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INTRODUCTION 

 

The City of East Moline, Illinois (City) Regional Wastewater Treatment Plant (WWTP) was reissued its 

National Pollution Discharge Elimination System (NPDES) permit on August 13, 2020. 

Special Condition 18 of this permit requires a feasibility study for phosphorus removal to meet potential 

future 1.0, 0.5, and 0.1 milligrams per liter (mg/L) effluent total phosphorus (TP) limits. The 

Phosphorus Reduction Feasibility Study dated June 2021 (2021 Study) evaluated the following 

alternatives: 

 

▪ Alternative No. 1–Operation Changes for 1.0-mg/L TP Limit 

▪ Alternative No. 2–Chemical Phosphorus Removal (CPR) for 0.5-mg/L TP Limit 

▪ Alternative No. 3–CPR with Tertiary Filtration at 28-million-gallons-per-day (MGD) Capacity for 

0.1-mg/L TP Limit  

▪ Alternative No. 3A–CPR with Tertiary Filtration at 11.1-MGD Capacity for 0.1-mg/L TP Limit 

 

Alternative No. 2 with CPR was selected in the 2021 Study to meet the 0.5-mg/L TP limit, which would 

be effective December 31, 2025. The 2021 Study also states Alternative No. 2 includes aeration tank 

modifications adding anaerobic zones and did not consider biological phosphorus removal (BPR) to be 

feasible to meet a 0.5-mg/L TP limit.  

 

The focus of this report is the evaluation of BPR with CPR for back-up to meet the future 0.5-mg/L TP limit 

as an amendment to the 2021 Study. The potential modifications of the existing activated sludge process 

for BPR are evaluated further in this amendment. Opinions of Probable Construction Cost (OPCC), 

nonmonetary considerations for each alternative, and a preliminary implementation plan are presented. 

If BPR is implemented, Special Condition 20 of the City’s WWTP NPDES permit states the effluent limit 

of 0.5 mg/L TP would be effective January 1, 2030. Furthermore, Special Condition 20.B.1 states the 

0.5 mg/L TP limit would be in effect December 31, 2035, if the project includes a rebuild or replacement 

of the secondary treatment processes. 

 

WWTP BACKGROUND 

 

A. Existing Facilities 

 

Liquid treatment processes at the WWTP consist of influent screening, influent pumping, grit removal, 

primary clarification, primary effluent pumping, secondary treatment using an activated sludge process, 

secondary clarification, and ultraviolet (UV) light disinfection. Biosolids stabilization is provided through 

an anaerobic digestion process and digested sludge is dewatered using belt filter presses (BFP) before 

landfilling. The overall process flow schematic is shown in Figure 1. 

 

The existing activated sludge system at the WWTP consists of a conventional activated sludge process 

with four aeration basins, as shown in Figure 2. In this process, the primary effluent (PE) is pumped to 

the aeration tanks and return activated sludge (RAS) is piped to the PE piping. Mixed liquor (ML) flows 

to the three final clarifiers. 
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 Figure 1  City WWTP Process Schematic 

 

 
Aerial Source: Google Earth 
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Based on information provided by the City, the current design flows and loadings for the WWTP are 

presented in Table 1. 

 

 
 

A summary of the WWTP influent data from January 2020 to December 2023 is presented in Table 2. As 

shown, the average influent flows and loads have been relatively consistent from year to year. Based on 

the influent flows and loads from this 4-year period, the WWTP is currently operating at 

approximately 42 percent of its design average flow (DAF) and 23 percent of its design average 

BOD5 load. 

 
Aerial Source: Google Earth 
 

Figure 2  Existing Activated Sludge System Configuration 

Parameter Design Value 

Flow, MGD 11.1 

BOD5, lb/day 20,800 

TSS, lb/day 22,100 

BOD5=5-day biochemical oxygen demand 
TSS=total suspended solids 
lb/day=pounds per day 
 

Table 1  Existing WWTP Design Criteria 
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B. NPDES Permit Requirements 

 

The WWTP is currently operating under NPDES Permit No. IL0028550, which has an effective date of 

September 1, 2020, and is set to expire on August 31, 2025. A copy of the permit is included in 

Appendix A. The permit includes concentration limits for effluent 5-day carbonaceous biochemical 

oxygen demand (CBOD5), TSS, and fecal coliform. The permit also requires monitoring of additional 

parameters. The NPDES effluent limits and monitoring requirements are shown in Table 3. The WWTP 

does not have an ammonia limit at this time because of the dilution and mixing provided by the outfall in 

the Mississippi River. The permit Special Condition 20 states the effluent TP limit of 0.5-mg/L TP 

12-month rolling geometric mean that is calculated monthly to be met by January 1, 2030, if feasible, 

through the use of a BPR process. 

