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FLOW AUGMENTATION AND SUPPLEMENTAL AERATION OF THE SOUTH FORK OF
THE SOUTH BRANCH OF THE CHICAGO RIVER (BUBBLY CREEK)
TM-6WQ

INTRODUCTION

Background

Consoer Townsend Envirodyne Engineers, Inc. (CTE) was retained in 2005 by the Metropolitan
Water Reclamation District of Greater Chicago (MWRDGC) to provide engineering services to
prepare a comprehensive Infrastructure and Process Needs Feasibility Study (Feasibility Study)
for the North Side Water Reclamation Plant (WRP). As part of the scope of work for the
Feasibility Study, CTE was directed to determine the technologies and costs of water quality
management options which originated from the on-going Use Attainability Analysis (UAA) being
conducted by the lllinois Environmental Protection Agency (IEPA) of the Chicago Area
Waterways (CAWSs). The CAWs are shown in Figure 6.1.

This report presents the results of a study of one of the water quality management options that
originated from the UAA, namely flow augmentation and supplemental aeration of the South
Fork of the South Branch of the Chicago River commonly known as Bubbly Creek. Fiow
augmentation and supplemental aeration of Bubbly Creek is among several water quality
management options studied by CTE. Other water quality management options are discussed
in separate reports. These reports are not designed to determine which (if any) of the water
quality management options should be implemented. Such a determination can only be made
by conducting a comparison of the costs and benefits of all the management options and then
developing a water quality management plan which combines the most cost effective option into
an integrated strategy for improving the water quality of the CAWs. Such an integrated strategy
has not been developed at this time.

‘UAA Process

The Clean Water Act requires the states to periodically review the uses of waterways to
determine if changes to the existing water quality standards are needed to support a change in
use. Based upon a study of the CAWSs, the IEPA had decided that a change may be required in
the dissolved oxygen (DO) standards for these waterways.

As part of the UAA the IEPA suggested several water quality management options for improving
the DO of the CAWSs and asked that the MWRDGC determine the technologies and costs for
these options. One of the options that was suggested by the IEPA was flow augmentation and
supplemental aeration of Bubbly Creek.

Flow Augmehtation and Supplemental Aeration

Figure 6.1 shows the entire CAWSs. Bubbly Creek consists of the section of the CAWSs from the
MWRDGC's Racine Avenue Pumping Station to the junction with the South Branch of the
Chicago River (SBCR). Figure 6.2 shows an aerial photograph of Bubbly Creek.

Bringing flow from the SBCR to the headwaters of Bubbly Creek near the Racine Avenue
Pumping Station could have the following benefits:

1. Increasing the DO of the Bubbly Creek.
2. - Eliminating stagnant conditions during dry weather flow to improve aesthetics.
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Figure 6.2 — Aerial Photograph of Bubbly Creek
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Supplemental aeration is another water quality management option which has the potential for
improving the DO of Bubbly Creek. This option was also studied in this report.

Supplemental aeration is already being practiced in the CAWSs by the MWRDGC. Two
supplemental aeration stations exist on the North Shore Cannel (NSC) and the North Branch of
the Chicago River (NBCR) at Devon and Webster Avenues, respectively. These stations
provide aeration by means of porous ceramic diffusers at the bottom of the waterway. The
diffusers are supplied with air from an on-shore blower facility at each station. Along the Little
Calumet River, Calumet River and Cal-Sag Channel waterways, the MWRDGC has five
supplemental aeration stations utilizing sidestream aeration where low lift pumps remove a
portion of the flow from the waterway and aerate this flow usmg a free-fall weir system which
subsequently returns the flow back to the waterway.

Objective and Scope of Study

The objective of the study was to determine the techriology and cost to transfer flow from the
SBCR to the headwaters of Bubble Creek and investigate the p033|blllty of supplemental
aeration in conjunction with flow augmentatlon

The District directed that CTE investigate two alternatives for flow augmentation of Bubbly
. Creek.

1. Transfer the flow from the SBCR to the Bubbly Creek without providing any
artificial aeration of the transferred flow. In other words, the inherent DO of the
SBCR would not be increased before discharge at the headwaters of Bubbly
Creek.

2. Aerate the SBCR Flow to saturation before discharge at the: headwaters of

" Bubbly Creek.

Supplemental aeration was also studied as a possible water quality management option for
Bubbly Creek. For this option, it was necessary to include the combination of supplemental
aeration with flow augmentation since there is virtually no flow in Bubbly Creek during dry
weather. The main discharge to the waterway is the MWRDGC's Racine Avenue Pump Station
which only discharges to Bubbly Creek during wet weather.

Therefore, this report contains a study of three water quality management options for Bubbly
Creek:

Flow Augmentation without aeration of the transferred flow

Flow Augmentation with aeration of the transferred flow

Supplemental Aeration in combination with flow augmentation without aeration of
the transferred flow:

LN~

This report makes no attempt to determine whether flow augmentation and supplemental
aeration is a cost-effective method to‘improve the water quality of Bubbly Creek. To reach such
a conclusion, all of the water quality management options that have been suggested by the
- IEPA in the UAA process would have to be studied in an integrated fashion to determine which
(if any) of the alternatives or combination of alternatives, would be the most cost-effective for
meeting the future water quality standards for the entire CAWSs as determined by the UAA.
Such an analysis is beyond the scope of this study and would require significant input from the
various stakeholders in the UAA process. Through the UAA process, the IEPA and the
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stakeholders will examine the technologies and cosfs of the various individual options, review
their water quality benefits and ultimately determine which of the alternatives should be
seriously considered for possible implementation.

Water Quality Dissolved Oxygen Standards for Bubbly Creek

Currently under existing lllinois Pollution Control Board (IPCB) Secondary Contact water quality
regulations, Bubbly Creek is required to have a minimum of 4 mg/l of DO at all times. So far, the
IEPA through the UAA process has not reached a final decision as to the future DO water
quality standards for Bubbly Creek. They have suggested that current IPCB General Use water
quality DO standards might be applied to Bubbly Creek (6 mg/i for 16 out of 24 hours and not
less than 5 mg/l at any time) or minimum DO levels of 4, 5 or 6 mg/l may be required in the
future for Bubbly Creek.

Target Waterway DO Levels for this Study

It is necessary in this study to select a dissolved oxygen target in order to determine process
sizing and thus determine the cost for a flow augmentation and supplemental aeration system
for Bubbly Creek. After discussions with the MWRDGC, it was decided that the dissolved
oxygen target would be 5 mg/l. This level is within the range of potential DO standards
suggested in the UAA. However, recognizing that a rigid DO standard is difficult to meet under
all waterway conditions, it was decided that the target would be 5 mg/l and that achieving this
level 90% of the time at all locations in a waterway would be acceptable. It is hoped that the
IEPA will adopt a similar approach to a waterway DO standard and recognize that 100%
compliance is -not possible or necessary. The use of this target for this study in no way
represents a recommendation from the MWRDGC.

Flow Augmentation Modeling

In order.to determine the capacity of a flow augmentation and supplemental aeration system
including the amount of transferred flow, the need for aeration of this flow and the size and
location of the supplemental aeration stations, an existing water quality model of the CAWs was
used. This model was developed by Marquette University for the MWRDGC.

This model is described in the report entitled, “Preliminary Calibration of a Model for Simulation
of Water Quality During Unsteady Flow in the Chicago Waterway System and Proposed
Application to Proposed Changes to Navigation make-Up Diversion Procedures”, dated August, -
2004. This report was produced by Dr. Charles Melching from the Institute for Urban
Environmental Risk Management at Marquette University (Milwaukee, Wisconsin) for the
MWRDGC.

The Marquette Model was used to simulate the two flow augmentation alternatives described
previously:

1. Transfer of unaerated SBCR flow to the headwaters of Bubbly Creek
2. Transfer of aerated SBCR flow to the headwaters of Bubbly Creek

The model was also used to determine the size of supplemental aeration stations used in -

conjunction with flow augmentation. The model allowed CTE to determine effects of various
versions of these alternatives on the DO levels of Bubbly Creek. The model can simulate the
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DO in the waterway as a result of a simulated amount of flow augmentation with a certain
simulated dissolved oxygen concentration and simulate the effect of supplemental aeration.

For the unaerated flow augmentation alternative, simulated SBCR flows and DO levels in the
SBCR from the Marquette Model were used. For an aerated flow augmentation simulation run,
the model simulated the flow of the SBCR raised to saturated DO levels. Of course, saturated
DO concentrations are dependent upon temperature but typically the saturated DO is about 8 to
10 mg/l.

The time periods simulated in the Marquette Model were:

Year Time Period

2001 July 12 to September 14
2001 ' September 1 to November 10
2002 May 1 to August 11
2002 August 10 to September 23

Model simulations in the Marquette Model include overlapping time periods. It is inappropriate
to use overlapping time periods for the evaluation of water quality management options.
Therefore, percent compliance in this report does not include overlapping periods. For this
report, all the resulits for the July 12 to September 14, 2001 and May 1 to August 11, 2002 times
periods were used; those parts of the time periods of September 1 to November 10, 2001 and
August 10 to September 23, 2002 which overlapped with these periods were not used.

These time periods were chosen by Marquette as inputs to the model since the data base was
the most complete of any available.

Percentage compliance was based 'upon determining the percent of time that model simulated
hourly DO stream DO levels were at or above 5 mg/l.

The Marquette Model runs conducted for this study had the fol.lowing general assumptions.

1. Tunnel and Reservoir Plan (TARP) Tunnels are fully operational
2. TARP Reservoirs are not on-line.
3

Other water quality management options requested by IEPA in the UAA are not
on-line. :

Evaluation of the Alternatives contained in the report is based upon hourly results from all
Marquette model simulation periods since there is considerable variation in the water quality
conditions between the simulation periods in the Marquette Model.

The Racine Avenue Pump Station (RAPs) has a significant effect upon the DO levels in Bubbly
Creek during wet weather events. Any significant change in the RAPs discharge concentrations
of oxygen demanding substances or the RAPs discharge volume would significantly affect the
size and the cost of the various water quality management alternatives studied.

Modeling Runs for Flow Augmentation of Bubby Creek Without Aeration

Modeling runs were conducted by Marquette University to determine if flow augmentation alone
without aeration of the transferred flow would be sufficient to meet the DO target level for Bubbly
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Creek. A report of these model runs authored by Marquette University can be found in
Appendix B.

The withdrawal point for flow augmentation of Bubbly Creek is the intersection of Throop Street
and the SBCR. This point is slightly upstream of the intersection of Bubbly Creek and the
SBCR.

Six different unaerated flows of 50, 100, 200, 400, 450 and 550 mgd were evaluated. A
maximum transfer rate of 550 mgd was selected since this was the approximate maximum
amount of available flow in the SBCR for transfer to Bubbly Creek. Since for certain time
periods, the model sometimes showed flows in the SBCR at Throop Street to be less than the
transferred amount, the amount of flow was still transferred and the fiow in the SBCR was set to
zero. This approach did not resuit in hydraulic problems in the model computations. In the
actual design of a flow augmentation scheme, more precise flow transfers should be used in the
model. In such a design a time series of analysis of transferred flows would be constructed for
the periods when the simulated SBCR discharge was less than the transferred amount. This
time series analysis would be used to calculate the percent compliance with the DO standard.
Such an analysis is beyond the scope of the existing Marquette Model project. For this report,
percent compliance was calculated assuming that the transferred amount was available and
thus the percent compliance is optimistic, especially for the higher transferred amounts.

Even though Marquette completed simulations for unaerated flow augmentation for 6 different
transfer values varying from 50 to 550 mgd, results of only the 50 and 400 mgd transfer
simulation results are shown in this report. These model runs show that flow augmentation
without aeration does not significantly affect the DO of Bubbly Creek at |-55 near its discharge
to SBCR. Table 6.1 shows the percentage of time that DO levels in Bubbly-Creek at I-55 are
above 5 mg/! for both wet and dry periods for transfer rates of 50 and 400 mgd. As can be seen
in Table 6.1, there is no significant difference in the percent compliance for the two flows. Thus

unaerated flow augmentation by itself will not significantly improve the DO of Bubbly Creek. '

TABLE 6.1
PERCENTAGE OF TIME THAT DISSOLVED OXYGEN CONCENTRATIONS ARE GREATER
THAN 5 MG/L AT I-55 AND BUBBLY CREEK FOR JULY 12-NOVEMBER 10, 2001 FOR
DIFFERENT TRANSFER RATES FOR UNAERATED FLOW AUGMENTATION

Unaerated Flow .
Augmentation % of Time
Wet Dry
50 mgd 419 31.6
400 mgd 42.0 31.9

This result is not surprising since the Marquette Model generally shows low DO in'the SBCR
during summer conditions. Dissolved oxygen levels in the SBCR at Throop Street during the
summer often are 1 mg/l or less.

Modeling Runs for Flow Augmentation with Aeration of the Transferred Flow
The Marquette model was used to simulate dissolved oxygen levels in Bubbly Creek where

saturation DO concentrations were assigned to the transferred flow. A written report authored
by Marquette University of these run can be found in Appendix B. Transfer volumes of 50, 100,
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200, 400, 450 and 550 mgd were simulated. A transfer rate of 550 mgd was found necessary
to approach 5 mg/I of DO more than 90% of the time at the intersection of Bubbly Creek and |-
55. It should be again stated that a approximately 550 mgd of flow in the SBCR is available for
flow augmentation. Figure 6.3 shows the percent compliance at various locations on Bubbly
Creek with the 5 mg/l target water quality standard based upon the Marquette Simulations with
550 mgd of aerated transferred flow. The river miles on the x-axis of Figure 6.3 represent the
mid-point of the model segments from the mouth of Bubbly Creek (confluence with the South

- Branch of the Chicago River). I-55 is the dividing line between the 2™ and 3 segments in the
model and is located at River Mile 0.32. As can be seen, the target DO water quality target is
not achieved at all locations on Bubbly Creek even with aeration of 550 mgd of transferred flow.
Over 90% compliance with 5 mg/l was only achieved in the upper reaches of Bubbly Creek and
not at the mouth (the I-55 bridge).

