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EXECUTIVE SUMMARY

A diffuser performance study was conducted on October 25, 2005 for the new
multiport diffuser installed for Noveon, Inc. The average river flow during the study was
4,155 cfs, which is below the harmonic mean standard of 9,870 cfs. A GPS unit was
utilized with a fluorometer to measure the dye plume in real time. Additionally,
stationary locations were measured within the dye plume.

The water quality standard for total dissolved solids and the acute standard for
total ammonia were met in less than 20 feet from the diffuser. -The chronic standard for
ammonia was projected to be met at less than 300 feet from the diffuser. The flux
average dispersion at 553 feet downstream from the diffuser was 239.2:1. The flux
average dispersion at 1,000 feet downstream from the diffuser was 299.9:1. The plume
achieved full vertical mixing within 90 feet from the diffuser. No significant
restratification due to total dissolved solids (negative buoyancy) or temperature (positive
buoyancy) was encountered. A plan view of the plume in the River is presented in Figure

E-1.

The diffuser is performing as it was designed. All water quality standards are met
at less than 300 feet from the diffuser under the maximum ammonia discharge limit. The
mixing zone is very narrow. The flux average plume width ranged from approximately
10 feet at the diffuser to 54 feet at 273 feet downstream from the diffuser.

A comparison between the measured dispersion and the CORMIX predicted

dispersion is presented in Table E-1. The flux average dispersions and the flux average
plume widths measured during the October field study are presented in Table E-2.

TABLE E-1. CORMIX COMPARISON

DISTANCE CORMIX AVERAGE FAD MEASUREMENT
DOWNSTREAM | PREDICTED DISPERSION
DISPERSION | ACROSS PLUME | IN WATER COLUMN]
(ft) &) C:1) D
20 39.7 66.0
30 45.2
37 39.8 53.3
78 52.2
92 479 47.9
102 55.1
553 151.5 151.5
558 146.2
1087 430.9
1090 299.9 299.9




TABLE E-2. FAD

TRANSECT DISTANCE FAD AVG
DOWNSTREAM | WIDTH | FAD
() | )
Statiopary 20 - 39.8
Stationary 37 - 39.9
Lat 3 60 52
Stationary 92 - 47.1
Lat 4 97 -
Lat 5 151 48
Lat 6 193 -
Lat 7 273 54
Lat 8 354 66
Lat9 463 70
Lat 10 508 54
Stationary 553 239
Lat 11 658 70
Lat 2 1,058 -
Stationary 1090 577
Statiopary 1094 415
Stationary ~1,090 300
Lat ] 1,146 112

Vil
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SECTION 1

INTRODUCTION

Noveon, Inc. (Noveon) has recently installed a multiport diffuser to discharge its
treated effluent into the Ilinois River. Historically, Noveon discharged their effluent
through a single port diffuser located approximately 38 feet offshore at a water surface
elevation of 442 feet above the National Geodetic Vertical Datum of 1929 (ft NGVD
1929).

The ILlinois Pollution Control Board (IPCB) granted Noveon an Adjusted
Ammonia Standard on November 4, 2004 and also ruled that Noveon is providing the
Best Degree of Treatment, which would allow them to apply for a mixing zone under the
Llinois Environmental Protection Agency (IEPA). The [EPA subsequently granted
Noveon a mixing zone. In order to meet the requirements of the Adjusted Ammonia
standard set by the IPCB and the mixing zone requirements, Noveon installed a multiport
diffuser.

SITE LOCATION

Noveon owns and operates a manufacturing facility located in Henry, lllinois, as
presented in Figures 1-1 and 1-2, which produces specialty chemicals for the rubber
industry. This location employs approximately 120 people. In addition to the Noveon
manufacturing facilities, PolyOne operates a PVC manufacturing facility at the site.
Process wastewaters from both plants are treated in the on-site industrial wastewater
treatment systems, and the effluent is discharged to the Illinois River at approximately
Illinois River mile (IRM) 198. PolyOne operates a pretreatrent system that pretreats
some of its wastewater prior to sending it to Noveon’s treatment facility. Noveon owns
and manages the treatment facilities, including pretreatment and equalization at the site.
The City of Henry Publicly Owned Treatment Works (POTW) discharges its treated
effluent to the Noveon river control structure, where it mixes with Noveon’s treated
effluent prior to being discharged to the multiport diffuser. Prior to the installation of the
multiport diffuser, both effluents were discharged through a single port diffuser. The

1-1
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single port diffuser was retained as an emergency overflow in order to handle excessive
stormwater flow from both the City of Henry POTW discharge and the Noveon
discharge.

RIVER DESCRIPTION

The Illinois River is formed at the junction of the Kankakee and Des Plaines
Rivers near Joliet, Illinois and runs 273 miles west, southwest and south to the
Mississippi River near Grafton, Illinois, a few miles upstream from St. Lows. The
Noveon plant site is located on the right edge of water (REW - when looking
downstream) between JRM 198 and 199, as shown previously in Figure 1-2,

The Hlinois River at Henry, lllinois has a drainage area of approximately 13,543
square miles. The United States Geological Survey (USGS) has operated a gaging station
at Henry since October 1981. The gage is located on the U.S. Highway 18 Bridge,
downstream from the Noveon plant site. The harmonic mean flow has been provided by
the IEPA as 9,870 cfs (Mosher, 2005).

Background Conditions
AquAeTer previously reported (AquAeTer, 1994) the temperature and ammonia

based on the nearest upstream gage, which is at Hennepin. Temperature values were split
into two seasons, ranked, and the 75-percentile ranked value was chosen. The summer
and winter temperature values selected are 26 °C and 6.5 °C, respectively. Likewise,
total ammonia was ranked seasonally, and the long term average (LTA) computed as a
mathematical average of the data points, The summer and winter background total

ammonia concentrations are 0.297 mg/L and 0.8 mg/L, respectively.

AquAeTer also reported on the appropriate pH to use as a background
(AquAeTer, 1994). The value that was reported was 7.77 standard units (S.U.) for the
summer time period and 7.63 S.U. for the winter time period.

AquAeTer collected two background samples for total dissolved solids (TDS)

analysis. One sample was collected during the previous study in December 2004 and the
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second was collected during this study on October 25, 2005. A concentration of 420
milligrams per liter (mg/L) was measured in December 2004. A concentration of 480
mg/L was measured in October 2005.

DIFFUSER DESCRIPTION

The diffuser i3 21 feet in length and has six ports spaced 3.0 feet apart. The
diffuser was designed to allow more future growth by either of the dischargers.
Currently, four ports are open and two ports are closed. The length of the diffuser that is
currently in operation is 15 feet. The port inside diameter is 3.0 inches for each port and
the ports are at a 45° angle to the horizontal. The number of ports and port diameters
were sized to give a velocity of close to 10 feet per second (ft/sec) exit velocity at an
effluent flow rate of 1.3 million gallons per day (mgd). The overflow, which flows
through the single port diffuser, is designed so that the maximum velocity out of the
multiport diffuser is 18 ft/sec. This velocity is equivalent to a discharge flow rate of 2.28
mgd.

During the diffuser performance study, the daily effluent flow rate from the
POTW averaged 263 gallons per minute (gpm), or 0.379 mgd, and the daily average flow
rate from Noveon was 635.9 gpm, or 0.916 mgd. The combined effluent flow rate was
898.9 gpm, or 1.29 mgd. At the time of the study, a small amount of splash over from the
POTW’s discharge was flowing through the overflow to the single port diffuser. The
flow that was diverted was visually estimated at 3 to 5 gpm. The splash over problem has
since been eliminated, so that all of the flow from the POTW flows through the multiport
diffuser during normal conditions. The first open port is approximately 125 ft offshore
(from REW) and the last port is at about 140 ft offshore. The diffuser is anchored to the
bottom and the bottom of the header pipe is approximately 1 ft above the bottom. The
end of each port is approximately 2 ft 8 inches from the river bed, depending on the

variability in the river bed,



WATER QUALITY STANDARDS

Total Dissolved Solids Standard

Noveon’s effluent must meet standards for TDS. The standard for TDS can be
found in Mlinois Administrative Code (IAC) Title 35, Subtitle C, Chapter II, Part 302,
Section 302.208. The standard required at the edge of the mixing zone for TDS is 1,000
mg/L. A 24-hour composite of Noveon’s effluent was collected by Noveon’s employees
as part of their normal sample routine and sent to PDC Laboratories to be analyzed. The
concentration of the TDS in the effluent for October 25, 2005 was measured as 5,200

mg/L.

Total Ammonia Standards

The standards for total ammonia can be found in Section 302.212 in the same part
listed for TDS. Total ammonia concentrations must not exceed 15 mg/L. at any time
outside of the zone of initial dilution (ZID). In addition to this requirement, there are
acute and chronic standards that must also be met.

The acute standard is the concentration that must be met at the edge of the ZID.
The acute standard is independent of temperature or time of year. The acute standard
(AS) can be calculated using the following equation:

0.411 584

AS= 141072047 M 1410787204

1

The acute standard that must be met is based on the background pH value
reported above of 7.77. The acute standard is then calculated by plugging a pH of 7.77

into Equation 1.

0.411 58.4
= 110727 + [+ 107777364
_ 0411 584
1+0.272 1+3.681
AS =0323+12.476

AS =1280mg/L




The chronic standard (CS) is the concentration that must be met at the edge of the
mixing zone. The chronic standard is dependent on the time of the year and on the
temperature. The IAC defines the Early Life Stage Present as occurring from March
through October. All other times are defined as Early Life Stage Absent. However, if
early life stages are present at times outside of the March through October time period,
the more stringent standard of Early Life Stage Present is applicable. There are two
equations for calculating the chronic standard for the Early Life Stage Present period.

They are as follows:

For conditions when the water temperature is less than or equal to 14.51 °C:

0.0577 2.487
CS = + *2.85 p)
{1+107-°“'P” 1+10F""7m} @

For conditions when water temperature i8 above 14.51 °C:

_{ 00577 2487 ol senin00aGst)
C:IS'~{1+107-‘3“‘P’=’ +1+10pH-7.688} (1-45 10 ) 3)

The summer temperature is 26 °C and the pH is 7.77 S.U. The chronic standard
for the early life stage present is then calculated by plugging these values into Equation 3

as presented below:

0.0577 2.487 N
= {l+]07 s 1+107.77-7.6u}. (1-45*10 ¢ ))
cs ={ 00577, 2487 .4 450 gag)

110573 " 1+1208
CS = {0 029 +1.126}* (1.360)
CS=15Tmg/L
DISPERSION REQUIRED

A more detailed description of mixing zone theory is provided in Appendix 1.
The amount of dispersion required is dependent upon the standard that is required. The
dispersion for all standards can be calculated using the following equation:



(S=1*Chipey +(1)* Cogpiems = (8)* Croa “)

where: S = dispersion required (__ :1, dimensionless);
Criver = background concentration in river (mg/L, or mass/volume);
Cemvent = effluent concentration (mg/L, or mass/volume); and
Crotal = desired concentration (mg/L, or mass/volume).

By solving for S, and rearranging, Equation 4 becomes:

~-C.
S = Ceﬂlum river (5)
CTolal - Cn'vsr

By plugging in the TDS values given above into Equation 5, the dispersion can be
calculated as:

(8 -1)* 480 +{1)* 5,200 = (§)*1,000
§=81
.. Dispersionof 8.1:1

Achieving a dispersion of 9:1 in the mixing zone will meet the standard for TDS
of 1,000 mg/L.

The total ammonia concentration from the Noveon Plant is 155 mg/L at a flow of
1 mgd. The total ammonia concentration from the City of Henry POTW is estimated at
30 mg/L at a flow of 0.3 mgd. The total ammonia concentration in the combined effluent
can be calculated using the following equation:

Onovean * Covean + Cromw *Cromw = Onovean + Crorw )* Croa (6)

Inserting the values given above and rearranging Equation 6 to solve for Creg

gives the following:

1*155+0.3*30
1+0.3
Crow =126 ppm

CI‘o/aI =

The dispersion required for the total ammonia acute standard is calculated by

inserting the values into Equation 5.

1-8



(S -1)*0.297+(1)*126 = (S)*12.80
$=10.1
.. Dispersionof10.1:1

Achieving a dispersion of 11:1 in the ZID will meet the acute standard of 12.8
mg/L.

The dispersion required for the total ammonia chronic standard is calculated by
inserting the values into Equation 5. '

(5 -1)*0297 +(1)* 126 = (S)*1.57
§=987
.. Dispersionof 98.7 : 1

Achieving a dispersion of 99:1 in the total mixing zone will meet the chronic
standard of 1.57 mg/L for that pH.

STUDY OBJECTIVE

Several discharge designs (single-port diffuser and multiport diffuser) were
previously investigated to determine the best engineering technology for dispersion of the
combined effluent into the Illinois River. Ambient River characteristics, including flow
analyses, bathymetry, water velocities, and background and effluent densities, were
gathered during a field study conducted in December 2004. Following the completion of
the field work and the subsequent predictive modeling efforts, a Joint Application Permit
was submitted to the United States Army Corps of Engineers (USACE), the IEPA, and
the Illinois Department of Natural Resources (IDNR). A copy of the permit is provided
in Appendix 2. AquAeTer, Inc. (AquAeTer) provided the conceptual diffuser design to
Hormer & Shifrin, Inc. (Homer & Shifrin), located in St. Louis, Missouri. Homer &
Shifrin desigped the diffuser and Massman Construction Company (Massman), located in
St. Louis, Missouri, installed the multiport diffuser. The new discharge structure was
commissioned in October 2005, and treated effluents were discharged directly to the
Ilinois River through the new multiport diffuser at that time.



