, the plan to 

deal with this problem long term involves 

Williamson Energy building a twelve and one-half 

mile buried pipeline to the Big Muddy River, 

installing a multi-port diffuser, and tying the 

l 

' ' 
I 
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1 diffuser to real-time continuous monitors. All 

2 of these elements work together to strategically 

3 discharge the water through a mixing zone into a 

4 water body that can easily assimilate it without 

5 violating the water quality standard. We 

6 evaluated other alternatives -- reverse osmosis, 

7 evaporation, and crystallization, to name a few, 

8 but these methods consume a tremendous amount of 

9 energy and require the disposal of a concentrated 

10 cake to a separate landfill. It is not as simple 

11 as filtering the water. The salt is dissolved. 

12 

13 

This mixing zone is not going to be 

just an open pipe dumping continuously into the 

14 river. There are very specific controls to make 

15 sure the discharges are compliant with water 

16 quality standards. Water quality standards are 

17 adopted and approved by both the US and Illinois 

18 EPA based on a rigorous scientific process that 

19 result in standards that are conservatively 

20 protective of aquatic life. In addition, we have 

21 reviewed the aquatic life present in t he Big 

22 Muddy River in conjunction with academic experts, 

23 and they have concluded that our discharges will 

24 not adversely impact aquatic life in the Big 
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1 Muddy River. 

2 We will install continuous water 

3 quality monitors upstream and downstream of the 

4 diffuser (or outfall structure). This will give 

5 us virtually continuous data on the chloride 

6 levels in the receiving water, the Big Muddy 

7 River. And if we see on these monitors that the 

8 Big Muddy is not capable of accepting our water 

9 without violating the water quality standard, 

10 then we will not discharge. Instead, we will 

11 hold the water until the river can receive it 

12 without violating the standard. This provides 

13 

14 

15 

16 

the ability to control the flow so that water 

quality standards will be met on a continuous 

basis. 

Lastly, I wish to address the concern 

17 for increasing the flood risk. Our discharge 

18 will not have any practically-measurable impact 

19 

20 

21 

22 

23 

to the surface water elevation and to the flood 

extent. For example, we had a large rain event 

in this area on October 26th of this past year. 

It produced nearly three and a half inches of 

rain. This is almost equivalent to a two-year 

24 24-hour rain event for this area. The Big Muddy 

I 
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River at the Plumfield Bridge monitoring statio n 

eventually crested at a height of almost 10 feet, 

flowing 834 cubic feet per second, which is 

374,326 gallons per minute. Again, almost 

375,000 gallons per minute. If we were to pump 

our max capacity of right at 5,000 gallons per 

minute, our contribution would increase the water 

elevation at the Route 13 Bridge in Murphysboro 

by 1.8 millimeters. 

HEARING OFFICER: Mr. Cross, I'm 

going to have to ask you to wrap up. 

CLAYTON CROSS: Yes, ma'am. This is 

equivalent to the thickness of a quarter, so it's 

not practically measurable. 

Approving the requested mixing zone 

is the safest, most environmentally sound and 

most effective way for Williamson Energy to 

manage its excess water to ensure the miners' 

safety and enhance our ability to meet the 

mandated water quality standards. We are fully 

committed to operating this system within the 

legal limits of this permit. This long-term 

solution will allow our first-class operation to 

continue and support about 500 local families. 

II 

I 

I 
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1 Thank you. 

2 HEARING OFFICER: If you're providing 

3 your comments to the court reporter, we'll enter 

4 it as Exhibit 241. I believe those comments may 

5 have additionally contained pictures of the 

6 graphs that are provided to the right of the 

7 panel today. Any information you see to the 

8 right of the panel has been provided by 

9 Williamson and Foresight and are not products of 

10 the Agency. If you have any questions specific 

11 to those graphs, you can reference Exhibit 241 in 

12 your questions orally tonight or through your 

13 written comments. 

14 Clare, you can proceed to the 

15 microphone, and next up is Thomas Finkenkeller. 

16 You'll be up following Clare. 

17 CLARE KILLMAN: Thank you, Christine. 

18 My name is Clare Killman. That's spelled 

19 C-L-A-R-E, K-I-L-L-M-A-N just for the alternative 

20 spelling. I s it okay if I ask a few questions? 

21 

22 

23 

24 

HEARING OFFICER: Absolutely. 

CLARE KILLMAN: Okay. This first one 

is for Christine Zevil (ph)? Is that how you 

HEARING OFFICER: Zeivel. 

I 

I 

I 

I 
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CLARE KILLMAN: Zeivel? 

HEARING OFFICER: Yes. 

CLARE KILLMAN: Okay. Just for the 

point of clarification. Are you all acting as 

representatives of the EPA currently? 

Page 32 

HEARING OFFICER: I am an employee of 

the Illinois EPA, and I have been designated by 

the Director as the Agency's hearing officer. 

CLARE KILLMAN: Yes. Would you 

consider everyone on this panel to be acting 

currently in capacities as reps of the EPA or 

whatever capacity they're acting in? 

HEARING OFFICER: Everyone is an 

employee of the Illinois EPA. 

CLARE KILLMAN: Cool. Thank you, 

just for the video camera and all of that. 

HEARING OFFICER: Absolutely. 

CLARE KILLMAN: So you're all acting 

currently as the EPA, like representatives of 

that organization here today. And that would 

mean that you would be able to speak to the 

ethical considerations of the EPA as I 

understand. 

This first question is for Mr. Twait. 

II 
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1 Do you consider humans to be a part of the 

2 environment you are obliged to protect? 

3 MR. TWAIT: Yes, we have human health 

4 criteria also. 

5 CLARE KILLMAN: Do you think it's 

6 irresponsible for an EPA official to misrepresent 

7 written data and then need to be corrected by 

8 their hearing officer in a public hearing? 

9 HEARING OFFICER: I provided him 

10 clarification, because I've seen the written 

11 comments beforehand. They were written 

12 accurately, but while he was reading, he 

13 misspoke, and so I wanted to make sure for the 

14 clarity of the record. So it was a mistake, a 

15 misspeak and not a purposeful misrepresentation. 

16 

17 

18 

CLARE KILLMAN: And do you find that 

to be irresponsible is the question? 

MR. TWAIT: When I read the material, 

19 I made a mistake, and she corrected me. 

20 

21 

22 

CLARE KILLMAN: Cool. Thank you. 

This next question is for Lecrone, if you don't 

mind. Just pass the mike. Darin, the definition 

23 of a sellout is the betrayal of one's principles 

24 for reasons of expedience. And as I understand 

' ,! 

I 
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it, this permit's on your desk, right? So should 

you approve this permit, would you consider 

yourself a sellout and the EPA sellouts or just 

unprincipled? 

HEARING OFFICER: Miss Killman, I 

clarified in my opening comments that remarks of 

a personal nature that speak to an individual's 

character or otherwise wouldn't be appropriate 

for this hearing. We're here to address 

specifically the technical issues, terms and 

conditions related to the permit renewal. 

CLARE KILLMAN: Sure. 

HEARING OFFICER: I ask that you keep 

your comments to that. 

CLARE KILLMAN: Sure. As I said 

earlier, that you are acting as the EPA, so maybe 

this isn't necessarily directed to Lecrone as an 

individual, but more as a representative of the 

EPA offering ethical considerations privy to h i s 

position, right? 

HEARING OFFICER: But comments 

specific to individuals are inappropriate for 

this hearing, and your comments - -

CLARE KILLMAN: Sur e. 
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1 HEARING OFFICER: -- need to be 

2 directed to the matter of the permit, the permit 

3 conditions, issues and questions surrounding the 

4 permit itself. 

5 CLARE KILLMAN: And if the permit is 

6 signed, do you consider yourselves sellouts or 

7 just unprincipled? 

8 HEARING OFFICER: Miss Killman, if 

9 you continue with your line of questioning, I'm 

10 going to have to move on to the next speaker --

11 

12 

13 

14 

15 

16 

CLARE KILLMAN: Sure, I understand. 

HEARING OFFICER: -- unless you have 

another issue that you feel is more relevant. 

CLARE KILLMAN: Okay. I'm totally 

fine if you move on. Thanks. 

HEARING OFFICER : Thomas 

17 Finkenkeller, you are up next to the microphone. 

18 And following Thomas, Nick -- and I apologize f or 

19 any mispronunciations tonight. I'm doing my 

20 best . Nick Smalego (ph)? Smaligo? Thank you . 

21 THOMAS FINKENKELLER: Good evening. 

22 My name is Thomas Finkenkeller. First name 

23 T-H-O-M-A-S. Last name F-I-N-K-E-N-K-E-L-L-E-R. 

24 I am a concerned citizen living in Carbondale, 

1, 

I 
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1 Illinois. One of my concerns is about trace 

2 effluence from the mine discharges. Looking at a 

3 pollutant loading report for Pond Creek Mine for 

4 all the years, for at least seven years in the 

5 past, there was at least one year that had 

6 incomplete data points, and I want to reiterate 

7 or I want to stress that it must be made clear 

8 that it is not just sulfates and chlorides that 

9 are important to have complete data on, because 

10 there are many other different elements . Whether 

11 they are aluminum or boron or various transition 

12 metals, it can be toxic in relatively low 

13 concentrations. I must stress that the data must 

14 always be complete before any permit can be 

15 approved. Thank you all. 

16 HEARING OFFICER: Nick, you will be 

17 next to the microphone. And following Nick is 

18 Keenan Bell, Sr. 

19 NICK SMALIGO: Okay, hi. My name is 

20 Nick Smaligo, S-M-A-L-I-G-O. I feel a bit 

21 limited in terms of the ability to speak, because 

22 there's certain constraints that have been put on 

23 the discourse here. One of them, as you said, t o 

24 focus solely on the permit and the discharge, but 

www.alaris.us 
ALARIS LITIGATION SERVICES 

Phone: 1.800.280.3376 Fax: 314.644.1334 



R02632

C 

e 

PUBLIC HEARING 12/18/2019 

1 the problem is is that's connected to a mining 

2 operation and that, as Mr. Cross said, this is 

3 necessary in order to sustain that mining 

Page 37 

4 operation. And you all as members of the EPA and 

5 all of us as environmentally-conscious people 

6 here understand that you can't really separate 

7 one thing out from the whole that it's a part of. 

8 You can for a moment, but if you just focus on 

9 that one thing, then you're making an error in 

10 your perception. So we can't discuss this and 

11 the health of the Big Muddy River, the ecosystems 

12 that it's connected to, southern Illinois as a 

13 whole unless we're also thinking about the effect 

14 of coal mining on climate change, on the two 

15 million people who die every year as a result o f 

16 the burning of coal, fossil fuels. And so it 

17 feels very limiting to say, well, we can only 

18 focus just on this thing, because these things 

19 are connected. And I understand that 

20 institutionally you have to put up certain 

21 blinders in orde r to function within the role 

22 that you have as a job, but that's not sufficient 

23 for the moment that we're in. 

24 There are scientists a round the globe 
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ringing the alarm bells about human-caused 

climate change of which coal burning has had a 

tremendous contribution to. And we can't -- you 

know, you can't be an environmental protection 

agency unless you actually consider the 

ecological crises that we're in. And so it seems 

to be utterly irresponsible to even consider 

sustaining this industry which has destroyed the 

lungs and the land for a hundred years in this 

place. And it's pathetic to see the lackeys of 

that corporation come up here and give their 

reasoned arguments within this very narrow window 

while the companies that own them have been 

funding climate change denial for decades. That 

was recently revealed by when Murray Energy which 

went into bankruptcy last month had to make its 

records of its political contributions public. 

So this is a company that is actively obscuring 

scientific discourse and the ability for us to 

make an informed decision about how we want to 

develop in this region and how we can freaking 

live. And here you are as members of an 

environmental protection agency trying to give 

them one last chance to sustain this horrible 
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practice for another decade or s o in an industry 

that is in terminal structural decline in this 

region. It doesn't have a future, and they're 

trying to take us down with it. 

Foresight Energy is valued at 8 cents 

on the stock market as of last week. They're on 

the verge of bankruptcy, and you're trying to 

give them a way out here. And when they go into 

bankruptcy, by the way, you know they're going to 

take all of that money and they're going to fuck 

over their workers just like that coal mine did 

down in Kentucky where the workers, to their 

credit, blocked the coal train and eventually won 

a settlement there. But this is disgusting, and 

to echo my friend Clare's comments, like the 

procedure, the idea that we're all just going to 

like keep it very, very narrow here and not talk 

about the issues that are actually driving all of 

us here, but to pretend that we're all biologists 

or chemists, we're not. But we know that this 

industry can't go on, because we've listened to 

lots and lots of biologists and chemists. 

And so this is an opportunity for you 

all to make one tiny dent in the right direction. 

-

' II 

II 
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And rather than permitting the continuing 

destruction of the ecosystems on which the life 

on this planet depends, right, you can put your 

foot down and say, No, sorry, Foresight, you're 

going to have to go into bankruptcy, and you're 

going to have to shut this mine down. And the 

rest of us here, especially those families on 

whose livelihood depends on this mine, we're all 

going to have to really quick figure out how we 

are going to live going forward, and that's a 

question we're all asking. Those families are in 

the same boat as the rest of us. But right now, 

we can't keep going down this path. Thank you. 

HEARING OFFICER: Mr. Keenan Bell, 

you're up to the microphone. And following 

Mr. Bell, Mike Ellet, E-L-L-E-T, I believe is 

your last name, sir? Keenan, whenever you're 

ready. 

KEENAN BELL: Thank you. Peace and 

blessings to everybody here tonight. Thank you 

for corning out. I didn't know I was comi ng out, 

but, you know, I'm a member of the universe, and 

I come here to speak on behalf of all of those 

things who cannot speak for themselves l i ke the 
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1 wildlife, like the children, like the children in 

2 the wombs. I mean, I mean, it gets really deep. 

3 I mean, everybody speaks about going to heaven, 

4 right? Everybody talks about going to heaven and 

5 Hell, but no one else understands about the 

6 

7 

8 

9 

10 

11 

kingdom of nature first. 

respect the earth if you 

earth to respect you. 

Now, people 

earthquakes going on all 

wonder why these things, 

You have to first 

are going to expect the 

wonder why there's 

around the world. They 

these drastic things are 

12 happening. Okay. When you take blood from the 

13 human body, what happens? It collapses and dies. 

14 That's what's going on with the earthquakes, 

15 okay? I can give you an explanation . Al l right. 

16 First and foremost, I must start over. My name 

17 is Keenan Bell, Sr. My mother name d me . I wa s 

18 born here in Carbondale Memorial Hospital , s o 

19 that makes me a native here of thi s area and 

20 these lands. And I have a name given by God. I 

21 am Chief Yunio Benyaweh (ph), and I speak in t he 

22 name of Yaweh and his son Yahs hua o r Chri st. 

23 Now, Christ died for all of us. I don't kn ow if 

24 you believe in him. I know this . It may no t be 

www.alaris.us 
ALARIS LITIGATION SERVICES 

Phone: 1.800.280.3376 Fax: 314.644.1334 



R02637

C 

L 

PUBLIC HEARING 12/18/2019 

Page 42 

1 pertinent to this conversation or whatnot, but 

2 he's real, and he is coming back. And I hate to 

3 be doing some drilling or polluting his earth 

4 when he comes back. I mean, you guys are 

5 bringing a curse upon these lands. Don't you see 

6 it? 2020, 20/20 vision, 2020 Mad Dog, whatever 

7 you want to call it. You guys are opening up 

8 Pandora's box. Please stop, because if you 

9 don't, then there will be repercussions, and 

10 those things you guys aren't ready for . I mean, 

11 Gaia, Mother Earth, she's real. I mean, she 

12 feeds us; she clothes us; she shelters us. I 

13 mean, she's everything we need. Why do we 

14 continue and insist on destroying her? Why? You 

15 ask yourself that question when you go to sleep 

16 at night. 

17 You know what? It's not about clean 

18 this and that. It's about money, and money is 

19 the root of all evil. You talk about all of 

20 these millions and these billions. Why isn't 

21 this money going to help these homeless people? 

22 I'm staying currently at this homeless shelter, 

23 because I 'm a traveler, and I didn't know I would 

24 be here tonight. I'm going to wrap this up. 
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1 

2 

3 

I'll tell you this. Decisions and the choices is 

what molds one's lives. See, your lives can be 

filled with happiness. Well, you could be doomed 

4 from all your sins and die, die, die. 

5 Have a blessed night, everybody. And 

6 for the record, everybody, if you continue with 

7 this -- and I am just a messenger -- you will 

8 curse yourself and your families. Have a great 

9 night. 

10 HEARING OFFICER: Mr. Ellet, you're 

11 up to the microphone. And following Mike, Lucia 

12 Amorelli -- Lucia, you'll be up following Mike's 

13 comments. 

14 MIKE ELLET: My name i s Mike Ellet. 

15 Last name is E-L-L-E-T. My creden tials are I'm 

16 retired. I was a licensed -- under the 

17 Department of Health licensed state plumber. I 

18 started my occupation in 1964 in the Air Force as 

19 a plumber, went to plumbing school. After that , 

20 I've come through the apprentice program, got my 

21 license. I was in business 45 years. So a part 

22 of my license fell under the Department of 

23 Health, and my other part of my license fell 

24 under the EPA. I went through the Environmental 

! 
1. 

I 
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1 Resources Training Center in Edwardsville to 

2 become a cross-connection control device 

3 inspector, State Drinking Water Act. I see we're 

4 addressing the Clean Water Act here tonight. 

5 Now I'm going to go back in a little 

6 bit of history why I'm here. I was raised on the 

7 Big Muddy River, that direction over there 

8 towards Hurst and Bush in a little community 

9 called Blairsville. In the early '50s, from '53 

10 to '59, the Big Muddy River was poisoned twice. 