Marquette model simulations showed a very high oxygen demand at the mouth of Bubbly Creek
~near the junction with the SBCR. This demand was so high that even pumping 550 mgd of

aerated SBCR flow to the. headwaters of Bubbly Creek was not sufficient to raise the percent

compliance with 5 mg/l of DO to 90% at end of Bubbly Creek near the junction with the SBCR.

The reasons for this high oxygen demand was not fully investigated but it is believed to be

caused by the influence of the SBCR at the junction. The SBCR has a relatively low DO at this
~ location and this low DO water may be impacting the DO of Bubbly Creek near the junction with
the SBCR.

Figure 6.4 shows a map with the location of the 550 mgd flow augmentation pumping station
and force main aeration system. The pumping station and force main aeration system would be
located on land adjacent to the SBCR and the force main would be located on land adjacent to
the SBCR and Bubbly Creek. There is sufficient vacant land adjacent to Throop Street on the
SBCR to accommodate this pump station and force main aeration system.

For cost estimating purposes, compressed air U-Tubes will be used to provide force main
aeration. Compressed air U-Tubes are routinely used for force main aeration to control odors
from sewage pump stations. Thus, this is a proven technology for force main aeration. In
addition, this aeration technology was among the four short-listed technologies selected for
supplemental aeration in TM-4WQ. U-Tubes allow DO levels far above saturation, thus
requiring less of the transferred flow to be aerated. If this Water Quality Management option
should proceed to implementation, a more detailed study of force main aeration altematives
should be conducted to select a final candidate for design purposes.
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' M Baseline B550 mgd (aerated) Racine
Ave. P.S.

100

Percent of Hours DO >= 5 mg/l
(4]
o

0.07 - o 0.43 0.78 1.17 1.38
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(RM 0) (RM 0.32) (RM1.0) (RM 1.26)

River Mile from Confluence with South Branch Chicago River

Figure 6.3 — Flow Augmentation with Aeration of Transferred Flow, % Compliance with 5
mg/l Minimum Dissolved Oxygen, For All Simulated Time Periods in the Marquette Model
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Figure 6.4 — Flow Augmentation of Bubbly Creek with Aeration Of Transferred Flow

6-10



FINAL 01/12/07

Modeling Runs for Flow Augmentation without Aeration of the Transferred Flow in
Combination with Supplemental Aeration

Marquette Modeling runs were conducted by the MWRDGC’s Research and Development
Department utilizing a combination of flow augmentation without aeration of the transferred flow
and supplemental aeration of Bubbly Creek. A number of modeling runs were conducted
utilizing different supplemental aeration station capacities and locations in combination with
various amounts of flow augmentation. Ultimately, it was determined that a combination of
these technologies would meet the quality objective of 5 mg/l of dissolved oxygen, 90% of the
time. The chosen scenario was as follows:

¢ Three Supplemental Aeration Stations

| Station # Oxygen Delivery Capacity Location
1. 80 g/sec (15,200 Ibs/day) Mouth of Bubbly Creek
2. 50 g/sec (9,500 Ibs/day) ‘| Approximated  Mid-point  of
‘ Bubbly Creek
3. 10 g/sec. (1, 900 Ibs/day) Headwater of Bubby Creek

e 50 MGD Flow Augmentation Pump Station
© - o 50 MGD Pump Station on SBCR at Throop Street
o 2 Mile Force Main to Headwaters of Bubbly Creek
o Force Main Aeration is not Practiced

For the above chosen scenario, Figure 6.5 shows the percent compliance (at various locations
on Bubbly Creek) with the 5 mg/l target water quality standard. As can be seen, the
combination of 50 mgd of flow augmentation and 3 supplemental aeration stations is sufficient
to maintain dissolved oxygen at 5 mg/l more than 90% of the time. The river miles on the x-axis
of Figure 6.5 represent the mid-point of the model segments from the mouth of Bubbly Creek
(confluence with the South Branch of the Chicago River). 1-55 is the dividing line between the
2" and 3" segments in the model and is located at River Mile 0.32.

It should again be noted that the Marquette Model shows a very high oxygen demand at the
mouth of Bubbly Creek near the junction with the SBCR. This demand results in a relatively
large supplemental aeration station at this location. Model simulation runs demonstrated that
- aeration stations even twice as large as the 80 g/sec station could not raise the percent
compliance much above 90%. .

If low DO flow from the SBCR is the cause of the high oxygen demand at the mouth of Bubbly
Creek, then providing supplemental aeration, flow augmentation or other water quality
management options on the SBCR may eliminate the need for this aeration station on Bubbly
Creek. The elimination of the aeration station at the mouth of Bubbly Creek should be justified
based upon a detailed analysis of the Marquette Model followed by additional runs with perhaps
a modified version of the model. Such an exercise is outside the scope of this study.

Figure 6.6 shows a map with the locations of the 50 mgd flow augmentation pump station and
force main and the three supplemental aeration stations. The force main would be located on
land adjacent to and along the SBCR and Bubbly Creek. There is sufficient vacant land area at
Throop Street adjacent to the SBCR to accommodate this pump station.
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Figure 6.5 — Flow Augmentation (50 mgd) and Supplemental Aeration of Bubbly Creek at 3 locations, Percent of Hours
Complying with 5 mg/l Dissolved Oxygen Criterion, For All Simulated Time Periods in the Marquette Model
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LAND AVAILABILITY FOR SUPPLEMENTAL AERATION

Figure 6.7 shows a conceptual layout for an 80 g/s sidestream elevated pool aeration (SEPA)
supplemental aeration station. This layout was taken from TM-4WQ. The land requirement for
the 80 g/s station is approximately 1 acre. The land requirement for the 50 g/s and 10 g/s
stations would be approximately 2 acre. As noted in TM4WQ, the SEPA supplemental
aeration technology requires the largest land area of the four short-listed technologies. Thus
the land requirement for SEPA technology was used to determine if sufficient vacant land was
available at the three supplemental aeration sites on Bubbly Creek.

Appendix C contains aerial photographs of each of the three supplemental aeration sites with an
overlay showing the land requirements for the SEPA supplemental aeration technology. As can
be seen, there is sufficient vacant land for SEPA technology at each site and therefore any of
the four technologies could be located at each of the three sites without the need for building

demolition. As was done for TM-4WQ, land costs for supplemental aeration were assumed to . -

be $1.2 Million per acre and it was further assumed that all sites would have to be purchased by
the MWRDGC. - : '

The 80 g/s aeration station at the mouth of Bubbly Creek had a simulated location at river mile
0.13, 233 yards from the junction with the SBCR. However, this part of Bubbly Creek has many
elevated roadways including I-65. Thus, the best available vacant land location for this aeration
station is at river mile 0.32 which is about 560 yards from the mouth.
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Figure 6.7 — Conceptual Layout for 80 g/s (Oxygen) SEPA Technology
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COSTS FOR FLOW AUGMENTATION WITH AERATION OF THE TRANSFERRED FLOW

Appendix A contains the unit costs for this technical memorandum.

Appendix D contains the detailed spreadsheet for the capital costs for the approximate 2 mile
flow augmentation pipeline and the 550 mgd pump station.

Appendix E contains the detailed cost estimate for the force main aeration system. The system
chosen for cost estimation purposes was U-tube aeration using compressed air

Compressed air U-Tubes are routinely used for force main aeration to control odors from
sewage pump stations. Thus, this is a proven technology for force main aeration. In addition,
this aeration technology was among the four short-listed technologies selected for supplemental
aeration in TM-4WQ. U-Tubes allow DO levels far above saturation, thus requiring less of the
transferred flow to be aerated. If this Water Quality Management option should proceed to
implementation, a more detailed study of force main aeration alternatives should be conducted
to select a final candidate for design purposes.

Table 6.2 contains a summary of the Capital and Maintenance and Operation Costs for Flow
Augmentation with aeration of the transferred flow. These costs were developed for the flow
augmentation scenario shown in Figure 6.4.

"TABLE 6.2
SUMMARY OF COSTS FOR FLOW AUGMENTATION (WITH AERATION) OF THE
TRANSFERRED FLOW
. ' Total Present
Item Capital Costs Annual Costs Worth

FORCE MAIN AERATION using :
U-Tubes (compressed air) $39,000,000 $685,000 $53,000,000
FLOW AUGMENTATION (PUMP $229,000,000 $2,200,000 $273,000,000
STATION AND FORCE-MAIN)

TOTAL $268,000,000 $2,885,000 $326,000,000

COSTS FOR FLOW AUGMENTATION (WITHOUT AERATION) AND SUPPLEMENTAL
AERATION

In TM4WQ (Supplemental Aeration), CTE developed a long list of supplemental aeration
technologies. Based upon a matrix evaluation of the long list, CTE determined that the following
supplemental aeration technologies would constitute the short list:

1. Free Fall Step Weirs (Similar to the MWRDGC’s Sidestream Elevated Pool
Aeration (SEPA) Stations)

Jet Aerators

Ceramic Fine Bubble Diffusers

Compressed Air U-Tube

W

Therefore the above four short-listed supplemental aeration technologies will be used for this
study of Bubbly Creek.

6-16




FINAL 01/12/07

Appendix F contains the detailed spreadsheets showing the capital cost for the four short-listed
supplemental aeration technologies. It should be noted that the costs for the SEPA aeration
station at the headwaters of Bubbly Creek does not include a pump station. This is because it is
assumed that the 50 mgd of flow from the SBCR was directed to the weir system of this station.
Thus no pump station was needed for this supplemental aeration alternative.

Appendix G contains the detailed spreadsheets for annual operation and maintenance costs for
the four supplemental aeration short-listed technologies.

Appendix H contains the detailed spreadsheets for the capital cost for the approximately 2 mile
flow augmentation pipeline and the 50 mgd flow augmentation pumping station.

Appendix | contains the annual operation and maintehance costs for the flow augmentation
pump station and force main.

Table 6.2 contains a summary of the capital and maintenance and operation costs for flow
augmentation and supplemental aeration of Bubbly Creek. These costs were developed for the
flow augmentation and supplemental aeration scenario shown in Figure 6.3. As was done for
TM-4WQ, costs are presented for each of the four short-listed supplemental aeration
technologies. Again, it was felt that the scope of this study precluded a detailed evaluation of
the many site specific factors necessary to make a final decision on a supplemental aeration
technology. Also, pilot and/or laboratory scale testing is recommended to determine the design
parameters for supplemental aeration stations. This information along with a site-specific
analysis should be used to determine the most cost-effective supplemental aeration technology
for each of the three sites.

' TABLE 6.3
SUMMARY OF COSTS FOR SUPPLEMENTAL AERATION AND FLOW AUGMENTATION
OF BUBBLY CREEK

item Capital Cost™ | Total Annual | Total Present Worth
Supplemental Aeration _
U-Tubes $31,000,000 $540,000 $41,800,000
SEPA $73,000,000 $1,600,000 $105,000,000
Ceramic Diffusers $30,400,000 $932,000 $49,000,000
Jet Aeration $46,000,000 $2,300,000 $92,000,000
Flow Augmentation $29,966,000 $509,000 $40,146,000

(1) Includes land acquisition cost — 3 x $1,200,000 = $3,600,000.

In summary the cost for flow augmentation and supplemental aeration of Bubby Creek would be
approximately:

Capital Cost:
$60.4 Million - $102.9 Million

Total Annual Costs:
$1.0 Million - $2.8 Million

Total Present Worth
$81.9 Million - $'145 Million
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This Technical Memorandum is to include an examination of the Environmental and Human
Health Impacts of: The energy required to operate the facilities; the energy required for
processing and production of process chemicals; and the conversion and degradation of
process chemicals. TM-6WQ, at the District's direction, does not make any technology
recommendations but rather prepares cost estimates (capital and operation and maintenance)
for the short listed technologies. There are no chemicals used in these technologies and
therefore the impact of chemicals is non-existent. The energy requirements and costs for the
shortlisted alternatives have been calculated and are presented in this report. Since the report
only concludes with a shortlist of technologies, it is appropriate to evaluate the environmental
and public health impacts of the energy for these technologies in any future studies of the water
quality management options in TM-6WQ. ‘

SUMMARY AND CONCLUSIONS

A study was conducted to determine thé technology and costs for flow augmentation and
supplemental aeration of Bubbly Creek. This study was conducted at the request of the IEPA
who is currently exploring methods to improve the DO of the CAWSs as part of their UAA.

Simulations were undertaken using a water quality model developed for the MWRDGC by

Marquette University to determine the amount of flow augmentation and supplemental aeration

to achieve a DO target of 5 mg/l in Bubbly Creek, 90% of the time. This target was a consensus

decision with the MWRDGC and may not represent the target chosen by IEPA for the CAWSs.

The IEPA has not as yet chosen a water quality DO target for the CAWs. Thus, it was

necessary to choose a target so that a cost estimate for flow augmentation and supplemental -
aeration could be prepared.

Three water quality management: options were studied:

1) Flow Augmentation without aeration of the transferred amount

2) - Flow Augmentation with aeration of the transferred amount

3) Supplemental aeration in combination with flow augmentation without aeration of
the transferred amount

Based upon simulations conducted by Marquette University (shown in Appendix B), it was
found that bringing up to 550 mgd of unaerated flow from the SBCR to Bubbly Creek would not
significantly raise the DO of Bubbly Creek. This is mainly due to the relatively low levels of DO
present in the SBCR at Throop Street during summer conditions.