AquAeTer of Brentwood, Tennessee, was contracted to delineate the
effluent/River mixing zone downstream from the diffuser during a condition at or below
harmonic mean River flow, and thereby evaluate the performance of the diffuser. The
harmonic mean flow for the Illinois River at the USGS Henry gage (#05558300) is 9,870
cfs (Mosher, 2005). The specific objectives of the present study were to: 1) define the in-
stream location of the discharge plume center line; and 2) measure the degree of vertical
and lateral effluent dispersion in the Illinois River. The study objectives were
accomplished by injecting a fluorescent dye into the effluent, and subsequently
deterraining dye concentrations in the Ulinois River mixing zone area. The degree of dye
concentration reduction in the River provided a direct measure of diffuser and ambient

River dispersive forces.
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SECTION 2

STUDY METHODOLOGY

STUDY PERIOD AND AREA

The IEPA requires that a dye dispersion study be performed when River flow is
at, or below, the harmonic mean flow. Acceptable flow conditions for the study were
defined by the IEPA as 9,870 cfs or less for the fllinois River at Henry, Illinois. The
USGS has reported the average flow for the month of October as 9,144 cfs, based on 23
years of record. The flows on the river were monitored for two weeks prior to the study
and the study was scheduled for the week of October 24, 2005. The dye dispersion study
was conducted from 0714 hrs to 1549 hrs on October 25, 2005 and the average flow
during this time was 4,155 cfs, with a range from 3,120 cfs to 5,600 cfs.

Background dye readings were measured approximately 30 feet upstream from
the diffuser. A Global positioning satellite (GPS) device was utilized to record the
position of all measurements made. Following this, eleven lateral transects were made
that ranged from 60 feet downstream to approximately 1,000 feet downstream from the
diffuser, as shown in Figure 2-1. Additionally, seven runs were made longitudinally, as
shown in Figure 2-2. All points were recorded with a dye concentration and position

coordinates.

FIELD PROCEDURES

Dye Injection
During the study period, a 2x10° pg/L Rhodamine WT dye solution (20%

solution) was continuously injected into the Noveon effluent at the final practical access
point (after Noveon’s Outfall 001 weir, prior to flowing into the pipe to the river control
structure). The effluent travels approximately 1,300 feet through the pipeline prior to
flowing into the river control structure, where it is joined by the POTW’s effluent prior to
flowing out to the diffuser for discharge into the Illinois River, resulting in complete

mixing of the dye with the effluents. The dye was pumped into the effluent with a
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Masterflex console drive 6-600 revolutions per minute (rpm) peristaltic pump. The dye
injection was initially begun at 0528 hrs, but was turned off following equipment
problems with the GPS unit on the boat. The computer was utilized to interface with the
GPS unit to get a usable output, which fixed the equipment problem. The dye was
restarted at 0713 hrs. The dye was turned off at (532 hrs. A total of 11 pounds of
Rhodamine WT dye was pumped through the diffuser during the study at a flow rate of
10 mL/min. The dye pump rate was calibrated by determining the flow following one
minute of pumping. The pump rate was calibrated at AquAeTer’s office in Brentwood,
Tennessee prior to the study, then checked following setup of the pump on Monday,
October 24, and finally it was checked at startup of the dye injection and midway through
the dye injection. The dye flow rate was computed such that a concentration at the edge
of the zone of initial dispersion would be 25 parts per billion (ppb), based on theoretical

dispersion.

Fluorometric Procedures

A Turner Designs Model 10AU Fluorometer was used with a flow-through cell.
The fluorometer was linked to the computer with a GPS receiver. The equipment set-up
is presented in Figure 2-3. Two different pumps were used depending upon the method.
An in-line centrifugal pump was utilized while motoring around the river. A submersible
pump was used at stationary locations. Fluorometer calibration curves were made prior
to the study in order to convert fluorometer readings into dye concentrations. The
calibration data and the resultant linear relationships which correlate fluorometer reading

with dye concentration are contained in Appendix 3.

The fluorometer was blanked upstream from the diffuser. An in-line centrifugal
pump was used to pump water from approximately 1 foot below the water surface. While
the pump was in operation, the boat was driven across the river in lateral transects and up
and down the river in longitudinal runs. While motoring the boat, the computer recorded
GPS position and fluorometer reading approximately each second, although the output
from the fluorometer is an inteprated 3 second interval (i.e., average of previous 3

seconds). A total of 11 lateral transects and 7 longitudinal runs were completed.

2-4



£ < )
- 150 ‘T N3/LIIFOUd |

- ONMT “ANNEH :NOLLYY

— DN NOBAON *LNAT 1y

EE w e m -
. P
7
I3)wWoIony,J = N
QUWO(T MY Y3 YHM [0 MOT[9 X 97} ST BUUUY SID .




The second method involved a spotter on-shore directing the boat via cell-phone
to the visible dye cloud Rhodamine WT is normally visible at around 20 ppb Once
anchored at the location of maximum visible concentration, & submersible pump was
lowered and fluorometer readings were made at 1 foot increments down to the depth
measured by the depth finder on the boat. Three locations were chosen based on the
visible dye plume. Two additional locations were chosen downstream based on driving
through the plume until it was located.

Water Quality Measarements

In situ water quality measurements were collected as “secondary”, or surrogate,
parameters to assist in effluent dispersion and field plume location determination. River
temperature, pH, specific conductance, and dissolved oxygen (DO) were measured at
various locations including each stationary location. A Hydrolab Quanta (Quanta) was
lowered to measure parameters at two foot increments starting at 1 foot below water
surface. The Quanta was calibrated the night before the study and again the day after the
study was completed. Specific conductance was calibrated using 1,413 pQ/cm standard
solution. The pH was calibrated using standard pH buffers of 7.0 S.U. and 10.0 S.U. DO

was calibrated using an air calibration method.

A sample of the Noveon effluent was shipped to AquAeTer’s Brentwood
laboratory for testing of compatibility of the dye with the effluent. At that time, a density
was also measured using a National Bureau of Standards (INBS) calibrated hydrometer,
While conducting the study, a river water sample was collected for a total dissolved
solids (TDS) analysis that was sent in by Noveon. The remaining water that was
collected was brought back to AquAeTer's Brentwood laboratory for a density
measurement using a NBS calibrated hydrometer. The density measurements provide an
indication of plume buoyancy; that is, whether the plume can be expected to demonstrate
negative buoyancy (sink), positive buoyancy (float), or neutral buoyancy.

Water Velocity Messurements

Water velocity measurements at various stations were made in accordance with

USGS discharge measurement techniques (Buchanan and Somers, 1969; Smoot and
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Novak, 1968), using a Scientific American Price AA Current Meter and reel mounted on
a bridge board. The mefer was suspended in the current with a 35-pound bomb
connected to the reel with a steel cable. At each station, measurements were made at 0.2,

0.6, and 0.8 total depth representing maximum, average, and minimum velocities,
respectively.
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SECTION 3

RESULTS
FLOW CONDITIONS

The Illinois River flow, as measured at the USGS gage at Henry, ranged from
3,120 cfs to 5,600 cfs during the study, with an average flow of 4,155 cfs. This flow rate
was in the acceptable range for the IEPA flow requirements of Jess than or equal to 9,870
cfs at the Henry gage for conducting the study. The average daily flows and stage at the
Henry gage prior to the study, during the study, and following the study are presented in
Table 3-1. The stage, flow, and velocity for the Henry gage that was recorded during the
study are presented in Table 3-2. The velocities measured by AquAeTer are presented in
Table 3-3. All field measurements made by AquAeTer presented in Appendik‘ﬁf-“ '

TABLE 3-1. GAGE MEASUREMENTS AT HENRY

DATE STAGE AVERAGE
(ft NGVD)* DAILY FLOW

(cfs)
Thursday, October 20, 2005 440.51 3,728
Friday, October 21, 2005 440.45 3,423
Saturday, October 22, 2005 440.31 4,196
Sunday, October 23, 2005 440,18 4,178
Monday, October 24, 2005|  440.15 4,803
Tuesday, October 25, 2005 440.20 4,665
Wednesday, October 26, 2005 440.23 3,769
Thursday, October 27, 2005 440.25 4,395

* Gage 0 = 425.88 feet above the National Geodetic Vertical Datum

of 1929 (ft NGVD)
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TABLE 3-2. GAGE MEASUREMENTS AT HENRY DURING STUDY

DATE & TIME | VELOCITY STAGE FLOW
(f/sec) (ft NGVD)* (cfs)
10/25/2005 5:00 0.573 440.20 4,690
10/25/2005 6:00 0.735 440.18 6,000
10/25/2005 7:00 0.624 440.20 5,110
10/25/2005 8:00 0.684 440.21 5,600
10/25/2005 9:00 0.684 440.22 5,600
10/25/2005 10:00 0.582 440.19 4,750
10/25/2005 11:00 0.429 440.13 3,480
10/25/2005 12:00 0.386 440.08 3,120
10/25/2005 13:00 0.429 440.08 3,470
10/25/2005 14:00 0.437 440.14 3,560
10/25/2005 15:00 0.412 440.16 3,350
10/25/2005 16:00 0.429 440.20 3,510

* Gage 0 = 425.88 feet above the National Geodetic Vertical Datum
of 1929 (R NGVD)

The daily average flow rate for Noveon was 635.9 gpm. The average flow rate
for the POTW was 262 gpm in the afternoon and 264 gpm in the moming. AquAeTer
assumed an average flow rate of 263 gpm from the POTW. The combined flow rate of
both effluents is 898.9 gpm. During the study, splashing from the POTW discharge was
spilling into the overflow. AquAeTer has estimated this flow {0 be approximately 3 to 5

gpm or negligible compared to the overall flow rate, based upon video documentation.

FIELD AND LABORATORY DATA

Dye Data

All fluorometer readings were measured and recorded in the field using a Turner
Designs Model 10AU Field Fluorometer with a flow-through cell. Fluorometer readings
were converted to ppb units based on calibration relationships developed previously in
the laboratory and based on background measurements. Calibration data and the

resulting calibration computations for the fluorometer are presented in Appendix 3.
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TABLE 3-3. VELOCITIES MEASURED ON TLLINOJS RIVER

DATR | TIME | LOCATION | INSTRUMENT | TOTAL | READ TIME | REVOLUTIONS VELOCITY
DEPTH | DEPTH | INTERVAL
(CDTM) (™ (M (aex) (couet) ec)  cmfsec)
1072512005 |_7:51 Upstream Prict A& 9.7 7.76 4425 9 0.46 14.12
1072572005 Upstream Price AA 9.7 6.8 355 10 052 15.38
10/25/2005 | 7:56 Upstream Pricc AA 97 294 42.1 1 0.5% 17.97
10/25/2005 | 8:20 DSI11A Price AA B3 7,04 4175 8 0.44 13,34
10/25/2005 DSI1A Frico AA 838 528 4131 8 0.44 13.48
107252005 DSI1A Pricec AA 8.8 176 .13 10 053 16.02
10725/2005 | 8:35 DSIIB Price AA 162 | 12.9 4166 7 0.39 1177
1072572005 DS11B Price AA 162 972 3041 7 0.4D 12,12
102572005 DSLIF Pricc A 162 324 4234 10 0.53 16.30
102572005 | B:47 DS1N( Price A/ 1.1 B.88 41.85 B 0.44 1331
10/25/2005 Pricc AA 11.] 6.66 4378 7 037 11.23
10/2572005 | 8:50 DS1]ID + Price AA 11.] 223 275 11 0.58 17.11
10/25/2008 | 9:14 DS50A Pricc AA 88 7.04 4247 16 0.84 2564
107252005 DS50A Price AA 838 5.28 42.31 N 059 17.88
101252005 DSSOA Pricc AA 88 1.76 4278 N 0.58 17.65
10252005 | 14:52 DS500 Pricc AA 1.7 536 42.13 4 023 6.92
1072572008 DS500 Price AA 11.7 7.02 £4.09 7 0.37 1116
10/25/2005 DS500 Price AA 11.7 2.34 41.19 7 0.39 11.90

Note: 0.5 of Depth measurment represents average velocity in verticgl water column



The Rhodamine WT dye was introduced into the effluent at a rate of 10 mI/min
using a Masterflex pump. Using the estimated effluent flow rate of 898.9 gpm
(~3,402,336.5 ml/min), and assuming complete mixing of the dye and effluent by the

end of the pipeline, the dye concentration is calculated as follows:

Cor*Qur +Cp. * O
C _ 2l dye Ty 7
e +dye Oup + O Q)
where:  Cemaye = dye concentration in effluent discharged to the Illinois River
(ppb)
Cexr = background dye concentration in effluent (ppb)

Cae = concentration of dye (ppb)
Qiye  =dye flow rate (mL/min)
Qr = effluent flow rate (mL/min)

c _ 0 ppb*3,402,336.5mL / min+2x10° ppb *10mL/ min
then: edre 3,402,336.5mL/min+10mL/ min

Cofeape =587 ppb

The fluorometer readings are presented in Appendix 4. The maximum and
average concentrations with depth at the stationary locations are presented in Table 3-4.
The average concentrations were calculated by averaging the concentration measured
within the plume height. The plume was mixed top to bottom by the time it had reached
92 feet, 30 the average would be across the entire vertical water column. At the first two
stations downstream from the diffuser, the plume occupied the top 5 feet and 8 feet of the
water column, respectively. Including the concentrations measured outside of the plume
artificially minimizes the average plume concentration, which in turn inflates the
dispersion achieved. The plume surfaced at approximately 20.5 feet from the diffuser.
At that location, the plume was spread from the surface to 5 feet below water surface. At
the next station downstream, 37.3 feet from the diffuser, the plume was spread from 1 to
8 feet below water surface, with some traces of the plume at 9 and 10 feet below water
surface. At 92.3 feet from the diffuser, the plume was mixed top to bottom.
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TABLE 3-4. STATIONARY LOCATION DYE MEASUREMENTS

DATE TIME DISTANCE DEPTH* DYE
FROM CONCENTRATION
DIFFUSER MAX AVERAGE
(1) ) (PPb) (ppb)
10/25/2005 13:19 20.5 2 19.77 19.73
10/25/2005 12:37 373 3 19.72 19.68
10/25/2005 14:03 92.3 1 19.74 16.37
10/25/2005 14:40 553 8 4,90 3.10
10/25/2005 15:19 1,090 8 2.84 1.29
10/25/2005 15:37 1,094 8 329 1.79 .
10/25/2005 15:49 ~1,090 9 3.81 2.48

Note: * Depth represents the depth at which the maximum dye concentration was measured.
Average is calculated by the average concentration over the plume depth, not total
water depth.