11 I don't know if Scott under the first name of 

12 Scott up there, Clean Water Act, I never knew. 

13 I'm not saying the mines done it, but it can 

14 happen. What had happened when I say "poisoned," 

15 the first time it come down, it was red water. 

16 And what I'm saying is it turned the Big Muddy 

17 red. And when someone was mentioning earlier the 

18 aquatic conditions of the river, it killed 

19 everything, all of the fish, wild animals, birds. 

20 My uncle had livestock that part of his fencing 

21 was the Big Muddy River, so he had to move the 

22 livestock away. And then in the latter part of 

23 the '50s, probably '58, '59, here come the green 

24 water . When I said the red and green water, I 
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mean it turned Big Muddy red and green and killed 

everything. 

Now, again, my license fell under the 

Safe Drinking Water Act, and this is under the 

Clean Water Act. This can happen. I don't know 

if records was kept from the EPA or what happened 

then. Again, I'm not saying the mines done it, 

but I say it can happen. And, you know, 

remembering this as a child, we had people in 

Blairsville that would actually four 

commercial fishermen back then for a staple -- we 

didn't have all the money in the world, so these 

commercial fishermen sold fish to make a living, 

and myself, probably about ten years old, I d o ne 

what we call trotlines, and I got to sell some of 

my fish to the commercial fishermen and then 

bring it home to our family. Not after this. I 

remember one of the things that for some reason 

it stuck in my mind, Blairsville Bridge a hundred 

yards upstream, and when the water would get low, 

there would be an island, go out in the middle, 

and there was actually mussels on the river, 

okay? We would see that in there, the oceans a nd 

whatever. After that happened, no , there were no 

II 
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more mussels. And the other thing about this is 

back at that time -- and I'm kind of curiou s 

about that, what happened -- is several of the 

communities along Big Muddy -- Royalton, 

Murphysboro, Hurst, whatever -- that was their 

water source. So to say that this can't -- and 

the monitoring. I think what I've seen in the 

past the years that I was a plumber or worked 

with the EPA or whatever, the response comes 

after a disaster . And that's why I'm here, and I 

thank you for my time, okay? 

HEARING OFFICER: Ms. Arnorel l i, 

you'll be up next to the microphone. Fo l lowing 

Lucia, George Ellis. You can prepare yourself to 

follow Ms. Amorelli . 

LUCIA AMORELLI : Oka y. My name is 

Lucia Amorelli. 

HEARI NG OFFICER: Lu c ia, I apologize 

for my mi spr onunciatio n of your first name. 

LUCIA AMORELLI: That 's al l right. 

A-M-O-R-E-L-L-I i s the l a st n a me . Lucia, 

L-U-C-I-A. I'm going to b o unce a round a littl e 

bit, j ust a couple of differen t t opi cs. First of 

all, I am from J ackson County. I'm a concerned 
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1 citizen. I live five miles from the Big Muddy 

2 River, less than half a mile from one of the 

3 tributaries. I'm an avid hiker, kayaker, 

4 swimmer. I swim in these waters, I kayak, I do 

5 all kinds of things. That's why I live here. 

Page 47 

6 That's why I'm here. I've already submitted 16 

7 pages of comments. I could have written a whole 

8 book on the issues and on the unanswered 

9 questions that I hope to get. 

10 The first thing I want to address is 

11 just for everybody's information. According to 

12 information I found on the EPA violations, 

13 Williamson Energy between -- just between 2015 

14 and 2017, just those two years, 45 outfall 

15 effluent violations. Two years. I haven't g o t 

16 the information for the other years. Eleven 

17 violations were sulfate and ten for chloride in 

18 Pond Creek, which brings me to issues of water 

19 quality. You say that we are not going to have 

20 problems with water quality, but they're 

21 repeatedly violating the standards, okay? So ho w 

22 can the water be safe if t hey're repeatedly 

23 vio l ated? 

24 The second i ssue o f water qualit y, 

II 
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1 and I'm sure other people will address this 

2 further, is that the standards for Illinois are 

3 some of the worst standards around. Our 

Page 48 

4 neighboring states -- so 500 milligrams per liter 

5 of chloride for Illinois, but surrounding states 

6 Indiana, Missouri, Iowa -- they have 250 

7 milligrams of chloride. That's because the 

8 national quality water standard is like at 

9 250 milligrams a liter for chloride, which is 

10 what they're saying is the acceptable level for 

11 aquatic life. So our standard is two times 

12 higher. And there could be up to 

13 12,000 milligrams dumped into the river at a time 

14 to diffuse, 12,000 milligrams, just to say that. 

15 In 2004, the Big Muddy River TDML 

16 report states that the Big Muddy River is 

17 compromised and impaired . And again in the 20 1 9 

18 report that just came out, the same thing. The 

19 Big Muddy River is already polluted. It's 

20 already impaired in part because of mining 

21 operations. It states that, and I quote, 

2 2 Abandoned coal mines should be identified in 

23 addition to other mining activities which 

2 4 contribute to manganese and sulfate 
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1 concentrations, which is exactly what the 

2 violations are for this company. So my question 

3 to the IEPA is does this mean that the IEPA is 

4 going against its own implementation plans by 

5 considering granting a permit for a pipeline 

6 which will infuse the river with more elevated 

7 levels of chlorides, sulfates, manganese and 

8 other pollutants? Does this not go against the 

9 Clean Water Act? So IEPA already says the river 

10 is polluted, but then they're allowing more 

11 pollutants to go in. Why is Pond Creek Mine not 

12 

13 

included in the draft permit? It's a polluted 

river, polluted tributary. It's not included in 

14 the permit. 

15 I want to address Scott Twait about 

16 mixing zones. You said that they're following 

17 the mixing zones. But in Section 302.102 

18 allowing mixing, mixing zones and ZIDs. Number 

19 4, Section 4: Mixing is not allowed in water 

20 containing mussel beds, endangered species 

21 habitats, fish spawning areas, areas of important 

22 aquatic life habitats or any other national 

23 features. My question is has this been 

24 determined by the EPA or IDNR if there are 

II 
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1 endangered species, mussel beds, because there's 

2 no mention of endangered species anywhere except 

3 for they won't be affected, any species, because 

4 the water qualities will be met, which is not 

5 true, because they violate all the time. 

6 Second thing for mixing zone. No 

7 mixing is allowed when the water quality standard 

8 for the constituent in question is already 

9 violated. The water is already violated, which 

10 brings me to what I want to close with and then I 

11 have -- they're all my pages. Which I've been 

12 sick for a couple months primarily probably 

13 focusing on this, which is very, very upsetting. 

14 And I think someone else is going to be talking 

15 about the endangered species. The point I want 

16 to bring up that someone might not bring up very 

17 quickly is that this section of river is the 

18 

19 

exact section of river that the NRI, the National 

Rivers Inventory, by the national parks has 

20 listed as an outstanding remarkable value just 

21 

22 

south of Rend Lake exactly where this pipeline 

all the way 52 miles from the Southern Illinois 

23 Airport which is where I live close by. It says 

24 that it being a wild and scenic candidate river, 

I 

I 

: 
I 

I 

I 
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1 it's supposed to have protections from government 

2 agencies. It says if an NRI river segment could 

3 be affected by the proposed action, an 

4 environmental assessment or an environmental 

5 impact statement needs to be done. My question 

6 is why was there no mention that this is an 

7 Outstandingly Remarkable Value designated river? 

8 Nowhere no one has ever mentioned it. Why? It's 

9 the exact same section. We have this section of 

10 a river, and the EPA doesn't seem to care. 

the rivers 

I want to finish with that I believe 

and this is starting to become 

11 

12 

13 worldwide, this thought, this philosophy, and it 

14 should be. Has the EPA considered that the river 

15 itself should have its own rights? It's already 

16 dammed and polluted. I t's dammed at Rend Lake to 

17 create water for us, t o create water for that 

18 mine. It's dammed. It already has a pipeline 

19 that's at Sugar Camp 12 miles north of this 

20 proposed pipeline. It's already being screwed by 

21 the stuff that's going to come out of that pipe, 

22 and now you're proposing to put another pipeline 

23 in it. How much more should the Big Muddy River 

24 endure? How dare we as humans treat the river as 
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a toxic dump? 

HEARING OFFICER: Mr. George Ellis, 

you're up next to the microphone. Ms. Amorelli, 

thank you for your comments tonight. We are out 

of time to be able to answer at this time 

directly to the questions posed, but they have 

been recorded by the court reporter for the 

transcript, and responses will be provided in the 

Agency's responsiveness summary. Mr. Ellis, are 

you here this evening? So you're going to pass? 

GEORGE ELLIS: Yeah. 

HEARING OFFICER: Okay. Tabitha 

Tripp. Tabitha, if you're here tonight, you're 

up next to the microphone. Following Tabitha 

while she, perhaps, comes forward, following 

Tabitha will be Roy Sumner. Is Tabitha Tripp 

here this evening? 

UNIDENTIFIED SPEAKER: She's coming. 

HEARING OFFICER: Okay. I apologize 

for the short notice. Roy Sumner? Mr. Sumner, 

if you're available, you will be following 

Ms. Tripp at the microphone. Thank you. 

TABITHA TRIPP: Tabitha Tripp, 

T-R-I-P-P, T-A-B-I-T-H-A. I am with Southern 

I 
I 
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Illinoisans Against Fracturing Our Environment. 
-

So I had a FOIA at the EPA office for what had 

been told to me a complaint had been made. And 

on first response, we were denied. And finally 

on the second response, my wording must have been 

correct. So in a field inspection report for 

compliance sampling dated 8/29/19, the EPA 

employee spoke to a nearby landowner who said the 

EPA should take samples on Saturdays or Sundays 

when the stream is rolling in dark gob water. 

The landowner was advised to then make a formal 

complaint to which he responded that the mine had 

given him such a hard time last time that he 

didn't want to make a complaint, a formal 

complaint. So my question to the EPA is what 

recourse do citizens have when they see a 

violation occurring and assume that risk of 

making a complaint, but yet the polluters are 

allowed to bul l y us, the citi zens, in silence? 

I f you at the EPA are not doing your jobs in 

enforcing the regulations that they a r e, and 

cit izens who see the violations, they should be 

protected by you. You should upho ld the law and 

stand with the citizens who are a ctually d o i ng 

II 

II 
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1 due diligence and actually reporting those 

2 violations. 
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3 On 9/3, an IDNR inspector -- this is 

4 in the same report -- it cited in this report 

5 saying that he had received similar information 

6 from multiple resources about off-hour 

7 discharges. Are these off-hour discharges a 

8 reoccurring problem with this mine? The same 

9 reports state that despite the daily effluent of 

10 approximately 2.7 million gallons of underground 

11 water seeping into the mine, there have been no 

12 discharges monitoring reports since March of 

13 2019. And that report goes on to say that the 

14 water max balance of effluent water and discharge 

15 water does not appear consistent. Seems a little 

16 weird to me, too, that there's 2.7 million 

17 gallons going into a mine today but nothing was 

18 documented coming out. Doesn't add up, does it? 

19 Sample results show amounts of 

20 sulfites and chlorides greatly exceed the limit 

21 of permit water quality standards in this little 

22 report that I got. And then the report goes on 

23 to say monitoring violations, the analysis not 

24 conducted of discharges, inadequate frequency of 
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1 sampling, invalid underrepresented samples as 

2 required by permit. So I guess what my biggest 

3 concern here is it seems like you've got EPA 

4 employees saying one thing, but when we l ook at 
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5 the EPA ECHO site, it's saying another thing. I 

6 thought it was really awkward that it went on the 

7 site on Sunday and it said that there were actual 

8 violations in a big yellow box on the ECHO site, 

9 and then today I went there, and the box had 

10 turned blue in two days, that there were no 

11 violations. So I'm curious what happened in the 

12 

13 

14 

15 

16 

17 

last two days that it went from there 

violations cited to no violations? I 

shots, because I was a little baffled 

just happened today. 

So I'm a little concerned 

transparency that the EPA is sharing. 

were 

took 

that 

about 

I'm 

18 concerned about the authenticity of the 

screen 

that 

the 

19 information that you're sharing with the public. 

20 I am concerned that there is not adequate 

21 monitoring happening. I'm concerned that there's 

22 not inspections that are actually documenting 

23 what's really going on, and I'm r eal l y, really 

24 concerned, because what happens is when citizens 

l :i 

II 

11, 
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1 make a complaint, then they're bullied into 

2 silence. That's not acceptable. It's not 

3 acceptable that we don't have any recourse as 

4 citizens when we actually stand up and report 

5 something. You see something, say something. 

6 Isn't that what the cops are always telling us 

7 now? Isn't that what they tell us in the 

8 airport? You see something, say something. We 

9 are, and we're getting bullied. I don't have 

10 anything further to say. 

11 HEARING OFFICER: Mr. Sumner, we're 

12 going to take just a moment to respond to a few 

13 of the points made, and then we'll bring you up 

14 to the microphone. 
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15 MS. WARD: We appreciate all of your 

16 comments and your concerns. Yes, you're 

17 completely right, you know. Yes, you should be 

18 our eyes in the field, and we all appreciate if 

19 you see anything, please report it to us. This 

20 is helping us to keep the company and all our 

21 environment protected. So I would like to you 

22 provided many, many questions, and I would like 

23 to answer all of them. I will provide you 

24 responses in the summary. All of my comments 
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1 all of my responses will be in the responsiveness 

2 summary, but one of our questions or one of your 

3 questions I remember was -- so they did not 

4 disappear on the DMRs. On the ECHO system that 

5 you see one day and another day you have not 

6 that's because we actually review the DMRs also, 

7 and we realized that some of them was recorded 

8 with the wrong units, was recorded with 

9 milligrams per liter versus it should be recorded 

10 milliliters per liter. That's why some of them 

11 actually was not a violation, so they were 

12 actually mistakes again -- by our mistake was 

13 

14 

15 

wrongly reported on the DMRs on the ECHO system. 

UNIDENTIFIED SPEAKER: (Inaudible) 

HEARING OFFICER: Any comments from 

16 the audience will not be taken by the court 

17 reporter and should be reserved for the time at 

18 the microphone. 

MS. DIERS: I think one other thing 

want to note about you talked about the 

violations that you saw. There's an ECHO system 

which is USEPA, and then you have ICIS is what 

I 19 

20 

21 

22 

23 

24 

IEPA does. So sometimes there's mistakes made at 

ICIS on our 
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1 enough time to EPA, so sometimes they cross over. 

2 So if you see those instances where you guys are 

3 seeing something on ECHO, that is not on our ICIS 

4 or vice versa. So now that you have raised those 

5 issues about compliance issues numbers that 

6 you've seen, we are going back through the DMRs 

7 and looking to see if they've recorded correctly, 

8 if the numbers are correct. Like Ms. Ward 

9 mentioned about seeing that some of the 

10 parameters weren't recorded correctly, we are 

11 definitely looking into that and appreciate you 

12 guys raising that information with us. 

13 HEARING OFFICER: Mr. Sumner, please 

14 come to the microphone. I appreciate your 

15 patience. Following Roy's comments, Georgia de 

16 la Garza, you will be up following Mr. Summer. 

17 ROY SUMNER: Hello. I'm Roy Sumner, 

18 S-U-M-N-E-R. First name is R-O-Y. I have lived 

19 on Carbon Lake Road in Murphysboro for the last 

20 25 years. I'm very close to the Big Muddy River. 

21 This last -- in 2019, I think from the end of 

22 January until May, the Big Muddy River lapped at 

23 the road. Late May into June, it was closed for 

24 two months. What I have observed in the 25 years 
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I've been out there is that it's more likely to 

see more frequent flooding that affects my road, 

and I notice it when I can't get out. But I'm 

also concerned about the poisons that they've 

mentioned in this water that's going to be 

discharged. And I haven't seen anything or heard 

anything so far that makes me comfortable 

accepting the plan before us. Thank you. 

GEORGIA de la GARZA: Georgia de la 

Garza. Georgia is spelled like the state. de la 

Garza is D-E, space, L-A, space, capital 

G-A-R-Z-A. I'm president of Shawnee Hills and 

Hollers as a 501, and I'm also a organizer with 

Big Muddy River Rats over here in Zeigler at the 

point where they're going to be expelling these 

toxins in the water. 

When I was first called by my home 

people over here to come and talk to them -- I've 

worked on the front lines of the coal industry 

now for fifteen years -- I put a presentation 

together, went over there, and the first question 

I asked them, because I grew up on the Big Muddy 

River. We had a house in town, but my dad wanted 

us to have that farm experience, so we were 

-
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raised on a farm on Big Muddy. We had a rope, 

jumped into the river, swam, learned how to make 

turtle soup, how to run troutlines, you know, 

catfish lines, how to canoe, make identifications 

of a poignant amount of bird life, scout mussels 

for soups. There was a lot of creatures and 

people and community that lived on that river and 

that still do live on that river and use that 

river. So the first question I asked them, 

because I used to throw a pole alongside many of 

them, was how many people in this room, which was 

a packed room, fish? Everyone -- little kids, 

moms, grandmas, everybody raised their hands. I 

said, How many of you lately have seen something 

wrong with the fish? The livers are enlarged. 

Their eyes are milky. The gills are messed up. 

How long has this been going on? Several years 

now. The mussels have declined substantially. 