 

 
2020 2021 2022 2023 

Influent Flow, MGD 
    

Average Day 5.12 4.96 4.28 4.39 

Maximum Month (30-Day Maximum) 7.79 8.27 6.75 6.56 

Maximum Day 21.60 24.00 10.10 9.60      

BOD5, lb/day 
    

Average Day 4,770 4,860 4,640 4,690 

Maximum Month (30-Day Maximum) 5,160 5,580 5,730 6,240 

Maximum Day 8,830 11,530 10,450 11,930      

TSS, lb/day 
    

Average Day 4,210 4,030 4,030 4,230 

Maximum Month (30-Day Rolling Average) 5,670 4,630 4,700 4,960 

Maximum Day 22,100 14,950 8,560 12,900 

 
Table 2  Influent Flow and Load Summary 
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C. Existing System Performance 

 

1. Phosphorus 

 

Phosphorus is present in raw, untreated wastewater in organic and inorganic forms 

(orthophosphate and polyphosphate). Polyphosphates slowly hydrolyze in wastewater and are 

converted to orthophosphate forms. The orthophosphate forms (phosphate [PO4], 

hydrogen phosphate [HPO4], dihydrogen phosphate [H2PO4], and phosphoric acid [H3PO4]) are 

readily available for biological metabolism in the wastewater treatment process and are 

incorporated into cell mass as a required growth element. Typically, phosphorus accounts for 

2 to 6 percent of the total cell mass depending on the cell age and environmental conditions. As 

an example, 100 pounds of cell mass would generally be expected to include 2 to 6 pounds of 

phosphorus.  

 

The TP is the sum of all phosphorus present in a liquid solution. This includes phosphorus 

metabolized and incorporated into the cell mass as well as dissolved phosphorus. The term 

“Dissolved Phosphorus” is the sum of the dissolved phosphorus forms with no cell mass or solids 

present. The TP concentration in a weak to medium strength domestically dominated wastewater 

typically ranges from 4 to 8 mg/L. The wastewater treatment process removes 

approximately 30 to 50 percent of the influent TP concentration through the standard biological 

treatment and clarification processes. This results in a TP concentration in the treated wastewater 

effluent of approximately 2 to 6 mg/L. Either BPR or CPR enhancements are necessary to meet 

an effluent limit less than 1 mg/L TP.  

 

The WWTP has been routinely testing for effluent phosphorus 1 day per month, in 

accordance with its NPDES permit. Influent and effluent phosphorus concentrations and loading 

for the period between September 2020 to May 2024 are summarized in Table 4. Based on this 

sampling with influent and effluent TP, the WWTP currently reduces the phosphorus 

Parameters Limit Type Limit and Units Sample Frequency Notes 

Flow Rate     Continuous   

CBOD5 
Monthly Average 20 mg/L 

3 days/week   
Weekly Average 40 mg/L 

TSS 
Monthly Average 25 mg/L 

3 days/week   
Weekly Average 45 mg/L 

pH 
Daily Minimum 6 s.u. 

3 days/week    
Daily Maximum 9 s.u. 

Fecal Coliform Daily Maximum 400/100 mL 5 days/week   

Ammonia Nitrogen (NH3)   1 day/month Monitor Only 

TP      1 day/month Monitor Only 

Total Nitrogen (TN)      1 day/month Monitor Only 
Note: See Appendix A for mass limits and conditions. 
s.u.=standard unit 
NH3=Ammonia Nitrogen 
TN=total nitrogen 

 
Table 3  NPDES Permit Effluent Limitations and Monitoring Requirements  
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concentration on average by approximately 0.78 mg/L, which represents a removal efficiency of 

approximately 29 percent. The TP concentration in a weak to medium strength domestically 

dominated wastewater ranges from 4 to 8 mg/L. There are seven influent TP samples in 2020 

and 13 samples in 2024. The average influent phosphorus concentration of 2.71 mg/L is less than 

the lower range of typical domestic strength wastewater. There are 42 effluent phosphorus 

samples from 2020 through January 17, 2024, without influent TP data. The January 2020 through 

January 2024 average effluent TP is 2.44 mg/L. At 29 percent removal, the influent TP would be 

approximately 3.4 mg/L. 
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Table 4  Influent and Effluent Phosphorus 

 

Date 

Influent Flow  

(MGD) 

Influent 

Phosphorus 

Concentrations  

(mg/L) 

Influent 

Phosphorus 

Loading 

(lb/day) 