The plume was very narrow in the water column. At ope point, the AquAeTer
field crew was anchored above the diffuser, and no dye was detected at this location. At
20.5 feet from the diffuser, any movement of the boat in the current caused variation in
the fluorometer reading. When this happened, a minimum and maximum were recorded.
The maximum concentrations measured were used for all calcuations. The measurement

at 92 ft best represents the ZID concentration.

Bulk Dispersion

Steady-state conditions are assumed in river analyses. Therefore, flow, mass, or
concentration can be used in place of volume in this definition of dispersion. The mixing
that occurs in the IMZ (near-field) can be crudely estimated by a bulk dispersion analysis
of a one-second snap-shot of the system. During the one-second interval being studied,
the effluent mixes with only the volume of water that passes over the discharge with no

jet entrainment included in the calculation. Dispersion, S, is defined as:

_ total volume of the samplea

(8)

" volume of efftuent in sample
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Substituting values from the data collected into Equation 8 yields an estimate of
dispersion in the IMZ, given by the following equation:

O + Qo
§=—"——"2 9
» ©)
where:  Quv = river flow (ft*/sec, or volume/time); and
Qctr = effluent flow (f/sec, or volume/time).

The river flow in the area of the diffuser is calculated by the following equation:

Qi =Lp*D*u y (10)
where: Lp = effective length of the diffuser (ft, or distance);
D = river depth, (ft, or height); and
u = river velocity (ft/sec, or length/time).

The effective length of the diffuser is defined as the number of ports times the
port spacing plus one-half port spacing on each end. The diffuser effective length is 15
feet. The depth of the river in the area of the diffuser during the study was 11 feet. The
average velocity measured at 0.6 of depth, which the USGS defines as the average river
velocity, was 0.47 feet per second. Plugging these values into Equation 11 gives the

following:

0, =15*11%0.47
O, =77.55 cfs

The effluent flow during the study was 1.29 mgd, or 2.00 cfs. Plugging these
values into Equation 10 yields:

S= 77.55+2.00
2.00
$§=3%.78
.. Dispersion of 39.7:1

The dispersion, S, in this calculation is a theoretical maximum dispersion if the
full depth of the river is used. This analysis assumes complete mixing and ignores
entrainment of water from the side and from behind the diffuser.
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The bulk dispersion analysis presented above is an oversimplification of a quite
complex plume development and mixing process. However, it is a “back of the
envelope” method to estimate the order of magnitude of achievable dispersion. Actually,
diffuser effluent flow-induced entrainment of additional waters can typically increase
dispersion, dependent on river velocity, by 10% to 30%, or more, over the dispersion

available due to river water passing directly over the diffuser.

Flux Average Dispersion

For a more detailed explanation of dispersion, refer to Appendix 1. The flux
average dispersion is defined as the average dispersion across the plume face. This is
defined in the jet momentum zone (JMZ) as 74.81% of the maximum concentration. The

FAD for each stationary location is presented in Table 3-5.

The maximum concentration measured at the stationary locations presented
previously in Table 3-4 represent the location of minimum dispersion, as presented in
Table 3-6. The FAD is also presented. Based on the fluorometer readings measured at
the stationary locations during the study, the chronic standard of 1.57 mg/L was met
between 92 feet and 553 feet downstream. The acute standard of 12.8 mg/L was met
within 20 feet from the diffuser.

Lateral Transects

All of the lateral transects showed a well defined Gaussian plume. The lateral
transects showed good agreement with the stationary locations in the far-field. The
transects that were closer to the diffuser do not show very good agreement with the
stationary measurements, even though their plume profile looks good. The reason for
this is the way the fluorometer outputs a value. The fluorometer averages its readings
over a three second period. Because the boat is moving about 5 to 6 feet per second, this
means that anywhere from 15 to 18 feet pass over the course of one reading. At distances
farther downstream, where the plume is >100 feet wide, this error is minimized.
However, as one gets closer to the diffuser, the plume becomes narrower. At narrower
parts of the plume, the plume peak (maximum concentration) or even the plume itself can

pass through the fluorometer and be averaged out with background values or plume edge
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concentrations. Adjustments were made based on the stationary locations to the
concentrations for the latera] transects closer to the diffuser. The plume measured during

the lateral transects is shown in Figure 3-1.

The plume widths measured by the lateral transects are presented in Table 3-7.
The total plume widths are provided, as well as the flux average plume widths. A plan
view of the plume is presented in Figure 3-2. The plume dimensions are measured from
the lateral transects. The lateral transects were adjusted to account for the lag time in the
measurements. A plan view of the plume as it occurs in the river is presented in Figure

3-3.

Water Quality

The water quality measurements collected during the field study are provided in
Appendix 4. The measurements with depth showed that the river was completely mixed
from top to bottom.

TABLE 3-7. PLUME DIMENSIONS MEASURED BY LATERAL

TRANSECT| DISTANCE (PLUME| PLUME | FAD
DOWNSTREAM | WIDTH HALF-WIDTH|WIDTH
(£1) (ft) (ft) (ft)
Lat 3 * 60 95 - 52
Lat4 * 97 - 45 -
Lat 5 151 90 - 48
Lat 6 193 - 38 -
Lat 7 ** 273 161 - 54
Lat 8 354 136 - 66
Lat 9 463 131 - 70
Lat 10 508 129 - 54
Lat 11 658 181 - 70
Lat 2 1,058 - 105 -
Lat | 1,146 239 - 112

* . Acute Standards Met
** _ Chronic Standards Met
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PREDICTIVE MODELING

Initial modeling of the Noveon diffuser was based on an effluent flow rate of 1.3
mgd and an Illinois River 7Q10 low flow. The diffuser performance evaluation was
conducted when the combined effluent flow was at 898.9 gpm (1.3 mgd), and the
Mississippi River flow varied from a low of 3,120 cfs to a maximum of 5,200 cfs. The
computer models were updated to account for these conditions, and new dispersion
projections were developed. A comparison of the measured dispersions as compared to
the CORMIX predicted dispersions is presented in Table 3-9.

Overall, the CORMIX predicted dispersion is in general agreement with the
dispersion measured during the field study.

TABLE 3-8. CORMIX COMPARISON

DISTANCE CORMIX AVERAGE FAD MEASUREMENT
DOWNSTREAM| PREDICTED DISPERSION
DISPERSION| ACROSS PLUME |IN WATER COLUMN
) 1) - D 1)
20 39.7 66.0
30 45.2
37 39.8 53.3
78 52.2
92 41.9 479
102 55.1
553 151.5 151.5
558 146.2
1087 4309
1090 299.9 299.9
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APPENDIX 1

MIXING ZONE AND DISPERSION THEORY

MIXING ZONE THEORY

Regardless of how an effluent is discharged, the effluent will be mixed with the

receiving stream in several distinct hydraulic mixing zones, as illustrated in Figure Al-1.

These zones can be described as follows:

1A.

Jet Momentum or Entrainment Zone (JMZ) — mixing occurs almost
exclusively due to the energy or initial momentum of the effluent

discharge;

Restratification Zone — the plume restratisfies due to residual density

differences (seldom occurs);

Buoyant or Density Spreading Zone (BSZ) — transition zone where mixing
occurs due to regidual excess effluent energy (momentum), density
gradient between the effluent and the river, and ambient river diffusion;

and

Far-Field Zone — longitudinal, lateral, and vertical mixing due to ambient
river diffusion alone.

1. Jet Momentum Zone

In regulatory language, the JMZ is commonly referred to as the Zone of Initial
Dilution (ZID), or the zone of rapid and immediate mixing. The ZID, or IMZ, is where

the maximum reduction in effluent concentration occurs. The size of the JMZ is directly
related to the difference between the initial effluent velocity and the ambient river
velocity (in the discharge area), the geometry of the discharge structure, the initial

densimetric Froude number, and the initial density gradient between the effluent and the

river. Lee and Jirka (1980) define this near-field mixing zone as occurring within a
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distance described by them as “of order of the diffuser length” (i.e., meaning within % to
1% diffuser length) downstream from the discharge structure, for low to stagnant ambient
currents. Higher ambient velocities can extend the near-field mixing zone to distances
greater than one diffuser length.

1A.  Restratification Zone

Once the effluent plume has lost its jet momentum into the receiving stream, the
remaining density differences between the plume and the river can cause the plume to
restratisfy or form a density wedge. This can occur for strongly positively or negatively
buoyant plumes, but generally not for plumes that are essentially neutral in density
following the JMZ. The effect of restratification is to restrict the exchange of new water
with the plume through physical density gradients.

2. Buovyant Spreading Zone

Dispersion processes in the BSZ arise due to the buoyant forces caused by the
density difference of the mixed flow relative to the ambient density (Fickian diffusion).
Buoyant spreading, defined as “the horizontally transverse spreading of the mixed
effluent flow while it is being advected downstream by the ambient current” (Doneker
and Jirka, 1990), will normally not occur in the cases of weakly-buoyant or non-bucyant
plumes. The buoyant spreading region occurs between the JMZ or restratification zone
and the far-field zone, and is a difficult to define zone of transition.

3. Far-field Zone

Far-field dispersion is totally dependent upon, and driven by, ambient river
diffusion. Parameters such as river velocity, morphology, and lateral and vertical
dispersion coefficients, determine the rate and extent of ambient diffusion. Eventually,
the effluent will become completely mixed laterally and vertically across the river by the
far-field dispersive forces. The distance to total mixing with the river is uvsually
measured in miles, rather than in feet. The total regulatory mixing zone encompasses a
portion of the total far-field mixing zone. Based on this study, the Noveon regulatory
total mixing zone extends somewhere between 553 feet and 1,090 feet downstream from
the diffuser.
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ANALYTICAL APPROACHES TO MIXING ZONE THEORY PROJECTIONS
OF PLUME DISPERSION

In general, there are two broad approaches to analyzing diffuser dispersion
performance: 1) Independent Analysis of each zone, calibrating against field data, and
applying best engineering judgment, theory, and experience on a case-by-case basis; or 2)
employing an “Expert System” approach, such as CORMIX 2. The analytical processes
of both approaches are illustrated in Figures A1-2 and A1-3.

In the “Independent Analysis” approach, presented in Figure Al-2, well
established theoretical and experimental hydraulic principles are used to evaluate the
impacts on dispersion of each zone (where applicable). This approach permits
correlation of theory with “the real world,” by allowing calibration of modules to site-
specific field conditions. Essentially, if theory predicts “‘oranges,” but one observes
“apples” in the field, then allowance must be made for the impacts of field conditions on
the predictions. Models and theory are functions of idealized conditions, and cannot
account for all possible actual conditions. Calibration and interpretation, using
experience and engineering judgement, become necessary at each step in the enalytical

process.

Using the Expert System approach, as in Figure Al-3, appears to simplify the
process considerably. Unfortunately, all calculations and theory are locked inside the
model, and calibration to field conditions is made virtually impossible. If situations
approaching ideal conditions are encountered, the expert system can be a reliable tool.
However, the further 2 site departs from “ideal” conditions, then the Jess reliable and
accurate the results obtained from the Expert System approach will be.