How was I going to tell them that I'd just found 

the permit after looking through the 456 IDNR 

permit, this permit, looking at the data, looking 

at the science that Sugar Camp Mine had been 

dumping into Big Muddy since 2003. So we know 

that Big Muddy has a substantial amount of this 
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same water that's been being dumped in that river 

on a daily basis. There are documents that prove 

that. There are readings that prove that. So we 

know that if they're going to be dumping and 

allowing 3.5 million more gallons of water going 

on top of 2.6 million, we know what that river's 

going to look like. We know that whatever 

aquatic life that's there is going to go. We 

know that our way of life on the river is going 

to go. 

And something that you need to 

consider, too, is, you know, the Big Muddy is not 

just a river. It's a major tributary, a major 

tributary of the Mississippi River. Right now, 

we have our local governments are looking at the 

issues that we're having on our rivers now. And 

this is detrimental to that whole Mississippi 

flow and resiliency that we're looki ng at as our 

communities are developing and preparing for 

these floods that we've been having and looking 

at climate change. 

I work with Wash U students. I've 

been doing that for about seven years. And the 

last two years we've done a major study. I think 
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1 the EPA, you guys reached out to us last year to 

2 ask us to see that data which was pretty 

3 substantial. It's a lot more than just under a 

4 hundred violations. There are multiple clustered 

5 violations that we have in our areas. I think I 

6 was showing some of you some photographs of our 

7 water. We've done a lot of aerials here. We are 

8 surrounded right now with mercury ponds, aluminum 

9 ponds, heavy metal holding ponds, and I want you 

10 to take into consideration right now this is not 

11 just about a pipeline going into the river 

12 dumping 3.5 million gallons of toxic water. This 

13 is about whole communities that Pond Creek Mine 

14 is wiping out. You go over to that community, 

15 the houses are abandoned. People are being 

16 forced out of their homes. You can't do 

17 can't farm the land, because it's caving in, 

18 because that's what longwall mining does. 

19 If the coal miners -- 194 coal 

you 

20 miners, let's compare that to the thousands of 

21 people in southern Illinois who are being 

22 diagnosed with cancer on a daily basis. One of 

23 our biggest industries here is health care, and 

24 it is because of these toxins that are being 
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1 emitted into the air making us sick. We have a 

2 cancer that is 1 in 28 million diagnosed in the 

3 USA. We have ten clustered cancers, a group over 

4 here of ten, mostly children, right over in that 

5 area surrounded by these toxins. Take a 

6 helicopter, I urge you, to go over. And say, you 

7 know, well, the violations we're taking in 

8 consideration. Here's our experience when we 

9 report violations. We've done this multiple 

10 times every year. Groups of students that come 

11 in from Wash U, Northwest, U of I, whatever, and 

12 

13 

communities that we community groups that we 

organized. You say if you see something that is 

14 a violation -- of course, we have the forms. 

15 Fill out your violation. We'll submit it to the 

16 EPA. We call the office over in Marion, and then 

17 we go and we sit and we wait to see how long it 

18 takes for someone from the EPA to come out. But 

19 guess what happens? The coal mine goes out 

20 there, and they clean it up really quick. Do 

21 they get a phone call? Do they get, you know, 

22 Hey, get over there and clean it out. We've got 

23 to come and check this out. And then a day or 

24 two after the coal miners leave, guess what? The 

I 

I 
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1 EPA comes in and, oh, interesting. We don't see 

2 anything. You mean, you don't see that 30-foot 

3 ditch pouring out of a 168-foot impoundment 

4 structure going into agriculture? No, it's not 

5 there. Well, we have video . So here's the other 

6 thing I want to -- two other points I want to 

7 make. 

8 Now that we have scientists that work 

9 with us, we have -- I think I have ten of my 

10 students that I've worked with over hundreds over 

11 the last few years, ten of them are now 

12 environmental lawyers -- love it -- and they're 

13 all ready to work and jump in for us. We have 

14 found foundations that will support that effort. 

15 So right now, since we know the science, since we 

16 know, we're working right now connecting these 

17 toxins to our health risks. We've got the data 

18 we've worked on for two years. We're connecting 

19 it with new data that we're compiling and working 

20 very hard to get an epidemiology report. And we 

21 know, as you know, testing has become very clear 

22 right now. 

23 HEARING OFFICER: Ms. de la Garza, 

24 I'm going to have to ask you to wr ap up . 

II 
II 
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1 GEORGIA de la GARZA: Okay. It's 

2 become very clear right now when we make those 

3 connections, when you sign those permits, you're 

4 an accomplice to our murder. You're killing us 

5 here. We're dying from this industry. We're 

6 dying. It's not about the endangered species 

7 anymore. It's about us. I want to say one 

8 thing --

9 HEARING OFFICER: You've had eight 

10 minutes now, Ms. de la Garza. 

11 GEORGIA de la GARZA: Praise to you, 

12 my creator, with all of your creatures, 

13 especially sir brother sun, who is the day, and 

14 through whom you give us light. You remember --

15 HEARING OFFICER: You have had eight 

16 minutes, Ms. De la Garza. I'm goi ng to have t o 

17 ask you to sit down. 

18 GEORGIA de la GARZA: -- where our 

19 creation is. Praise to you. Water is life. 

20 HEARING OFFICER: Amber Futch, you 

21 will be next. If you would come up to the 

22 microphone, and following Ms. Futch, Jan Thomas. 

23 

24 chant.) 
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1 HEARING OFFICER: I'm going to have 

2 to ask you to sit down for the benefit of the 

3 panel. We have other citizens that want the 
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4 opportunity to speak. I do not want to have to 

5 ask you to be escorted from the room, so can you 

6 please sit down, ma'am? Thank you. Amber, 

7 you're going to be up next to the microphone. 

8 Jan Thomas, you're going to follow. 

9 AMBER FUTCH: As you know, I'm Amber 

10 Futch, Futch spelled F-U-T-C-H, and I didn't grow 

11 up around here. I grew up in Tennessee near 

12 plastic factories and such, and they were allowed 

13 to dump into the Duck River down in Tennessee. 

14 And they said they were within the -- reasonable 

15 with the EPA and everything. And we currently in 

16 Hickman County, Tennessee, do not have a viable 

17 water source from the Duck River. We have to go 

18 out further from the Duck River to get water. My 

19 concern is the same thing happening here if this 

20 is approved, because people, after working with 

21 corporations before, I know they are good at 

22 covering up what they do. They lie about their 

23 numbers, and that's a huge concern to me. Is it 

24 being digitally monitored and sent to you guys 
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and you guys are seeing it as live, or is it them 

reporting -it to you? Because people can lie very 

easily on just a submit -- oh, it has to be at 

this. Well, we'll say it's this, without even 

checking. And that's a huge concern of mine, not 

to mention the way the wildlife is going to be 

impacted. Every little thing that we do to our 

environment comes back to us. When they tested 

Agent Orange in Hickman County, Tennessee, the 

same place I came from, they didn't understand 

the whole cancer risk with it. Yeah, it got rid 

of the brush, but at what cost? It killed parts 

of our environment, and we're still recovering 

today from it. I may be from a different area, 

and I may not understand everything that goes 

into it, but I want to know more information on 

it, more than what you provided, in plain English 

as well. I see on there that there would be a 

minimal amount of mercury allowed into the river, 

and mercury, period, is not healthy for river 

life and/or people. That's about all I have t o 

say on the subject. 

HEARING OFFICER: Ms. Thomas, you' ll 

be next up to the microphone. And following J an 

II 

I 

I 
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1 Thomas, Cameron Smith, if you could please be 

2 ready to provide your comments. 

3 JAN THOMAS: I'm Jan Thomas. That's 

4 T-H-O-M-A-S. I live in Murphysboro, and I would 

5 like to talk about a couple of things, and one 

6 has already been -- yeah, one has already been 

7 touched on. But, basically, it is the financial 

8 unreliability of this company which somebody 

9 mentioned its stock is worth $0.08 now on the New 

10 York Stock Exchange. About four years ago, it 

11 was worth $17. So as you can see, it's 

12 plummeting, and, in fact, all of the coal mines 

13 in the Illinois Basin are projected by the 

14 Institute for Energy Economics and Financial 

15 Analysis, they're all going down the tubes and 

16 pretty fast, too, because most of this coal goes 

17 to electricity generation, which companies are 

18 now switching to natural gas, because natural gas 

19 is cheap. We're £racking now, which is another 

20 whole issue. But a lot of the coal-burning power 

21 plants that Foresight Energy supplies throughout 

22 the Midwest and the Southeast, a very large 

23 percentage of them, according to this article, 

24 have indicated that they will be either closing 
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or severely reducing their production as coal 

burners within the next decade certainly. So a ll 

of this is just financially unsupportable. 

Foresight just missed a $24.4 mil l ion i nterest 

payment at the end of the third quarter of '19, 

and they have been given, so far, two, maybe 

we're even up to three now extensions from the 

SEC on paying this. But as a matter of fact, 

their total debt is like one and a quarter 

billion dollars, and yet we're talking about 

permitting them to build out an elaborate 

infrastructure which will keep tying this 

tying us to dependence on fossil fuel for an 

indefinite period of time. And they're bragging 

that they have 50 years worth of coal there, but 

the planet can't really handle 50 years more of 

burning coal. In fact, the writing is on the 

wall. Coal mines are done. And I'm afraid that 

the coal miners here are going to find themselves 

in the same state as those ones in Kentucky. 

Everybody heard about them camping out on the 

railroad tracks to stop that last shipment of 

coal from going out because their c ompany was 

bankrupt and they hadn't been paid. And, as a 

I 
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1 matter of fact, the paychecks they had recently 

2 gotten had bounced. So this is not a good 

3 financial risk. 

4 And, by the way, there's not a 

Page 70 

5 severance tax on coal in Illinois, and it's been 

6 mined here for almost maybe even for two 

7 centuries, and there's still no severance tax on 

8 it. Every other state in the country has that. 

9 Oh, and one more thing. In that 

10 category of Robert Murray, the CEO of Murray 

11 Energy, parent company of Foresight which just 

12 filed for bankruptcy, he took away $14 million 

13 when he left, and he also contributed $1 million 

14 to climate-change-denying groups. So these guys 

15 are not -- you know, the coal miners, I 1 m very 

16 sorry that they're in a stressful position, but 

17 we all know they're not really the people who get 

18 the money. The money goes to the CEOs. So 

19 that's my first point. 

20 And my second -- this is really a 

21 question. I have not seen anything at all 

22 anywhere that's a solution to this saline water 

23 seeping into the mine from an underground 

24 aquifer. Why isn't it -- why hasn't it been 

II 
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1 suggested that this saline water could be placed 

2 in the depths of the earth with these injection 

3 wells? We all know that the fracking industry 

4 does this all the time. And if this were fracked 

5 water with all the toxic chemicals added in order 

6 to make fracking work and with all the 

7 radioactivity and more salty stuff brought out 

8 from the deep earth, I would definitely not be 

9 advocating this. But the coal mine is telling us 

10 this water is just salty, so why aren't we asking 

11 them to reinject it in deep injection wells back 

12 into the earth? So I think you should deny this 

13 

14 

permit. Thanks. 

MR. TWAIT: You asked the question 

15 about why they're not injecting the water. They 

16 are currently doing that at their Sugar Camp 

17 Mine. They're running it through reverse osmosis 

18 and developing a high concentration brine and 

19 reinjecting it in deep water wells. And the deep 

20 water wells haven't been able to continue to 

21 handle both -- the amount of water that ' s pumpe d 

22 down there, and so it's just not economical for 

23 them. 

24 HEARING OFFICER: Mr. Smith, you're 

I 

I 

I 

I 
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1 going to be up next at the microphone with your 

2 comments. Following Cameron Smith, Connie 

3 Schmidt. 

4 CAMERON SMITH: I'm Cameron Smith, 

5 S-M-I-T-H. I live in Murphysboro. I'm a SAFE 

Page 72 

6 member. I'm also a property owner, and I'm here 

7 not to take anybody's job away, but I'm here to 

8 protect my property. My wife and I co-own the 

9 historic Douglass School in Murphysboro. The 

10 Frederick Douglass School was first built in 

11 1897, way before the building of the Rend Lake 

12 Dam. It was Murphysboro's segregated school, and 

13 it was built next to the Big Muddy, because they 

14 were the black kids . Anyway, back in the day 

15 when the Big Muddy was a navigable river, they 

16 hauled brick and coal down that river . Today, 

17 FEMA has classified our building as an AE Flood 

18 Zone. So it's not a matter of if it will flood; 

19 it's when will it flood. 

20 On May 3, 2011, the Big Muddy reached 

21 its record high of forty and a half feet above 

22 flood stage, and that was at the gauging station 

23 on Route 127. At that time, the 127 bridge was 

24 close d and under water. The water was so high, 
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1 you could no longer see the guardrails on either 

2 side of the river. The Route 13 Bridge was also 

3 being threatened, but it remained opened and 

4 closely watched by IDOT. During this time, the 

5 flood water was so high and so strong, the water 

6 was vibrating the bridge, so it was decided by 

7 IDOT to rebuild the bridge and raise the level of 

8 the Route 13 Bridge. I wonder if IDOT had 

9 calculated for this increase of water flow from 

10 Pond Creek. 

11 This spring we had standing water on 

12 our property for 148 days. I think the gentleman 

13 mentioned that. Most of the time, the f l ood 

14 water comes in and goes out as fast as it comes 

15 in. But this spring, the water stood there in 

16 

17 

our yard, and we could see hundreds, if not 

thousands, of minnows and tadpoles on the water's 

18 edge. So I have to wonder what these extra 

19 chlorides and sulfates will do to the population. 

20 Mr . Cross mentioned that the amount 

21 

22 

23 

2 4 

of water at the time that will be released is 

only 5,000 gallons per minute, or that would be 

83 gallons per second, and that would be the 

equivalent of 16 five-gallon buckets comi ng out 
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1 of those pipes in one second. That sounds like a 

2 lot of water to me. But my understanding is that 

3 the mine won't be allowed to increase the water 

4 discharge when the Big Muddy is high, and I have 

5 to wonder what that one percent of increased 

6 salty water will do to our historic building. 

7 And will the IEPA be monitoring how much comes 

8 out of that pipe at that time? How much longer 

9 will we continue to pollute our waters and not 

10 care? I ask the IEPA to deny or delay the permit 

11 to allow for further study for what impact it 

12 will have for the people of southern Illinois. 

13 

14 

Thank you. 

HEARING OFFICER: Sir, if you give a 

15 copy of your comments to the court reporter right 

16 down here in front of me, it will be entered into 

17 the record. Connie Schmidt will be up next to 

18 the microphone, and following Ms. Schmidt, Galen 

19 Thomas, if you could be ready to provide your 

20 comments. 

21 CONNIE SCHMIDT: Hi. My name is 

22 Connie Schmidt, C-O-N-N-I-E. Schmidt is 

23 S-C-H-M-I-D-T. Good evening. I serve as the 

24 Chairperson for the Executive Committee of Sierra 
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1 Club, the Illinois chapter. We are a big group. 

2 I represent 100,000 members and supporters across 

3 Illinois, and we are concerned with a clean and 

4 healthy environment for all residents of 

5 Illinois. This includes clean water, which is 

6 what brings me here today. 

7 The request by the Pond Creek Mine 

8 owners for discharge of dirty wastewater carrying 

9 high concentrates of chloride and sulfate into 

10 the Big Muddy River is ludicrous at best. These 

11 pollutants impact aquatic life, both plants and 

12 organisms, by altering their ability to r eproduce 

13 and killing many of them off, thus drastically 

14 impacting the ecosystem and all of the other 

15 species that depend on those life forms, which 

16 would include humans. 

17 Dumping waste into a natural resource 

18 like the Big Muddy is harmful to southern 

19 Illinois and beyond. The Big Muddy carries wate r 

20 to the Mississippi eventually and on to the Gulf 

21 of Mexico. This is already an area in serious 

22 peril. In addition to the Big Muddy, it's very 

23 

24 

important to humans. It provides tourism. The r e 

is commercial and recreational uses of the water 
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1 both for visitors and local residents, not to 

2 mention a safe haven to countless fish and other 

3 species. This area is prone to flooding, so 

4 polluting the actual waters of the river would 

5 also harm the riparian watershed as well. 

6 Endangering these factors is like shooting a 

7 healthy resource in the foot. 

8 The plan to monitor this discharge is 

9 flawed at best. The discharge would enter the 

10 river at its bed where contaminants are more 

11 difficult to detect, and the entry point is 

12 strategically placed downstream of a monitoring 

13 system. This river does not have a rock bottom 

14 that naturally can act as a filtration. By its 

15 very name, we know that mud lines the river basin 

16 trapping pollution within its banks. Even if the 

17 pollutants could seep through the river, they 

18 would enter -- undoubtedly enter an aquifer that 

19 would connect to human drinking water at some 

20 point. It is just not a good idea to allow 

21 

22 

23 

pollution into a water source. 

In conclusion, we ask you please deny 

this request to dump dirty wastewater from the 

24 mine into any water system sustaining life for 

I 

I 
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recreation or creatures of our environment. 

Thank you. 

1 

2 

3 

4 

HEARING OFFICER: Mr. Thomas, you'l l 

be up next. Following Mr. Thomas, David Freeman. 

5 Mr. Freeman, if you can be prepared to provide 

6 your comments. 