Based upon Marquette Model simulations (See Appendix B) bringing 550 mgd of aerated flow
from SBCR to the headwaters for Bubbly Creek will improve the DO of Bubbly Creek but will
not achieve the DO target level at the end of this waterway near the mouth of its junction with
the SBCR. It is not practical to bring more than 550 mgd from the SBCR since flows in the
SBCR are generally lower than this amount during the summer months.

A cost estimate was prepared for flow augmentation using compressed air U-tubes for aeration.
This method of force-main aeration was chosen for cost estimation purposes since it is
commonly used for controlling odors at sewage pump stations. The capital cost for this
alternative was $268 million and the annual O & M costs were $2.9 million. [f this alternative is
found to have merit in the future, a study of other methods of force main aeration should be
undertaken before proceeding to final design.

Since flow augmentation did not achieve the DO target chosen for this study, a combination of
flow augmentation (no aeration of the augmented flow) and supplemental aeration was studied.
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"The MWRDGC’s R&D Department conducted various model runs testing various combinations
of flow augmentation and supplemental aeration to achieve the DO target. It was found that
flow augmentation of 50 mgd from the SBCR and the following locations and sizes of
supplemental aeration stations would achieve the DO target for Bubbly Creek:

Station Oxygen Delivery Location
Capacity
1 80 g/sec (15,200 Ibs/day) Mouth of Bubbly Creek
2 50 g/sec (9,500 Ibs/day) Approximate midpoint of
Bubbly Creek
3 10 g/sec (1,900 Ibs/day)  Headwaters of Bubbly Creek

The total capital cost for the 4 supplemental aeration technologies chosen for this cost estimate
(U-Tubes, SEPA, Ceramic Diffusers and Jet Aeration) in combination with flow augmentation
ranged from $60.4 Million to $102.9 Million. The total annual O&M costs ranged from $1.0
Million to $2.8 Million. A final decision as to the supplemental aeration technology that is most
appropriate for implementation in Bubbly Creek would require additional study.

The study did show that the combination of flow augmentation (50 mgd) and three supplemental
aeration stations achieved the DO target while aerated flow augmentation alone did not. Also
the combination of flow augmentation and supplemental aeration was considerably lower in cost
than aerated flow augmentation. Thus it would appear that the combination of flow
augmentation and supplementation aeration would be the most cost effective for the DO control
alternatives studied here for Bubbly Creek. However, it should be stated that it is not possible to
determine whether any water quality management options suggested by the IEPA in the UAA
should be implemented until all these alternatives are studied in an integrated analysis to
compare and analyze their relative benefits and cost. .

Table 6.4 shows a summary of the costs for flow augmentation with aeration and supplemental
aeration in combination with flow augmentation without aeration.

' TABLE 6.4
SUMMARY OF COSTS FOR FLOW AUGMENTATION WITH AERATION OF TRANSFERRED
FLOW AND SUPPLEMENTAL AERATION AND FLOW AUGMENTATION WITHOUT
AERATION OF BUBBLY CREEK

Option Capital Cost Annual Costs | Total Present Worth
Flow Augmentation with| $ 268,000,000 $ 2,900,000 $ 326,000,000
Aeration '
Supplemental  Aeration| $ 60,400,000 — $ 1,000,000 — $ 81,900,000 —
with Flow Augmentation| $ 102,900,000 $ 2,800,000 $ 145,000,000
without Aeration
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UNIT COSTS FOR COST ESTIMATES

Life cycle cost (LCC) analysis requires the development of certain constants that will be used
throughout the evaluation of alternatives. Values used for constants are presented below.
These values have been developed in consultation with District staff and represent actual

values or agreed upon assumptions.

1. Present Worth Factors for Life-Cycle Costs

e Years o : 20

e Annual interest rate 3%

¢ Annual inflation rate 3%

e Annuity Present Worth Factor (with inflation) 19.42
2. Design Life

e  Structural Facilities 20

¢ Mechanical Facilities 20
3. " Electrical Cost $0.075/kW-hr
4.  Labor Rates Per Hour Including Benefits "

e Electrician ‘ $159.50/hr

¢ Operations $90.00/hr

e Maintenance $90.00/hr
5. Parts and Supplies 5 percent
6.  Contractor Overhead and Profit @ 15%
7.  Planning Level Contingency @ 30%
8.  Engineering Fees including Construction Management ¢

(1) A multiplier of 2.9 was used to reflect benefits as provided by the
District. ,

(2) Percent of Total Construction Cost

(3) Percent of Total Construction Cost plus Contractor Overhead and
Profit

(4) Percent of Total Construction Cost, Contractor Overhead and Profit
plus Contingency

A-2
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~ APPENDIX B ,
Report Authored by Marquette University “Progress on Flow Augmentation Simulations
’ for Bubbly Creek”
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APPENDIX C
Land Availability for Three Supplemental Aeration Stations on Bubbly Creek
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Direction of
Flow

Land Availability for 80 g/s Station at I-55 and Bubbly CreeklLand Availability for 80 g/s Station at I-55 and
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Proposed
Aeration
Station

Direction of
Flow

Land Availability for 50 g/s station at S. Throop Street and Bubbly Creek
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Racine Avenue
Pumping Station

Land Availability'fdr 10 g/s Station near Racine Ave. P.S. and Bubbly Creek
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APPENDIX D
Capital Costs for Flow Augmentation with Aeration of the Transferred Flow
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_ APPENDIX E
Operation and Maintenance Costs for Flow Augmentation with Aeration of the
Transferred Flow
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APPENDIX F
Capital Costs for Supplemental Aeration Technologies
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APPENDIX G
Operation and Maintenance Costs
for Supplemental Aeration Technologies
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APPENDIX H
Capital Costs for Flow Augmentation — No Aeration
(In Combination with Supplemental Aeration)
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APPENDIX |

Operation & Maintenance Costs
for Flow Augmentation — No Aeration
(In Combination with Supplemental Aeration)
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| o APPENDIX B
Report Authored by Marquette University “Progress on Flow Augmentation Simulations
for Bubbly Creek”
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PROGRESS ONFLOW AUGLIWTATION SIMULATIONS
" FORBUBBLY €REEK

Two sets of simnlations considering diverting a purtion of the South Branch Chicago
" River(SBCR) flow to the upstreani end of the Bubbly Creek have been completed.. The
first set of simulations considérs transferred flow without acration and the second sét of
simmulations considers aerated transferred flow. Six different (50, 100, 200, 400, 450, and
550 mgd) fixed amonnts of flow transfer have been evalnated for the pesiods July 12—

September 14, 2001, September 15 < November 10, 2001, May 1-Aogust 11, 2002 and . -

August 12-September 23, 2002. The withdcawal point for flow angmentation for Bubbly
-Creek is theinte:secﬁonofﬂ:e SBCR and Throop Street. This point is sllghﬂyupstream
(~0.4 mile).of the intersection of Bubbly Creck and the SBCR.

waofmmnlated(baselme)dischargxatm'oo Stmetaregivenhl’igutei Ava:age
discharges for July 12 to November 10, 2001 and May 1 to September 23, 2002 are 1,186
ofis (767 mgd) and 984 ofs (636 mgd); respectively. Six different augmentation flow
transfer values (50, 100, 200, 400, 450, and 5§50 mgd) have been evaluated and the
maximum transferred flow was kept around the average discharge at Throop Street. For
-pesiods wheh the sinmlated dischargs was less than: the fransfer amount, the flow in the

- SBCR was sef to zero and the fixed amounts of flow stilt was transferred even though the

available flow was not sufficlent. This approach did not tesult in hydranlic problems in

-dxecomputauons.l'nme actual design of tie augmentation scheme, more precise flow
transfers (L.e. time series of flow for the petiods whea the simulated discharge is less than
. transTer amonnt and the total simulated discharge is tratisferred) should be vsed in the
simnlation to calenlate percentage compliances especially if the desired transfesred flow
ismnchhrgm:ﬂlantheamgedmnlateddmchmgeaﬂhmopsueetataspedﬁcume

The peteentage of hours that target dissolved oxygen (DO) comentraﬂons of3,4, 5, and

A . 6 mg/L:are equaled or excecded for the total period of July 12— Novemba'w 2001 are

oo of wnn .

Hsted. in Tables 1-3.for Yackson Boulevard (SBCR), I-55 (Bubbly Creck), and. Cicero
Avenue (Chicago Sanitary and Ship Canal, CSSC), respectively. The wet pediods listed in .
these tables cortespond to times when flows at Romeoville wége higher than typical dry
weather flows (i.e. typically greater than 100 nf’/s = 3530 ofs for sustairied periods).
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Table 1. Percentage of time that dissolved oxygen concentrations are gwate: than the :
target concentrations at Fackson Boulevard (South Branch Chicago Rives) for July 12—
Novembet 10, 2001 for different withdrawal values for flow augmentation:

Scenario -} 3mgl 4 mg/L Smg/L - 6mg/L

1 Jackson-SBCR diy | wet | ‘dry | wet § Dry | wet | Dry | wet
Y Moasared 982 | 92.9 [ 914 | 825 | 61.6 | 54.0 | 419 | 169
Calibrated - 913 | 943 | 786 | 87.0 | 647 | 721 | 431 | 362 |'
50 mgd 013 | 943 | 786 | 810 | 647 { 721 | 43.1 | 363
1400 mgd 913 | 943 | 78.7 | 87.0 | 64.8 ] 721 | 432 | 363

Table 2. Percentage of tims that dissolved oxygen concentrations are greater than the
targe¢ concentrations at I-55 (Bubbly Creek) for July 12 - November 10, 2001 for
different withdrawal values for flow angmentation .

Scenario - 3mgll, 4 mg/L -5 mg/L “6mg/L
I-55-Bubbly Creek | dry | wet | dry. | wet | dry | wet | Dry | wet

§ Measured * 1 - -} - -1 - - -

1 Calibrated 712 | 66.1 | 56:6 | 41.0 | 41.8 | 31.6 | 25.9 | 203
50mgd - | 7.3 | 66.2 | 56.6 | 41.0 | 4L9 | 31,6 | 250 | 204
400mgd . - | 71.8 | 66.4 | 56,6 | 414 | 420 | 319 | 260 |.20.5

‘Nommmeddixoivedmygmd&mﬂabhforzocl :

Table 3. Percentage of time that dissolved oxypen concentrations are higher than the
target coricentrations at Cicero Avenus (Chiéago Sanitary and Ship Canal) for July 12— - -
November 10, 2001 for different withdrawal values for flow. augmentation _ :

Scenario “3mgll, | 4mgl. | Smgh 6mg/l, .
- |"Cicero_CSSC | dry | wet | dry | wet | Dry | wet | dry | Wet
[Measored = -| 83.8 | 715 | 549.f 468 | 21.6 | 159 [ 23.8 | 01
. |-Calibrated 854 | 704 | 58.7 |.40.0 | 43.6 | 289 | 276 | 194
50 mgd "~ | 854 | 704 | 58.7 | 400 | 43.6 | 289 | 27.7 | 194

400mgd —~ |'855 [ 70.T] 587 | 405 | 43:6 | 289 | 278 | 196

EBven though smmlatmns have been completed for all 6 diﬁ'went ﬂow transfer valnes for
2001 and 2002, results of only 50 and 400 mgd flow transfer simnlations for 2001 are

" preseénted bere since simulation results show that different levels of angmentation without

o msaen .
.

m‘auon do’ not affect the DO concentration at I-55.

Measmd DO concentrations at Jackson: Boulevard can get as Iow as 1 1 mgIL and
mostly fluctuate betwéen 4 and 6 mg/L, (Figure 2). Méasured DO concentrations at I-55
(Bubbly Creek) are always lowei than Jackson Boulevard DO concentrations and get as
fow as 0 mg/L at certaln petiods. Simulated DO" concentrations at Thiroop Street are
. usually lower than Jackson Boulevard DO concentrations

Y
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Dissolved Oxygen Concenclrations at Different Locations ¢
Jackson Boulavatd-l-ss-‘rhmpp Street- 6/1-9/23,2002
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Figuré 2: Dissolved oxygen ®O) ooucen&aﬁons measured at Jackson Boulevard on the

| -South Branch Chicago River and I-55 on Bubbly Creck and stmiilated at Street

on the South Branch Chicago River for July 12 to November 10, 2001 and May 1 to
. September 23, 2002 (no measured DO" available for the 2001 petiod, at I-55 (Bubbly

| Creeky)
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: Qvek))
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of mieasured hourly DO concentration plots for Jackson Boulevard and
Cicero Avenne for 2001 and 2002 sinmlation-pesiods are given in Fignre'3. Compadison
of the simulated (baseling) DO concentration at Throop Street and 155 for the 2001 and

. 2002 sinmlation petiods are given in Figure 4. Fignres 3 and 4 show that DO
. .concenirations at Cicero Avenue are always Jower than Jackson Boulevard ‘DO

concentrations and sinmlatzd DO toncentrations at Throop Street and 155 are almost

" identical. The agreement between Throop Street and I-55 results because duting periods

of no flow in Bubbly Creek the ambierit water quality in the SBCR and CSSC dominates

© . the downstream reaches. of Bubbly Creek, whereas when the Racine Avenue Pumping
. "Station is.operating water quality at the downstreamend of Bubbly Creek has a large

effect on water quality in the nearby portions of the SBCR and-CSSC. Figures 3 and 4
also show that sinmlated" DO concentrations at Throop Street show a very similar trend