In the following pages, the approaches to analyzing diffuser performance
illustrated in Figures A1-2 and A1-3 are explored in greater detail and evaluated for the
appropriateness for the Noveon site. An approach is selected and then used for model

calibration and model projections at a critical condition.
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INDEPENDENT ANALYSIS APPROACH

Near-Field Bulk Dispersion Estimate

The near-field bulk dispersion estimate provides a reality check to compare with
results from vanous other analyses, such as the “Expert System™ approach.

Dispersion, S, also called mixing, is defined as:

_ _total volume of the sample (Al-1)
volume of effluent in sample

Steady-state conditions are assumed in river analyses, hence flow, mass, or
concentration can be used in place of volume in this definition of dispersion. The mixing
that occurs in the JMZ (near-field) can be crudely estimated by a bulk dispersion analysis
of a one-second snap-shot of the system, as shown in Figure Al-4. Durnng the one-
second interval being studied, the effluent mixes with the volume of water that passes
over the discharge. Changing Equation A6-1 into a usable format with variables yields

the following equation:

§= Qsﬁ"'erv (A1-2)
Oey
where: S = Dispersion (__:1, dimensionless)
Q4w = dver flow (ft'/sec, or volume/time)

effluent flow (f*/sec, or volume/time.)

Qetr

By plugging values measured in the field into equation A1-2, an estimated bulk .
dispersion in the JMZ can be calculated.



s

(Diffuser lengthXRiver Height\River Velocity)+129mgd *1.547

s= mgd
1.29mgd *1.547-2
mgd
§- (12 )11 A)0.45 £/ sec)+1.9956cfs
1.9956cf
_ 59.4¢fc+1.9956cf%
T 1.9956cf
§=30.77
~8=308:1

This analysis assumes complete mixing and ignores entrainment of water from the
side and from behind the diffuser. In actuality, the relatively high velocity of the effluent
exiting the diffuser (compared to ambient velocity) creates a “vacuum” and entrains, or
pulls, water into the plume from bordering waters, as illustrated in Figure Al-5. This
entrained water has the effect of increasing dispersion, as more water is made available

for the effluent to mix with.

The bulk dispersion analysis presented above is an oversimplification of a quite
complex plume development and mixing process. However, it is a “back of the
envelope™ method to estimate the order of magnitnde of achievable dispersion. Actually,
diffiiser effluent flow induced entrainment of additional waters can typically increase
dispersion 10% to 30%, or more, over the dispersion available due to river water passing
directly over the diffuser. The initial plume behavior, and hence the resultant JMZ
dispersion, is dependent upon the stability of the plume in the receiving body of water.
Two general methods of solving for dispersion (that account for entrainment) exist for a
multiport diffuser with a flowing ambient current:

1. Unstable discharge domain (shallow-water conditions) where flow

recirculation and breakdown occur; and
2. Stable discharge domain (deep-water conditions).

In order to determine whether an unstable plume analysis or a stable plume
analysis technique is appropriate for determining effluent dispersion, the plume stability
must first be determined.
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Plume Stability Analyses

Discharge flow patterns in the immediate diffuser vicinity are strongly dependent
upon a combination of ambient conditions, discharge characteristics, and diffuser
geometry. The purpose of plume stability analysis is to predict under what combination
of conditions the effluent plume will exhibit stable or unstable characteristics. The
stability classification, when compared to observed field plume behavior, can give
credence to, or disqualify from application, the various predictive dispersion equations or

computer models available.

The definitions of stability and instability given by Jirka (1982) illustrate two
broad classes of expected flow behavior, depending on the combination of factors as

mentioned above:

A stable near field is defined as one in which a buoyant surface layer is

formed which does not communicate with the initial buoyant jet

zone...The pear field is defined as unstable whenever the layered flow
structure breaks down in the discharge vicinity, resulting in recirculating

Zones or mixing over the entire water depth...”

In simple terms, a stable plurne is one which propagates downstream in a well-
defined conical fashion, growing in size until the effluent is mixed top-to-bottom over the
entire water column. A stable plume is typically described by a Gaussian profile, as
illustrated in Figure Al-6. An unstable plume, on the other hand, will demonstrate a
turbulent, and sometimes oscillatory, centerline trajectory with a tendency to mix top-to-
bottom within a very short distance (on the order of one diffuser length) downstream
from the diffuser. An unstable plume may appear as in Figure Al-6. Vlachos has used
the analogy of a garden bose discharging into a swimming pool (stable plume, slowly
mixing), or into a one-gallon bucket (unstable plume, rapid and turbulent complete
mixing) to illustrate the concept of plume stability. The various mathematical equations
that have been proposed to calculate bulk dispersion rely on knowledge of plume
stability. The Adams (1982) equation for bulk dispersion, for instance, is valid for
shallow water plummes which are mixed top-to-bottom. By extension to the definition of
stability, the Adams bulk dispersion analysis is applicable only to unstable plume

situations. CORMIX2 incorporates a rigorous flow classification scheme, categorizing
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the flow into one of 31 classes, depending on plume momentum and buoyancy as well as
ambient velocity and depth. If the plume is stable, dispersion is caleulated by simulating
the plume as a two-dimensional wall jet (plane source). If the plume is unstable (and the
diffuser is unidirectiopally co-flowing), CORMIX2 calculates buik dispersion based on
the equations developed by Adams {1982). DKHW always assurnes a stable plume, and
approximates a Gaussian distribution for projecting the effluent dispersion.

Holley and Jirka have described a stable plume as presented in Figure A1-7. The
longitudinal cross-section that is presented in Figure A1-7 is fairly representative of the
plume from Noveon’s diffuser. The plume during the field study was fully mixed in the
water column at the end of the jet mixing/buoyaunt spreading zone before the far field

mixing zone.

Early work in dispersion modeling dealt primarily with positively buoyant
plumes, such as those emanating from cooling water discharges. A stability criterion
reported by Jirka (1982) during this early work, and still widely used is:

m my+m,*coso,
et g 0% (A1-3)
where: m, = discharge momentum flux
m, = ambient momentum flux
Po = buoyancy flux
H = water depth
By = discharge angle

If the left hand side (LHS) of equation Al-3 is greater than or equal to 0.54, then
the plume is said to be unstable. A closer examination of Equation Al-3 shows that both
the discharge momentum flux and any ambient momentum flux act as destabilizing
agents. The tendency to instability is further increased if the discharge momentum also

has a horizontal component (mg«cos ©,).

A slightly different form of Equation Al-3 is used by Adams (1982) and Jirka
(1973, 1982).
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m, *(1+cos2 9, J+m

2 _0.54 Al-4
pZIB g ( )

Again, the criterion for instability is if the LHS of Equation Al-4 is greater than or equal
to 0.54.

The CORMIX2 computer model, developed by Akar and Jirka (1991), uses
modified forms of Equation Al-4 in their rigorous flow classification scheme, depending
on plilme buoyancy. As stated previously, most early work dealt only with positively
buoyant plumes. In the case of positively buoyant plumes, an ambient current
momentum flux (m,) will tend to accelerate the spreading of the plume, and promote
rapid top-to-bottom mixing. In this sense, ambient momentum flux does play a
destabilizing role, and thus m, is added to the LHS of Equations Al-3 and Al-4. In the
case of negatively buoyant plumes, however, an ambient current will act more in a
stabilizing role; that is, an ambient current will moderate the tendency of the jet plume to
oscillate and mix rapidly top-to-bottom. The following stability criterion from
CORMIX2 accounts for the difference in plume and ambient densities, as well as the
height of the diffuser from the water body floor:

2
m, "(1+cosz 80) +m, —0.1%h, «E%..les

POSITIVE: EZEy™ m =054  (Al-5)
* 2 _
NEGATIVE: m, * {1+ = ) =, =0.54 (A1-6)
2| H
where: h, = elevation of discharge port above bottom

The significant difference between Equation Al-4 and Equations Al-5 and Al-6
is the role played by the ambient momentum flux (m,): that is, whether m, is stabilizing
(+my) or destabilizing (-my).

It is instructional to determine the theoretical stability of the Noveon plume, as it
existed during the October field study. The effluent plume did not immediately mix top-
to-bottom, as would have been expected if the plume had been unstable. Rather,
dispersion was accomplished graduvally, with the effluent plume surfacing approximately
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20 feet downstream from the diffuser. The plume was mixed top to bottom within 100

feet downstream of the diffuser, however. The plume appears to have been stable,

especially if one considers the ambient water depth, the river current and the discharge

exit velocity. It is interesting to compare this intuitive plume classification to the
theoretical classification computed by Equation A1-6.

m, *jl+cosz 90}2 -n,

=< 0.54 = unsiable, > 0.54 = stable

P
where: m, = ambient momentum flux o = volume flux
=u,'H =Qo/Lp
= (0.45 f/sec)*(11 ft) = (2.00 f'/sec)(15 ft)
=2.2275 f)/sec’ =0.133 ft*/sec
u, = ambient current velocity Lp = diffuser length

H =water depth
g," = initial buoyant acceleration g = acceleration of gravity

= g(Pa-Po) Pu
=32.2 f/sec? * (62.36-62.77)/ 62.36

=.0.212 f/sec?

Q, = total discharge flow

Prs Po = ambient, discharge density

m, = discharge momentum flux Po = buoyancy flux

= Qollo = Qoo’
=(0.133)*(10.24) =<0.133)*(3-0.212)
=1.36 ft*/sec? =-0.028 A/sec?

go = discharge port exit velocity, fi/sec

therefore:

136 (1 + cos? 45} - 22275

—0.0282’3\ a1

=< 0.54 = stable, 2 0.54 = unstable

136 {1+ cos? a5 —2.2275 _ 136*(1+0.5F -2.2275
-0.0282"3(*11 |-0.092] ¥11
1.36* {1+ cos? s 22275 0.8325
~0.028%3*11 1.012
1361 + cos? 45} ~2.2275 082
~0.028*/3*11 '
0.82 2 0.54

.. Plume Iy unstable



Since the LHS of Equation Al-6 is greater than the crterion of (.54, theory
predicts that the plume is unstable. However, the field measurements showed that the
plume had more of a stable plume geometry at the first two stations downstream, 20 and
37 feet. The discrepancy with the theoretical calculation is in part because the LHS of
Equation A1-6, although greater than 0.54, was on the same order of magnitude as 0.54.
Real world plumes behave more like the theoretical calculation when the numbers are
orders of magnitude apart. Additionally, the effects of ambient and effluent temperatures
have not been accounted for here which would tend to bring the effluent and River

densities-closer.

JMZ Stable Plume Analysis

Adams (1982), Jirka (1982), and Holley and Jirka (1986) present analyses based
on Adams's (1982) work, that takes the simple bulk dispersion a step further by

accounting for back entrainment. The Holley and Jirka equation is:

0.5
S=1V+i[l’2 + zm;Hcoseo] (Al1-7)
2 2 q;
where: S = bulk dispersion (__:1, dimensionless);
v = volume flux ratio, or ambient mixing due to ambient current;
=u,H/qo
H = water depth (ft);
Jo = discharge flux per unit length (ft*/sec?);
= Ueao/L;
m, = momentum flux (ﬁjlsecz);
=u,’a,/L;
L = port spacing (ft);
2 = port area;
Uy = port exit velocity (ft/sec); and
8o = port discharge angle.

It should be noted that Adams calculates the discharge momentum flux as a
function of the total diffuser length, whereas Holley and Jirka define this discharge
momentum flux as a function of port spacing. For long diffusers, these two methods give
similar results. The Noveon diffuser is not a long diffuser, however, so care should be
taken when calculating with this equation. The port spacing is 3 feet, and the effective
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diffuser length is 12 feet. The dispersion predicted by this equation during the study is
calculated by plugging values into Equation A1-7.

0.5
s=lp, 1 V2+—2m"Hcose,,
2 2 q
, 2 \03
2 070y
. 2
g lmtH 1 [u., HI VL ooh,
2 g, 2 "3 9
4 2 ) \?
(-]
lu,*H 1| uw,*H 2 L 7
- +- + 3 c0s6,
2 4a, o U4, [uoa,,j
, , \Q.§
( T jl0165 r0049,
S_I 0.45*11 +l 0.45*11 . 3 cos4s
T 210.165%0.049 * 7|| 10.165%0.049 (10‘155*0_049]1
3 N 3 3 J
( \ 21o.1552'o.04911
S_l 0.45*11 +l 0.45%11 + 3 cOS45
T2 10.165%0.049 " 2| 10.165*0.049 10.165% 0.049 2
3 \\ 3 7 ( 3 J 7

0.5

2 * *

S=1 495 1 (4.95] L 2416877 1 oeds
20.166 2| 0.166 (0.166)

§ =14.91+0.5(889.189 + 1347 4 cos 45

5 =14.91+0.5(1841.94)"
S =14.91+0.5%42.92
§=3637

The actual dispersion achieved during the diffuser performance study was 39.8:1,
which is an increase of approximately a 9% increase over the dispersion predicted by
Equation Al-7. This slight increase over the predicted dispersion is in keeping with

previous diffuser performance studies.