7 GALEN THOMAS: Galen Thomas. Last 

8 name T-H-O-M-A-S. First name G-A-L-E-N . On 

9 behalf of the Southern Illinois Kayak and Canoe 

10 Club, I want to thank you for the opportunity to 

11 come and speak to the group. Although we have 

12 been assured that this discharge of 2.7 to 3.5 

13 million gallons per day of mine water into the 

14 Big Muddy will not pose a hazard to individuals 

15 using the river for kayaking and canoeing, it's 

16 frankly difficult for us to believe that water 

17 with that quantity going into the Big Muddy wil l 

18 not create turbulence in that particular area 

19 that could pose a hazard to people that are 

20 kayaking or canoeing, especially if they are 

21 relatively new to the issue of t rying to mane uve r 

22 around hazards in the wate r. The map or the 

23 picture that they had up on the board earlier 

24 there showing the depth allegedly of t he Big 

j 

I 

I 

I 
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1 Muddy is really a misrepresentation, because we 

2 were out very recently, thanks to Iwona Ward and 

3 her cooperation with the mines, to see the actual 

4 location and, in reality, the water level is on 

5 an embankment of 30 feet down to the water. So I 

6 would really like to know if anybody knows what 

7 the depth of the Big Muddy in that area is 

8 currently, because it surely isn't 30 feet deep 

9 for the diffusers to be pouring the effluent into 

10 the water. Three and a half million gallons a 

11 day would seem to create some turbulence. I 

12 don't care if it is directed to be on the bottom 

13 of the water or the bottom of the screen and it 

14 supposedly is on the side that the natural flow 

15 of the river is going to push all of that 

16 polluted water up against the one bank and, 

17 magically, it's not going to spread out over the 

18 entire flow of the water so that fish will 

19 

20 

conveniently swim down on the upstream part of it 

and not be impacted by that. That 's what we're 

21 supposed to believe. 

22 In addition to the turbulence issue, 

23 there is concern for the high concentrations of 

24 sulfates, chlorides and other pollutants that 

1, 

I 

I 
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1 might pose a danger to people if they fell into 

2 the river in that particular curve where the 

3 water is, because some of the individuals that 

4 have expressed concern on our website take their 

5 children out for kayaking and canoeing on the Big 

6 Muddy, and they're very concerned that this might 

7 be an added hazard for them. 

8 We have concerns that the 

9 antidegradation assessment is deficient because 

10 it seems to totally be focused on the water 

11 quality issues while not giving any assessment to 

12 

13 

the impact on the recreational use of the Big 

Muddy and the potential economic impact on 

14 reducing the Big Muddy's contribution to the 

15 region as a tourism destination. 

16 

17 

The assessment also identifies the 

Big Muddy, as others suggested, as being impaired 

18 due to sulfates, chlorides and several other 

19 factors, but ignores the fact that the plan will 

20 inevitably result in more contamination of the 

21 river. The reality is the propose d dumping wou l d 

22 result in some increase in the TMDL, the total 

23 maximum daily load. Just because the diffusers 

24 are located near the bottom of the river out of 
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sight doesn't change the fact that dumping is 

occurring. At best, it minimizes the portion of 

the river that's immediately impacted and a plume 

may be not evident to observers, but 

nevertheless, it is there. We would hope that 

the IEPA is not saying that pollution is 

acceptable as long as the water quality limits 

are not exceeded. Does it have to exceed the 500 

milligram level in order to cause alarm? I would 

hope not. It's still impairing the river more 

than what it's already impaired. Maybe rather 

than having the diffuser hidden under water and 

out of sight, it would be preferable to just have 

a pipeline that pumped directly into the Big 

Muddy so people could see when pollution is being 

dumped in rather than having it hidden near the 

bottom. Surely we're not saying if the Big Muddy 

is already impaired, what's a little more 

contamination? 

How will the monitoring equipment be 

installed to ensure that it's secured when the 

water levels vary so drastically in that region? 

We were out there, like I say, 30 feet at least 

down at the water level, but during flood stage, 

-
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1 it's much higher than that. It's almost up to 

2 where we were walking. There aren't any bridges 

3 in that area or any real sturdy structures in 

4 order to attach the monitoring equipment there 

5 like it is at Murphysboro, So there's something 

6 going to have to be constructed there to shield 

7 and protect it from floating debris, trees and 

8 all the other things that come down during the 

9 floods. 

10 How will the diffuser vents be 

11 protected from people continuing to use the 

12 location as a dumpsite for large objects? I 

13 assume that there's going to be a fencing off of 

14 that area, but currently as we saw, there were 

15 deer carcasses that had been dumped over the 

16 side, and in the past it's a historic dumpsite 

17 for larger objects that people just wanted to get 

18 rid of. So if somebody dumps a refrigerator or 

19 something off there, it has that potential of 

20 damaging the vents. 

21 As far as the monitoring goes, our 

22 recommendation would be that the monitoring be 

23 done the same way the USGS service does in 

24 Murphysboro. Have it continuous. Have it 
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1 accessible to anybody that wants to look it up on 

2 the website. Right now, you can go on USGS and 

3 see sulfates and chlorides and turbidity and all 

4 of these things. Anybody can research that 

5 whenever they want. They don't have it be just 

6 the sole property of the mine and quarterly 

7 reports being made to the Illinois EPA. 

8 Lastly, if the pipeline can be 

9 approved in spite of all the numbers and 

10 statistics that other people have documented, 

11 then how many more pipelines can be approved to 

12 dump into the Big Muddy as long as it's not a 

13 massive excessive amount that occurs at one 

14 particular time? I know the Sugar Camp Mine has 

15 already been approved for a pipeline. It has not 

16 been built yet, so they're not dumping yet. If 

17 this is approved also, that's two. How many more 

18 can be approved because it will just be an 

19 incremental degradation of the Big Muddy? Thank 

20 you. 

21 HEARING OFFICER: I would like to let 

22 the record reflect that Mr. Thomas' comments 

23 specifically referenced a graphic provided by 

24 Williamson Energy. That graphic has been 
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1 provided and a scale available t o be entered into 

2 the record that will be entered i nto the record 

3 as Exhibit 241. 

4 Mr. Freeman, you wil l be up next to 

5 the microphone. And following David Freeman, we 

6 have Jean Sellar. 

7 DAVID FREEMAN: Good evening. My 

8 name is Dave Freeman, F-R-E-E-M-A-N. I'm 

9 actually here because I love the Big Muddy River. 

10 I was born and raised within probably an eighth 

11 of a mile. I own property right now about 

12 three-eighths of I'll call it "oceanfront 

13 property" on Big Muddy, and I care very much 

14 about the Big Muddy. I've fished it and hunted 

15 it my whole life. I actually do some commercial 

16 fishing on the river, mainly a hobby, but I do 

17 put up my winter's meat -- flathead catfish 

18 but through the years, I've seen many fish kills. 

19 Especially, say, approximately thirty, 

20 thirty-five years ago, I saw -- well, the big 

21 

22 

23 

24 

ditch that comes out of Herrin, when we did have 

several businesses in the area. After a big 

rain, we'd hav e a lot of poisons washed into the 

river, and I've seen absolutely thousands of fish 

I 

I 
I 

I 

I 
i 
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1 die. Actually, now if I do take home a big 

2 channel, I cut it open, and the livers will have 

3 white spots on it, so there's poison in the river 

4 that's been put in there for years. 

5 One thing that does scare me, right 

6 south of Zeigler, we have a sewage lagoon, and I 

7 know it's EPA regulated, evidently, but the 

8 runoff, actually, is very detrimental to the 

9 river. It stinks. A lot of times it's blue. 

10 It's full of bubbles and soap, and I don't 

11 understand why it could possibly be that way this 

12 day and time. I've seen many generations, 

13 several different generations from when I was a 

14 little boy I remember from grade school. I 

15 actually have seen the old foreigners -- we had a 

16 great influx of foreigners to come into Zeigler 

17 to the No. 1, Zeigler No. 1 mine, and I can 

18 remember the little men sitting down on the river 

19 on little old docks with a tripod and a net on i t 

20 like a fulcrum, and they would catch their fish 

21 that way. They mowed -- with the old sickle 

22 mowers, they mowed through the woods on the banks 

23 of the Big Muddy River to the hickory nut trees, 

24 and they would mow underneath the hickory nut 

--

I 
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2 mainstay of having hickory nuts, and they also 

3 sold them. 
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4 I've seen paths. There used to be a 

5 path for a mile along the river well worn. 

6 Everyone used that. And the point being if we 

7 would have just a small computer glitch and the 

8 trucks shut down, we're all going to be depending 

9 on the Big Muddy River again. So we do 

10 definitely need to take care of it, and that's 

11 something we all need to think about. It's just 

12 we can't have any carcinogens going in there, 

13 because, you know, all of the fish live off the 

14 phytoplankton, zooplankton, etc., etc. I mean, 

15 if we damaged that little small part of our 

16 ecosystem, we will have the trickle-down or the 

17 trickle-up effect. 

18 Before I start throwing spears at the 

19 coal company, I would like to say that my 

20 parents, my grandparents and, actually, my 

21 son-in-law are coal miners. I have had a 

22 love/hate relationship with the coal mines. 

23 Actually, Zeigler Coal Company owned -- don't 

24 quote me exactly on this -- approximately at one 
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1 time 23,000 acres around Zeigler and then 

2 probably 30 plus years ago, from a desk in 

3 Chicago they cleared 17,000 acres. And when they 

4 cleared this, they didn't do it in a very proper 

5 manner. They cleared out all the -- a l ot of the 

6 trees in the waterways, and now we do have much 

7 more erosion involved than what we need. I do 

8 know that the -- eventually, they sold out to the 

9 area farmers, and now they put fescue, etc., 

10 etc., in those drains, so we do have less erosion 

11 into the Big Muddy River. 

12 I've always lived -- my property --

13 also I have property where I do live right on the 

14 edge of Zeigler, and it's been right next to the 

15 No. 2, Zeigler No. 2 mines, and for 50 years, 

16 we've put up with gob piles there. Finally, a 

17 few years ago, they reclaimed the mine. They 

18 supposedly came in and put two to three foot of 

19 dirt on that property. But when I was a kid, we 

20 used to skate on this place called we called 

21 the rust pond, because it was a rusty color from 

22 all the bad chemicals that came out of that mine. 

23 There were several sections of Prairie Creek that 

24 ran for two miles that ran into Big Muddy River 

- - --
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1 that almost all of it, the big sections, will not 

2 even grow trees. They all died and fell over. 

3 That's from Zeigler Coal Company. I know a p l ace 

4 down by No. 3 mine, Zeigler Coal Company No. 3 

5 where there's several feet of shale that came in 

6 a big ditch for years. And at the lowest point 

7 of the river now, you can't hardly -- you have to 

8 get out of your boat and drag it because there's 

9 several feet of rock and shale from the coal 

10 company. Those gob piles that adjoins my 

11 property have smelled and have been such a danger 

12 for 50 years, and they finally took care of it. 

13 But they didn't cover it all up, and now there's 

14 also drains in different areas that's very 

15 detrimental to the Big Muddy River. 

16 HEARING OFFICER: Mr. Freeman, I 'm 

17 going to have to ask you to wrap up your 

18 comments. 

19 DAVID FREEMAN: Okay. I will say o n e 

20 thing. The chemical companies will lie. I d o 

21 between thirty-four and forty-five funerals a 

22 year. I'm on the Honor Guard. Our Vietnam ve t s 

23 are dying at a faster rate per capita than our 

24 Korean vets because of Agent Orange. The 

- -
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chemical company lied to our farmers about the 

chemicals, and now they're causing lots -- and 

they told them they'd dissipate in two to 

three days. Now they're poisonous, finding out 

they're giving us, the human species, cancer. 

Thank you, very much. 
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HEARING OFFICER: Jean Sellar, you'll 

be up to the microphone next. And then following 

Jean, Beth Ann Roberts-Jacquot, you can begin. 

BETH ROBERTS-JACQUOT: Jacquot. 

HEARING OFFICER: Jacquot, thank you. 

Appreciate it. Jean, you can begin. 

JEAN SELLAR: Hi. My name is Jean 

Sellar, J-E-A-N, S-E-L-L-A-R. I'm speaking as a 

concerned citizen and someone who spends a lot of 

time in the bottomlands of the Big Muddy River. 

My credentials are that I am a retired biologist 

retired from the U.S. Army Corps of Engineers. I 

have spent thousands of hours monitoring 

bottomlands, (indaudible), wetlands, rivers, 

lakes and streams. 

UNIDENTIFIED SPEAKER: Talk louder. 

JEAN SELLAR: Sorry. I'm trying not 

to shout. 

i 
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1 HEARING OFFICER: Everybody would 

2 like to hear what you have to say. 

3 JEAN SELLAR: Okay. I am a retired 

4 biologist from the U.S. Army Corps of Engineers. 

5 I have spent thousands of hours monitoring 

6 streams, rivers, wetlands, bottomlands for 

7 changes in ecosystem quality as a result of 

8 flooding and water quality issues. I want to 

9 make several comments, but first, I want to 

10 remind the Agency, as I'm sure you know, that you 

11 are required to consult on threatened and 

12 endangered species of Illinois. I want to report 

13 a bunch of numbers very dull but I hope 

14 important to a technical agency like you. There 

15 are nineteen -- or excuse me -- fifteen species 

16 that are threatened and endangered in Franklin 

17 County. There are twenty-one in Williamson 

18 County. In Jackson County, there are 

19 fifty-seven. In Union County, there are sixty. 

20 These are all species that are affected by the --

21 or most of them are species that are affected by 

22 the Big Muddy River. Of those species, there are 

23 

24 

thirty threatened and endangered plant species 

that live in bottomlands. I have a great deal of 

II 

I 

i 
I 

i 
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1 personal experience that shows that rare species 

2 such as that are directly negatively impacted by 

3 flood water, especially polluted flood water. 

4 They are dying out. One of those species is only 

5 found in the bottomlands of Big Muddy River in 

6 Illinois, and it's rare outside of Illinois. 

7 Two comments. One is that the mean 

8 flow is not very meaningful to other organisms. 

9 They care, as a number of other people mentioned, 

10 about the rare toxic events. It only takes a 

11 short time of exposure ranging from a few minutes 

12 to a few hours, possibly days, to poison and kill 

13 

14 

15 

16 

17 

them. I 

different 

peak flow 

-- and I 

think the agency needs to be looking at 

numbers than mean base flow or mean 

even on a monthly level. 

The other thing is that there are no 

repeat -- no thorough studies of the Big 

18 Muddy organisms. I've checked endlessly through 

19 professional documentation. It's a diff i cult 

20 river to study if you don't have a fair amount o f 

21 money. I want to strongly encourage the Agency, 

22 the Illinois EPA, to require a thorough 

23 documentation of the species that actual l y live 

24 in the Big Muddy River. You're g o ing to f ind a 
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1 number that are not listed already by the State. 

2 For example, the pallid sturgeon has been caught 

3 in the Mississippi River right outside the mouth 

4 of the Big Muddy. The Big Muddy provides a 

5 habitat that's perfect for the pallid sturgeon. 

6 The alligator snapping turtle, which is gradually 

7 increasing its population in Illinois partly but 

8 not totally due to reintroduction programs, is 

9 documented in some other streams in the vicinity. 

10 The Big Muddy habitat is fine for alligator 

11 

12 

13 

snapping turtles. So I want to strongly 

encourage you to do that study with a responsible 

or a group of responsible, objective scientists. 

14 Thank you. 

15 HEARING OFFICER: If you can give us 

16 just one moment. II 

17 MR. TWAIT: Just two I'll respond to 

18 you on the questions on T and E species. We do 

19 have to consult with Illinois Department of 

20 

21 

Natural Resources, their threatened and 

endangered species consultation, and they did 

22 look at this discharge and indicated that there 

23 were no T and E species that would be affected by 

24 this discharge. 

I 

I 

I 

I, 

I 
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HEARING OFFICER: Excuse me. We're 

going to have to wait for speakers with 

microphones; otherwise, it's not clear and able 

for the court reporter to create a transcript. 
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MR. TWAIT: However, they did 

indicate that there was numerous species that 

were in various need of conservation and provided 

some comments on that. And one of the comments 

was to ensure that the mine or the effluent 

monitoring requirements, according to the permit, 

were enforced. 

HEARING OFFICER: Beth, you will be 

up next to the microphone to provide your 

comments. And then following Beth, just so that 

someone can be ready, is Jerry and Carolyn 

Worther? Worthen? You can be prepared to 

provide your comments following Beth. 

BETH ANN ROBERTS-JACQUOT: All right. 

It's Beth Ann and then Roberts -- that's Robert 

with an S -- a hyphen, and then J-A-C-Q-U-O-T, 

pronounced Jacquot. All right. So first of all, 

I'm going to address the coal mine gentleman and 

tell him you're not in my county. You're not 

adding to our revenue. You're not adding to the 

II 
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1 local revenue. I live in Murphysboro. You're 

2 going to pipe this garbage 70 miles to my back 

3 yard. I live on the Big Muddy. I have two acres 

4 on one side of the river and thirty-two on the 

5 other. We hunt. We fish. My grandkids play in 

6 the yard that gets flooded by this water spring, 

7 summer and fall here lately. Am I to the point 

8 where I can't let my grandkids play in the yard 

9 because I have to fear what's left over from him 

10 trying to make a profit? It's disturbing. 

11 I don't know a lot, I'm not a 

12 biologist, but I am going to tell you a few 

13 things that this grandma managed to look up. All 

14 right. Runoff can change the pH to the same 

15 

16 

level as vinegar, runoff from coal mining. Coal 

releases heavy metals. Research shows that at 

17 nearly every level analyzed, there was a coal 

18 leachate that exceeded international water 

19 quality guidelines. For example, some metal 

20 samples from low sulfur western U.S. coal 

21 exceeded the Canadian water quality guidelines 

22 for protecting aquatic life. Combined efforts of 

23 chemical and physical stresses on stream 

24 ecosystems is a decline in ecosystem health loss 

,,, 

II ,, 
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1 of biodiversity, which is fish, 

2 macroinvertebrates -- if I said that right -- and 

3 algae. Acid mining drainage has eliminated fish 

4 completely from some rivers and streams, and 

5 others support only a few acid-tolerant species. 