Effluent 

Phosphorus 

Concentration  

(mg/L) 

Effluent 

Phosphorus 

Loading 

 (lb/day)  

January 6, 2020 4.8     2.8 112 

February 3, 2020 7.4     1.7 105 

March 2, 2020 4.4     2.5 92 

April 6, 2020 5.6     1.2 56 

May 4, 2020 5.0     2.2 92 

June 15, 2020 5.3     1.1 49 

July 6, 2020 4.7     2.1 82 

August 24, 2020 3.6     2.9 87 

September 7, 2020 4.5 2.8 105 1.7 64 

September 16, 2020 5.9 2.5 123 1.6 79 

October 5, 2020 4.1 4.0 137 3.3 113 

October 27, 2020 4.0 3.4 113 3.5 117 

November 2, 2020 3.6 4.0 120 2.5 75 

November 16, 2020 3.6 4.4 132 2.6 78 

December 7, 2020 3.8 3.6 114 2.3 73 

January 4, 2021 4.2     2.3 81 

February 2, 2021 4.6     2.5 96 

March 8, 2021 7.3     1.2 73 

April 5, 2021 5.6     2.1 98 

May 3, 2021 5.2     2.4 104 

June 28, 2021 6.0     2.1 105 

July 5, 2021 4.1     2.3 79 

August 9, 2021 3.6     2.6 78 

September 27, 2021 3.5     2.6 76 

October 4, 2021 3.2     2.7 72 

December 13, 2021 3.7     2.3 71 

January 17, 2022 3.3     2.3 63 

February 7, 2022 3.7     3.3 102 

March 7, 2022 4.6     2.3 88 

April 4, 2022 6.5     1.6 87 

May 2, 2022 5.3     1.7 75 

June 6, 2022 4.6     3.0 115 

July 11, 2022 5.5     2.1 96 

August 1, 2022 3.8     3.4 108 

September 5, 2022 3.5     2.9 85 

October 17, 2022 3.2     3.2 85 

November 7, 2022 3.9     3.3 107 

December 5, 2022 3.6     3.4 102 

January 16, 2023 4.3     4.8 172 

February 14, 2023 5.2     1.3 56 

March 20, 2023 5.1     1.6 68 

April 3, 2023 7.1     1.3 77 

May 1, 2023 5.1     2.1 89 

June 12, 2023 3.5     2.2 64 

July 10, 2023 3.6     2.4 72 

August 7, 2023 4.0     3.3 110 

September 4, 2023 2.9     3.5 85 

October 2, 2023 3.5     3.2 93 

January 17, 2024 4.4   2.3 83 

February 7, 2024 6.0 2.4 118 1.2 62 

February 22, 2024 4.4 2.6 94 2.0 73 

February 28, 2024 4.2 2.9 100 2.1 74 

March 6, 2024 4.5 2.0 74 2.1 80 

March 13, 2024 4.9 2.1 78 1.7 68 

April 1, 2024 7.9 2.0 132 1.9 125 

April 30,2024 7.7 2.0 128 0.9 58 

May 2, 2024 5.8 1.6 77 0.7 33 

May 6, 2024 5.5 3.1 142 1.8 83 

May 7, 2024 7.6 2.5 158 1.9 120 

May 8, 2024 6.8 1.7 96 1.1 62 

May 16, 2024 5.3 2.0 88 1.6 71 

June 3, 2024 4.7 2.8 110  2.2 86 

Average 4.8 2.71 112 2.3 85 
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2. TSS 

 

Additionally, as the effluent TP limit becomes more stringent to 0.5 mg/L or less, the removal of 

TSS or biological cell mass in the treated effluent becomes increasingly important because the 

cell mass includes phosphorus that would be detected in the TP test. In general, average effluent 

TSS concentrations less than approximately 7 mg/L are desirable to consistently meet a 

0.5-mg/L TP limit. The particulate phosphorus with BPR is approximately 5 to 6 percent. Figure 3 

illustrates the challenge of meeting an effluent TP limit as the effluent TSS rises. 

 

 
 

The monthly average influent, primary effluent, and effluent TSS data from January 2020 through 

December 2023 are shown in Table 5. The WWTP meets its permitted limit of 25 mg/L monthly 

average TSS, but the annual averages for the previous 3 years are higher than the 

TSS concentrations that would be expected to consistently meet a 0.5-mg/L TP limit.  

 

The performance and size of the final clarifiers were reviewed to determine the potential for 

improved TSS removal. The WWTP has three 85-foot-diameter final clarifiers 

(5,675 square feet [ft2] surface area, each) with a 10-foot side water depth (SWD). 