The Equation that was developed by Adams, which is not included here, results in
a dispersion of 36.31. Thus, according to the Holley and Jirka model, a dispersion of
36.37 could have been achieved within about the first 12 to 18 ft (1 to 1.5 diffuser
lengths) downstream from the diffuser. This dispersion is approximately a 15% increase
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in the dispersion predicted by Equation Al1-2. The 15% increase in dispersion is the
result of entrainment of additional water by the plume. As ambient river velocity
decreases, the effect of enfrainment is magnified, and can approach 100% of the
dispersion at zero river velocities. The measured values showed a dispersion of 39.8 was
achieved at 20.5 feet downstream from the diffuser. This is approximately a 9% increase
~ over the value predicted by Equation A1-7. This is a result of more water being entrained
than is predicted by this model. Reducing ambient flow to zero in Equation A1-7 reduces
the volume flux ratio, V, also to zero. Thus, the dispersion that occurs at this condition is

entirely dependent upon entrainment, as shown by the foliowing equation:

0,5
s=-{2”’°ﬂ 59,,] (A1-8)
2( ¢}
1 2m H o
s ==| e e GOJ
. %
/3 \0.S
2uoaoH
S=l L cos@
2l @
. \05
| 2 %% o
§=— L 5-c0s6,
17
\ L V4
7 5 0.5
»
1 510165220049 |
S=— 3 3 cos4S5
2 [10.165'0.049)
L 3
1[2*1688*11 )“
2L 0.166*
%(1347 66c0s45)*
5= %(952.94)" s
= Lagggy
2
S =15.44
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The unstable plume analysis for high ambient currents gives results close to the
simple bulk dispersion analysis because entrainment becomes a minor percentage of the
water in the JMZ, in comparison to the total volume of water crossing directly over the
diffuser.

JMZ Stable Plume Dispersion Analysis

There are two separate computer models that can be used to predict stable plume
dispersion: 1) DKHW (Frick, et al., 199); and 2) CORMIX2. DKHW projects the stable
plume as increasing Gaussian cones until plumes merge, whence it reverts to a power
profile analysis. CORMIX2 projects the plumes as a series of merged rectangular area
source that widens vertically through the entire water depth.

DKHW computes a plume centerline maximum concentration as well as a flux
average dispersion (FAD). In the JMZ, the FAD is the average dispersion across the
plume face. The plume face can be defined as the width of the diffuser plus one water
depth, at the distance where plume height equals water depth. Shirazi and Davis (1974)
and Prych (1977) suggested that the average concentration across a Gaussian plume can
be estimated using (2)2c (1.41c) for plume boundaries (i.e., plume extending 1.41
standard deviations). This is equivalent to approximately 84% of the plume area (mass)
in the JMZ (near-field). Once the plume has established its approximate Gaussian
profile, the FAD computed by DKHW is approximately 75% of the centerline
concentration where plume height equals water depth. Prior to this point, the centerline
concentration in DKHW can be 200% to 400% less than the FAD. Therefore, the use of
1.41c provides a very conservative estimate for converting the observed centerline

concentration to FAD concentrations for comparison with DKHW results.

A normal Gaussian distribution is illustrated in Figure Al-8, and is

mathematically defined by the following expression:

A% AL
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where:  f(x) =value of the normal distribution at any point;

c = standard deviation;
x —
7 = mean.

Transforming the equation yields:

e? Al-10

An example of a normal distribution with a mean of 0 and a variance of 1 is
presented in Figure Al-8. The maximum value of f(z) occurs at z = 0, or at the
centerlipe. This corresponds with the peak plume concentration:

z=0 f(z)= ! e
N
7(0)=0.3989

This value thus represents 100% of the maximum value of f{z). As stated earlier,
several researchers have defined the Gaussian effluent plume in the JMZ as extending to
V20 (z=+1.41, or at 1.41 standard deviations):

La)

2

5=14] f(z)=#e

7(L.41)=0.1476

The value of the normal distribution at the edge of plume is at £(1.41), which

represents 37% of the maximum value as calculated by:

7{L.41) 01476

= =037
7o) 0.3989

The FAD is calculated by recognizing that the area under the curve for z = £1.41
accounts for 84.14% of the total area of the standard normal distribution f{z) (from
standard normal distribution tables). Therefore, the normal distribution mass (area under
the curve) represented by the area of +1.416 can be approximated as a rectangular of
equivalent area, with a width of +1.41c and a height calculated as follows:
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Area

Height = — = FAD
where: Area = defined from normal distribution tables for 25} and
Width =20 (i.e.,2 * 1.4])
_ 08414 0.2984
2(1.41)

Consequently, in this case the FAD corresponds to the average height of f(z)
between z=%1.41.

The concept of FAD and “equivalent area” and “average box height” are
illustrated in Figure A1-9.

The FAD represents 74.81% of the maximum centerline value (0.2984 / 0.3989 =
0.7481). Therefore, the maximum centerline concentration (or minimum centerline
dispersion) divided by 0.7481 gives the FAD across the plume face. The dispersion at
the edge of the plume is calculated as the minimum centerline dispersion divided by 0.37.
This analysis allows translation between observed maximum centerline concentrations to
finite edge of plume limits and to a flux average concentration in the main body of the

plume.

Restratification

Once the effluent plume has lost its jet momentum into the receiving stream, the
remaining density differences between the plume and the river can cause the plume to
restratify, which would cause slower dispersion in the field. This could occur for
strongly positively or negatively buoyant plumes. Holley and Jirka (1986) and Akar and
Jirka (1991) give equations for determining if restratification will occur. From Holley
and Jirka, restratification will occur if the densimetric Froude number is less than a

critical value as follows:

e 061007 (Al-11)
H
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where:

1, = ambient velocity (ft/sec);

|l  =buoyant acceleration (f/sec?);
=lgAp/pd;
Ap =|pa—pl/S
Pa = ambient density;
g = acceleration due to gravity (f/sec?)
=322 fi/sec’;
S = dispersion at the end of the IMZ, adjusted by FAD;
S = Spuz/0.7481
H = water depth (f1).

Hence, for Equation A1-11:

Since the densimetric Froude number is greater than the criterion, no

Once the plume has lost the majority of its jet momentum (outside the near-field

le* (0. - p)/ SY pulH
0.45
JI32.2*((0.999 - 1.0055)/(36.37/0.7481))70.9991 1
0.45

i Jr22r 13380107
0.45

LHS =
JJ0.00431*11
LHS = ﬁ
0218
LHS =2.06
2.06 > 0.6

.. No restratification

LHS

restratification is expected and none was observed during the study. Because the plume
comes to the surface before beginning to fall, this ensures adequate mixing top-to-bottom
within the water colurnn, which helps minimize the chance of restratification.

Buoyant Spreading Zone or Transition Zone

mixing zone), the residual buoyancy outside the near-field mixing zone can induce lateral
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spreading perpendicular to the ambient flow. Adams (1982) and Lee and Jirka (1980)
discuss the shape of the plume at the end of the JMZ. At low to stagnant currents, the
effluent plume will contract due to side entrainment of the receiving water into the
plume, as shown previously in Figure Al-5, to a width squivalent to about one-half the
diffuser length. At higher ambient velocities, this entrainment becomes negligible and
the plume width at the end of the JMZ is on the order of one diffuser length.

At the end of the JMZ, the plume meintains some excess velocity over the
ambient river velocity. In this intermediate zone, the excess velocity and the slight
buoyancy differences between the plume and the ambient waters cause the plume to
spread laterally. As the plume slows to ambient velocities (e.g., due to boundary friction
with the bottom), passive ambient diffusion or far-field mixing becomes the dominant
mixing force. Lee and Jirka (1980) developed an analysis to compute buoyant spreading
in this transition zone between the JIMZ and the far-field.

The residual plume velocity at the end of the JMZ can be calculated by the
following equation:

_ 250, -
Y= LA (Al1-12)

where:  u; = plume velocity at the end of the JMZ (ft/sec);
Si =Dispersion at the end of the jet momentum zone;
Q. = Effluent flow in (ft*/sec);
Lp = Diffuser length (ft);
H = Local water depth (ft).

Thus, the plume velocity at the end of the JMZ during the October field study can

be calculated using the following conditions:

S; =36.37/0.7481 = 48.62;
Qo = 1.29 mgd =2.00 cfs
LD =15 ﬂ:;

H =I11f

 2%48.6272.00

u =
15%11
u, =1.179 f2 / sec
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For comparison, the ambient current was (.45 fi/sec and the port exit velocity was
10.165 ft/sec. Thus, the plume had slowed from its exit velocity to about 1.179 ft/sec at
the edge of the JMZ. CORMIX2 predicts that the edge of the JIMZ is 6 feet downstream
from the diffuser (i.e., arbitrarily set at %% diffuser length).

The Lee and Jirka equations are for low to stagnant ambient velocities, which can
be considered as around 0.25 fi/sec to 0.30 ft/sec (typical lower range for measuring
velocity using a pygmy or Price AA current meter). Calculations from these equations
for river conditions with greater ambient velocities are considered an approximation, but
the results are consistent with the intermediate zone decreasing in aerial extent or not
existing at higher ambient velocities (river turbulence becomes more of a dominant
factor.) For the conditions existing during the October field study, a buoyant spreading
region would be expected, since the ambient velocity in the area is approaching the
minimum velocity. The plume velocity, plume width, and plume dispersion can be
calculated according to the Lee and Jirka equations.

Intermediate zone mixing is driven by excess plume velocity and frictional
interaction. A realistic means of defining the end of the intermediate zone is to determine
the distance at which the plume velocity has been reduced to approximately the ambient
velocity. A value of within £5% of the ambient velocity, based on USGS discharge
measurement techniques, is used to define the end of this intermediate zone. That is,
velocity measurements and subsequent flow calculations using a Price AA current meter
can be made to £2% to 10% accuracy with 5% being typical. For instance, the average
ambient velocity on October 25 was about 0.45 fi/sec, and therefore the end of the
intermediate zone has been set at the distance where the plume velocity is 1.05 * 0.45
ft/sec, or 0.47 ft/sec.

The following equation is used to determine the plume velocity at the end of the
buoyant spreading regions:

u=ue ey pli- et (AL-13)
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where: u = velocity at the end of the BSZ (fi/sec);
U = velocity at the end of the JMZ (ft/sec);
§  =f/(8H);
fo = Moody friction factor = 0.035;
H = Local water depth;
$ =0.035/(8 * 11);
6 =0.0003977 ft’;
X = distance downstream from x;;
Xj = distance at end of IMZ (ft);
B =2ay / (Iibi$);
2 = entrainment coefficient = 0.068;
Ij = '\,Tt / 2;
b; =0.5Lp;

Lp = diffuser length =15 fi.

The objective is to determine the distance x when u is within 5% of the ambient
river velocity. Equation Al-13 was implemented on an Excel® spreadsheet, and through
an iterative process, x was found to be 222 feet downstream from the edge of the JMZ, or
228 feet downstream from the diffuser.

The plume width at the end of an intermediate zone are calculated according to

the following equation:
A (
b= b= (14 ) ] (Al-14)
where: b = plume width at end of BSZ(ft),
bi = plume width af the end of the IMZ (}).

The dispersion at the end of the BSZ can be calculated using the following
equation:

§ =81+ pli- et (Al1-15)
where: S = dispersion at end of BSZ;
b; = dispersion at the end of the JMZ.

CORMIX2 predicted 2 plume width of 9.777 fect at the end of the IMZ.
Substituting this into Equation Al-14, yields a plume width at the end of the BSZ of 45
feet. Using the calculated FAD at the end of the JIMZ of 48.62 in Equation Al-15 yields
a dispersion of 100:1 at the end of the BSZ, 228 feet downstream from the JMZ.
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The dispersion reguired within the mixing zone was 99:1, which is shown to be
reached at the end of the buoyant spreading zone by this equation.
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215 Jamestown Park, Suite 100 > Brentwood. TN 37027 » Phone (615) 373-8532 » Fax (615) 373-8512

June 20, 2006 051415

Dave Giffin

Emerald Performance Materials LLC
1550 County Road 1450N

Henry, Tllinois 61537-9706

RE:  Quarterly Monitoring for Nitrogen
Dear Mr. Giffin:

On June 15, 2006, Mr. Mike Corn of AquAeTer contacted Mr. Bob Mosher of the
Illinois EPA in regards to quarterly sampling for nitrogen. The current ruling by the Illinois
Pollution Control Board (IPCB) states “Noveon must monitor ammonia nitrogen in the Illinois
River on a quarterly basis to demonstrate compliance with the applicable ammonia water quality
standards.,.”.

M. Mosher has agreed that a serial dilution of the discharge with the background river
water from the Illinois River will be acceptable for the quarterly monitoring. A sample of the
combined effluent should be taken from the outfall structure at the River prior to its discharge to
the diffuser. Additionally, a sample of river water from upstream from the discharge point
should be collected. Both samples should be chilled to 4 °C and shipped to the testing laboratory
the same day it is sampled. Both samples should be analyzed for ammonia and total dissolved
solids concentrations. The testing laboratory will need to filter the background river water to
ensure that there is no interference from biota in the water column. The testing laboratory will
tell you how much water they need in order to perform the test. For instance, more effluent will
be needed if the test is required to run for 96-hours.

The diffuser performance testing showed that where the plume was fully mixed at the
edge of the ZID, a dispersion of 47.9:1 was achieved (~2% effluent). A dispersion of 299.9:1
(0.3%) was shown at the edge of the mixing zone.