6 Coal mining practices not only destroy the 

7 streams and the rivers' beneficial uses, but the 

8 streams and rivers themselves by drastically 

9 altering their physical characteristics. 

10 If an environmental disaster occurs, 

11 taxpayers will pay the costs of cleanup caused by 

12 the coal industry. Costs of pollution habitat 

13 destruction negate any benefit that may come from 

14 this. The economic impact is no longer positive, 

15 and the health effects only make it even more 

16 costly. Recent studies in Illinois found that 

17 coal mining in the state resulted in a net cost 

18 to the State of almost twenty million without 

19 even including any external factors. 

20 Twenty million dollars they're costing us. 

21 They're not bringing in money; they're costing us 

22 money. 

23 Other industries will be affected 

24 because they depend on the ecosystems that coal 

-
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mining destroys. Tourism is one of those 

industries. I'm sure several of us have been on 

the wine trail. Don't let them kill that. 

Negative effects on the ecosystem lead to worse 

health in the population which has an impact on 

health care costs compounding the economic 

impact. One quick question and I'm going to give 

it to the lawyer. What does EPA stand for? 

MS. DIERS: Environmental Protection 

Agency. 

BETH ANN ROBERTS-JACQUOT: Can you 

say it a little louder? 

MS. DIERS: Environmental protection 

agency. 

BETH ANN ROBERTS-JACQUOT: Did 

everybody get that? Environmental Protection 

Agency. Thank you. 

HEARING OFFICER: Jerry will be up to 

the microphone next. And then following Jerry, 

Amanda Pankau, P-A-N-K-A-U. You will follow Mr. 

-- is it Werther or Worthen? 

JERRY WORTHEN: Worthen. 

HEARING OFFICER: Worthen? 

JERRY WORTHEN: Jerry Worthen, 

11 
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1 W-O-R-T-H-E-N. And my wife, Carolyn, is with me, 

2 and we own a farm on the Big Muddy, and it's been 

3 in our family since our forefathers or my 

4 forefathers, I should say, since 1836 . And it's 

5 a Centennial Farm. My dad never thought to take 

6 care of that, and we had it listed after my 

7 mother and my father died. But right now, we 

8 raise -- my son took over the farming, and he 

9 raises grain in a field that overflows just about 

10 every year anymore. And it -- because of 

11 flooding last year, he had an awful time getting 

12 the crops in and getting the crops out. But we 

13 feel that dumping their wastewater in the Muddy 

14 River is going to deteriorate the ground that we 

15 have. It's valuable ground as long as you can 

16 keep the water off of it. 

17 Now, I've got a year's network that I 

18 read the river gauge at Sand Ridge every day. 

19 And from 1993, the river was six inches over the 

20 Muddy River the new Muddy River gauge or 

21 bridge. It was six inches over the deck on it. 

22 And now this one here, you would be surprised a s 

23 to how far it was over it several times this 

24 year. It got up at one time to 360.62 feet. 
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1 That is sea level. And it went on that way for 

2 about four months. We drove out of our house to 

3 get out and go after our groceries with a 

4 tractor, because this water just kept coming up 

5 and coming up. And it was up for right at four 

6 months. And we couldn't stand any more water to 

7 be poured in the Muddy River. Right now this 

8 morning, I had read the gauge, and it was 340.09 

9 is what it was this morning, and it's not going 

10 down very fast. Because if the Mississippi backs 

11 it up, it will back up on the Muddy, and it will 

12 run as fast backwards as it does forward. 

13 I hope that you people see the light 

14 and you do not okay this permit to go through for 

15 this mine. I understand they need coal, but most 

16 of the time, the coal that we're seeing come out, 

17 and I've got friends that haul coal, and it's 

18 going overseas. It's going overseas to China and 

19 Japan. Now, if we want to check on that, you can 

20 check, because it's in writing. 

21 

22 

23 

24 

And that's the last I've got. I 

appreciate your time, and I hope you reconsider 

and take this into well, take it into 

consideration that our farm has been in the 

I 

I 
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1 family for that long, and I don' t want to lose it 

2 because of somebody that just wants to put water 

3 in the Muddy River. We used to didn't have any 

4 problems with the Muddy River, but they put 50 

5 mile of wing dams in the Mississippi River in 

6 1993, and that hurt us bad. And I thank you. 

7 HEARING OFFICER: Thank you, 

8 Mr. Worthen. If you'd like to provide your 

9 comments to the court reporter, we'll be able to 

10 have a copy of the data set that you referenced 

11 

12 

13 

14 

15 

in your comments today and that will certainly be 

reviewed and considered in our responsiveness 

summary. 

Following Amanda, who is at the 

microphone now, we'll have Steve Maynor. Amanda, 

16 you can begin when you're ready. 

17 AMANDA PANKAU: Okay, great. My name 

18 is Amanda Pankau, and I work with Prairie Rivers 

19 Network. 

20 HEARING OFFICER: Can you spell your 

21 last name, please? 

22 AMANDA PANKAU: P-A-N-K-A-U. Prairie 

23 Rivers Network is a state-wide nonprofit with a 

24 mission to protect water, heal land, and inspire 

I 

I 

I 
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change. We have members in the Big Muddy 

watershed. And while I'm here tonight, if 

there's any representative of Prairie Rivers 

Network, I did want to note that I lived in 

southern Illinois for over 13 years. I still own 

property just over the hill from LaRue-Pine Hills 

that some folks have mentioned tonight. I wanted 

to thank you guys for holding this hearing and 

giving the public a chance to learn more and 

share their concerns. 

Prairie Rivers has concerns about the 

additional harm that the facility may cause if 

the permit is issued as written tonight. I would 

like to share some of those concerns, but most l y 

I'm going to be asking clarifying questions that 

will help us prepare our post-hearing comments 

letter. 

So to begin this, the antidegradation 

assessment prepared by the mine notes that the 

90th percentile background level of chloride is 

30 milligrams per liter, and the report states 

this number comes from the Illinois EPA. So we 

FOIA'd the last five years of water quality data 

from the Big Muddy at Plumfield just north of the 

I 
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proposed discharge point. There the Illinois EPA 

monitors for chloride and other water quality 

parameters every six weeks as part of their 

ambient water quality network. We analyzed that 

data and found that the 90th percentile chloride 

concentration is actually 108 milligrams per 

liter, so I wanted to ask tonight how did the 

mine come to use 30 milligrams per liter as the 

90th percentile? 

MR. TWAIT: I don't know specifically 

what time period they used, but that could 

definitely make a difference. Their anti-deg was 

done, I believe, three years ago, so they might 

have looked at a larger data set. 

AMANDA PANKAU: Okay. Would it not 

make sense to use the last five years of data as 

a better benchmark? 

MR. TWAIT: Yes, it would. 

AMANDA PANKAU: So my next question 

sorry I'm going to jump back and forth. I 

have three prioritized items given the limited 

amount of time. The anti-deg proposes to monitor 

downstream chloride concentrations in two ways: 

The calculated, you have a mixing equation as 

I 

j 

I 

I 

i 

I 
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well as physically with the downstream 

conductivity probe. So our question is, is the 

permit being violated if either of these values 

are found to be above 500 milligrams per liter of 

chloride? 

MR. TWAIT: Yes, I believe here it 

would be a violation either way. 

AMANDA PANKAU: Okay. And the way we 

read the permit, it does not seem to require the 

mine to report enough information to evaluate 

that mixing equation. So, for example, it 

doesn't appear that the direct measurement of 

effluent is required. So is the mine required to 

monitor and report the effluent discharge rates 

and chloride concentrations coming out of the 

pipe? 

MR. TWAIT: On the DMRs they are 

reporting their maximum concentration, and I 

believe they have to keep records at the mine 

site for flows and concentration of the effluent. 

AMANDA PANKAU: Okay. I think we 

would suggest that if they're required to meet 

that mixing zone, that they're recording the 

effluent concentration, the effluent discharge, 

I 
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So the permit proposes continuous 

monitoring of chloride via the conductivity 

upstream and downstream of the discharge given 

that multiple constituents impact conductivity. 

And I don't know that I want you to answer this 

question now, but we are curious of how will the 

mine develop that accurate calibration? Does the 

Agency have to approve that calibration curve 

derived by the mine? And are the calibrated 

values also reported on the DMR? So do we have 

all of that information that they're using to do 

that calibration? 

MR. TWAIT: We have written into the 

NPDES permit that they've got to get the citing 

of those conductivity meters approved by us. 

That's something that we can consider as to 

approving their calibration curves. 

AMANDA PANKAU: All right. Thank 

you. So as I demonstrated with these questions, 

the permit is written in a way that compliance 

will ultimately rely on the feasibility of the 

monitoring scheme per discharge Outfall 11. So 

-
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the availability and accuracy of upstream and 

downstream chloride concentrations as well as the 

effluent concentrations will be critical for any 

measure for public accountability. So an 

independent third party research institution 

would be much better suited to monitor this 

rather than the mine. The USGS routinely 

monitors these type of stations and have the best 

system for making that information available to 

the public. The mine should fund USGS, install 

gauging stations and make public the realtime 

data that the mines use to determine their 

allowable discharge. 

We have further concerns about the 

impact on aquatic life. We're curious to know if 

there has been any in-stream monitoring for fish 

data, aquatic invertebrates, as well as mussels 

in Pond Creek or the Big Muddy River. The 

diffuser design document states that its effluent 

is expected to be negatively buoyant or try to 

sink to the bottom of the stream until adequate 

mixing has occurred. Given that the highest 

concentrations will be l o cated on the river bed, 

we think that the r i ver should be assessed for 
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1 mussels. Has a mussel survey been done on the 

2 Big Muddy River? 

3 MR. TWAIT: When I looked through my 

4 documents, I didn't see that, so I don't think it 

5 has. 

6 AMBER PANKAU: So again, we think 

7 that a fish survey, a mussel survey and a survey 

8 of invertebrates pre-construction as well as 

9 long-term monitoring post-construction would be 

10 or should be required. 

11 HEARING OFFICER: Amanda, I'm going 

12 to have to ask you to wrap up. 

13 AMANDA PANKAU: Okay. I think I 

14 might have more, but I guess a couple of last 

15 questions. I know I'm not supposed to speak to 

16 the audience, but I'm speaking to you guys as 

17 well. The Sugar Camp Mine has had a permit 

18 approved to build a similar pipeline to the Big 

19 Muddy River. Do you know if that pipeline will 

20 be constructed? 

21 MR. TWAIT: They have a permit to 

22 discharge from the Agency. The permit to build 

23 the pipeline is handled by IDNR. 

24 
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numbers that show if you have chloride coming out 

of that upstream proposed Sugar Camp discharge as 

well as this one, and we just want to make sure 

you guys are taking into account that potential, 

because you've already granted the permit. 

MR. TWAIT: Yes. We've taken that 

into account. One of the things that we did was 

required the conductivity monitoring upstream, so 

their calculations had to take into account 

what's upstream already in the stream. 

AMANDA PANKAU: Thank you. 

HEARING OFFICER: Steve Maynor. 

Excuse me? No. Only those at the microphone can 

speak. It looks like right now we are going to 

be running out of time, and as it is, not 

everybody here that signed up to speak is going 

to have an opportunity. So I again ask that when 

I ask you to wrap up or keep your comments 

limited that we do so out of respect for your 

fellow residents who would like an opportunity to 

speak. Is Steve Maynor here to come to the 

microphone? If not, Barbara McKasson. Barbara, 

you're up next. And then following Barbara, Jane 

Cogie. 
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1 JANE COGIE: I think my point's been 

2 made, so I'll just submit them. 

3 HEARING OFFICER: Okay. That would 

4 be great. Jane will submit her comments, her 

5 written comments to the Agency, and we will 

6 address those through the responsiveness summary. 

7 So following Barbara, Sienna. Your last name is 

8 not legible, so --

9 UNIDENTIFIED SPEAKER: Sorry. Yeah, 

10 I'll submit mine, too. 

11 HEARING OFFICER: Okay. Sienna is 

12 going to submit her comments through the written 

13 comment period. Pat Wagner? Pat will submit her 

14 comments through the comment period. Thank you. 

15 Chuck Paprocki? 

CHUCK PAPROCKI: Yes. 16 

17 HEARING OFFICER: Are you here? 

18 Okay. You will follow Barbara when she's 

19 completed her comments. 

20 BARBARA McKASSON: My name is Barbara 

21 McKasson, last name M-C, capital K-A-S-S, as in 

22 Sam, 0-N as in Nancy. I am a native of the Big 

23 Muddy River and often visit nat ural areas that 

24 are impacted by the Big Muddy River when flooding 
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1 such as LaRue-Pine Hills National Natural 

2 Landmark and Little Grand Canyon. LaRue-Pine 

3 Hills is currently one of the most biologically 

4 diverse areas in the United States in competition 

5 with Smokey Mountain National Park. Little Grand 

6 Canyon is designated as a high-quality natural 

7 area with many Illinois threatened and endangered 

8 species. Both of these places are highly 

9 impacted whenever the Big Muddy River floods, and 

10 both of these areas have very important 

11 recreation areas. I think you should be taking 

12 this into consideration. 

13 From reading all of the literature on 

14 this, it seems that the measurements for the 

15 effluent is very complicated. I'm wondering how 

16 will IEPA verify all of these calibrations, how 

17 they will work so that the effluent will stay 

18 within the limits of the regulations? And I'm 

19 wondering if that is why IEPA is allowing huge 

20 fluctuations of the sulfates and chlorides, 

21 

22 

sometimes far above the standards set by the 

regulations. Even with a diffuser, what gives 

23 Illinois EPA any confidence that there will not 

24 be acutely high concentrations that can gravely 
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1 harm the fish, macroinvertebrates, mussels, 

2 plants and other wildlife that depend on the Big 

3 Muddy River, especially near the 011 Outflow 

4 location? 

5 Science has shown that organisms have 

6 trouble regulating osmosis through their tissues 

7 with such high concentrations of chlorides. How 

8 current are surveys of fish and 

9 macroinvertebrates in Pond Creek and the Big 

10 Muddy River? Shouldn't IEPA conduct these 

11 surveys before granting these permits so that you 

12 will be better prepared to know how much the 

13 aquatic life is being affected by this effluent? 

14 The fact that the bond required for 

15 the discharge pipe into the Big Muddy River does 

16 not cover harm caused by the effluent is very 

17 concerning, so it looks like the people and the 

18 environment will pay the costs. Why isn't 

19 Williamson Energy not required to put up a bond 

20 for repairing damage that may be caused by their 

21 operations, that is damage to the Big Muddy River 

22 wildlife and the people who depend on the Big 

23 Muddy for recreation? What if there's a big fish 

24 kill? Can IEPA hold Williamson Energy 
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1 responsible and charge them reparations for the 

2 damage? Can Williamson Energy be held 

3 responsible for restoring fish populations? And 

4 as has been pointed out, the parent company, 

5 Murray, is in bankruptcy, and it looks like 

6 Foresight Energy is also close to bankruptcy. So 

7 we have to ask what is the financial status of 

8 Williamson Energy? Would they be able to 

9 ameliorate or mitigate any harmful events? Does 

10 the corporation and the Illinois EPA expect 

11 public funds and the environment to absorb the 

12 costs? 

13 I'm concerned that the proposed 

14 location of the downstream monitoring probe is 

15 too far downstream to measure and evaluate the 

16 level of pollutants at the outfall. The permit 

17 specifies that, quote, This downstream monit oring 

18 shall be performed a sufficient distance 

19 

20 

21 

downstream of the associated outfa ll to ensure 

that complete mixing has occurred, unquote. 

the mine places the probe further downstream, 

I f 

22 they gain additional mixing. More dilution t o 

23 the pollution. Why are they not required t o 

24 monitor as close as possible to the edge of the 

I 

www.alaris.us 
ALARIS LITIGATION SERVICES 

Phone: 1.800.280.3376 Fax: 314.644.1334 



R02705

C 

C 

PUBLIC HEARING 12/18/2019 

Page 110 

1 designated mixing zone, which is the point of 

2 compliance? 

3 I am also concerned about the Outfall 

4 009 which goes into Pond Creek, which has been 

5 designated in the past as impaired by chloride in 

6 the TMDL evaluations. Pond Creek is listed in 

7 the public notice and appears to be impaired 

8 already by chlorides. Why are you proposing to 

9 grant the mine a mixing zone for chlorides at the 

10 Pond Creek Outfall if the Big Muddy River is 

11 already impaired? Why was the level of chlorides 

12 in Pond Creek found by IEPA to no longer be of 

13 concern by the recent TMDL assessment when it 

14 already has been measured at or near the maximum 

15 of 500 milligrams per liter? According to the 

16 Pond Creek Watershed Inventory 2019 created by 

17 the Greater Egypt Regional Planning and 

18 Development Commission, page 74, quote, Pond 

19 Creek has been listed for chloride and 

20 sedimentation/siltation impairments since 2010 

21 and dissolved oxygen since 2012. In 2008, the 

22 stream was listed for iron, manganese, pH, total 

23 suspended solids, and fecal coliform, unquote. 

24 Methyl mercury is known to cause 
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1 serious nerve and organ problems in humans. Will 

2 the increased chloride and total dissolved solids 

3 levels in the Big Muddy River cause higher methyl 

4 mercury levels? Will the acid mine drainage 

5 allowed in this permit also increase the 

6 conversion of mercury to methyl mercury? Can 

7 IEPA assure us that it will not? We know there 

8 is commercial fishing and recreational fishing in 

9 the Big Muddy River. Because of bioaccumulation 

10 of heavy metals up the food chain, we are 

11 concerned that anyone eating catfish, bass or 

12 other predatory fish will be harmed. Has IEPA 

13 evaluated the possible harm to humans from 

14 increased methyl mercury that could be caused by 

15 granting this permit? According to 

16 sciencedirect.com, quote, Mercury speciation, 

17 which is affected by chloride, will impact 

18 mercury bioavailability to methylating bacteria, 

19 affecting subsequent methyl mercury production 

20 and bioaccumulation in these systems, unquote. 