" with Cicero Avenue DO concentrations. Since simmlated DO-concentrations just at the

upstream and downstream of the junction of the SBCR and Bubbly Creek are very similar
to Bubbly Creek DO concenirations, Bubbly Creek angnientation withont aeration did not

impmve DO concentrations in Bubbly Creek.
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Dissolved Oxygen Concenctrations at Diffetent Locations :
Jackson Boulevard-Cicero Avenue, 7H241/10, 2001 .
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Figure 3. Comparison of measured DO concentrations at Jackson Boulevard and Cicero
- Avenue for July 12 to November 10, 2001 and May 1 to September 23, 2002
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Dissolved Oxygen Concencirations at Different Locations:
Throop Street, 165, 714211/10, 2001
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Figure 4 Comparison of sinmlited DO concenfrations at I-55 and Throop Street for
baseline. conditions (o transfer) for July 12 to- November 10, 2001 and May 1 to
September 23; 2002




{ - FLOWAUGMENTATION WITH AERATION FOR BUBBLY CREEK

. . In this section, resvlts of simulations of scenatios of Bubbly Creek flow angmentation
I with acration are presented. In these simmlations, saturation DO concentrations were
assigned to the augmented flow. The rest of the water quality varisbles were kept the

same as the simjulated: Throop Street concentrations. Jackson Boulevard water
temperatures were used to calcnlate saturation concentrations (Figutes 5 and 6). This
makes thie following simulation results somewhat optimistic because the Midwest’
_Generation Fisk Power Plant sits between Jackson Boulevard and Throop Street and
"tomparison of monthly sample datz at Madison Street and Damen Avenue indicate shout
a 1°C temperature increase primarily due to the Fisk Power Plant. Because only monthly
data are available to estimate the temperatnre increase and this is a preliminary, planning:
level analysis no attempt was made to acconnt for the temperature increase. In the actual
design of aflow transfer scheme, the temperature increase resulting from the Fisk Power

Plant should be considered. . .
Jacksan Boukvard, 712:41H0,2001 . , Jackson Boulavard, 7H2-41110, 2001
» . . Ry
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" Figure -5. Temperature (°C) and caloulated satnration dissolved oxygen (DO)
- concentrations at Jackson Boulevard for July 12 to November 10, 2001

Jackson Boulevard, 6/1-023,2002 Jackson Boulevard, sn-em.zoaz
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Figare 6. Temperatire (°C) and caloulated saturation dissolved oxygen (DO)
concentrations at Jackson Boulevard for May 1 to September 23, 2002
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RESULTS OF THE AERATED AUGMENTATION SMULmoNs

. 'IhepacentageofhomsﬂmttargetDOconcenmuonsom 4,5, andﬁmgfLareequaled '
' orcxceededforlulyu Novembér 10, 2001 are listed in Tables 4-6 for- Jackson
Boulevard (SBCR), I-55 (Bubbly Creek), and Cicero-Avenue (CSSC), respectively.

“Table 4. Percentage of time that dissolved oxygen concentrations are greater than the
target concentrations at Jackson Boulevard (South Branch Chicago River) for July 12 —-
Noversber 10,2001 for different withdrawal values for aerated flow. aum__mtion ‘

Scenario’ 3mg/L 4 mg/L, SmglL 6mgll.
Jackson-2001 | dry | wet | diy |-wet | dry | wet | dry | Wet
Measured 9821929 | 914 | 825 | 67.6 | 54.0 | 419 | 16.9
Calibrated ~ | 913 | 943 | 786 | 87.0 |.64.7 | 72.1 | 43.1°| 362
50 mgd {915 | 944 | 79.0 | 87.6 | 65.9 | 724 | 435 | 364
100 mgd 92.0 | 947 | 793 | 87.9 | 664 | 725 | 44.1 | 365
200 mgd 932 | 952 | 79.7 { 88.5 | 67.7°| 72.9 | 453 | 36.7
400mgd | 951 | 959 | 816 | 89.2 | 68.6 | 73.6 |§ 469 | 373
'Eqmgd N 954 | 96.1 | 820 | 894 | 68.7 | 74.0 | 47.1 | 37.4
550 mgd 962 | 96.1 | 822 |-89.4 |- 689 | M.7'| 472 | 377

" . 'Table 5. Percentage of time that dissolved oxygen concentrations. are greater ﬁaan the

target concentrations at 155 (Bubbly Creek) for July 12 — November 10, 2001 for .

o diffexent withdrawal values for aczated flow angmentaﬁon

. . * por

oo

- | Seenario - | 3mp/L 4-mp/L, 3 mg/L, 6 mg/L ‘ )
ES552001- | dry | wet' [ dry | wet | dey | wet | diy | wet :
Measured | - -1t -1 -1-1-1-1-
- Calibfated | 712 | 66.1 | 56:6 | ALD | 418 | 31.6_| 25.9 | 203
50 mgd. 830 | 73.0 | 604 | 446 | 455 | 337 [ 2949 | 227 ¢} .
160mgd | 873 | 814 | 655 | 559 | 48.2 | 35.6 | 33.0 | 240 |
200mgd | 915 | OL5 | 643 | 728 | 60.1 | 40.9 | 445 |- 28.7
J400mgd | 1000 | 962 | 925 | 912 | 862 | 72.8 | 6.0 | 363
[450mgd | 100.0 | 97.0 | 96,6 | 95.0 | 87.8 | 75.8 { 60.6 | 39.6
556mgd | 100,0 | 100.0 | 99.7 | 954 | 905 | 81.9 | 702 | 495
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" | Scenatio Smgl | 4mgl Smg/L, 6 mg/L,
J Cicero-2001 | ‘dry | wet | diy | wet | diy | wet | diy | wet
-} Measured 838 | 715 | 549 1 468 | 276 | 159 | 228 | 0.1
‘| Calibrated | 854 | 704 | 58.7 | 40.0 | 43.6 | 289 | 276 | 194
-1 50 mgd - 884 | 753 | 608 | 45.7.1 452 | 294 | 302 | 210
{100mgd~ | 895|797 | 67.9 | 50.8 | 470 | 29.8 | 32.6 | 21.8

“§ 550 mgd 987 1937 } 913 | 77.8 | 813 | 52.9 | 484 | 273

Table 6. rmmge of time that diamlvedbxygénoomentaumsare greater than the
target concentrations at Cicero Avenne (Chicago Sanitary and Ship Capal) for July 12—
November 10, 2001 for different withdrawal values for serated flow augmentation

200mgd | 913 | 824 | 81.8 | 606 | 55.1 | 306 | 364 | 250
400mgd | 960.| 909 | 89.0 | 728 | G614 | 410 | 448 | 268
450mgd | 963 | 917 | 899 | 752 | 725 | 445 | 453 | 269

Results of the aerated flow augmentationr simmlations showthataétaﬂonofﬁteu-ansimed
flow improves the DO conditions in Bubbly Creck. It can bie seen that the transfer of 550
amgd of aerated flow results in-attainment of DO concentrations in excess of 3 mg/L atI-

.55 doring dry and wet weather 100 percent of the time. Whereas 3 mg/L. DO

concentrations are achieved 100 percent of the time during just dry weather for 400 and
450 mgd transfer sinmlations.. More than 95% of the time the.4 mg/L DO target level is
adﬁevedwi&atmsf«ofssomgdbomforwecmddrypeﬁnds.mwsalsoshowthat
aerated flow augmientation infldences the DO congentrations at Jocations downstream
from the junction of Bubbly Creek and the SBCR (Table 6). At Cicéro Avenus the

compliance with the.3 mg/L DO target level increased from 85.4 % and 70.4

. péscentage
. % for wet and dry periods, respectively, during calibration to 98.7% and 93.7% for wet
- and dry pedods, respectively, for a transfer of 550 mgd of aerated SBCR water. Even

tliongh aerated augmentation simnlations have little effect on: DO concentrations at

. -JacksonBonlbvmlCI‘abiett)nispossibletoseetheeffectofaeratedaugmentaton

operations along the CSSC until the downstream boundaty (Romeoville) of the modeled .
section ofﬁeﬂwrsystem (Table 7).

'I‘hepawntagcofhoutsthatmgetmooncenmﬁonsofs 4, 5, and 6 mg/L are equaled
or exceeded for the total period of May 1-September 23, 2002 are listed-in Tables 8-10
for Jackson Boulevard (SBCR). 55 (Bubbly Cmek) and Cicero Avenne (CSSC),

frespectively.
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Table 7. Percentage of fime that dissolved oxygen concentrations are greater than the
target concenfrations at Romeoville (Chicago Sanitary and Ship Canal) for July 12 —
Nevember 10, 2001 for diffecent withdrawal values for aerated flow angmentation

Scenario - 3mg,. | 4mpk | Smgll 6 mg/L
Romeoville-2001 | dry | wet | dry | wet | Dry | wet | dy | wet
Measured - 93.5 1 67.7 | 740 | 38.0-| 30.7 | 120 | 215 | 02
| Calibrated 795 | 86.0 | 639 | 60.9 | 424 | 332 | 284 | 20.7
{50 mgd 803 | 865 | 66.1 | 624.| 455 | 34.9 | 29.6 | 22.3
100mgd 813 | 87.2 | 68.7 | 642 | 467 | 354 | 30.7 | 229
200 mgd -] 828 } 878 | 71.6 ) 70.7 | 512 | 384 | 322 | 243
400 mgd 84.8 190.1-1729 | 73.7 | 57.1 | 432 | 335 | 263
J450mgd 1853|904 | 732 | 741 | 582 | 442 ] 33.7 | 266
550mgd 86.1°) 91.1 | 73.7 | 753 | 59.7 } 46,6 | 34.7 | 27.0

Table 8. Percentage of tims that dissolved oxygen concentrations are greater than the
target concentrations at Jackson Boulevard (Seuth Branch Chicago River) for May 1-
September 23, 2002 for dift‘amt withdrdwal values for acrated flow au_g_mmtauon

| Scenado Bmg/k | 4mgh, ] Smglk 6 wg/l,
Jackson-2002 | dry | wet | dry | wet | dry | wet | dry | Wet
Measured | 973 | 922 | 859 | 815 | 59.6 | 60.7 | 15.8 | 239
Calibrated 972 | 924 | 3937} 819 | 459 | 73.0 | 202-| 543
50mgd | 993 | 935 | 60.7 | 82.0 | 469 | 73.3 | 21.0 | 550
J100mgd ™. | 995 |'93.6 | 644 | 82.6 | 474 | 744 | 21.9°| 562
200 mgd ] 998 | 943 ].69.1 | 842|487 | 753|238 | 586 | -
. [460mgd | 1000 | 954 | 745 | 87.2 | 50.8 | 784 | 267 |-616 |
T450mgd | 1000 | 957 | 766 | 87.7 |-520 | 79.0 | 275 | 617 |
550med | 1000 | 962 791 891 348 | 795 280 619

Like the simulatiofs for 2001 acrated transfecred flow mpmvedtheDO concentrations
inBubblkaeek,.’IheSmglLDO target level is dchieved for the 200, 400, 450, and 550
mgd augmentation scenarios at I-55. (Table 9) for dry periods. Whereas.3 mg/L target
level cannot be- achieved even with the transfer of 550 mpd of aerated flow for wet
periods at T-55. The 400, 450, and 550 mgd simulations result in achievement of 4 mg/L
100 % of the time for dry periods, Bffects of aerated flow augmentation extend until

Romeoville (Table 11).
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A st aeemtemiy  Veeekesase,

[Sonato | 3mgl. | 4mgL | Smgk | 6mgl

T Measured | 622 | 378 318 1290} 98 | 179 | 28 | 78

. Tablé 9: Percentage of time that dissolved oxygen concentrations-are. greater then e

target concentrations at I-55 (Bubbly Creek) for May I-Septambu' 23, 2002 for diﬁ'etent
withdrawal values for agrated flow augmentation

T552002 | dry | wet | diy | wet | doy | wet | diy | wet .

Calibrated | 625 | 711} 448 | 525} 186 1306 | 59 | 195
50mgd | 722 1792 | 530 | 628 | 258 | 442 | 82 |45 |

100 mgd 906 } 832 ] 602 | 664 | 364 | 49.5 | 11.0 | 266
200mgd | 100.0 | 90.7 | 818 | 780 | 557 | 62.8 } 226 | 444 -

400mgd | 100.0 | 97.6 | 100.0 | 92.6 | 854 | 76.9 | 49.9 | 62.2

-1550mgd | 100.0 | 98.8 | 100.0 | 95.0 | 100.0 | 85.7 | 69.8 | 73.2

fMeasured | 929 | 794 | 668 | 615 | 280|352 | 05 | 7.8

450mgd- | 100.0 | 98.1. | 100.0 1940 971 | 192 | 542 | 656

Teble 10. Percentage of time that dissolved oxygen concentrations are greater than the
target concentrations at Cicero Avenue (Chicago Sanitary snd Ship Canal) for May 1-

September 23, 2002 for different withdrawal values for actated flow augmentation

Scenatio 3mg/L 4 mg/L, Smg. | 6mg/L
[Clcero-2002 | dry | wet | dry | wet | dry | wet | dry | Wet |

Calibrated | 70.6 | 78.9 | 53.1 | 623 | 254 | 43.9 | 6.1 | 208
50 mgd 80.6 | 822 | 564 | 64.8 | 30.7 | 470 | 73 | 216 |
T00mgd | 903 -| 82.8 | 583 | 67.6 | 36.1 | 49.0 | 8.7 | 242
200mgd | 99.7 | 855 | 700 | 771 | 466 | 533 | 165 | 369
F00med | 1000 | 913 | 957 | 811 | 590 | 67.7 | 25.9 | 468 |

4450 mgd -100.0 | 91.7 | 98.0°) 81.8 | 657 | 71.1 | 277 | 484

"} 550 mgd 100.0 | 92.8 | 99.7 |.85.0 | 72.1 | 734 | 32.6 | 507

For each flow transfer amount the overall percentage compliance for 4, 5, andémglLat
1-55 are given in Table 12 and Figute 7. ¥t can be seen from Figure 7, 95 % compliance

for 4 mg/L is achieved with a tranisfer of 400 mgd. A transfer of approximately 700 mgd