The toxicity test procedure calls for at least five serial dilutions, with a recommended
dilution factor of >0.5 effluent. One of the serial dilutions needs to be equivalent to the dilution
at the edge of the ZID. That means that one dilution needs to be at 2% combined effluent. A
suggestion for the serial dilutions would be 64% combined effluent, 32% combined effluent,
16% combined effluent, 8% combined effluent, 4% combined effluent, 2% combined effluent,
1% combined effluent, and 0% combined effluent (all river water). If the toxicity test shows no
effects visible at 1% or greater, then there is no need to add additional dilutions for the chronic



value. If the dilution at 1% shows some effects, then an additional dilution should be added of
0.3% combined effluent.

In short, here are your directions:

1.
o,

3.

Collect a sample of river water from upstream of your discharge point (your lab
will tell you how much you need to provide);
Collect a sample at your combined effluent from the outfall structure at the River
(your lab will te]] you how much you need to provide);
Submit both samples to the testing laboratory for the following procedures:

a. Toxicity testing;

b. Analytical analysis on the background River water and the combined

effluent for:
1. Ammonia;
ii. TDS;

The laboratory should run both the acute and chronic toxicity testing at the
following serial dilutions:

a. 100% Effluent;
64% Effluent, 36% River Water;
32% Effluent, 68% River Water;
8% Effluent, 92% River Water;
2% Effluent, 98% River Water;

i. This number shows compliance at the edge of the ZID;

f. 0.5% Effluent, 99.5% River Water; and

0% Effluent, 100% River Water (Control)

If there is an effect at the 0.5% effluent, then at Jeast one additional serial dilution
should be added at 0.3% Effluent, 90.7% River water (for compliance at the edge
of the mixing zone).

oo

Samples should be submitted on a quarterly basis, as per your permit requirements.

If you have questions or comments pertaining to this letter, please contact us by
telephone at (615) 373-8532, by FAX at (615) 373-8512, or by e-mai! at jmcom@aquaeter.com
or meom(@aquacter.com. We appreciate the opportunity to assist you on this project.

Sincerely,

AquAeTer, Inc.

John Michael Com, E.L.T. Michae] R. Corn, P.E. (IL)
Project Engineer President
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SAMPLING PROCEDURES FOR QUARTERLY SAMPLING

1. PURPOSE

This document contains the procedure for collecting in situ samples for the
analysis of ammonia at the edge of the zone of initial dilution (ZID) in order to meet the
requirements set forth in NPDES Permit No. IL0001392 (Permit). This procedure also
presents operational, calibration, and maintenance procedures for on-site parameter

measurements of pH and temperature of aqueous samples.

2. APPLICABILITY

This procedure should be followed whenever quarterly samples are collected to
demonstrate compliance with the ammonia water quality standard. An ammonia sample
will be collected and sent to a certified laboratory for analysis. Measurements of pH,

temperature, and conductivity will be collected and recorded in the field.

3. REQUIREMENTS

As specified in the Permit, samples are to be collected in March, June, September,
and December and reported annually. The sampling equipment should be operated and
calibrated according to manufacturer specifications. Calibration should be performed
prior to use, after use, and according to the manufacturers’ suggested frequency.

Calibration should also be performed if the instrument begins to respond erratically.

4. SAFETY

A Health and Safety Plan should be prepared and followed for the sampling
effort. There will be no sampling if the River is iced over or if there are ice flows due to
endangerment of the sampling crew. There will be no sampling during periods of high
river flow that pose safety concems to the crew. River flow information can be obtained
from the USGS gage at Henry, IL. Proper safety precautions should be followed while
on-board the sampling boat. Proper safety precautions should be followed to ensure that
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unnecessary exposure to calibration fluids is avoided. Furthermore, none of the

equipment should be used in a2 manner other than its specified purpose.

5. EQUIPMENT AND MATERIALS

The following equipment is required to collect a sample and to measure pH,

conductivity, and temperature in the field.

« Marine Equipment:

¢

¢

¢

¢

¢

Boat with capacity to hold 2 — 3 people plus equipment;

Fire Extinguishers;

Personal flotation devices (PFD), one of the following types for each

person present on the boat:

¢ Type |, sometimes called an offshore life jacket;

¢ Type II, sometimes called a near-shore buoyant vests

°  Type III, sometimes called flotation aids;

° Type V, or special use devices (necessary for working in cold weather
conditions);

Throwable flotation devices, coast guard rated Type IV PFD;

Sound producing devices capable of a four second blast;

Visual distress signals;

Paddle(s);

Anchors, two will be required;

Rope;

Tools and Spare Parts should be on-board;

o Sampling Equipment for collecting ammonia sample:

¢

¢

GPS with real-time DGPS capable of sub-meter accuracy;

Nitrile (or equivalent) gloves for handling the sample bottle while
collecting the samples;

Sample items:

° Bottle(s) provided by the laboratory;
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°  Chain of custody, should be provided by the laboratory;
®  Cooler with ice for sample storage;
o Field measuring equipment:
¢ pH meter;
¢ Clean glass or plastic container;
¢ thermometer, should be included with the pH meter previously listed;
¢ Back-up batteries for the instrument;
s Calibration standards
¢ National Institute of Standards and Technology - Standard Reference
Materials (NIST-SRMs) certificate of traceability, standard solutions for
pH calibration, such as pH values of 4.0, 7.0, or 10.0;
o Distilled or de-ionized water;
e Clean polypropylene or glass container(s), large enough to fill the ammonia
sample with enough left over to adequately cover the pH probe;

¢ Field book.

All sampling equipment and materials must be properly decontaminated as
described in the decontamination section of this document. Sampling equipment will not
require decontamination if provided in the original packaging from the manufacturer and

certified to be free of contaminants.

6. PROCEDURE

6.1 Sample Location and Collection

6.1.1 Calculation of Sample Location

The Permit specifies that the sample should be collected from the Illinois River.
The sample location will be chosen to be approximately 22 feet downstream from the
center of the diffuser. This procedure specifies sampling at a location 22 feet
perpendicularly downstream from the center of the diffuser and within the sub-meter
accuracy of the GPS device (£3.28 feet). An as-built survey was not performed, so
construction coordinates for the diffuser will be used. The center of the outfall structure



NPDES PERMIT NO. 1L0001392 Special Condition 18 Sampling Plan

is given co-ordinates of N 1626919.53, E 2525716.45. The end of the diffuser is given
coordinates of N 1626919.53, E 2525948.45. Both of these coordinates are in the Illinois
State Plane West Zone. For navigation purposes using a GPS unit, the coordinates must
be in either UTM or latitude/longitude. The multiport diffuser was designed to be 10 feet
long, so the center of the diffuser should be 5 feet from the end of the diffuser structure.
The UTM Zone 16N coordinates for the center of the diffuser are 304081.68E and
4555903.15N, both in meters. The river runs almost directly south at the diffuser
location. The sample location is 22 feet downstream from the center of the diffuser.

Therefore, the coordinates of the sample location are 304081.68E and 4555896.40N.

6.1.2  Method for Maneuvering to the Sample Location

Due to the current of the river, maneuvering to the exact specifications set forth
by the Permit must be done very carefully. The sample should be collected while the
boat is being maneuvered to stay at the coordinates listed above. Anchoring may be
possible at lower flows, but the potential for an anchor to damage the multiport diffuser is
not worth the risk. At higher river flows, anchoring is unlikely to be successful due to the
current of the river. In order to do this, the following steps, illustrated in Figure 1, should
be followed:

1. Starting downstrearn from the diffuser, orient the boat on the approximate
easting specified so that it is facing upstream on a perpendicular line to the
diffuser;

2. Motor upstream unti! the specified northing is reached;

NOTE: Care should be taken in the event of other boat traffic on the river. It is
suggested that the sampling crew do their best to avoid sampling when the wake from
a passing boat or barge is rolling the boat. In other words, it is much safer for the

sampling crew to sample from the river when the river is calm.
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6.1.3 Supgested Sample Equipruent Setup

The GPS receiver (antenna) should be positioned directly above the location on
the water from which the sample will be collected. The sampler can hold the receiver
above the water until the sample locale is reached. Then, bringing the receiver back onto
the boat, the sampler can use his/her other hand to collect the sample from the River. The

sampler should take care so that his/her body is not overextended over the river.

6.1.4 Sample Collection

The sample will be collected in the following manner:

1. Identify the sample location;

2. Collect ope liter of water from the surface in a clean glass or plastic
(nalgene) container;

3. The ammonia sample will be collected from this sample as soon as
possible;

4. After the ammonia sample is collected, a measurement of pH and
temperature shall be made from the sample remaining in the glass or
plastic container; and

5. The remaining sarople can then be discarded.

6.2  Temperature Measurement

Temperature readings are made by a NIST-traceable thermometer or an electronic
temperature meter. The meter’s temperature probe attachment is plugged into the input
socket, if not already attached, and the probe is placed into the sample. The digital
reading displays temperature in degrees Celsius or degrees Fahrenheit. The value and

units will be recorded on the sampling record.

6.3 pH Measurement

The pH measurement device will generally be a stand-alone device, although a
multi-probe instrument may also be used. The manufacturer’s instructions will be

followed for the use and care of the pH measurement device. Check the calibration prior
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to each day of use with two known standards. Record the date and time of calibration in

the permanent sampling record or field book.

6.3.1 Operation

Standalone instruments are generally powered by 9-volt dry cell batteries, while
multi-probe instruments are powered by multiple dry cell batteries. To use the
instrument, connect the cell to the input socket on the instrument, if not already attached,
and place the cell in the sample. The pH of a sample is determined by measuring the
current between a pH reference potential electrode and a glass electrode in the sample.
The display reading is the pH value of the solution. After the reading has stabilized,
record the meter type, reading, and standard units (SU) of measurement on the sampling

form.

6.3.2 Calibration

Calibration should be done in a controlled environment prior to use in the field.
This procedure assumes that the instrument being used requires a two-point calibration.
Refer to the instrument manual for calibration procedures if questions arise during
instrument calibration. Standard buffer solutions of pH 4.0, 7.0, or 10.0 will be used for
instrument calibration. Based upon USGS measurements at the Henry gage and two
gages upstream, the river is on average slightly basic, so the two point calibration will use
pH 7.0 and pH 10.0 buffer solutions. Connect the cell to the input socket on the side of
the instrument, if not already attached, and place it in a buffer standard solution of 7.0
SU. The pH 7.00 standard solution is poured into a small beaker to a sufficient depth to
cover the cell. Allow the reading to stabilize; then, using the cell constant adjustment, set
the reading to the value of the calibration solution. The instrument should now prompt
the user for the second solution. Discard the first buffer solution and rinse the cell with
distilled water. If another clean glass or polypropylene container is available, pour the
pH 10.00 buffer solution into it. If there is not a clean glass or polypropylene container,
rinse the container used for the first buffer solution with distilled water three to four times
before pouring the second buffer solution into the container to a depth that will cover the
cell. Place the cell in the pH 10.00 buffer solution and compiete the instrument
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calibration. Remove the cell, rinse with distilled water, and discard the used buffer
solution. Record the initia] and final readings for each of the buffer solutions in the field

notes.

6.3.3 Sample Measurement

After the ammonia sample is collected, pour a portion of the collected sample into
the laboratory provided sample bottle for ammonia. If the remaining sample does not
provide an adequate depth to cover the pH probe, pour the remaining sample into a
smaller container that will allow the sample volume to cover the pH probe. Measure and

record the pH of the ammonia sample collected.
6.3.4 Maintenance

The cell will be rinsed with distilled water after measuring each sample and
gently cleaned with distilled water at the end of the day. If the meter starts giving
inconsistent readings and this problem is not eliminated by recalibration, the manual will

be consulted or the manufacturer will be contacted for further instructions.
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Dave Giffin

Emerald Performance Materials LL.C
1550 County Road 1450N

Henry, Illinois 61537-9706

RE:  Quarterly Monitoring for Nitrogen
Dear Mr. Giffin:

On June 15, 2006, Mr. Mike Com of AquAeTer contacted Mr. Bob Mosher of the
Illincis EPA in regards to quarterly sampling for nitrogen. The current ruling by the Jllinois
Pollition Control Board (IPCB) states “Noveon must monitor amrnonia nitrogen in the Tllinois
Rives on a quarterly basis to demonstrate compliance with the applicable ammonia water quality
stancards...”.

Mzr. Mosher has agreed that a serial dilution of the discharge with the background river
water from the Illinois River will be acceptable for the quarterly monitoring. A sample of the
combined effluent should be taken from the outfall structure at the River prior to its discharge to
the diffuser. Additionally, a sample of river water from upstream from the discharge point
should be collected. Both samples should be chilled to 4 °C and shipped to the testing laboratory
the same day it is sampled. Both samples should be analyzed for ammonia and total dissolved
solis concentrations. The testing laboratory will need to filter the background river water to
ensu:e that there is no interference from biota in the water colurmn. The testing laboratory will
tell you how much water they need in order to perform the test. For instance, more effluent will
be nceded if the test is required to run for 96-hours.

The diffuser performance testing showed that where the plume was fully mixed at the
edge of the ZID, a dispersion of 47.9:1 was achieved (~2% effluent). A dispersion of 299.9:1
(0.3%) was shown at the edge of the mixing zone.