21 Also, the Illinois Department of Public Health 

22 has issued a methyl mercury advisory for predator 

23 fish in all of the waters of the state, and this 

24 can be found on their website. 
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In summary, considering these 

concerns, I am opposed to IEPA granting this 

Permit Number Illinois 0077666 to Williamson 

Energy. Thank you. 

Page 112 

HEARING OFFICER: Chuck, you'll be up 

to the microphone next to provide your comments. 

And following, we'll have Jacob Bolton. Jacob, 

if you're still here, you can make yourself 

prepared to follow Chuck. 

CHUCK PAPROCKI: Hello. My name is 

Chuck Paprocki, P-A-P-R-O-C-K-I. I'm a member of 

SAFE and a member of Carbondale Spring. As you 

can see -- I hope you can see that the people of 

Carbondale are no fools. We understand and love 

our natural environments, and we know that we are 

asked to abide being poisoned because a private 

mining company is unwilling to clean up its own 

mess and protect its workers. Now, this is just 

me asking the question personally. According to 

what I understand about the EPA regulations 

regarding when you notify the public that a 

public waterway is being poisoned, you calculate 

that if chlorides and sulfates poisoning is above 

250 milligrams per liter, that there's no reason 
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to tell the public that they're being poisoned 

because the taste is so bad and the water stinks 

so bad that there's no need to tell the people 

what is obvious. That's my understanding of your 

rules and regulations about not warning the 

public about these poisons. 

Now, according to the parameters that 

I see in your documents for poisoning, you're 

allowing 1,250 milligrams per liter for sulfates, 

five times the poisoning level that people 

notice, and 500 milligrams per liter of 

chlorides, which is double the amount. And this 

is being added to our water supply every second, 

every hour, every week, every month, every year 

for as long as the mine is open. And I wanted to 

know if you really believe, this panel of EPA 

agents, that this is really safe for the people 

of southern Illinois? 

I just want to make a statement. We, 

the people of southern Illinois, want the state 

of Illinois and the EPA to know that we hold you 

accountable as well as the mining companies for 

any destruction to any life form in our 

environment or to any adversity to human health 

1 
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in southern Illinois as a consequence of granting 

these companies the right to pollute our 

environment knowing full well the potential risks 

of these actions. Thank you. 

MR. TWAIT: Yeah, just for a 

clarification, you mentioned a sulfate standard 

of 250. That is for a public water supply 

intake, just to let everybody know. The water 

quality standard for sulfate is higher than that. 

HEARING OFFICER: Jacob Bolton, 

you'll be up to provide your comment next. And 

following Jacob, Grant Depoy. 

JACOB BOLTON: Hey, everybody. My 

name is Jacob Bolton, also known as "Treesus." I 

am the diplomat of trees. 

HEARING OFFICER: Could you spell 

your name for the court reporter? 

JACOB BOLTON: Bolton, like 

B-O-L-T-O-N. Michael Bolton is not my relative. 

I hold no positions on this issue and stand here 

as an honest broker. I am a forestry student at 

Southern Illinois University, and I've taken a 

watershed management class very recently, and I 

am in Intro to Water Resources right now to learn 

I 

I 

I 
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1 about how to save the world. I am empathetic to 

2 all that is and every human, and I respect all of 

3 you. I value empirical evidence that is 

4 comprehensive to encompass complex 

5 socio-ecological issues, and I am a problem 

6 solver. So my first question, is Pond Creek 

7 considered under the CWA waters of the USA? 

8 

9 

10 

11 

MR. TWAIT: Yes. 

JACOB BOLTON: Thank you. What order 

stream is this creek? 

MR. TWAIT: I don't know the answer 

12 to that. 

13 

14 

15 

16 

17 

18 

JACOB BOLTON: But it's part of a 

watershed, and watersheds all drain to one area, 

and I am curious if this permit considers 

watersheds downstream. 

MR. TWAIT: In what way? 

JACOB BOLTON: In terms of the 

19 Mississippi River, you know, all of the larger 

20 watersheds on a larger scale. 

21 MR. TWAIT: We looked at ensuring 

22 that the water quality standards will be met. 

23 And once they're met, they're expected to be met 

24 downstream where additional water comes in. 
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1 JACOB BOLTON: Got you. Since these 

2 are our common-pool resources and waters of the 

3 USA, I am curious if this has taken into 

4 consideration the compounding pollutants that 

5 were discharged downstream and also considerate 

6 of all the other industries that input into 

7 streams, because the Gulf of Mexico is currently 

8 under hypoxia during the summers, and there's 

9 fish die off, and this is a tributary to the 

10 Mississippi which discharges into the Gulf of 

11 Mexico. So I'm just curious if they will take 

12 if you guys and others will consider thinking 

13 

14 

15 

16 

17 

18 

19 

comprehensively working together to consider 

these compounding pollutants and the life of all 

that is. 

MR. TWAIT: We can consider that. If 

you have information as to how they are 

compounding, that would be helpful. 

JACOB BOLTON: I suppose I'm curious 

20 -- I'm learning still. I'm a student, so I'm not 

21 smart -- I'm not like whatever it is. I'm very 

22 smart. I'm an intelligent human. You all are, 

23 too. And the metals, heavy metals, I don't see 

24 how they possibly dissolve in water. How does 

j 
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1 that affect plant life and trees, as well as the 

2 animals that use those for habitation? 

3 MR. TWAIT: The metals are -- some of 

4 them are particulate, and they will settle out in 

5 the stream continuum, and some of it is dissolved 

6 and it will continue going downstream. 

7 JACOB BOLTON: Cool. Well, I think 

8 that the boundary delineations that we currently 

9 use ought to be reconsidered to include 

10 watersheds to help people focus on area-specific 

11 introductions of pollutants and their compounding 

12 issues downstream. I highly -- I know that there 

13 are, without even looking, that there are a lot 

14 of people introducing pollutants into the streams 

15 and the river. I feel that drugs (ph) is a 

16 large-scale issue that we can all work on 

17 together as 7.7 billion people trying to save the 

18 world. And we need site-specific community 

19 studies that involve more action with each other. 

20 I think that we have too much bureaucracy that 

21 could be reduced and maybe start focusing on 

22 problem solving quicker, because there is 

23 empirical evidence that climate change and other 

24 forms of not goodness in all of our lives, worse 
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case scenario, could end us in 80 years. I would 

like to live, and I would like everyone else to 

live, too. So thank you. 

HEARING OFFICER: Grant, you'll be up 

next to the microphone. Carla Womack, you will 

follow Grant. And, Grant, if you could give me 

just one moment before you start. 

Grant, you can begin, and if you 

wouldn't mind stating your name and spelling your 

last name for the court reporter. And then once 

Grant has finished, Carla Womack, if you are 

still here and present tonight, you will follow 

Grant. 

GRANT DEPOY: Thank you. Grant 

Depoy, D-E-P-O-Y. I'm a concerned citizen, I'm 

concerned about the Big Muddy River, and I'm 

concerned about our future dealing with the 

consequences of our actions right now. I'm a 

lead facilitator in the Student Sustainability 

Coalition at SIU-C, and I'm also a forestry 

student. We have one of the top forestry schools 

in the nation where I study col l aborative 

management, policy sciences, fore st policies, and 

watershed g overnance under some o f the best 
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professors in the nation. So, first, I want to 

say that I'm training right now to do the job you 

guys are doing. And like Jacob shared before, we 

have class discussions about the current 

contemporary issues we are dealing with in the 

field, one of those being the shortfalls of the 

EPA's framework for decision-making being that it 

relies on only one kind of way of under~tanding, 

one kind of knowledge, and we need to expand our 

field to take into consideration other ways of 

knowing being local experiential knowledge -- and 

I think we've heard from a number of people here 

today -- that they have knowledge regarding the 

locality of these issues that our framework is 

not prepared to address on this hyper-localized 

scale. The other perspective being traditional 

ecological values. So just one quick question I 

had was if in this decision-making there have 

been platforms made for the consideration of the 

indigenous people's values of this area. 

MR. TWAIT: I don't think we've seen 

that information, so if you'd provide it for the 

record, we can take that into consideration. 

GRANT DEPOY: So thank you. I think 
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it also would be well to consider a platform for 

the local people who live on that land and the 

land affected by the Big Muddy right now. I 

think it's clear in our field we need to move 

towards more of democratic ways of 

decision-making. I think if we were to collect 

wisdom from the people here, you can see very 

clearly that this decision has not been 

democratic. I don't think a lot of people here 

feel that their voices are being heard. And 

we're scared, because we don't know who is making 

the decisions. We don't know who is the one with 

the pen in their hand putting down the final 

"yes." So I need people in my field to look up 

to. This is going to be these issues I'm 

going to be working against my whole life to turn 

around these decisions made and have a real 

understanding of the consequences I'm going to 

have to deal with. So I'm scared for myself for 

the future. Like Jacob said, worse case 

scenario, who knows what we'll have in the 

future. I don't think we have room to be 

making -- to be taking these risks right now. I 

don't know who's benefitting from this other than 

--
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those 500 families that have been mentioned 

earlier, but we need to make a world that works 

for a hundred percent of humanity here and not 

just a handful of people. And if it's another 

50 years, if this is ensured to be in production 

for another 50 years, that's also not a future I 

want to live in. 

So I'm also a visual learner. I just 

wanted to leave this with if you're in this room 

and you don't support this, please stand up right 

now. Stand up if you don't support this. And if 

this passes, raise your hand up if you're going 

to keep fighting against this to turn this 

around. All right. Thank you. 

HEARING OFFICER: Carla Womack, are 

you present with us tonight? I don't see you. 

Karen Frailey? Karen Frailey, if you're here, 

please approach the microphone. 

UNIDENTIFIED SPEAKER: She'll submit 

a written comment. 

HEARING OFFICER: Okay. Thank you 

very much. John Wallace? Mr. Wallace, it looks 

like he's still here and will be coming to the 

microphone. Following Mr. Wallace, there's no 

I 
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1 first name. N. Tenney -- okay. N. Tenney 

2 Naumer. Okay. A hand raise back there. So, 

3 Mr. Wallace, whenever you're ready, you can 

Page122 

4 proceed with your comments. Oh, who do we have 

5 at the microphone? 

6 

7 

KARL FRALEY: Karl Fraley. 

HEARING OFFICER: Okay. I have Carla 

8 with an A at the end, Carla Womack, Karen 

9 Frailey. 

10 

11 

KARL FRALEY: Oh, I'm sorry. 

HEARING OFFICER: That's okay. I 

12 think I called them twice. I called them back to 

13 back, and it may have been combined. So is Carla 

14 Womack here? She's gone, okay. Karen Frailey 

15 said she would submit her comments written. Then 

16 John Wallace. And following John -- okay. 

17 Great. Thank you. 

18 JOHN WALLACE: John Wallace, 

19 W-A-L-L-A-C-E. John, J-O-H-N. I want to talk a 

20 little bit about this region a little more than I 

21 think other folks have, because the natural 

22 wonders, the incredible landscape that we have 

23 here, and the Big Muddy River downstream of the 

24 outflow pipe will actually enter -- this water 
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1 will pass through some of this unique area. 

2 Before I do that, something that caught my eye 

3 which -- and raised my dander, I might say, was a 

4 Southern Illinoisan article about this hearing 

5 coming up in which several people were quoted 

6 from the Illinois EPA. One in particular was a 

7 Kim Briggs, the media representative for your 

8 organization, and she made a comment that this 

9 meeting was not a popularity vote. I find that 

10 offensive. We live in a democracy. You all know 

11 that. You are -- I'm a retired public servant, 

12 and you all are public servants now. And when 

13 the public stands up and says "no," you need to 

14 listen. 

15 Mr. Lecrone, you were quoted as well, 

16 and you made some comments about, you know, it's 

17 not a hearing that we're going to -- the chances 

18 are this isn't going to be a yes or no 

19 determination from your agency. I get that there 

20 are lots of steps in this process. I understand. 

21 But what's real important is for you all to 

22 understand the local folks down here, you know, 

23 barring a few that are associated and affiliated 

24 with the mining company, are bothered by this. 
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We've watched degradation take place too much. 

The Big Muddy is an impaired stream. But the Big 

Muddy is also a fascinating area. It passes 

through five natural -- or excuse me -- four 

different natural divisions in this region 

downstream of the outflow pipe. 

You know, I really thought the 

diffusers were going to be something hard to 

comprehend. We have five different versions of 

PVC pipe, and that's going to appropriately 

diffuse this water, this degraded water? And 

then the -- let me get back to my natural 

divisions. It passes through the Southern Till 

Plain, then into the Shawnee Hills and into the 

Illinois Ozarks, the Ozark Plateau and the 

Mississippi River Bottomlands. So the Big Muddy 

passes through some really unique areas, areas 

that you don't have in Springfield or aren't 

found anywhere else in the state. 

And as it passes through these areas, 

it also passes through a real important chunk of 

public land: The Shawnee National Forest. It is 

the largest single ownership of land in this 

state: 287,000 acres. And it's public land. 

I 

I 
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It's land that I use and many people around here 

use. And the Big Muddy is a stream that I have 

used and many of us around have used for 

recreational use, for just appreciating the 

scenic beauty of this area. And as it passes 

through this area, there are in Jackson 

County -- I've lived in Jackson County for about 

25 years, and I still recreate in Jackson County. 

I own some land in Jackson County as well. But 

as it passes through the Shawnee National Forest, 

Little Grand Canyon was mentioned as again one of 

those national natural landmarks. LaRue-Pine 

Hills, it passes nearby. There are a number of 

different flood plains and different types of 

wetlands that the stream passes through. And I 

just want to make sure you understand this 

polluted water, this increase in flow is going to 

pass through a number of unique bends in the 

river, including Rawlins Bend, Cripps Bend, 

Dillon Bend, Mill Bend, Horseshoe Bend wherein 

you find Horseshoe Lake, and Horseshoe Bluff 

butts up against it. Turkey Bayou, Oakwood 

Bottoms Greentree Reservoir, Rattlesnake Ferry, 

all of these places are used by us. The Big 

I 
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Bayou. I've canoed the Big Muddy with groups of 

people. I one time took a class of high school 

students and camped out in this flood plain in 

one of these bends on the national forest, so it 

was a very memorable time several years ago. I 

hope to do it again. But more importantly, what 

I hope is that those places are here after I'm 

gone so that other high school students, those 

high school students that I took will take some. 

When they have high school students, they'll 

bring them down to do the same thing. 

HEARING OFFICER: Mr. Wallace, I'm 

going to have to ask you to wrap up. 

JOHN WALLACE: This 2.7 million 

gallons of water average daily comes out to 

360,455 cubic feet. That's like 144.2 feet by 

50 feet by five stories tall of water a day 

that's going to be added to the river, and that 

water's compromised. It's polluted water. And 

no one mentioned yet the impacts from that flow 

on erosion. The Big Muddy River is already 

deepening in size. What's going to happen there? 

Can you guarantee that these places are going t o 

be protected that are so important to us? These 
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1 National Natural Landmarks, the US Park 

2 Service --

3 HEARING OFFICER: Mr. Wallace, you 

4 are out of time. I apologize. 

5 JOHN WALLACE: Please take careful 

6 consideration of what you're about to do here. 

7 Thank you. 

8 HEARING OFFICER: Thank you for 

9 providing comments. 

10 JOHN WALLACE: There's also some 

11 petitions for Governor Pritzker to protect the 

12 Big Muddy River that I would like to submit. 

13 

14 

15 

HEARING OFFICER: You can provide 

them to me and not to the court reporter. I 

cannot deliver these to Governor Pritzker. If 

16 you want to deliver them yourself, you should 

17 take them with you; otherwise they will be 

18 entered into the record for the public hearing. 

Page127 

19 

20 

Just so you know, by providing them to me does 

not mean they will make it to Governor Pritzker. 

21 Instead, they will be entered into the hearing 

22 record. Okay. Well, thank you very much. I 

23 

24 

will ensure that they get entered into the 

hearing record. 
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UNIDENTIFIED SPEAKER: Thank you. 

HEARING OFFICER: Absolutely. The 

next speaker will be Joyce Blumenshine. 

UNIDENTIFIED SPEAKER: Joyce will 

submit written comments. 

HEARING OFFICER: Okay. Albert 

Ettinger, you will be up to the microphone 

following the current speaker. 

Page128 

TENNEY NAUMER: For the record, my 

name is spelled T, as in Tom, E-N-N-E-Y. My last 

name is spelled N-A-U-M-E-R. Can you hear me 

now? Okay. So I live in Marion, and I was born 

and raised here in southern Illinois. My 

family's been here for over 150 years. I'm a CPA 

and a Certified Fraud Examiner, and I also 

studied finance at SIU a couple years at the 

doctoral level, so I know a little bit about 

analyzing financial statements. Question: What 

has the EPA, Illinois EPA done to analyze the 

financial condition of this company? 

MR. TWAIT: That is not something 

that we look at for issuing NPDES permits. 

TENNEY NAUMER: Oh, really? 

MR. TWAIT: IDNR may do that when 
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they issue bonds, but that's not something that 

we consider. 

TENNEY NAUMER: So they have a bond 

for five hundred thousand for reclamation of the 

pipeline area, but as I understand it, no bond 

for anything that might occur in the river; is 

that right? 