{by extrapolation) is needed to attain 5 mg/L, 95% of the time. ‘Therefors, an increase in

’ .thetransfwedﬂowofSOOmgdisneededtoix:crease95%oomplianceﬁ:om4mglLto5

sng/L. Since the average daily simulated flow at Throop Street for 2002 was .only 636 .
mgd, this is an impractical solution. Even though transfer of aerated flow can help to
improve DO conditions in Bubbly Creek, it:sstﬂlvayhard to attain 6 mg/L 95 % of the .
time-since Bubbly Creek water quality is still affécted by the water quality of Seuth
Branch Chicago River (SBCR) dnd Chicago Sanitary Ship Canal (CSSC). Hence, it is
possible to expect more improvement in DO in Bubbly Creek if the water quality of the
South Branch Chicago River gets better. .
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Scenatio 3mp/L 4mig/L Smgll- 6 mp/L.
Romeoville-2002 | dey | wet | dry | wet | Doy | wet | dry | wet
Measured 857 | 825 | 542 | 645 | 207 | 345 | 3.7 | 109
Calibrated 98.6 | 85.8 | 64.6 | 133 | 372 | 570 | 16.7 | 293
50 mgd 993 | 865 | 68.0 | 741 | 402 [ 595 | 170 |} 315 |
100 mgd 99.6 | 869 | 712 | 74.6 | 417 | 609 | 172 | 340
200mgd 99.8 | 87.6 | 774 | 713 | 433 | 62.6 | 180 | 38.8
400mgd 1000 | 885 | 88.7 | 793 | 48.1 | 65.8 | 200 | 42.8
450mgd 1000 | 88.8 | 89.8 | 70.7 | 49.3 | 664 | 202 | 435
550mgd 11000 | 89.8 | 932 | 80.0 | 53.1 | 682 | 215 | 44.8

TEMQB&IUmamgpofﬁmaﬁmtﬁﬂmhwdmqgmmﬁxbomwaumﬁmmmmgnmur&mn
themmyxommwa&mnmsatISSﬁraﬂpmﬂdenﬂnghﬂylZ November 10, 2001 and
May 1 — &munmu-zs "2002 for different withdrawal values ﬂn'ummﬂ flow

t,_gmamnhn

Scenario >4 >5 . 26
Calibrated 486 |- 292 | 161
"50 mgd 551 | 356 | 193
{100 mgd 1. 619 | 416 | 219 .
200 mad 802 | 354 | 352
400 mgd 953 | 820 | -3L1
{450 mgd 7969 | 878 | 552
550 mgd 983 | 918 | 668
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, TABLE D.1 .
CAPITAL COST ESTIMATION FOR 550 MGD FLOW AUGMENTATION BUBBLY CREEK
PROJECT NO. 40779 ‘

— MATERIAL LABOR INSTALLED COST
DIVISION ITEM DESCRIPTION UNITS NO. UNIT COST | TOTAL COST j| % MAT COST [ UNIT COST | TOTAL COST TOTAL
1 GENERAL REQUIREMENTS $5,410,311
2 SITEWORK » .
Site Restoration L] 1 $160,000.00 * $150,000] $150,000
Site Utility Relocations and Extenslons LS 1 $150,000.00 $150,000] $150,000
Trench Excavation cY 185370 $15,00 $2,780,550 . $2,780,550
Bedding cY 12833 $30.00 $3984,990, $384,990
Backiill cY 129360 $20.00 $2,687,200] $2,587,200
Structural Filt cY 53603 $32.00 $1,715,280 $1,715,280
7-80" DIP Forcemains LF 73920 $650,00 $48,048,000) 40% $19,219,200] $67,267,200
Diffuser Pipe into Bubbly Creak Ls 1 $90,000.00, $90,000 $90,000
Dewatering Day 90 $500.00 $45,000) $45,000
‘Sheeting SF 1800 $20.00 $36,000 $36,000
SUBTOTAL
216 PUMPING STATION MGD 550 $60,000.00]  $33,000,000 $33,000,000
SUBTOTAL $113,616,531
Contractor OH&P @ 15% $17,042,480
Subtotal $130,659,011
Planning Level Contingency @ 30% $39,197,703
Subtotal $169,856,714
Misc. Capital Costs
Legal and Fiscal Fees @ 15% $25,478,507
Engineering Fees including CM @ 20% $33,971,343
Subtotal $59,449,850
Project Total $229,306,564

Forcemain Aeration BUBBLY COST10.xls
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) TABLEE.1
ANNUAL O&M COSTS FOR BUBBLY CREEK 550 MGD P.S. WITH AERATED FORCEMAIN

|
PRESENT WORTH FACTOR

20
3
3

19.42
Energy Cost, $ .
Avarage $0.0750 $A&Wh
TIME OF] POWER ENERGY| ANNUAL] - PRESENT] PRESENT)|
OPERATING OPERATION _ USAGE| COST, €osT] WORTH WORTH
ITEM (W) (hrs/day) (Kw-hr/day) ($/day) ($)|  FACTOR .
OPERATIONS : 2
JENERQY - ELECTRICAL 4094.44 24 98286.7 $7,370.00]  $1,799,367 19.42) . $34,827,181
SUBTOTAL $1,793,367 . $34,827,181
NO. OF - TABOR| ANRUAL] = PRESENT]  PRESENT| ]
OPERATORS| TIME TOTAL TINE RATE ©oST WORTH WORTH
{por day) (hrs/day/operator)| (hre/da (5mn) ()] FacToR {
{MATNTENANCE - i ;
ROUTINE MAINTENANCE :
LABOR - OPERATOR 2 ' 8 16 $50.00 $350,400 19.42 $6,804,768
ELECTRICIAN 0 . 0 0 16850 | L %0 1942 - so|.
'susrom. $350,400 $6,804,768
CONSTRUGTION % FOH ARNUAL]  NUMBER OF LAMPS casT ANNUAL]  PRESENT| FRESERT
COST OF NEW| PARTS REPLACED PER| PER COST, WORTH WORTH
EQUIP. & PIPING ($) AND SUPPLIES YEAR (UV ONLY) LAMP (5) ($)| _ FacvoRm( -
PARIS AND SUPPLIES g
PARTS AND SUPPLIES 330,000 5%) $16:500 19.42 $320,430
(assume 1% of Total PS costs) )
SUBTOTAL $18,500 $320,430
TOTAL ANNUAL O&M $2,160,267
TOTAL PRESENT WORTH O & M COST $41,952,379
E-2
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TABLE F4
CAPITAL COST ESTIMATION FOR JET AERATION-(10 y/s)

) PROJECT NO. 40779
MATERIAL . LABOR . INSTALLED COST
DIVISION ITEM DESCRIPTION UNITS NO, UNIT COST | TOTAL GOST | % MAT COST | UNIT COST | TOTAL COST TOTAL
L_.— SRR et : SRS LS
1 (GENERAL REQUIREMENTS $70,984
2 ITEWORK
Mobltization for dredging s 1 $18,833.33] $18,833 $18,833
River Dredging cY 2778 $20.00f $55,556 : $56,566
Shaet Piling . SF 5000 $30.00 $150,000] $150,000
Coffer Dam -8F 6687 $52.60 $350,000 . ' $350,000
Diversion Pumping DAY 7 $3,600.00] - $24,000 $24,000
Blower & Pump Bldg. Excavation cYy 2722 © $7.00 $19,056, $19,056
Backilll oY 1735 $8.00 $13,877, $13,877
3 CONCRETE .
Wetwall LS 1 $6,666.87| $6,867] . $6,667
9 fuwasonRy i
Pump and Blower Building SF 1687 $100.00 $168,667; $168,867
10 FINISHES
Coatings Ls 1 $8,866.67 $8,867] $8,867
11 JEQUIPMENT - ) .
Pumps, Blowars, Manlfalds LS 1 $318,656.67 $318,667| 40% $128,887| $443,333
13 PECIAL CONSTRUCTION 1 .
Prasaure Gages/Transmittsrs EA 1 $500.00 $500] . $500)
Flow Mater EA 1 $4,500, s4.500) s4500]°
18 IMECHANICAL
Alr Supply Piping and Appustenances LF 287 $12.00 $3,200 $3,200
Control Valve EA 2 $3,000.00 $7,000) 47,000
20° Pump controt Valve EA 2 $28,000.00 $65,333} $65,333
{sclation Valves EA 2 $14,000.00 $32,867 ’ . $52,687
20" DIP LF a3 $180.00 $6,000 $6,000
30°DIP LF 17 $270.00 $4,500 . $4,500
Prming System EA 1 $1,866.67| T $1,667| . $1,687
18 |ELECTRICAL AND INSTRUMENTATION -
Supply Ls 1 $16,888.67, $16,667 40%| . $6,667, $23,333
Control systems and Instrumentation is 1 $10,000.00{ $10,000} 40%)| S4,000L $14,000
Control wirng Ls 1. $1,666.87 $1,667, 40% . $867, $2,333
SUBTOTAL ’ . $1,490,672
Contractor OHAP © 15% . $223,601
Subtotal ] $1,714,273
Plianning Level Contingency @ 30% $514,202
Subtotal ) 2,228,565
Misc, Capital Coats
Lega! and Fiscal Fees © 16% ) $334,283
Enginesring Fees including CM 0 20% A $445,711
Subtotal . $779,994
Project Total . $3,008,549
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TABLE F.5

CAPITAL COST ESTIMATION FOR JET AERATION (50 g/s)

Project Total

PROJECT NO. 40779
e mneren s amam————
LABOR . INSTALLED COST
DIVISION JTEM DESCRIPTION UNITS NO. % MAT COST | UNITCOST | JOTAL COST. TOTAL
et h————— — .
1 GENERAL REQUIREMENTS $354,922
2 SITEWORK
Mobliization for dredging Ls 1 $94,167
River Dradging 14 13889 $277,778
Sheet Piling SF 25000 $750,000
Coffer Dam SF 33333 $1,760,000
Diversion Pumping DAY 33 $120,000
Blower & Pump Bidg, Excavation cY 18611 $95,278
Backil oY 8673 $69,383
3 INCRETE
- Wetwall Ls 1 $33,333
9  IMASONRY ]
. Pump and Blower Buliding SF 8333 $100.00) $833,333
10 FINISHES
Coatings LS 1 $33,333,33, $33,333
" EQUIPMENT
Pumps, Blowers, Manifolds Ls 1 $1,683,333.33, 40% ssaa,sssh $2,218,687
13 PECIAL CONSTRUCTION
Prassure Gagas/Transmittars EA 1 $2,500.00 $2,500
Flow Meter EA 1 $22,500.00 $22,500
15 IMECHANICAL
Alr Supply Plping and Appurtenances LF 1333 $12.00, $18,000
Control Valve EA 12 $3,000.00 $35,000
20" Pump control Valve EA 12 $28,000.00 $326,667
Isolation Valves EA 12 $14,000.00, $163,333
20°DIP LF 187 $180.00 $30,000
. 8p"DIP ‘LF 83 $270.00! $22,500
Priming System EA 1 $8,333.33 $8,333
16  [ELECTRICAL AND INSTRUMENTATION
Supply . LS 1 $83,333.33, 40% $33,333] $118,867
Control systems and Instruinentation Ls 1 $50,000.00 40% $20,000) $70,000
Control wiring Ls 1 $8,333.33] 40%!| $3,333 . $11,667
SUBTOTAL $7,453,360
Contractor OH&P & 15% $1,118,004
Sublyul $8,571,364
Level C y @ 30% $2,671,400
Subtotal $11,142,773
Migc. Capltal Costs
Legal and Fiscat Fees @ 15% $1,671,416
Engineering Feos including CM @ 20% $2,228,565
Subtotal $3,899,971
$15,042,744

F-6
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_ TABLEFS }
CAPITAL COST ESTIMATION FOR JET AERATION (80 g/s)

PROJECT NO. 40779 .
A4 B o sttt s
MATERIAL LABOR INSTALLED COST
DIVISION {TEM DESCRIPTION UNITS NO. UNIT COST | TOTAL COST |} % MAT COST UNIT COST | TOTAL COST TOTAL
L . e e o SRt LL s U AR AL R SR LA LLUL R I 1. SE—
1 GENERAL REQUIREMENTS | $567,875
R ITEWORK : .
Mobillzation for dredging : Ls 1° $150,666.67| $150,667| $160,867
River Oredging ) : cY 22222 $20.00 $444,444 . §$444,444
Sheet Piilng : SF 40000 $30.00 $1,200,000 $1,200,000
Coffer Dam . SF |} 53333 $52.50 $2,800,000] 1 * ’ $2,800,000
Diverslon Pumping DAY 53 $3,600.00 $192;000 $192,000
Blower & Pump Bldg. Excavation . .CY 21778 $7.00 $152,444 $162,444
Backflit cY 13877 $8.00 $111,012 $111,012
3 ICONCRETE -
Wetwell Lts 1 $53,333.33 $53,333 $53,333
9 IMASONRY .
Pump and Blower Bullding SF 13333 $100.00) $1,333,333 $1,333,333
i0 FINISHES
Coatings Ls 1 $53,333.33 $53,333] $53,333
11. [EQUIPMENT .
Pumps, Blowsrs, Manlfolds Ls 1 $2,533,333.33 $2,533,333] 40%)| $1,013,333 $3,5468,687
13 [SPECIAL CONSTRUCTION . !
Pressure Gages/Transmitters 1 EA §} 1 $4,000.00 $4,000 $4,000
Flow Mater EA 1 $36,000.00 $36,000) . $36,000
15 IMECHANICAL
Alr Supply Plping and Appurtenances LF 2133 $12,00 $25,600] . $25,600
Contro! Valve . EA 19 $3,000.00 $56,000; $56,000
20" Pump control Valve EA - 19 $28,000.00/ §522,867, $522,667
Isolation Valves EA 18 $14,000.00 $261,383] . $261,333
20°0iP LF 267 $180.00 $48,000 - . $48,000
30" DIP LF 133 $270.00, $38,000 $38,000
Priming System EA 1 $13,333.83 $13,333 $13,333
16 JELECTRICAL AND INSTRUMENTATION . .
Supply s H $133,333.33) $133,333 40% $53,333 $188,867
Contro} systems and Instrumsntation Ls 1 $80,000.00, $80,000] 40% $32,000 $112,000
Control witng ts 1 $18,333.33 $13,333] 40%| $5,333 $18,667
SUBTOTAL ' X $11,925,378
Contractor OHAP © 15% . ’ $1,788,806
Subtotal ' $13,714,183
Pl g Lovel C @ 30% $4,114,256.
Subtotal $17,828,438
Misc. Capital Costs
Leagal and Fiscal Fees @ 15% ) . . . H $2,674,266
Engineering Fess including CM @ 20% . ’ $3,565,888
Subtotal : 48,239,963
Project Total $24,068,391
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CAPITAL COST ESTIMATION FOR SEPA 10 g/s STATION (No Pump Station)’