The toxicity test procedure calls for at least five serial dilutions, with a recommended
dilution factor of >0.5 effluent. One of the serial dilutions needs to be equivalent to the dilution
at the edge of the ZID. That means that one dilution needs 1o be at 2% combined effiuent. A
suggestion for the serial dilutions would be 64% combined effluent, 32% combined efilueni,
16% combined effluent, 8% combined effluent, 4% combined effluent, 2% combined effluent.
1% combined effluent, and 0% combined effluent (all river water). If the toxicity test shows no
effec’s visible at 1% or greater, then there is no need to add additional dilutions for the chronic



valuzs, If the dilution at 1% shows some cffects, then an additional dilution should be added of
0.3% combined effluent.

In short, here are your directions:

1.
2

3.

Collect a sample of river water from upstream of your discharge pomt (your lab
will tell you how much you need to provide);
Collect a sample at your combined effluent from the outfall structure at the River
(your }ab will tell you how much you need to provide);
Submit both samples to the testing laboratory for the following procedures:

2. Toxicity testing;

b. Analytical analysis on the background River water and the combined

effluent for:
1. Ammonia;
ii. TDS;

The laboratory should run both the acute and chronic toxicity testing at the
following serial dilutions:
100% Effluent;
64% Effluent, 36% River Water;
32% Effluent, 68% River Water;
8% Effluent, 92% River Water;
2% Effluent, 98% River Water;

i. This number shows compliance at the edge of the ZID;

f.  0.5% Effluent, 99.5% River Water; and

g. 0% Effluent, 100% River Water (Control)
If there is an effect at the 0.5% effluent, then at least one additional serial dilution
should be added at 0.3% Effluent, 30.7% River water (for compliance at the edge
of the mixing zone).

¢ o o

Samples should be submitted on a quarterly basis, as per your permit requirements.

If you have questions or comments pertaining to this letter, please contact us by
telephone at (615) 373-8532, by FAX at (615) 373-8512, or by e-mail at jmcom(@aquaeter.com
or mcom(@aguaeter.com. We appreciate the opportunity to assist you on this project.

Sincerely,

AquAeTer, Inc.

‘7/W 2 I y{\JQ.A«\

John Michael Com, E.LT. Michael R. Corn, P.E. (IL)
Projcct Engineer President
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SAMPLING PROCEDURES FOR QUARTERLY SAMPLING

1. PURPOSE

This document contains ihc procedure for collecting in situ samples for the
analysis of ammonia at the edge of the zone of initial dilution (ZID) in order to meet the
requirements set forth in NPDES Permit No. IL0001392 (Permit). This procedure also
presents operational, calibration, and maintenance procedures for on-site parameter

measurements of pH and temperature of aqueous samples.

2. APPLICABILITY

This procedure should be followed whenever quarterly samples are collected to
demonstrate compliance with the ammonia water quality standard. An ammonia sample
will be collected and sent to a certified laboratory for analysis. Measurements of pH,

temperature, and conductivity will be collected and recorded in the field.

3. REQUIREMENTS

As specified in the Permit, samples are to be collected in March, June, September,
and December and reported annvally. The sampling equipment should be operated and
calibrated according to manufacturer specifications. Calibration should be performed
prior to use, after use, and according to the manufacturers’ suggested frequency.

Calibration should also be performed if the instrument begins to respond erratically.

4. SAFETY

A Heaslth and Safety Plan should be prepared and followed for the sampling
effort. There will be no sampling if the River is iced over or if there are ice flows due to
endangerment of the sampling crew. There will be no sampling during periods of high
river flow that pose safety concerns to the crew. River flow information can be obtained
from the USGS gage at Henry, IL. Proper safety precautions should be followed while

on-board the sampling boat. Proper safety precautions should be followed to ensure that
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unnecessary exposure to calibration fluids i1s avoided. Furthermore, none of the

equipment should be used in a manner other than its specified purpose.

S. EQUIPMENT AND MATERIALS

The following equipment is required to collect a sample and to measure pH,

conductivity, and temperature in the field.

s Marine Equipment:

¢

¢

¢

¢

¢

Boat with capacity to hold 2 — 3 people plus equipment;

Fire Extinguishers;

Personal flotation devices (PFD), one of the following types for each

person present on the boat:

¢ Type ], sometimes called an offshore life jacket;

°  Type II, sometimes called a near-shore buoyant vests

°  Type ITI, sometimes called flotation aids;

® Type V, or special use devices (necessary for working in cold weather
conditions);

Throwable flotation devices, coast guard rated Type IV PFD;

Sound producing devices capable of a four second blast;

Visual distress signals;

Paddle(s);

Anchors, two will be required;

Rope;

Tools and Spare Parts should be on-board;

e Sampling Equipment for collecting ammonia sample:

¢

¢

GPS with real-time DGPS capable of sub-meter accuracy;

Nitrile (or equivalent) gloves for handling the sample bottle while
collecting the samples;

Sample items:

°  Bottle(s) provided by the laboratory;
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©  Chain of custody, should be provided by the laboratory;
®  Cooler with ice for sample storage;
o Field measuring equipment:
¢ pH meter;
¢ C(lean glass or plastic container;
¢ themometer, should be included with the pH meter previously listed;
¢ Back-up batteries for the instrument;
s Calibration standards
¢ National Institute of Standards and Technology — Standard Reference
Materials (NIST-SRMs) certificate of traceability, standard solutions for
pH calibration, such as pH values of 4.0, 7.0, or 10.0;
e Distilled or de-ionized water;
e Clean polypropylene or glass container(s), large enough to fill the ammonia
sample with enough left over to adequately cover the pH probe;
o Field book.

All sampling equipment and materials must be properly decontaminated as
described in the decontamination section of this document. Sampling equipment will not
require decontamination if provided in the original packaging from the manufacturer and
certified to be free of contaminants.

6. PROCEDURE

6.1 Sample Location and Collection

6.1.1 Calculation of Sample Location

The Permit specifies that the sample should be collected from the Illinois River.
The sample location will be chosen to be approximately 22 feet downstream from the
center of the diffuser. This procedure specifies sampling at a location 22 feet
perpendicularly downstream from the center of the diffuser and within the sub-meter
accuracy of the GPS device (£3.28 feet). An as-built survey was not performed, so
construction coordinates for the diffuser will be used. The center of the outfall structure
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is given co-ordinates of N 1626919.53, E 2525716.4S. The end of the diffuser is given
coordinates of N 1626919.53, E 2525948.4S. Both of these coordinates are in the llinois
State Plane West Zone. For navigation purposes using a GPS unit, the coordinates must
be in either UTM or latitude/longitude. The multiport diffuser was designed to be 10 feet
long, so the center of the diffuser should be 5 feet from the end of the diffuser structure.
The UTM Zone 16N coordinates for the center of the diffuser are 304081.68E and
4555903.15N, both in meters. The river runs almost directly south at the diffuser
location. The sample location is 22 feet downstream from the center of the diffuser.

Therefore, the coordinates of the sample location are 304081.68E and 4555896.40N.

6.1.2  Method for Maneuvering to the Sample Location

Due to the current of the river, maneuvering to the exact specifications set forth
b/ the Penmit must be done very carefully. The sample should be collected while the
boat is being maneuvered to stay at the coordinates listed above. Anchoring may be
possible at lower flows, but the potential for an anchof to damage the multiport diffuser is
not worth the risk. At higher river flows, anchoring is unlikely to be successful due to the
current of the river. In order to do this, the following steps, illustrated in Figure 1, should
be followed:

1. Starting downstream from the diffuser, orient the boat on the approximate
easting specified so that it is facing upstream on a perpendicular line to the
diffuser;

2. Motor upstream until the specified northing is reached;

NOTE: Care snould be taken in the event of other boat traffic on the river. It is
suggested that the sampling crew do their best to avoid sampling when the wake from
* a passing boat or barge is rolling the boat. In other words, it is much safer for the

- sampling crew to sample from the river when the river is calm.
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6.1.3  Suggested Sample Equipment Setup

The GPS receiver (antenna) should be positioned directly above the location on
the water from which the sample will be cotlected. The sampler can hold the receiver
above the water until the sample locale is reached. Then, bringing the receiver back onto
the boat, the sampler can use his/her other hand to collect the sample from the River. Thé
sammpler should take care so that his/her body is not overextended over the river.

6.1.4 Sample Collection

The sample will be collected in the following manner:

[. Identify the sample location;

2. Collect one liter of water from the surface in a clean glass or plastic
(nalgene) container;

3. The ammonia sample will be collected from this sample as soon as
possible;

4. After the ammonia sample is collected, a measurement of pH and
temperature shall be made from the sample remaining in the glass or
plastic container; and

5. The remaining sample can then be discarded.

6.2 Temperature Measurement

Temperature readings are made by a NIST-traceable thermometer or an electronic
temperature meter. The meter’s temperature probe attachment is plugged into the input
socket, if not already attached, and the probe is placed into the sample. The digital
reading displays temperature in degrees Celsius or degrees Fahrenheit. The value and

units will be recorded on the sampling record.

6.3 pH Measuremeat

The pH measurement device will generally be a stand-alone device, although a
multi-probe instrurnent may also be used. The manufacturer’s instructions will be

followed for the use and care of the pH measurement device, Check the calibration prior
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to each day of use with two known standards. Record the date and time of calibration in

the permanent sampling record or field book.

6.3.1 Operation

Standalone instruments are generally powered by 9-volt dry cell batteries, while
multi-probe instruments are powered by multiple dry cell batteries. To use the
instrument, connect the cell to the input socket on the instrument, if not already attached,
«nd place the cell in the sample. The pH of a sample is determined by measuring the
current between a pH reference potential electrode and a glass electrode in the sample.
The display reading is the pH value of the solution. After the reading has stabilized,
record the meter type, reading, and standard units (SU) of measurement on the sampling

form.
6.3.2 Calibration

Calibration should be done in a controlled environment prior to use in the field.
‘This procedure assumes that the instrument being used requires a two-point calibration.
Refer to the instrument manual for calibration procedures if questions arise during
instrument calibration. Standard buffer solutions of pH 4.0, 7.0, or 10.0 wiil be used for
irstrument calibration. Based upon USGS measurements at the Henry gage and two
gages upstream, the river is on average slightly basic, so the two point calibration will use
pH 7.0 and pH 10.0 buffer solutions. Connect the cell to the input socket on the side of
the instrument, if not already attached, and place it in a buffer standard solution of 7.0
SU. The pH 7.00 standard solution is poured into a small beaker to a sufficient depth to
cover the cell. Allow the reading to stabilize; then, using the cell constant adjustment, set
th-e reading to the value of the calibration solution. The instrument should now prompt
the user for the second solution. Discard the first buffer solution and rinse the cell with
distilled water. If another clean glass or polypropylene container is available, pour the
pH 10.00 buffer solution into it. If there is not a clean glass or polypropylene container,
nnse the container used for the first buffer solution with distilled water three to four times
before pouring the second buffer solution into the container to a depth that will cover the
cell.  Place the cell in the pH 10.00 buffer solution and complete the instrument
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calibration. Remove the cell, rinse with distilled water, and discard the used buffer
solution. Record the initial and final readings for each of the buffer solutions in the field

notes.

6.3.3 Sarnple Measurement

After the ammonia sample is collected, pour a portion of the collected sample into
the laboratory provided sample bottle for ammonia. If the remaining sample does not
provide an adequate depth to cover the pH probe, pour the remaining sample into a
smaller 'contajner that will allow the sample volume to cover the pH probe. Measure and

record the pH of the ammonia sample collected.
6.3.4 Maintenance

The cell will be rinsed with distilled water after measuring each sample and
gently cleaned with distilled water at the end of the day. If the meter starts giving
ip;':onsis‘tent readings and this problem is not eliminated by recalibration, the manual will
b« consulted or the manufacturer will be contacted for further instructions.



SUMMARY OF AMMONIA
MONITORING RESUTLS






Emersid Perfonmemca Matarials
1550 County Road 1450 N
Heney, inola 61537
309-364-2311

Nlinoly BPA

Division of Water Pollution Contrel
1021 North Ghand Aveuuve Bast
Post Office 19276

Springficld, Ihinois 62794-9276

Re: NPDES Apnual Smnmary Report - NPDBS Permit No. ILO001392

12/18R06

Dear Sirs:

Emerald Performance Materiala Is submitting its 2006 NPDES Annual Summery Report &1

mq'uwdbyﬂi:PCBOrdn-ofASMS

The Heary Plant completed the installation of a 21 foot high-rata, multi-port diffuser ioto the
Ilinois River on 10/4/05, AquAceTes Inc, pediormed u disparsion stady on 10/25/05 and
fasued a roport on tho officacy of the diffusar Docersber 2008. This repart waa gubmitted tn
the Regionat (Jios Kaemmuefier) and State (Bob Mosber) TRPA offices 12/21/05.
The Hewy Plant is amrently working with the pennit section to completo the fingl drafting of
a modified NPDES permit which inglndes the PCB Order of AS 02-5.
- Moaothly DMR's have been submitted to the IEPA throughout the year with emmonia
wonitoring Tesnlts conducted 5 thnes par wosk.
. An annual inspection of the facility was completed on Docembor 13, 2005 by James
Xammroeller. Diffaser installation was roviewod alomg with thie plant's Waste Treatment
Access Detebaso systmm.
The plaut participated in the Pollution Provention Program in 2006 by supporting 8 P2 fateru.
Addithonally, the plant participated in a Joint IEPA-USEPA P2 confexence by presenting P2
broject that have beam conductad mnd completed a1 the plant,
Koy P2 projoets that the plant is currently worldog on which have the poteatial to reduce
srmmonis generstion at the wasio troeatment system inchude the following:
o BBTS Duss Coltector Systen
b. Improved scotomitrile column efficioncy 1o meet the Miscellaoeous Organic
NBSHAP's (MON) standerd.