Illinois Environmental Protection Agency (IEPA) 370 requires activated sludge final clarifiers to 

have a minimum 12-foot SWD. The Ten States Standards recommends greater than 12-foot SWD 

for final clarifiers greater than 4,000 ft2 surface area. The 2011 Treatment Facilities Improvements 

project (2011 Project) added density current baffles to avoid currents from carrying solids to the 

effluent weirs, which may partially mitigate performance issues with a shallow depth clarifier. The 

WWTP Project Plan (Project Plan) to be completed in 2024 will review WWTP deficiencies and 

identify a potential project. The Project Plan could review raising the existing three final clarifier 

walls to provide more depth for separation of the sludge blanket and overflow weirs. Additionally, 

the existing surface overflow rate is 1,633 gallons per day per square foot (gpd/ft2) at the design 

 
 

Figure 3  Effluent TSS Impact on Phosphorus Concentrations 



 Regional Wastewater Treatment Plant 
City of East Moline, Illinois Phosphorus Feasibility Study–Biological Phosphorus Removal Amendment 

 

 

Prepared by Strand Associates, Inc.  9 

R:\MAD\Documents\Reports\Archive\2024\East Moline, IL\Regional WWTP P Feas Study BPR Amendment.3642.003.PBS.Aug\Report\Report.docx\120224 

maximum flow of 27.8 MGD. IEPA 370 requires a surface overflow rate of less than 1,000 gpd/ft2. 

In order to meet this surface overflow rate at a design maximum flow of 27.8 MGD, 

two additional 85-foot-diameter final clarifiers would be needed.  

 

The impact of flows on the effluent TSS was reviewed and is shown in Figures 4 and 5. For 

Figures 4 and 5, effluent TSS data was not available on the highest flow events. The 

sludge volume index (SVI) is used as an indication of the settling characteristics of the sludge. 

High SVIs are often associated with activated sludge systems that contain filamentous organisms. 

Shown in Figure 4 is the effluent TSS with the SVI data. Operational changes to reduce the solids 

retention time (SRT) and the potential modifications to the aeration tanks with a plug flow through 

the tanks should reduce the growth of filamentous organisms. There are several higher effluent 

TSS periods that appear to be correlated with higher flows. Reducing the surface overflow rate 

with two new clarifiers, five total, should have more TSS removal at higher flows than with the 

current three final clarifiers. For the purpose of this report, two new 85-foot-diameter clarifiers with 

15-foot SWD are included in the OPCC for the BPR and CPR alternatives.  

 

The addition of tertiary filtration could be considered in the future, if needed, to achieve lower 

effluent TSS and TP. Tertiary filtration facilities could be located in the area of the abandoned 

chlorine contact tank adjacent to UV disinfection. 
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Table 5  Influent and Effluent TSS 
 

  

  

  

Influent Concentration 

(mg/L) 

Primary Effluent Concentration 

(mg/L) 

Effluent 

Concentration 

(mg/L) 

Load 

(lb/day) 

January 2020 86 43 19 848 

February 2020 87 45 12 598 

March 2020 75 45 7 362 

April 2020 82 35 3 169 

May 2020 82 33 5 421 

June 2020 96 39 4 171 

July 2020 126 49 9 333 

August 2020 151 62 11 328 

September 2020 115 41 10 396 

October 2020 124 54 19 600 

November 2020 111 51 7 246 

December 2020 111 51 7 246 

January 2021 105 53 6 229 

February 2021 98 54 14 684 

March 2021 61 37 7 476 

April 2021 85 56 3 224 

May 2021 77 44 3 161 

June 2021 118 56 4 155 

July 2021 116 54 5 190 

August 2021 134 62 6 228 

September 2021 119 58 13 428 

October 2021 101 51 16 710 

November 2021 115 54 9 317 

December 2021 118 55 14 417 

January 2022 133 65 22 630 

February 2022 115 62 8 243 

March 2022 106 60 13 723 

April 2022 75 41 9 508 

May 2022 100 50 6 276 

June 2022 124 61 6 205 

July 2022 112 55 7 293 

August 2022 151 58 6 190 

September 2022 117 55 12 395 

October 2022 108 54 23 637 

November 2022 131 55 12 345 

December 2022 137 65 15 476 

January 2023 118 59 12 430 

February 2023 104 51 16 879 

March 2023 82 46 19 923 

April 2023 97 47 9 475 

May 2023 115 55 7 256 

June 2023 139 65 16 477 

July 2023 136 59 11 335 

August 2023 136 64 8 237 

September 2023 132 65 5 147 

October 2023 128 62 9 307 

November 2023 128 64 7 206 

December 2023 111 64 7 232 

          