'TABLEF.7

PRO;:EET NO. 40779
S —
MATERIAL i LABOR . INSTALLED COST
DIVISION § _ITEM DESCRIPTION UNITS § _NO. i UNITCOST | TOTALCOST || % MAT COST_| UNIT COST_| TOTAL COST TOTAL
1 GENERAL REQUIREMENTS $57,139
e .
11 . [[EQUIPMENT .
SEPA Station " $/gpm | 183333 $25.71 $3,428,325}) $1,142,775
SUBTOTAL $1,199,914
Contractor OH&P @ 15% $179,987
Subtotal $1,379,901
Planning Level Contingency @ 30% . $413,970
Subtotal $1,793,871
Misc. Capital Costs
Legal and Fiscal Fees @ 15% $269,081
Engineering Fees Including CM @ 20% $358,774
Subtotal $627,855
Project Total $2,421,726

{1) Costs are to be used for 10 g/s station for Bubbly Creek anly. This SEPA station does not require its own pump station.

Bubbly Cresk Cost10.xis




. TABLE F.8 v
CAPITAL COST ESTIMATION FOR SEPA50 g/s STATION

PROJECT NO. 40779

X - T e e o et o aaenatee o
H MATERIAL . LABOR . INSTALLED COST
DIVISION [TEM DESCRIPTION UNITS NO. UNIT COST | TOTAL COST j{ % MAT COST | UNIT COST | TOTAL COST TOTAII=.
1 GENERAL REQUIREMENTS $603,310
1 FEQUIPMENT ' '
SEPA Station ™ $/gpm § 133333 |1 $54.30}  $7,239,715 $12,066,192
SUBTOTAL $12,669,502
Cantractor OH&P @ 15% $1,900,425
Subtotal : $14,569,927
Planning Leve! Contingency @ 30% $4,370,978
Subtotal $18,940,905
Misc. Capltal Costs
Legal and Flscal Fees @ 15% $2,841,136
Engineering Fees including CM @ 20% $3,788,181
Subtotal $6,629,317
Project Total $25,670,222 '

(1) Costs were obtalned from existing SEPA station construction costs, updated to 2006 rates using ENR index of 7660.

F-0
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TABLEF.9

CAPITAL COST ESTIMATION FOR SEPA 80 g/s STATION

PROJECT NO. 40778

ﬂ ~ . MATERIAL LABOR INSTALLED COST
DIVISIOCN fTEM DESCRIPTION . UNITS NO. UNIT COST | TOTAL COST || % MAT COST UNIT COST - | TOTAL COST TOTA=L=r
1 gGENERAL REQUIREMENTS $965,295
1 EQUIPMENT
. SEPA Station . $/gpm || 133333 $54.30 $7,239,71§ $19,305,907 ||
SUBTOTAL $20,271,203
Contractor OH&P @ 15% $3,040,680
Subtotal - $23,311,883
Planning Level Contingency @ 30% $6,993,565
Subtotal - $30,305,448
Mise. Capltal Costs
Legal and Fiscal Fees @ 156% $4,545,817
Engineering Fees including CM @ 20% $6,061,090
Subtotal $10,606,807
Project Total $40,912,355

(1) Costs ware obtained from existing SEPA station construction costs, updated to 2006 rates using ENR Index of 7660.

F-10
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CAPITAL COST ESTIMATION

TABLE F.10

FOR CERAMIG DIFFUSER SYSTEM (10 g/s)
PROJECT NO. 40779
e S—
I . MATERIAL ) ____LABOR | INSTALLEDCOST
DIVISION TYEM DESCRIPTION UNITS Ngl. UNIT COST TO‘LA& COST | % MAT COST UNIT COST | TOTAL COST TOTAL
1 ENERAL REQUIREMENTS $45,191
2 SITEWORK
Mobillization tor dredging Ls 1 $18,833,33 $18,833
River Dredglng cY 2778 $20.00 $55,568
Shest Piling SF 5000 $30.00 $150,000
Cotfer Dam SF €667 $52.50 $350,000
Diverston Pumping DAY 7 $§3,600.00] $24,000
Blower Bldg. Excavation cYy 222 $7.00 $1,556
Baokdil cY 160 $8.00] $1,284
3 (CONCRETE
9 MASONRY
. Blower Bullding SF 833 $100.00 $83,333
10 FINISHES :
Coatings LS 1 $6,666.67| 48,867
1 FEQUIFMENT .
Diffusers Ls 1 $30,000.00) 40%| $12,000] $42,000
Blower EA 3 $6,333.33 40%) $10,000 $36,000
Local inlat Fliter Ls 1 $8,886.87 $8,867
Spray Pump ts | 1 $5,000.00 $5,000
Blower Actuator Ls 1 $6,333.33 $8,333
PLC EA 1 $33,333.33) $33,333
13 JSPECIAL CONSTRUCTION
16 MECHANICAL
Alr Supply Plping and Appurtenances LF 333 $29.00 40%| $3,867 $13,533
Control Valve EA 3 $1,000.00 40%] $1.200 $4,200
HDPE Dfifuser Pipa LF 833 $16.00 40% $2,000 $7,000
Diffuser Supports . EA 27 $150.00, 40%| $1,800 $5,800
AC Unit - EA 1 $1,688.67 40%) $867| $2,333
18  JELECTRICAL AND INSTRUMENTATION
Supply Ls 4 $20,000.00 40% $8,000 $28,000
Control systems and Instrumentation LS 1 $13,333.33; 40% 35,333 518,667
Contro! widng ts 1 $2,666.87| 40%! $1,067 $3,733
SUBTOTAL $947,760
Contractor OHAP ©'15% $142,184
Subtotal $1,089,924
Ptanning Level Contingency © 30% . $326,977
Subtotal : $1,416,901
Misc, Capital Costs
Logal and Fiscal Feas @ 15% $212,536
Englneering Foes Including CM @ 20% $283,380
Subtotat , $495,915
Project Total $1,912,816

F-11
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CAPITAL COST ESTIMATION FOR CERAMIC DIFFUSER SYSTEM {50 gfs)

TABLE F.11

PROJECT NO. 40779
MATERIAL LABOR INSTALLED GOST ]
DIVISION STEM DESCRIPTION - UNTS NO. UNIT COST | TOTALCOST § % MAT COST UNIT COST | TOTAL COST TOTAE
1 ’GENERAL REQUIREMENTS $226,657
2 SITEWORK .
Mobliization for dredging LS 1 $94,166.87, $94,167, $94,167
River Dredging cY 13889 $20.00 $277,778 $277,178
Shest Pliing SF 25000 $30.00| $750,000 . $750,000
Coffer Dam SF 33333 $52.50 $1,750,000) $1,750,000
Diversion Pumping DAY 33 $3,600.00 $120,000 $120,000
Blower Bldg. Excavation cY 111 $7.00 $7,778 87,778
Backflit cy 802 $8.00 $6,420/ $6,420
8 ICONCRETE -
g EMASONRY :
. Blower Bullding SF 4167 $100.00, $416,687) $416,667
10 FINISHES .
Coatings Ls 1 $33,333.33 $33,338! $33,333
11 [EQUIPMENT
Diffusers s 1 $150,000.00 $160,0008 . 40%] $60,000] $210,000
Blower EA 3 $41,660.67 $1256,000] 40%| 350,00& 3175.090
Local inlet Fliter Ls 1 $33,333.33 $33,333 $33,333
Spray Pump Ls 1 $25,000.00 $25,000] $25,000
Blower Actuator Ls 1 $31,686.67 $31,667, $31,667
PLC EA 1 $168,666.87 $186,667, $166,667
13 SPECIAL CONSTRUCTION
15 JMECHANICAL |
Alr Supply Piping and Appurtenances LF 1667 $29.00, $48,333 40%| $19,333] $67,8687
Control Vatve EA 3 $5,000.00f - $15,000 40% $8,000 $21,000
HDPE Diffuser Pipe LF 16867 $15.001 $25,000] 40% $10,000 $35,000
Diffuser Supports . EA 133 $160.00 $20,000 40% $8,000] $28,000
ACUnit EA 1 $8,333.33 $8,333 40%)| $3,333 $11,6867
16 JELECTRICAL AND INSTRUMENTATION .
Supply s ) 1 $100,000.00] $100,000 40% $40,000 $140,000
Control systems and Instrumentation Ls 1 $68,668.87) - $66,6687 40% $26,667 $93,333
Control widng LS 1 $13,333.83 313.333§ 40% 35.333% $18,687
SUBTOTAL $4,738,799
Contractor OH&P © 15% $710,820
Subtotal $5,449,619
Planning Leve! Contingency @ 30% $1,634,888
Subtotal $7,084,508
Misc, Capltal Costs
Legal and Fiscal Foes @ 15% $1,062,676
Enginesring Feos Including CM © 20% $1,416,201
Subtotal $2,479,577
Projact Total $9,564,081
F12
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CAPITAL COST ESTIMATION FOR CERAMIC DIFFUSER SYSTEM (80 o/$)

TABLE F.12

PROJECT NO. 40779 .
P e e
MATERIAL . LABOR INSTALLED COST
DIVISION ITEM DESCRJIPTION UNITS NO. UNIT COST | TOTAL COST | % MAT GOST | UNIT COST | TOTAL COST TOTAL
1 ENERAL REQUIREMENTS $361,051
2 SITEWORK . )
Mobltization for dredging Ls 1 $150,666.67 . $150,667| $150,667
River Dredging cY 22222 $20.00 $444,444 $444,444
Sheet Piling SF 40000 $30.00 $1'.200,0007 $1,200,000
Cofter Dam SF 53333 $52.60 $2,800,000] $2,800,000
Diverslon Pumping DAY 53 $3,600.00 $192,000 $192,000
Blower Bidg. Excavation o | 178 $7.00 $12444] $12444
Backilll ’ cY 1284 $8.00: $10,272 $10,272
3 ICONCRETE
<] {IMASONRY
Blower Building SF 6667 $100.00 $666,667| . $666,667
10 IFINISHES
Coatings Ls 1 $53,333.33 $583,333 $53,333
11 {EQUIPMENT
Diffusers Ls 1 $240,000.00 $240,000] 40% $98,000, $336,000
Blower EA 3 $86,666.67 $200,000] 40%! $80,000 $280,000
Local fnlet Filter Ls 1 $5,332.33 $53,333) $53,33
Spray Pump LS 1 $40,000.00 $40,000; $40,000
Blowesr Actuator Ls 1 $50,666.67| $50,667| $50,667
PLC EA 1 $266,866.67 $266,667 $266,667
13 PECIAL CONSTRUCTION
- 15 CHANICAL : .
Air Supply Piping and Appurtenances LF 2667 $29.00, $77,333, 40%) $30,9 $108,267
Control Valve EA 3 $8,000,00 $24, 40% $9,801 $33,600
HDPE Diffuser Plpe LF 2667 $15,00 $40,000 40%] $16,0 ' $56,000
* Diffuser Supports EA 213 $150,00 . $32,000 40%) $12,8 $44,800
AC Unit EA 1 $13,3933.33| $13,333] 40%) $5,333 $18,667
18 [ELECTRICAL AND INSTRUMENTATION . .
Supply - . Ls 1 $160,000.60 $160,000, 40%) $64,000, $224,000
Control systems and Instrurnentation Ls 1 $106,688.67 $106,667] 40% $42,667 $149,333
Control wiring LS 1 $21,933.33 $21 .333\) 40% $8,533 $29,867
SUBTOTAL $7,582,079
Contractor OH&P @ 15% T $1,137,312
Subtotal $6,719,390
Planning Level Contingency @ 30% $2,615,817
Subtotal $11,335,207
Misc. Capltal Costs
Legal and Fiscal Fees & 15% $1,700,281
Englineering Fees Including CM @ 20% $2,267,041
Subtotal - $3,967,323
Project Total $15,302,530
F-13
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APPENDIX G
Operation and Maintenance Costs
for Supplemental Aeration Technologies
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TABLEG.1
ANNUAL O&M COSTS FOR U-TUBE 10 g/s AERATION SYSTEM