In ﬂu uvum nddﬂ:ana.l information i needed, pleasa contact me ofther by phons (309)364-9411 or

Bmerald: Jeff Brenner, Kevin Jones, Brian Denison
[EPA: James Kammnueller, Region Office.
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‘ EneraHt’vbmaniak
Emerald Pe ; rmence Materiais
1550 County: Road 1450 N

Henry, T 61537
309-364-2311

CERTIFIED MALL:
Iinois KPA

Division of Watar Pollution Control
1021 North Grend Avenac Bast
Post Office Box 19276

Springfiald, Minois 62794-5276

CERTIFIED MAIL:
Mr. Jim Kesineler
IEPA

Reglooal Offioo
5415 N.University
Prroia, IL 61614

Re: NFDES Armal Smnmary Report - NPDES Permit No. ILO001392
122407

Dear Sirs:

Emérald Performence Materials is submitting ity 2007 NPDES Annua) Summery Report as was

required by the PCB Order of AS 02-5 and now by its NFDES permit,

1. The TEPA issued Emerald Performance Matarial’s its Pinat NPDES Permit on Pebraacy 9,
2007 to be sffective May 1, 2007 which inohided the conditions outiined in tho PCR Order of
A8 024,

2. The Henry Plant continues to use the 21 foot high-rate, mutti-port diffusser that was Ingtallad
oo 10/4/05 into the Tllinols River. Quarterly samples of the Illinols Rivor for Ammonia
Nitrogen &re listed below:

8. 3/2R/07: 0.23 mg/l
b. 9/28/07; 020mg) -
0. 1221/07: Results pending annlysis

3. Monthly DMR’s have been submitied to the IEPA throughout the yesr with ammonie
monitoring results condnoted § thnes per weelc,

4. Ap smual inspection of tho facility wes completed oo September 11, 2007 by Jemes
Kamnmueller, Diffoser instailation wis revigwod along with the plant's Weste Treatment
Access Detabase ysiom,

5. The plant participated in the Pollution Prevention Program in 2007 by supporting a P2 Intern,

6. One major project that was completed during the year was the remova) of the BBTS scrubber
+ which wns replaced with s dust collector. This improved overel) process officleneies by
preventing logs of fimished BRTS peogduet to the waste water.

7. Koy projects that the plant contimued to work an during 2007 which have the potential to
reducs anvoonia generativa &t the wasic treatment system fnofode the following:

A Investigation of s sintered filter modia for the BHS filiers that wonld ot be prone to
tearing end loss of BHTS product to the waste water.

b. Cuontinued ¢ffort to tmprove ecetonltrils column effictency to meet the
Mizcellancous Orgenic NESHAP's (MON) stendard.



¢. Investigation of 8 new proceds Jh the Notherlands called the Anammox (xoserchic
smmonia eddation) process. This i a relatively now method of treating ligh
( concentrationy of mnmonia anaerobically, The first canrpercial procees wes
installed 2002 snd was Teatured In the Jemuary 2007 lssus of Chemical Engiaeering,
Bused op Brown #nd Caldwell Enviropmanta] Consplitants, the bacterls cuttured i
thiz syrtem we very alow growing end sevsftiva. The inhibitors in the Emerald waste
strean would render the procdss parformance unsteble.

Io the ovent addttonal information is necded, flcass coTmet me efther by phons (309)364-9411 or
._. C aterinly oo

RO Cr erasd T atiy] oI

David B, Giffin
HSE Manager

oo; Fawrald: Jeff Branner, Brizn Denison
IRPA: Yames Kamuueller, Region Office.
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Emersld Performance Matariale
1550 County Rodd 1450 N
Henry, llindls 61537
309-364-2311

Illinols RPA

Division of Water Pollytion Contro}
1021 North Grand Averus East
Post Office Box 19276

Springfield, Nlinois 62794-9276

Re: NPDES Armua! Summary Report - NPDES Permit No. IL0001392
: 05/20/2010

Dear Sirs; -

Eorald Performence Materigls is submitting its 2008 NPDES Annasl Summary Repart as was

required by its NPDES permit.

1. The [FPA issuod-Emerald Performenco Materlal's its Fina) NPDES Pzymit on Pebruary 9,
2007 o be effective Mey 1, 2007 which included the conditions cutlined in the PCB Order of
AS 02-5,

2. The Henry Plast continues to nse the 21 foot high-rate, muiti-port diffuser thas wes ingwallod
on 10/4/0S mto the Diinois River. Quarterly samples of ths [llinois River for Ammooia
, Nitrogen are listad below:

B 3/14/08: 027 mg/l

b. 6/19/08 <0.10 mg/l

C. 9728/08: <0.20 mg/l

d  12/13/08 <020 mg) .

3. Monthly DMR'¢ have boen subamittad 1o the IRPA throughout the year with agmmonia
manitoring results conducted § tmes per wesk,

4, An ammuz) inspoetion of the facility was compheted on September 29, 2008 by James
Kemmoeller. .

5. Xoy projects thist fhio plant cohtimied to Work on during 2008 whch have the potertial to
" reduce mmmania pencration et the wests treatment system tnolude the following:

2  Brown and Caldwell condocted training in August with waste weter treatment
aperatars to optimize e WWT system.

b. Initisted stmdy o the offocts of Carbon Disdde for ph buffering.

¢. Conducted Fed Butch Reactor testing to quantify any bio-inhibitions present in the
system,

In the svent edditional information {s peedsd, pleass contact e sither by phoro (309)364-9411 or
by email ike strebloy@atteraldmaterials com

Sincerely,

Mike Strabley
HSE Mmneger

ey Brmerald: Jeff Leoch, Brian Denison
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Emerald Parformance Materisis
1550 County Road 1450 N
Henry, Niinols 61537
309-364-2311

CERTIFIED MALL:

Nlinois EPA

Division of Weter Pollution Coutrol
1021 North Grend Avumaﬁaq!
Post Office Box 15276

Springfield, Nlinoks 62794-5276

CERTIFIED MAIL:
Mr. Yim Kamuellar
RPA -
Regional Offtce
5415 N.University
Peoris, I 61614

Re: NPDES Armnal Summary Report - NPDES Permit No. IL0001392

Dear Sirs:

12/22/09

Emeruld Performance Materials Is submitting its 2009 NPDES Annual Summery Report as was

requjved by its NPDES permult.

The IEPA issued Emerald Performanoe Materlal's its Final NPDES Permit on Febroary 9,
2007 1 be effective May 1, 2007 which included the conditions outined in the PCB Order of

AS (02§, -

2. - The Henry Plant contimues to use the 21 foot high-rate, tmulti-port dl ffbser that was instaled
on 10/4/05 ints the Mtinols River. Quirterfy samples of the Minois River for Asamonla

Nitrogea nre listsd below:
L 3/26/09: <020 mg/l
b 6/18/08 <D20 mpA
¢ 9/28/09: «0.10 g/l
a.  11/20/09 < 020 mg/i

3. Monthly DMR's have boen submitted to the JEPA throughont the yzer with smmonia

monijtoring resufts cohducted § times per woek

4. . An enma] inspection of the facility wes completed on S8eptember 22, 2009 by James

Kammoeller. .

5. Koy projocts that the plent cantinued to work on during 2009 which have the poteotial to |

reduce anmnonia generation at the waste treatment systzm Include the following:

4. Improvements to the Tertiary Botyl Aming colunn increaaing the recovery of TBA

resulting i loss aming to the sower,

b. Utilization of carbon dioxide for pH edjustment reducing overall loading on the
bjotroaters. Tho use of CO; roduces the alug feedting of caustic fn the systom &t the

primery clarificr adding stabllity throughout the system,

In the ovenr additional information is neodod, pleeso contact ron cither by phone (309)364-341) or

by email miXo strabloy@emaraldmsterinls.com



Mike Strabigy
BSE Mansgor

Emgrald: Jeff Brenner, Brian Danison
IBPA: James Kemmuoller, Region Office, -
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Emeraid Performance Matefials
1550 County Road 1450 N
Henry, Dincls 61537
303-364-2311

CBRTH'IED MALL:.

Diinois EPA

Division of Water Polhition Control
1021 Nmth Grend Avenus Bast
Post Office Box 19278

Springficld, Minois 62794-9276

CERTIFIED MAIL:
Mr. Todd Hyson
IEPA-Reglonal Office
5415 N.University
Peoria, IL 51614

Re: NPDRS Anna] Sumtmery Repart - NPDBS Permit No, IL0001352

Dear Sirs:

1/14/10

Bmereld Pesformance Materiald s submitting its 2010 NPDES Aonoa) Summary Report as was
mqu(:ndhyhsNPDBSpcmh.

w pa

The [EPA issvod Fipersld Performenco Material’s #s Final NPDES Permit on February 9,
2007 to be effective May 1, 2007 which inchuded the canditions outlined in the PCB Order of
AS 02-5.
NPDES permit wes modified an April 27, 2010 listing PolyOne Corporation 23 a co-permitee.
Ths Heary Pisut continuzs to tse the 21 foot high-rate, raukti-part diffuser that wes instaled
on 10/4/05 tato the Mlinois River, Qumrterly samples of the Mllinois River for Ammonia
Nitrogen are Hited bolow:

& 3/31/10: <0.20 g/l

b 6730/10 <020 mgh

c. 9/23/10: <0.20 mg/l

d. Unable to semplo in Devember due to the amount of ice on the river,
Manthly DMR’s have been submitted to the [EPA. throughout the yeer with ammonia
mozitoring results condacted 5 times per week.
An annual ingpaction of the facitiry wuoornp)cu:d on September 23, 2010 by James
Kammmoeller. |

‘Kay projects thet the plant continged to work ou during 2010 which have the potsntial to

reduce aevmauia genarstion at the waste treatment system inclode the following:
4. Incotporate smmoxnia réduction ag & metric in the smployee gain sharing plan.
b. Conduct additional testing to furthar determine sources of emmanis within the
facility,

In the cvent additiomal information i needed, please contact me either by phone (309)364-9411 or
by emall mike strabley@¢mennldmaterials.com

Sincarely,

Mike Strablsy
HSE Manager

oc: Emecrald: Joff Lesch, Brian Donisou, Jobm McKinloy



IEPA: James Kammuysller, Region Office.



‘ Emerald Performance Materials

CERTIRIED MAIL: 7010 3090 0003 0728 0105

December 20, 2011

Illinois Environmental Protection Agency
P. O.Box 19276
Springfield IL 62794-9276

Attn: Division of Water Pollution Control
Compliance Assurance Section, Mail Code #19

Re: NPDES Permit No. IL0001392 — Annual Ammonia Report

Gentlemen:

Special Condition 17 of NPDES permit No. IL0001392, requires that Emerald Performance Materials' Henry IL
facility submit an annuval report summarizing the activities and results of investigations required by Special
Conditions 15, 16 and 18 of the permit,

Special Condition 15 requires Emerald to investigate production methods and technologies which reduce
ammonia concentration in effluent from the facility's WasteWater Treatment Plant (WWTP), One source of
ammonia to the WWTP ig the bottoms stream from the acetonitrile recovery column in the 3114 process. It has
been determined that the recovery efficiency of the column is sensitive to absolute pressure at the bottom of the
column. A project was defined during the fourth quarter of 2011 to upgrade the instrumentation around the
column in order to more effectively control absolute pressure. These upgrades will bs implemented in 2012,

Special Condition 16 requires that Emerald evaluate any new technology or economically reasonable
production methods which may reduce ammonia cancentration in effluent from the WWTP, Emerald did not
become aware in 2011 of any new or alternative technology that can be integrated into the facility's
manufacturing processes or economically replace existing processes.

Special Condition 18 requires that Emerald quarterly monitor amimoniz concentration in the Iilinois River in
order to demonstrate compliance with 35 IAC 302.212 and that Emerald report those results in the annual report,
The results of those samples are shown below.

Sample Date.....cueamiviiinii Concentration

31 March 2011 ..o <0.10 mg/L

30 June 201 L. <0.10 mg/L
23 September 201] ..o <0.10 mg/L
15 December 2011 ...c.ccovromrrinvicenaranns <0.10 mg/L

If you have any questions, please e-mail me at harold.crouch@emeraldmaterials.com or call me at
309-364-9472.

Fadl Gond

Harold Crouch, P.E.
Environmental Engineer

Emerald Polymer Additives, LLC

1550 County Road 450 N./ Menry,IL 61517/ Phone:109-164-2311 / Fax: 209-364.9460
www.emeraldmaterials.com