MR. TWAIT: I don't know what their 

bond is. 

TENNEY NAUMER: You guys don't know? 

You're analyzing this to see if you're going to 

permit this thing to go forward, and you don't 

know? Really? 

MS. WARD: Yes, you are correct, 

ma'am. That's the bond for the pipeline. 

TENNEY NAUMER: But not for the 

effluent? 

MS. WARD: No, not for the effluent. 

That bond, that is only for reclamation by the 

company for construction of the pipeline. 

TENNEY NAUMER: Okay. Is that 

enough? 

MS. WARD: To reclaim the pipeline? 

I believe so. 
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TENNEY NAUMER: Twelve miles, is that 

enough? 

MS. WARD: I am not actually an 

expert in calculating bonds. This is something 

with IDNR. 

TENNEY NAUMER: IDNR, huh? We should 

be talking to them, huh? 

MS. WARD: About bonds, yes. 

TENNEY NAUMER: So it won't enter 

into your decision-making? 

MS. WARD: No, ma'am. 

TENNEY NAUMER: Really? So we've got 

a company that's going bankrupt here. They can't 

make their interest payments. Their stock price 

went down to seven cents. They've been de-listed 

from the stock exchange. What are they going 

to -- you know, what they're going to do here is 

try to extract here and leave all the external 

costs to the Illinois taxpayer. Isn't that a 

concern? Isn't that a concern? I've heard at 

least 20 people up here give reasons, any one of 

which should negate this project, any one of 

which. Yeah, nobody's looking at me. Okay. 

So, furthermore, you know, Foresight 
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1 Energy hasn't paid any taxes to the federal 

2 government in five years or a dividend. Their 

3 

4 

accounts payable is just increasing rapidly. 

They're not going to have the money to do 

5 anything to help this place down here if 

Page 131 

6 something goes wrong. It's not going to happen. 

7 The parent company just declared bankruptcy. 

8 It's not going to happen, and you guys are just 

9 going to surely not rubber stamp this project. 

10 Surely not. You don't communicate with the IDNR 

11 on the finances of this thing? 

12 MR. TWAIT: We do not communicate 

13 with IDNR on finances. Although we do 

14 communicate with IDNR, just not on finances. 

15 TENNEY NAUMER: Huh, okay. Another 

16 interesting thing is that you've already approved 

17 a pipe outflow upstream, and somehow this one 

18 downstream is supposed to continuously monitor 

19 even though we know that people have complained 

20 about things that happen on the weekend that they 

21 get bullied out of -- we know that -- so they're 

22 going to continuously monitor down here the 

23 stream, and if something goes wrong up there, 

24 they're just going to shut everything down. 
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Really? You know what? It's like water rights 

in the west, you know, when you buy a piece of 

property, you get assigned a water right, and if 

you're further downstream, you get less and less 

and less, and you pay for those water rights 

upstream. You pay a lot of money to have first 

right on the water out west. You guys are just 

giving away the right to pollute. You're just 

freaking giving it away. 

HEARING OFFICER: We're going to have 

to keep the comments to the speaker, one, to be 

respectful of their time; two, to be respectful 

of the court reporter. 

TENNEY NAUMER: Right. And I noted 

that you said it's 5,000 gallons a minute maximum 

flow rate; is that right? 

MS. WARD: That's right. That's 

correct. 

TENNEY NAUMER: That's like 7. 2 

million a day. I think I used my calculato r 

correctly. You never catch a CPA without a 

calculator. But I thought in the permit it sai d 

it was going to be 2.7 to 2.9 dai l y. How is that 

working out mathematically? Anywa y, we've got 

L....::=========----------------========----=:. 
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this Ohio millionaire, Bob Murray, who just paid 

himself $14 million out of the company before he 

declared it bankrupt, and Foresight is directly 

underneath that, and it's going bankrupt. If you 

look at the financials, which I have here, which 

I can enter into the record, they're going belly 

up. What are they going to do here when it's 

cleanup time? How are they going to pay for 

that? But you guys aren't looking at the 

finances. Wow. Seriously. You guys should be 

ashamed. Ashamed. 

MR. TWAIT: IDNR is the entity that 

collects bonds for mining facilities to ensure 

cleanup. 

TENNEY NAUMER: Ensure. Ensure like 

they do recl amation? 

MR. TWAIT: That is not the Agency's 

-- that is not Illinois EPA's responsibility. 

TENNEY NAUMER: Well, you know it 

now. It's going to go in the record. 

HEARING OFFICER: I'm going to have 

to as k you to wrap up your comments. 

TENNEY NAUMER: Okay. I'm done. 

HEARING OFFICER: If there are any 

-
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documents you want us to put into the record, you 

can do that now. Mr. Ettinger, if you can give 

us just one moment. 

MR. LeCRONE: Okay. I'd like to 

explain a little bit more about what our 

authorities are in response to her concerns about 

financial stability. The NPDES program is a 

federally-delegated program. The Illinois EPA is 

a delegated state to administer the USEPA's 

program. The NPDES permitting program does not 

contain any financial assurance requirements, and 

our agency does not have any authority either 

under the delegated program agreement or via the 

Illinois Pollution Control Board to require any 

financial assurance or for there to be a 

financial assurance analysis of the company. So 

we just have to follow the Pollution Control 

Board regulations for what we can and can't 

consider in the issuance of a permit. 

ALBERT ETTINGER: Mr. Lecrone, can I 

-- excuse me. Mr. Lecrone, I beg to differ with 

you to some extent. I'm Albert Ettinger. I'm a 

lawyer. I represent the Sierra Club here. Under 

the Illinois Environmental Protection regulations 
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for antidegradation, you're only allowed to grant 

a new loading into a water body if it is 

reasonably necessary to accommodate important 

social or economic development. If this mine is 

going to go bankrupt shortly, this discharge is 

not necessary to accommodate important 

socioeconomic development. In fact, what it 

would do is create negative economic development. 

And what you are basing your decision on is an 

antidegradation analysis which has only 

considered what is good for the company and the 

economic development that it claims that it will 

create. You have not considered at all 

have read the antidegradation statement 

and I 

at all 

the damage that might be done particularly if 

they open this discharge and go bust six months 

later. 

Now I have a question, though. And 

that is -- that's not -- that is within your 

authority. By the way, I'm a lawyer. I 

recognize when people have authority to do 

things. And, by the way, I believe the hearing 

officer has done a very good job today, and I 

have watched a lot of hearings. But I have a 

r 
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question for Mr. Twait. I understand that the 

company produced some documents yesterday that 

are relevant to the comments that were made in 

August; is that true? 

MR. TWAIT: Yes. 

Page136 

ALBERT ETTINGER: Are we going to get 

those comments? Are we going to get those 

documents before we have to comment on this 

permit? 

MR. TWAIT: They're available by a 

FOIA now. 

ALBERT ETTINGER: Yeah, and I don't 

get 30 days. We need those documents now, 

because we've got 30 days to comment. So we wish 

to see those documents ASAP. I have a question 

for Ms. -- I'm sorry, ma'am -- Ward? 

MS. WARD: Yes. 

ALBERT ETTINGER: You explained that 

there were corrections that needed to be made in 

certain discharge monitoring reports because of 

mistakes in decimal points? 

MS. WARD: There was not a mistake in 

decimal points. There was a unit mistake. A 

different unit was recorded. 

I 

I 
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1 ALBERT ETTINGER: Who made those 

2 mistakes? 

3 MS. WARD: I believe that our agency 

4 was recording the data in the ECHO with different 

5 units than it's supposed to be. 

6 ALBERT ETTINGER: Okay. Well, are 

7 you aware of a pH reading of 3.3 in October of 

8 2018? Was that recorded properly? 

9 MS. WARD: I cannot recall off the 

10 top of my head. I am not saying that all of the 

11 numbers were recorded incorrectly. The majority 

12 of the numbers were. 

13 ALBERT ETTINGER: The majority of the 

14 numbers were recorded incorrectly by the Agency 

15 or by the company? 

16 MS. WARD: They were taking into 

17 consideration the wrong units. 

18 

19 

20 

ALBERT ETTINGER: Who was? 

MS. WARD: The Agency was. 

ALBERT ETTINGER: Okay. I have a 

21 couple of other little questions here. One is on 

22 mercury. I'm looking, first of all, this Table 

23 2.1, is that -- what the company did, is that, in 

24 effect, the reasonable potential analysis that 
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1 was done for this permit, or did the Agency do 

2 another reasonable potential analysis? 

3 MR. TWAIT: I'm not sure what you've 

4 got there. Where did that come from? 

5 ALBERT ETTINGER: I've got Table 2.1 

6 to the antidegradation analysis that was done in 

7 2016 and was based on data between September 2016 

8 and the first of November in 2016. It's that 

9 document that they have used to include that we 

10 don't need to worry about mercury or iron or 

11 several other constituents because, in their 

12 view, these numbers did not exceed the water 

13 quality standards. 

14 MR. TWAIT: Offhand, I'm not sure 

15 that we used those numbers. I'm not positive 

16 that we were aware that they were in the 

17 document. 

18 ALBERT ETTINGER: I'm sorry? You 

19 weren't aware of the antidegradation analysis ? 

20 You didn't mean to say that, right? 

21 MR. TWAIT: No, I'm saying I didn' t 

22 know that those mercury data were in there. Let 

23 me pull it out and see. 

24 
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to ask to reduce the amount of comments outside 

of the speaker at the microphone. We are going 

beyond the scheduled time. We are doing that as 

an opportunity to provide all of you as much time 

as possible to provide comments. But if it 

continues to --

ALBERT ETTINGER: I actually -- I 

have real questions here that I would kind of 

like to get answers to. 

HEARING OFFICER: Absolutely. I 

would love for you to have that opportunity. 

MR. TWAIT: I don't see that I looked 

at that data for the anti-deg purposes. And you 

said it was in Table 2.1? 

ALBERT ETTINGER: Table 2.1 of the 

antidegradation analysis that was written by the 

company. 

MR. TWAIT: Okay. We'll take a look 

at that. 

ALBERT ETTINGER: Okay. Well, they 

used -- in order for them to conclude that 

there's no problem from mercury, they rely on 

this data which interestingly comes down to two 

point per trillion, which sounds really great, 
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1 but -- and they find there's no detects on two 

2 points per trillion. But as they note 

3 themselves, the water quality standard is half of 

4 what they measured down to. Has the agency done 

5 any work to assure that the reasonable potential 

6 for mercury has been measured down to where it 

7 would measure a violation of the mercury 

8 standards? 

9 MR. TWAIT: It's my understanding 

10 that the company is continuing to take metals 

11 data for a determination of a reasonable 

12 potential, but we have not seen that data. 

13 ALBERT ETTINGER: Wait a minute. 

14 Wait a minute. You're going to ask the public to 

15 comment on a permit when you haven't collected 

16 all of the data yet relative to the permit? 

17 MR. TWAIT: They are collecting data 

18 due to comments received in the comment period. 

19 ALBERT ETTINGER: One of my comments 

20 would be, then, that they should use clean 

21 mercury techniques in order so that they are not 

22 looking at a detection method which is well over 

23 the water quality standard. And as we are all 

24 aware, the Big Muddy River is impaired for 
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mercury, and it's black-letter law that you can't 

allow a mixing zone for a parameter in which 

there is already a violation; therefore this 

permit cannot be granted on the current record. 

Furthermore, did the Agency consider the IEPA 

sorry. Excuse me. Did the Agency use the or 

consider the USEPA technical support document in 

1991 which is used in order to calculate a 

reasonable potential according to guidance from 

USEPA? 

MR. TWAIT: We are aware of that 

document, and the mine is collecting additional 

data so we can use it correctly. 

ALBERT ETTINGER: Okay. So we have 

six data points here. As you're aware under the 

technical support document that asks for a 

minimum of ten, so you're collecting more data at 

this point. Is that what we're hearing? 

MR. TWAIT: That is my understanding. 

ALBERT ETTINGER: Okay. I think 

those are all the -- oh, I have one more 

question, and this is really fascinating and 

could be interesting across the state. They're 

going to use conductivity probes in order to 
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determine the chloride level. Doesn't chloride 

as a percentage of conductivity vary under 

various conditions? 

MR. TWAIT: It is something to -­

that they can develop a concentration curve on, 

but, yes, it will have some variation. 

ALBERT ETTINGER: But it hasn't been 

developed yet? 

MR. TWAIT: The curve has not. 

ALBERT ETTINGER: So we don't know 

what chloride is going to come out based on your 

conductivity readings currently, but you're going 

to develop that in the future? 

MR. TWAIT: Yes. 

ALBERT ETTINGER: Or rather the 

company is going to develop that in the future? 

MR. TWAIT: Yes, and then we're going 

to look at it. 

HEARING OFFICER: Next up to the 

microphone, Ann Wheeler. Ann Wheeler, are you 

still with us tonight? Amelia Robinson? 

UNIDENTIFIED SPEAKER: She's gone. 

HEARING OFFICER: Kay Rippelmeyer? 

UNIDENTIFIED SPEAKER: Gone. 

-
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1 HEARING OFFICER: Karl Fraley? Karl 

2 Fraley up to the microphone. Before you start, 

3 Karl, let me call out a few other names and see 

4 who we still have with us tonight. Mark 

5 Malkovich? 

6 

7 

MARK MALKOVICH: Here. 

HEARING OFFICER: Excellent. You 

8 will follow Mr. Fraley. 

9 KARL FRALEY: My name is Karl with a 

10 K, K-A-R-L, Fraley, F-R-A-L-E-Y. I'm 72 years 

11 old, and I've lived on the river all my life in 

12 Murphysboro. I've been a commercial fisherman 

13 since I was 15 years old. I am currently the 

14 president of the Southern Illinois Waterfowl 

15 Association which represents hundreds of water 

16 fowlers in the southern nine counties of 

17 Illinois. This river is the lifeblood of the 

18 region from Rend Lake to the Mississippi. The 

19 entire ecological system is being threatened by 

20 this proposal. All of the fish, waterfowl, 

21 wildlife, trees and adjoining lands will be 

22 decimated by this wastewater. The good Lord made 

23 this river for us, and I'm sure is he didn't 

24 intend for it to be turned into a sewer from many 
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coal mines. This poison water will kill fish. 

Many bald eagles nest along the 

river. They'll fly down, feed on these fish, 

take these fish back to their young in their 

nests and wipe out generations of eagles. All 

species of waterfowl use this river year-round. 

Especially in the spring they feed on the 

invertebrates in the water to get the protein to 

sustain their northward migration. Extended 

periods of high water will kill trees and ruin 

farmland. The coal mines need to build their own 

wastewater plants and not be allowed to ruin our 

beautiful river. I pray that government agencies 

will not allow this to happen. In God we trust. 

HEARING OFFICER: Mark, you'll be up 

to the microphone next, and then Dennis Conley, 

are you still with us? Okay. Mr. Conley will 

submit his comments in writing. Thank you for 

being with us tonight. Reth Dagraty (ph)? Looks 

like R-E-T-H --

UNIDENTIFIED SPEAKER: Retha 

Daugherty. 

HEARING OFFICER: Retha. Is she 

still with us? She's gone? Katie Purcell? 

-
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HEARING OFFICER: Sarah Depuy, 
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SARAH DEPUY: Yes. 

HEARING OFFICER: You're still with 

6 us? All right. You will follow Mr. Malkovich 

7 when he's completed. 

8 MARK MALKOVICH: Hello. My name is 

9 Mark Malkovich, M-A-L-K-O-V-I-C-H, and I 

10 currently own property that runs a half mile on 

11 both sides of the Big Muddy, and we use this for 

12 recreation, fishing, we swim in it, and it's a 

13 big part of our life. And today I'm going to 

14 talk about mine acid drainage, and the reason 

15 that I have a different perspective on this is I 

16 worked in the coal mines for thirteen years. And 

17 the products that are pumped out of the mine have 

18 a lot more to do than just salt, chlorine, 

19 saline. Many, many other problems, and the main 

20 one is they call it fool's gold, you know, and 

21 it's called iron pyrite. And this iron pyrite is 

22 a significant part of the acid that can break 

23 down these heavy metals, and that when I worked 

24 in the mine, I could see that they had also a lot 
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1 of things -- they would pump this water into big 

2 pits. These pits would be covered with oil and 

3 grease and no telling what else. Also now, the 

4 implement of diesel mining, that diesel fuel 

5 would again come on top of those pits, and then 

6 when they pumped that water out, it would all go 

7 to the same place. So I have an article here, 

8 and it's from the United States Environmental 

9 Protection Agency, and it talks about acid mine 

10 drainage. 

11 Acid mine drainage is currently the 

12 main pollution of surface water in the 

13 mid-Atlantic region. Acid mine drainage is 

14 caused when water flows over or through 

15 sulfur-bearing materials forming solutions of net 

16 acidity. Acid mine drainage comes mainly from 

17 abandoned coal mines and currently active mining. 

18 Acid mine drainage degrades more than 4,500 

19 stream miles in the mid-Atlantic region with a 

20 loss of aquatic life, restricts stream use for 

21 recreation, public water drinking, and industrial 

22 water uses. 

23 And they say, Well, what is mine 

24 drainage? Mine drainage is the metal-rich water 
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formed from chemical reaction between water and 

rocks containing sulfur-bearing materials. The 

runoff formed is usually acidic and frequently 

comes from areas where coal mining activities 

have exposed rocks containing pyrite, which is 

the fool's gold. And anybody that's ever worked 

in mining, it's in the coal seam itself. You see 

a lot of times they come up with these like 

little -- they call them gold dollars, and it's 

pure iron pyrite, and that is one of the main 

ingredients. 