20
3
3
19.42
$0.0750 $KWh _
' TIME OF FOWER ENEAGY]  ANNUAL| — PRESENT PRESENT
OFERATING OPERATION USAGE cosT| €osT; WORTH WORTH|
TEM o) (br/day)] {iow-hridy) (s/day) )| - FacTOR @
OPERATIONS B ] .
|ENERQY - ELECTRICAL 11.15] 24 267.6 $20.07, $4,885 1942 $94,858
SUBTOTAL $4,885 $94,858
~ NO.OF LABOR ANNUAL] _ PRESENT PRESENT|
OPERATORS| TIME TOTAL TIME] RAT cosT| WORTH| WORTH,
(per day) (hes/day/operatér) {hra/day) ($bn) (8 FACTOR )
[MAINTENANGE i - . i
| ROUTINEMAINTENANCE ) .
Blowers 1 0.1 04 $90.00 $3,285 1942 $63,795
Pumps 1 0.1 0.1 $00.00 $3,285 1042 $63,795
LABOR - OPERATOR ) .
Blowers & Pumps 1 0.2 02 $90.00 $4,380 1942 $85,060
ELECTRICIAN 1 0.05( 0.05 $169.60 $2,911 19.42| $56,529
Isuarom. $13,851 $269,178
CONSTRUGTION] % FORANNUAL]  NUMBER OF 5| COST ANNUAL]  PRESENT| PRESENT|
) : COST OF NEW PARTS REPLACED PER PER cosT| WORTH WORTH
- EQUIP, & PIPING ($) AND SUPPLIES YEAR (UV ONLY) LAMP ) ($)} _ FACTOR| 5
|PARTS AND SUPPLIES )
PARTS AND SUPPLIES 479,350 5% $23,968 19:42! $465,449
Isum'om. $23,968 $465,449
TOTAL ANNUAL O&M $42,713
TOTAL PRESENT WORTH O & M COST $829,486
G~2
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TABLE G2 .
ANNUAL O%M COSTS FOR U-TUBE 50 g/s AEHATION SYSTEM

20|
3
3
19.42
$0.0750 $AWh
: JIME OF, ~POWER] ENERGY ANNUAL]  PRESENT] PRESENT
OPERATING OPERATION USAGE cOST coST|  WORTH WORTH)
TEM (kW) ) (hrsiday) (kw-hr/day) (§/day) )]  FACTOR $
IOPERATIONS .
ENERGY - ELECTRICAL 56 . 24 . . 13382 $10097 $24,423 19:42] $474,292
SUBTOTAL $2042 $474.292
" NO, OF| . ] LABOR] ANNUAL F"HE.'SENT . PRES
. OPERATORS| TIME TOTAL TME RATE cosT WOHTH WORTHY'
(per day) (hre/dxy/op 1t) (hra/day) {$n) ) FACTOR! (&
MAINTENANCE )
ROUTINE MAINTENANCE : . ' .
Blowers 1 Y o.e' $90.00 $19,710 19.42 $362,768
Pumps 1 0.6 0.6 $50.00 $19,710° 1942 $382,768
LABOR - OPERATOR :
Blowers & Pumps 1 : 04 04 $90,00 $8,760 19.42 $170,119
ELECTRICIAN 1 9.1 0.1 $160.50 $5,822 19.42 $113,058
SUBTOTAL $54,002 . $1,048,714
CONSTRUGTION RFORANNUAL]  NUMBER OF LAMPS oSt ANNUAL]  PRESENT] PRESENT|
COST OF NEW PARTS REPLACED PER PER cost WORTH WORTH
EQUIP, & PIPING (%) AND SUPPLIES YEAR (UV ONLY) LAMP ) FACTO [0
|PARTS AND SUPFLIES
- PARTS AND SUPPLIES 2,396,750 5% $119,838 1942, $2,327,244
SUBTOTAL $119,898 $2,827,244
TOTAL ANNUAL O&M $198,262
$3,850,251

TOTAL PRESENT WORTH O & M COST
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20|
8

_ . TABLEGS o
ANNUAL O&M COSTS FOR U-TUBE 80 g/s AERATION SYSTEM

3
-19.42
Average $0.0750 $AWh _ . )
T THEOF “POWER "~ ANNOAL]  PRESENT PHESENT
OPERATING OPERATION USAGE cost|  WORTH| WORTH
TEM (hre/day) ___(cehr/day) . _FACTOR )
[OPERATIONS :
lenenay - ELecTRICAL 89 24 zmzh $99,077 19.42) © §768,868
Isuamm. $39,077 $758,868
NO. oFf ) LABOH ANNUAL]  PRESENT PRESENT|
OPERATORS| TIME TOTAL TIME RATE coST|  WORTH WORTH
(per day) (hra/deyioperatar)} (hrs/day) _{smn ($)] FACTOR &)
[AANTENANCE :
ROUTINE MAINTENANCE
Blowers 1 0.5 0.6 $90.00 $19,710 19.42 $362,768
Pumps 1 0.8 08| $90.00 $19,710 19.42 $382,768
LABOR - OPERATOR
Blowers & Pumps 1 0.8 058 soncd]|  $17.520 19.42] $340,238
ELEGTRICIAN 1 02 02 $150.50 $11,644 1942 $228,117
isusro-m. $68,504 $1,381,802
CONSTRUGTION % FOR ANNU, NUMBER OF LAMPS TOST] ANNUAL]  PRESENT PRESENT|
COST OF NEW| PARTS REPLACED PER| PER COST|  WORTH| - WORTH
EQUIP. & PIPING {8 AND SUPP| YEAR (UV ONLY) LAMP () . (9] FACTOR ®)
}—PAHT—S AND SUPPLIES "
PARTS AND SUPPLIES 9,834,800) - 5% $191,740 19.42] $3,723,691
’sumom. $191,740 $3,723,591
TOTAL ANNUAL O3M $289,400
TOTAL PRESENT WORTH O & M COST $5,814,350

Bubbly Creek Cost10.xsBubbly 80 g O&M




, TABLE G4
_ANNUAL O&M COSTS FOR JET AERATION 10 g/s SYSTEM

20
3
] 3
PRESENT WORTH FACTOR 19:42
Ensrgy Cost, $
Average $0.0750 $A&Wh
TIME osl FOWER| . ENERGY] ANNUAL]  PRESENT| PRESENT|
OPERATING OPERATION| USAGE COST COST WORTH WORTH|
TEM {kw) {hts/day) ({ikw-hriday)} ($/dzy) {$) FACTOR ($)
OPERATIONS
|eneray - ELECTRICAL 288 24 69000 $517.50]  $125925 1g,42 $2,445,464
-{sum-om. $125926 $2,445,404
NO. OF ) LABOH]  ANNUAL] .PRESENT| PRESENT
OPERATORS TIVE| TOTAL TIME RA COoST VORTH| WORTH
(per day) (hrs/dayloperator) (hiw/day) {sr) ()| __FACTOR ¢
MAINTENANCE '
ROUTINE MAINTENANCE
Pumps 2 0.1 02 $90.00 $8,570 19.42 $127,589
Blowars 2 0.1 [ $90.00 $6,670 19.42 $127,589
LABOR - OPERATOR
Blowsars & Pumps 2 0.1 . 02 $80.00 $4,380 19.42 $85,060
ELECTRICIAN 1 0.05 0.05 $159.50 $2,911 1842 $56,529
LSUBTOTAL $20431 $3g6,768
p————— M —————— -
: CONSTRUCTION % FOR ANNUAL| NUMBER OF LAMPS COST ANNUAL! PRESENT) PRESENT)|
' COST OF N PARTS REPLACED PER . PER cosT] WORTH WORTH
EQUIP. & PIPING ($) AND SUPPLIES YEAR (UV ONLY) LAMP ($)]  FACTOR ($
PARTS AND SUPPLIES
PARTS AND SUPPLIES 437,033 5% $21,852 19.42 $424,359
‘sua*rom. $21,852 $424,359
TOTAL ANNUAL O&M $168,208
TOTAL PRESENT WORTH O & M COST $3,266,590
G=5
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TABLE G.5 ,
ANNUAL O&M COSTS FOR JET AERATION 50 g/s SYSTEM

19.42
$0.0750 &KW o
TIME OF | Poweé[ “ENERGY] — ANNUAL] — PRESENT] PRESENT
OPERATING OPERATION USAGE cosT] COST|  WORTH WORTH
. TEM (W) {brs/day)] (ore-hr/day) ($/day) $)__ FACTOR (0
GPERATIONS . y
ENERQGY - ELECTRICAL 1438] - 24 34500.0 s2.507.50]  $629.825] 1842 $12,227,918
SUBTOTAL $629,625 $12,222,318
~NG. OF LAB —al‘o " ANNUAL| ~ PRESENT PRESENT
OPERATORS TIME TOTALTIME RATE coST|  WORTH WORTH
{perday)| . (hrs/day/operator) (hre/day)i (&) kt) FACTOR [$)
MAINTENANCE '
ROUTINE MAINTENANCE
Pumps 2 08 1.2 $50.00 $39,420 1942 §765,536
Blowers 2 08 12 $90.00 $39,420 19.42 $765,536
LABOR - OPERATOR v
Blowers & Pumps 2 04 0.8 $90.00 $17,520 18.42]. $340,238
ELECTRICIAN 1 0.1 01 $159.50 $5.622 19.42 $113,058
'susra'rm. $102,162 $1,984,370
CONSTRUCTION] % FORANNUAL]  NUMBER OF LAMPS| COST ANNL PRESENT| PRESENT|
COSTOFNEW| - PARTS REPLACED PER PER cost|  WORTH WORTH
EQUIP. & PIPING (§ AND SUPPLIES YEAR (UV ONLY) LAMP { { FACTOR @)
PARTS AND SUPPLIES ) — ‘
PARTS AND SUPPLIES 2,185,187 5% $109,258 | 19.42 $2,121,787
isumom. $109,258 $2,121,757
TOTAL ANNUAL O&M $841,065.
TOTAL PRESENT WORTH O & M COST $16,333484
-6
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: TABLEGS - A
ANNUAL O&M COSTS FOR JET AERATION 80 g/s SYSTEM

3
19.42
Energy Cost, § :
Average $0.0750 $XWh
' ' “TTWE OF POWER ENERGY]  ANNUAL] ~ PRESENT PRESENT]
OPERATING OPERATION USAGE| COST] cost| . WORTH| WORTH|
TEM kW) (hra/day)l (kve-hriday)) {§/day) FACTOR _8)
OPERATIONS
[ENERGY - ELECTRICAL 2300 24 55200.0 $4,14000]  $1,0074%0 19.42} . $19,563,708
lsum*m. $1,007,400 $19,563,708 {.
NO. o'Fr TABOR NNUAL]  PRESENT| PRESENT]
: ) OPERATORS v TOTAL TIME RATE cost|  WORTH| WORTH
(perdmpl ___ (hwalduyto (orera)] (smi) )] _FACTOR [
T'—'—MAmreumcE - ; -
ROUTINE MAINTENANCE ",
Pumps 2 0.6 12 $90.00 $39,420 18.42 $765,538
Blowers 2 08 12 $90.00 $39,420 19,421 §765,536
LABOR - OPERATOR | :
Blowers & Pumps 2 1 2| $90.00 $43,800 1942 $850,506
ELECTRICIAN : 1 025 025 $150.50 $14,554 19.42) $282.646
SUBTOTAL $137,194 $2,664,315
_ — - e
CONSTRUCTION % FOR ANNUAL NUMBER OF LAMPS COST ANNUAL,| PRESENT] PRESENT,
COST OF NEW| PARTS REPLACED PER PER COST|  WORTH WORTH
EQUIP. & PIPING ($) AND SUPPLIES| YEAR (UV ONLY) LAMP (§) ()] __FACTOR &
PARTS AND SUPPLIES . i . 5
PARTS AND SUPPLIES 3,496,267| 5% $174,813 - 19.42 $3,394,875
Isusrom. _ $174813 " $3,204,675
TOTAL ANNUAL O&M $1,319,408
’ $25,622,898

TOTAL PRESENT WORTH O & M COST

Bubbly Creek Cost10.4sBuhbly 80 g O&M




NOTE' The 10 g/s SEPA statlon for Bubbly Craek uﬂlizes the existing Hacine Avenus Pump Station, Therefore, no additional O&M costs are Incurred.