And so it says, How does the mine 

drainage occur? Mine drainage is formed when 

pyrite, an iron sulfide, is exposed and reacts 

with air and water to form sulfuric acid and 

dissolved iron. Some or all of this iron can 

precipitate to form red, orange or yellow 

sediments in the bottom of streams containing 

mine drainage. The acid runoff further dissolves 

heavy metals such as copper, lead, mercury into 

ground and surface waters. As this here gets 

pumped into this, these minerals get absorbed 

into the water, and mercury is one of the main 

ones that has the ability to really, really 

J 

l 
I 
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poison our water system. And the rate or degree 

by which the acid mine drainage proceeds can be 

increased by the action of certain bacteria. 

Certain bacteria can also increase that action 

from the acid. 

Now, some of the problems associated 

with mine drainage are contaminate our water -­

our drinking water, and they disrupt the flow of 

reproduction of aquatic plants and animals, and 

especially like the ones that live on the bottom. 

Since I did there with the Big Muddy River that 

comes across me, we used to see mussels, 

different washboard and other flat mussels, 

almost none around anymore, but there used to be 

a lot of them. So that affects it quite a lot. 

Also its corroding effects of acid on parts of 

infrastructure such as bridges and other metal 

structures. 

The results of acid drainage, acid 

mine drainage is one of the region's most serious 

water pollution problems. It is only an economic 

and ecological concern to the states -- it's not 

only a ecologic concern to the states, but it' s 

also an economic concern as well. 

j 

i 
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A region impacted by mine acid 

drainage often has a decline in valued 

recreational fish species such as trout and other 

-- we don't have trout here, but also the 

catfish. The predatory fish can eat the smaller 

fish and get this concentration of mercury. And 

then as we catch the fish and we eat them, we're 

eating that mercury in a concentrated form. 

Because over the years they eat all of those 

little fish, that mercury stays with that 

predatory fish. And so as they eat those fish, 

we in turn get that. 

A regional impact by acid 

mining [sic] often has a decline in the value of 

recreational fish species as well as a general 

decline in outdoor recreation and tourism along 

with contamination of groundwater drinking 

supplies. 

And I see, you know, people need a 

job. But every mine that I've worked at is gone. 

It's gone, and they left a huge, huge mess, and 

the EPA had to come in -- it took many, many 

years -- to do reclamation, cover up the old gob 

piles, and this is something that's going to 

I 
11 

I 

I 

I 

I 
I 

www.alaris.us 
ALARIS LITIGATION SERVICES 

Phone: 1.800.280.3376 Fax: 314.644.1334 



R02745

E-

PUBLIC HEARING 12/18/2019 

Page150 

1 happen to this mine over here one day. It's 

2 going to happen. It happens to all of them. And 

3 so that in order to -- you know, this problem 

4 with pollution is a long, long-term problem 

5 whereas problem with employment is a short-term 

6 problem. We have to think about the future, so I 

7 thank you very much. 

8 HEARING OFFICER: Sarah, your turn to 

9 the microphone. So we have under 15 minutes left 

10 before we're going to have to close the record, 

11 so I ask all remaining speakers to just keep that 

12 in mind of your fellow residents who would still 

13 like an opportunity to speak. However, you will 

14 still -- anybody up to the microphone in the 

15 remaining time will have the allotted time as 

16 anybody else, and then we'll just have just maybe 

17 about a 30-second wrap up at the e nd before we 

18 adjourn for the evening. 

19 So, Sarah, you' l l be up to the 

20 microphone. And then following Sarah, Roberta. 

21 Would you still like to provide comments tonight? 

22 Okay. You'll be after Sarah. Sarah? 

23 SARAH DePUY: Okay. My name is Sarah 

24 DePuy, D-E, capital P-U-Y, and I just have a few 
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quick questions, actual questions. Just a point 

of clarity, a lot of the information from the 

IEPA about the data that they looked at when 

making this decision, it seems like what I heard 

5 is that a lot of data is being compiled by the 

6 mining corporation itself, and I'm just wondering 

7 is there additional data that the IEPA has found 

8 on its own or with other third parties in regard 

9 to the watershed analysis or water, things like 

10 that, or is most of the data around this decision 

11 coming from the mine and what they've collected 

12 so far and continue to collect? 

13 MR. TWAIT: The Agency collects 

14 stream data and goes out and does biological 

15 surveys. IDNR does some mussel surface -- or not 

16 IDNR. 

17 

18 

UNIDENTIFIED SPEAKER: INHS. 

MR. TWAIT: Thank you. INHS does the 

19 mussel surveys. And but most of t he data, if not 

20 all of the data, of the effluent is coming from 

21 the facility. 

22 SARAH DePUY: Okay. And does the 

23 IEPA have any plans to conduct its own ana l ysis 

24 like as -- like as the effluent comes out and 

I 
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tests further on is its regular practice. Is 

that going to be something that the IEPA will 

include as a point in future documents? 
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MS. WARD: We are collecting the 

samples during our field inspections. And also 

IDNR collects the samples during the inspections. 

SARAH DePUY: Okay. And, I mean, is 

there any plans for after to do like monitor it 

through IEPA, or is it simply through the 

monitoring from the coal mine? Like the 

monitoring that the coal mine will be doing, will 

that be the only monitoring that the IEPA has 

access to is that? 

MS. WARD: The coal mine will 

continuously monitor the discharges, but we can 

go any day and take our own samples. 

SARAH DePUY: Okay. And then my 

final question is on the data that the 

instruments will be collecting, will this data 

which I assume that the coal mine will have first 

access to, obviously, will this data be availa ble 

to the public in some form? And if something 

happens to the instruments, will the public b e 

! 
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alerted? Just, basically, who has access to the 

data? 

MS. WARD: I understand your 

concerns. Well, if anything is going to go 

wrong, the pipeline's not going to be able to 

discharge. And the downstream measurement at the 

very edge of the mixing zone is going to be 

reported daily on the DMRs to the agency. 

SARAH DePUY: So just will the public 

have access through the IEPA? Like will there 

be --

MS. WARD: The public has the access 

to see the DMRs on the ECHO. 

SARAH DePUY: Okay. Thank you. 

HEARING OFFICER: Roberta, and then 

is Thomas Grant still here with us? Would you 

still like to provide comment, Mr. Grant? Okay. 

You'll follow Roberta. 

ROBERTA DePUY: Rober t a Deason DePu y, 

D-E-P-U-Y, and the Deasons have b e en in southern 

Illinois since 1835 and so on. I speak to you as 

a person who consumes water. I live in Marion. 

I'm married to a retired federal hydrologist soil 

scientist, 37 years experience. I concur with 
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the concerns that the monitoring data is 

submitted by the for-profit agency that wants to 

do -- that benefits of the permit -- I'm sorry -­

because I never saw that happen before, at least 

at the federal level for EPA. I'm greatly 

concerned. 

I also, as I speak about water, you 

know, the watershed is extensive. We've talked 

about the tributaries that creates the wetlands. 

They are a sponge. And our drinking water in 

southern Illinois was created in the 1940's and 

'50s by our lake construction from the rivers. 

Crab Orchard Lake is -- it has the Wildlife 

Refuge. All of these things were created to 

provide our drinking water, and the wetlands is 

soaking everything up. So my one question is 

what is the date of the last watershed analys i s , 

and how extensive is it that you have used and 

its impact on the water source for drinking water 

for southern Illinois? 

MR. TWAIT: The Big Muddy River is 

not used as a water source for any --

ROBERTA DePUY: But it's part of t he 

watershed. It is the watershed. All of the 

I, 
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1 creeks -- Google a map. It's the watershed. 

2 This is how all of this was created. The lakes 

3 came from the creeks from the rivers. The Big 

4 Muddy is a tributary of the Mississippi, but it 

5 also goes into all of the creeks. You follow it 

6 on a map. You look at the wetlands on I-57 as 

7 you drive by even. It's a watershed. So what's 

8 the date of the latest watershed analysis that 

9 you're considering for this? They were started 

10 in the 1980's in government, you know, the United 

11 States. 

12 

13 

MR. TWAIT: We do a basin survey. I 

believe it's on a five-year cycle. I'm 

14 definitely not an expert on when was the last 

15 time that we did that basin assessment. 

16 

17 for any --

18 

ROBERTA DePUY: And they're not used 

MR. TWAIT: We can address that in 

19 the responses somewhere. 

20 ROBERTA DePUY: -- other agency's 

21 information? 

22 

23 

24 

MR. TWAIT: Yes, but I can't tell you 

the last time they were out there. 

ROBERTA DePUY: Because usually as 
J 

I 
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1 EPA statements come up, they dovetail with all 

2 kinds of, you know, agencies like US Geological's 

3 been mentioned, the Clean Water Act has been 

4 mentioned. But there's information out there, 

5 and I'm just wondering how much consideration and 

6 scientific input are you, not the mine company, 

7 and how current is it, because this is our 

8 drinking water. So I'm just speaking as a 

9 citizen in opposition to this permit, because the 

10 people here drink the water, and it is in our 

11 watershed. Any other response to how you're 

12 considering the impact into the water shed? Look 

13 at the history of how our lakes were created. 

14 They're from the rivers and the creeks, so --

15 MR. TWAIT: Yeah, we use the 2016 

16 integrated report for our assessments. 

17 

18 

19 

20 

21 

ROBERTA DePUY: From --

MR. TWAIT: From Illinois EPA. 

ROBERTA DePUY: And --

MR. TWAIT: And IDNR and 

ROBERTA DePUY: And how extensive is 

22 it? How far off does it go? 

23 MS. DIERS: We don't have anyone on 

24 the panel right now that works in that. We will 
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1 definitely answer in the responsiveness summary. 

2 He's just not the right person. I apologize, but 

3 we will definitely respond to that. 

4 ROBERTA DePUY: Okay. I mean, it's a 

5 real question. I mean, and my husband did 

6 watershed analysis. He had to quantify rocks, 

7 you know, how many trees were hanging over for 

8 temperature for the fish before any kind of like 

9 road construction began for a private company or 

10 any private company wanted to use something that 

11 impacted the public. So it's a valid question. 

12 MS. DIERS: Absolutely. 

13 ROBERTA DePUY: I appreciate -- and, 

14 again, as a citizen, I am in opposition to this, 

15 because it's our water. Thank you. 

16 HEARING OFFICER: Mr. Grant, if you 

17 could come to the microphone, you may be our las t 

18 speaker this evening. We'll see where we are o n 

19 time when you finish. 

20 THOMAS GRANT: First o f all, thank 

21 you for coming out and listening t o us and our 

22 concerns. I appreciate your time. I'm a citi ze n 

23 of Carbondale, Illinois. I've bee n watching this 

24 for a while, and I'm glad we're h a ving this 
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hearing. I just want to be on the record as 

being adamantly opposed to this permit. A couple 

of things. The -- and I used to work for the 

City of Carbondale, and I used to have the 

ability to issue a NPDES permit. I didn't have 

to deal with waterways, so I feel for you people. 

But the very name of it, National Pollution 

Discharge Elimination System, is problematic. 

We're not eliminating. We're taking it down to 

what we believe is a safe level, but we're not 

eliminating. I think you have the ability and 

authority -- and I might be wrong, but we can ask 

the lawyer from the Sierra Club or this lawyer -­

to actually require that the mine company treat 

the water on site, extract the problem chemicals 

and the heavy metals before it is even discharged 

into the stream and can go into the stream at a 

cleaner level than the stream itself, which is 

how wastewater treatment plants are treated in 

this state, including every small town and city 

that has one in this state. So I believe you 

have that authority, and I thank you for your 

time. 

HEARING OFFICER: Thank you, 
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Mr. Grant. Christina Krost, are you still here? 

Christina, you'll come to the microphone and, 

unfortunately, I apologize to the remainder of 

those in the audience who put in your names to 

provide comment tonight. Unfortunately, we are 

out of time. If you please stick around for 

following Ms. Krost's comments, I'll give 

additional information as to how you can ensure 

that your comments are entered into the record. 

CHRISTINA KROST: Thank you for 

staying. We appreciate it. My name is Christina 

Krost, K-R-O-S-T, spelled with a C-H, C-H 

Christina. I'm the Southern Illinois Outreach 

Coordinator for Faith in Place, an interfaith 

creation care and environmental justice 

organization. I live here in Harrisburg, and I 

do outreach and organizing all over southern 

Illinois. I am a person of faith, I am a mother, 

and I am a concerned citizen. 

Thank you for holding this hearing 

tonight, and I appreciate the chance to explain 

why I'm opposed to the approval of the Pond Creek 

Mine permit, because I feel the activities at the 

mine threaten human health and the environment 
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Water is life. Without it, we cannot 

survive. This truth echoes through the 

generations and across all faiths and cultural 

backgrounds. People have also long known that 

everyone is downstream or downwind of someone, so 

it is important to steward the land, air and 

water where you live so you do not adversely 

affect your neighbors. 

This permit includes a 12.5-mile 

pipeline for discharge of millions of gallons of 

high chloride and sulfate water to dump directly 

into the Big Muddy River. As a parent and 

concerned citizen, I did research about the 

public health impacts of chloride and sulfates in 

water. It turns out these pollutants can cause 

gastrointestinal tract problems such as diarrhea, 

nausea, inflammatory bowel disease and consequent 

dehydration from these conditions, and it's a 

threat to public health. 

I also learned that chloride can 

increase the corrosivity of water and reacts with 

metal ions increasing levels of metals in 
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drinking water. I am acutely aware of the 

dangers of heavy metal poisoning as I grew up not 

far from Flint, Michigan. But we don't have to 

go very far to see the effects of this in 

Illinois. In 2016, one in five Chicago homes 

tested had high levels of lead even after running 

the water for 3 to 5 minutes before using the 

water. What we've learned from Flint is that 

when the public is kept in the dark about these 

issues like this mine permit, terrible things can 

happen and then be covered up. 

My research also led to a better 

understanding of how water travels from the Big 

Muddy River. The Big Muddy basin includes 

Kinkaid Lake, Rend Lake, Crab Orchard Lake, 

Devil's Kitchen Lake, Little Grassy Lake, and 

Cedar Lake. Of particular concern to me is 

Little Grassy Lake. 

My husband is a United Methodist 

pastor, and my family has been attending camp at 

Little Grassy United Methodist Camp for many 

years. To learn that this mine discharge could 

affect my family's beloved camp was deeply 

concerning. I've watched countless families and 

-
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1 young adults deepen their spiritual relationship 

2 with their creator through their time at Little 

3 Grassy. That place changes lives. I cannot 

4 stand by and let this place be harmed because of 

5 a company's pursuit of profit at the expense of a 

6 beautiful natural resource. 

7 As a mother and a person of faith, I 

8 must speak out about potential harm to my 

9 children and my neighbor's children. As a 

10 southern Illinois resident, I must ask you to 

11 consider the impact of this mine discharge on our 

12 shared land, air and water and the people and the 

13 wildlife that are sustained by it. As an 

14 environmental justice advocate, I urge you to 

15 assure that communities are not abandoned by 

16 polluters who refuse responsibility for their 

17 pollution should a disaster occur or a bankruptcy 

18 occur. Please consider cumulative impacts of 

19 pollution on vulnerable communities and on the 

20 plants and animals that call the Big Muddy River 

21 their home. 

22 You have a chance to assure safe 

23 drinking water for my children and your children 

24 and the next generation to come. Please do not 
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1 approve this permit. Thank you for hosting this 

2 hearing. 

3 HEARING OFFICER: We are out of time 

4 for this evening. If you did not get a chance to 

5 speak, please submit your comments to the Agency 

6 in writing as directed in the public notice. 

7 There are copies of the public notice at the 

8 registration desk if you don't have one; 

9 otherwise, you can find it on our web page. Any 

10 written comments submitted will be included in 

11 the record and reviewed by the Agency as the 

12 responsive summary is prepared. As we bring this 

13 hearing to a close, I need to remind everyone 

14 that the record in this matter closes on 

15 January 17, 2020. You can send any comments to 

16 the attention of Barb Lieberoff as noticed in the 

17 public notice or the website as provided in the 

18 public notice. The repository of documents for 

19 the permitting action is available at Illinois 

20 EPA's office. There are other additional 

21 documents that have been referenced here tonight 

22 as being recently received by the company. You 

23 can obtain those through a FOIA request to the 

24 Illinois EPA. That can be done through our 

I 
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website. You can also contact the Agency if you 

need help in crafting your request. I know 

someone referenced tonight that one request was 

denied, and a second request was worded 

differently and you received responsive 

documents. If you're concerned about receiving 

the documents that you're seeking, please feel 

free to contact the Agency, and we will do what 

we can to help you craft a query so you can be 

provided those documents as quickly as possible 

in order to help you develop any additional 

comments or questions that you may have regarding 

the draft permit. 

Thank you for your participation and 

your cooperation tonight. The time is 9:34 p.m., 

and this public hearing is adjourned. 

* * * * * * 

-
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1 STATE OF ILLINOIS 

2 COUNTY OF FRANKLIN 
ss 

3 

4 

5 

6 

REPORTER'S CERTIFICATE 

I, Lori A. Rogers, do hereby certify: 

That the said proceeding was taken 
7 before me at the said time and place and was 

taken down in shorthand writing by me; 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

That I am a Certified Shorthand Reporter 
of the State of Illinois, that the said 
proceeding was thereafter under my direction 
transcribed into computer-assisted transcription, 
and that the foregoing transcript constitutes a 
full, true, and correct report to the best of my 
ability of the proceedings which then and there 
took place. 

IN WITNESS WHEREOF, I have hereunto 
subscribed my hand this 6th day_,,.of J nuary, 2020. 

., 
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