20
3

TABLEG.?
ANNUAL O&M COSTS FOR 10 g/s SEPA STATION

3
19.42
$0.0750 $KWh
' TIME OF] POWER ENERGY]  ANNU PRESENT] . PRESENT
OPERATING OPERATION USAGE COST, cOST|  WORTH WORTH
ITEM kW) (hrs/day) (kw-hr/day) (¥/day) )] FACTOR ®)
OPERATIONS
JENERGY- ELECTRICAL 0 24 0.0] $0.00 $0 19.42] $0
isua'rom. $0 $0
NO. oF[ ; LABORI —ANNUAL|  PRESENT PRES
OPERATORS| TTME TOTAL TIME| RA cossr WORTH WOR
: (porday)) __ (wra/dayloperaton)) - _ foratday) 3m) _&)|___FACTOR 15
‘MAINTENAN-- NTENANCE ¥ - :

ROUTINE MAINTENANCE :

Cut & Landecape 0 04 0 $80.00 $0 1942 $0
Pump Maintenance 0 0.1 o] $90.00 $0 19.42 $0
LABOR - OPERATOR 0 2 0 $90.00 $o 1942 $0
ELEGTRICIAN 0 0.05 ol $mes50 $0 19.42 $0
SUBTOTAL $0 $0
CONSTRUGTION % FOR ANNUAL]  NUMBER OF LAMPS COST ANN PRESENT PRESENT]
COST OF NEW| PARTS REPLACED PER PER cost|  WORTH WORTH|
EQUIP, & PIPING ( AND SUPPLIES] . YEAR (UV ONLY) LAMB ($)] _ FAGTOR )

|PARTS AND SUPPLIES )

PARTS AND SUPPLIES 0 5% $0 19.42) $0
SUBTOTAL $0 $0
TOTAL ANNUAL O&M $o
TOTAL PRESENT WORTH O & M COST $0

G-8
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- TABLEGS
ANNUAL O&M COSTS FOR 50 g/s SEPA STATION -

20
3|
3
19.42)
$0.0750 $KWh
TIME OF| POWER ENERGY]  ANNUAL| PRESENT] PRESENT
OPERATING| OPERATION USAGE €OST cost|  wommH WORTH
- [TEM (kW) (hrs/day) ($/day) FACTOR ()
OPERATIONS —
WENEGY- ELECTRICAL 1243 24 29824.0 $2236.80]  $544,208 19.42) $10,570,073
isuamm. $544,288 $10,570,073
Nozﬂ : | TABOF ANNUAL] — PRESENT PRESENT,
. OPERATORS * TIME| TOTAL TIME RATE| COBT]| WORTH WORTH
(per day) re/day/o _(hraraap &) @ __Facror
MAINTENANCE ;
ROUTINE MAINTENANCE .
Cut & Landscapa 2 - 06 12 $80,00 $28,280. 19.42 $510,358 |
Pumgp Maintenancs 1 04 0. $50.00 $13,140 19.42 255,179
LAEOR - OPERATOR 1 0.75 075 $90.00 $16425 19.42 $318.574
ELECTRICIAN 1 02 02 $169.50 $11,844 194 $226,117
[sua‘roml. $67,489 $1,310,627
CONSTRUGTION] % FOR ANNUAL]  NUMBER OF LAMPS COST ANNUAL]  PRESENT| PRESENT|
COST OF NEW] . PARTS REPLACED PER PER cosT|  WORTH WORTH
EQUIP, & PIPING (8) AND SUPPLIES YEAR (UV ONL) ‘ LAMP (3] (9] FACTOR S8
{PARTS AND SUPPLIES - ‘
PARTS AND SUPPLIES 120,652 5% $6,033 10.42 $117,168
SUBTOTAL $8,033 $117,163
TOTAL ANNUAL O%M $617,810
TOTAL PRESENT WORTHO &M COST $11,997,862
G-9
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3
3

TABLEGS - . .
ANNUAL O&M COSTS FOR 80 g/s SEPA STATION

19.42
$0.0750 $xWh
' “TMEOF] POWER ERERGY] ANNUAL] PRESE PRESENT|
OPERATING OPERATION USAGE €COST] cosT, WORTH WORTH
ITEM (kW) (hrs/day)! _(ov-hefday) (§/day) ()} __ FACTOR] 15
OPERATIONS ‘ :
ENERGY - ELECTRICAL 1988 24 ATI184] $357888]  $870,861 1942 $16,912,117
isusrom. $870,861 | - $16912,117 |-
NO. OF, , ) TABOR]  ANNUAL]  PRESENT PAESENT
OPERATORS TIME| TOTAL TIME| RAT) COST WORTH WORTH
(por day) _(hrs/dayfoperaton)| Grs/day)l {shi) ( FACTOR|

AINTENANCE

ROUTINE MAINTENANCE )

‘  Cut&Landscape 2 08 1.2 $90.00 $26,260 1042 $510,358
Pump Melntenance 1| 075 0.75 550,00 $24,638 1942 $478,460

LABOR - OPERATOR 1 1 1 $90.00 $21,800 19.42] 425208 §

£l ECTRICIAN 1 02 02 $159.50 $11,644 19.42] $226,117 |
SUBTOTAL $84,461 $1,640,233

~ CONSTRUCTION % FOR ANNUAL]  NUMBER OF LAM-I—_—PS TosT ANNUAL|  PRESENT PRESENT|
COST OF NEW PARTS REPLACED PER PER CosT| WORTH WORTH]'
. EQUIP, & PIPING AND SUPPLIES YEAR (UV ONLY) LAMP (§)! {$) FACTOR! ($
PARTS AND SUPPLIES :

PARTS AND SUPPL_.IES . 193,059 - 5% $9,653 19.42 $187,460
susTOTAL J . ssem $187.460
TOTAL ANNUAL O&M $964,975
TOTAL PRESENT WORTH O & M COST * $18,739,810

G-10
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TABLE G.10
ANNUAL O&M COSTS FOR CERAMIC DIFFUSER SYSTEM 10 g/s SYSTEM

19.42
$0.0760 $AWh
- ettt temenic Sofemremras nttp———— P ———
TIME OFF POWER] ENERGY] ANNUAL,| PRESENT PRESENT]
OPERATING OPERATION USAG! cosT, COST{  WORTH WORTH
ITEM (kW) (bealday) (kvehriday) (§/day) (%) FACTOR [©
OPERATIONS : —.
[ENERGY - ELECTRICAL 125 24 3000.0 $225,00 $54,750 1942 1,069,245
Isumom. $54,750 $1,083,245
NO. OF — LAB_QH‘ "ANNUAL] — FRESENT PRESENT
OPERATORS T™E TOTAL RATE en?;r WORTH WORTH
(perday)l - (hraidayloperato _(hrs/day) 1 FACTOR It
imur""‘su—mos N : ; "
- ROUTINE MAINTENANCE 1 0.1 0.1 $50.00 $3285 19.42 53,795
LABOR - OPERATOR 1 0.1 a1 $90.00 $2,190 19.42 $42,530
ELECTRICIAN 1 0.05 o.os] "$159.60 $2011 1942 $58,529
Isuarow. s8,388. | sta285
CONSTRUCTION % FOR ANNUAL]  NUMBER OF LAMPS| CosT ANNUAL|  PRESENT PRESENT)
COST OF NEW, PARTS REPLACGED PER PER cost|  womtH| WORTH|
EQUIP. & PIPING (§) AND SUPPLIES YEAR (UV ONLY) LAMP () @l FacToR 13
PARTS AND SUPPLIES R ) ) -
PARTS AND SUPPLIES 129,667 5% $6483 19.42 $126,908
isua'rom. $6488 $125308
TOTAL ANNUAL O&M $69,619 _
TOTAL PRESENT WORTH O & M COST " $1,352,005

G-11
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TABLE G.11

50 g/s SYSTEM

ANNUAL O&M COSTS FOR CERAMIC DIFFUSER SYSTEM
20)
NTEREST, s
INFLATION, | 3
PRESENT WORTH FACTOR 19.42
Energy Cost, $
Average $0,0750 $kWh
“TIME OF POWER ENERGY|]  ANNUAL] ~ PRESENT PRESENT
OPERATING OPERATION USAGE COST cosTf  WoRMH WORTH|
: ITEM (hrs/day)i {kw-hr/day) (Wdnay) 3) FACTOR ($)
OPERATIONS : ;
leneney - ELECTRIGAL 625 24 16000.0 s192500]  serazso 19.42 $5,316.225 |
SUBTOTAL $273,750 $5316,225
NO. OF T ""LABGR] — “ANNUAL] ~ PRESENT 3
OPERATORS TIME TOTAL TIME RATE| cost|  woRTH WORTH|
(perday) (hrasday/oparator) (hraday)). sl )] FacTOR [
[RANTENANGE \CTC
ROUTINE MAINTENANCE 1 0§ 0.6 $90.00 $19,710 19.42 $382,768
LABOR « OPERATOR 1 02 02 $90.00 $4,380 19.42 saspoe0|
ELECTRICIAN 1 o1 0.1 $159.50 $5,822 19.42 $113,088
SUBTOTAL $29,912 580,888
CONSTRUCTION “% FORANNUAL]  NUMBER OF LAMPsl COST ANNUAL]  PRESENT ~PRESENT|
COST OF NEW PARTS REPLACED PER PER COST|  WORTH WORTH]
: EQUIP, & PIPING ($) AND SUPPLIES YEAR (UV ONLY) LAMP (3] @®)| _FACTOR (s
PARTS AND SUPPLIES
PARTS AND SUPPLIES 648,333 5% $32417 19.42 $629,582
t'sua'rom; $32417 $629,532
TOTAL ANNUAL O&M $335,078
TOTAL PRESENT WORTH O & M COST $6,526,643-
G-12
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TABLE G.12 .
ANNUAL O&M COSTS FOR CERAMIC DIFFUSER SYSTEM 80 g/s SYSTEM

20
3
3
1942
Energy Cost, $ :
Average $0.0750 $KWh
n""lme OF PO-__;IWEH ~——tRERGY ANNUAL]  PRESENT| PHESENT|
OPERATING OPERATION UsSAG cosT] COST|* WORTH WORTH
. ITEM KW) (rs/day) (kw-hr/day) __{$/day) @)l  Facron (
JOPERATIONS .
|[enERay - ELECTRICAL 1000 2¢ 24000.0) $1,800.00]  $438,000 19.42 $8,605,950
is‘usrom. $436,000 $8,505,960
" NO.O LABOR ANNUAL]  PRESENT PRESENT|
OPERATORS . TIME TOTAL TIME RATE cOST]  WORTH WORTH
v (per.day) {hrs/dayloperator) (hra/day) sn) |  FacroR @®)
MAINTENANCE - i )

ROUTINE MAINTENANCE 1 08 08 $99.00 $19,710 1942 $382,768

LABOR - OPERATOR 1 025 025 $90,00 $5476 19.42 $106,325

ELECTRICIAN 1 02 02 $169.50 $11,844 19.42 $226,117
SUBTOTAL $36,829 £715,209

CONSTRUCTION. % FOR ANNUAL, NUMBER OF LAMP$1 COST ANNUAL| PRESENT PRESENT
COST OF NEW PARTS REPLACED PER PER COST|  WORTH WORTH
EQUIP; & PIPING ($) AND SUPPLIES YEAR (UV ONLY) LAMP ($) .(§)} _ FACTOR [6
PARTS AND SUPPLIES .

PARTS AND SUPPLIES 1,087,833 5% $51,867 1942 $1,007,251
SUBTOTAL | $51,867 $1,007,261
TOTAL ANNUAL O&M $526,695
TOTAL PRESENT WORTH O & M COST $10,228,420

G~13
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APPENDIX H
Capital Costs for Flow Augmentation — No Aeration
(In Combination with Supplemental Aeration)




TABLE H.1
CosT ESTIMATE FOR BUBBLY CREEK 50 MGD PUMP STATION AND FORCEMA]N
PROJECT NO. 40779 *

—T T T e T
H MATERIAL LABOR INSTALLED COST
DIVISION ITEM DESCRIPTION . j| UNITS NO. UNIT COST ] TOTAL COST |i % MAT COST UNIT COST TOTA# COST TOTAL
1 GENERAL REQUIREMENTS ~ . - $707,016
2. SITEWORK :
Site Restoration LS 1 $50,000.00 $50,000 $50,000
Site Utility Relocations and Extensions LS 1 - $80,000.00 $50,000) $50,000
Trench Excavation cY 26481 $15.00 $397,215 $397,215
Bedding ) cY 1425 $30.00| - $42,750 . $42,750
Backdill cY 6518 $20.00 $130,360 $130,360
Structural Fill cy 12000 $32.00 $384,000 $384,000
80" DIP Forcemain LF 11000 $650.00 $7,150,000 40% $2,860,000] $10,010,000
Diffuser Pipe into Bubbly Creek LS 1 $10,000.00 $10,000 $10,000
Dewatering - Day 60 $500.00 $30,000] . $30,000
. Sheeting SF 1800 $20.00 $36,000 ‘ $36,000
SUBTOTAL
2-16  [[PUMPING STATION ' MGD 50 $60,000.00 $3,000,000 $3,000,000
SUBTOTAL $14,847,341
Contractor OH&P @ 15% ' $2,227,101
Subtotal $17,074,442
Planning Level Cantingency @ 30% . $5,122,333
Subtotal . . $22,196,775
Misc. Capital Costs .
Legal and Flscal Fees @ 15% . $3,329,516
Engineering Fees Including CM @ 20% 1 ) : $4,439,355
Subtotal - . ’ $7,768,871
Project Total ' $29,965,645

H-2 .. Bubbly Cresk Cost10.xisBubbly 50 mgd Forcemaln-CAPITAL
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APPENDIX ]

Operation & Maintenance Costs
for Flow Augmentation — No Aeration
(In Combination with Supplemental Aeration)




20,

TABLE 1.1
ANNUAL O&M COSTS FOR BUBBLY CREEK 50 MGD P.S.

3
INFLATION, } 8
PRESENT WORTH FACTOR 19.42)
Energy Cost, $
Average $0.0750 $KxWh
TIME osf POWER ENERGY ANNUAL]  PRESENT]| PRESENT
OPERATING OPERATION USAGE cOost COST)| WORTH WORTH
: TTEM (kW) (hrs/day) (kw-hr/day)). ($/day) ()}  FACTOR| ($)
OFERATIONS
ENERGY - ELECTRICAL . 87222 24 8933.3 $670.00]  $244,550 19.42) $4,749,161
l;BTOTAL $244,550 $4,749,161
NO. OF LABOR ANNUAL]  PRESENT] PRESENT|
OPERATORS TIME TOTAL TIME RATE] COST WORTH WORTH
(per day) (hra/day/operator)} {hre/day), {$/r) { FACTOR! ($
[MAINTENANCE
ROUTINE MAINTENANCE
LABOR - OPERATOR 1 8 8 $90.00 $262,800 19.42/ $5,103,676
ELECTRICIAN 0 0 (i $159.50 $0 19.42 $0
lsua‘roux. $262,800 $5,103,576
] CONSTRUCTION % FOR ANNUAL] _ NUMBER OF LAMPS COST| ANNUAL| _ PRESENT PRESENT,
COST OF NEW PARTS REPLACED PER PER COST| WORTH WORTH|
EQUIP. & PIPING ($! AND SUPPLIES YEAR (UV ONLY) LAMP (§ ($)]  FACTOR ($
PARTS AND SUPPLIES }
PARTS AND SUPPLIES 30,0001 5% $1,500 1942} $29,130
'sua‘rom. $1,500 $29,130
TOTAL ANNUAL O&M $508,850
TOTAL PRESENT WORTH O & MCOST $9,881,867

Bubbly Creek Cost10.xisBubbly 50 MGD P.S.-O&M
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