2020 Average 105 46 9 378 

2021 Average 104 53 8 349 

2022 Average 118 57 12 411 

2023 Average 120 59 10 388 

Total Average 112 54 10 381 
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mL/g=milliliters per gram 

 
Figure 4  Effluent TSS and SVI 

 
 
Figure 5  Effluent TSS and Influent Flow 
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BPR POTENTIAL TESTING 

 

BPR is a wastewater treatment method applied to activated sludge systems to facilitate phosphorus 

removal. Treatment conditions in the activated sludge system are manipulated to promote growth of 

phosphate-accumulating organisms (PAO). In anaerobic conditions, these PAOs hydrolyze internal 

polyphosphate, releasing orthophosphate in the process. The energy from this hydrolysis is used to 

uptake readily degradable biochemical oxygen demand (BOD). When exposed to aerobic conditions, 

the PAOs uptake orthophosphate, storing it intracellularly as polyphosphate. PAOs in the aerobic zone 

uptake an excess of orthophosphate. Phosphorus removal is achieved when these organisms are settled 

in the final clarifier and removed via the waste activated sludge (WAS).  

 

Not all wastewater is amenable to successful BPR. BPR potential testing was performed at the WWTP 

on June 6, 2023. The testing was performed on primary effluent from the WWTP to determine whether 

the wastewater is amenable to BPR. A gang mixer with four jars was used to simultaneously test the 

primary effluent (Jar Nos. 1 and 2). Using Jar No. 1 as a as positive control, sodium acetate was then 

added as an ideal BOD source. RAS from a facility successfully operating BPR was anaerobically mixed 

into each jar to supply PAOs. Each jar was then sampled at 30-minute intervals for 2 hours. Samples 

were filtered through a coarse filter and preserved for short-term storage. Samples were later 

analyzed to measure phosphorus release. If the initial test without an additional carbon source 

mimics the test with the additional carbon source, it is likely that the WWTP can support the 

BPR process. 

 

Operations data for the month of June 2023 were reviewed to benchmark the conditions of the 

jar testing days. The average influent flow of the 3 days before chemical jar testing was 3.7 MGD, the 

influent flow recorded the day of testing was 3.5 MGD, and the average influent flow for the entire month 

of June 2023 was 3.6 MGD. The influent flow the day of testing was slightly below average.  

 

The jar test results data is presented in Figure 6. A phosphorus release of two to three times the initial 

concentration is indicative of an amenable wastewater. For the primary effluent without sodium 

acetate, the phosphorus concentration increased from approximately 11 mg/L to a peak of 

approximately 26 mg/L. Given that the phosphorus release of the WWTP’s influent has a phosphorus 

release ratio of 2.4, this suggests the WWTP’s influent during the day of the test is amenable to 

BPR treatment. This can be further explored with full-scale BPR pilot testing and/or by repeating the 

test. 
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Because the PAOs in conventional BPR systems receive their volatile fatty acids (VFA) from the influent 

wastewater, conventional BPR processes are driven by readily biodegradable carbon sources in the 

influent. While PAOs rely on VFAs to take up phosphorus, readily biodegradable chemical oxygen 

demand (rbCOD) is the best indicator of available carbon for PAOs because it includes VFAs as well as 

carbon sources that can be easily fermented into VFAs in the anaerobic zone. Table 6 is a summary of 

the BOD:TP and rbCOD:TP ratios from the WWTP primary effluent compared to the minimum 

recommended values from Water Environment Federation Manual of Practice No. 34: Nutrient Removal. 

It should be noted that the minimum recommended influent ratios are based on the influent to the 

activated sludge process (including recycle loads); and therefore, a potential increase in recycle TP loads 

from the implementation of BPR should also be considered. The WWTP sampling is relatively close to 

the minimum values. With the WWTP’s low influent phosphorus concentrations, 0.5 mg/L effluent TP with 

BPR appears achievable with effluent TSS less than 6 mg/L. 
 

 
 
Figure 6  BPR Potential Jar Test Results 
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AERATION TANK CAPACITY FOR BPR 

 

One important consideration in the design of BPR modifications is the future design conditions that will 

be used for sizing processes. This is of particular importance if a portion of the existing aeration basins 

will be converted to unaerated anaerobic zones for BPR (or anoxic zones for nutrient removal), thereby 

reducing the aerobic volume. The Project Plan will review current loads and projected design year loading 

based on available population growth projections. It is anticipated that as part of the Project Plan, the 

new BOD5 load could be reduced because current loadings are approximately 23 percent of the design 

loading and small amount additional loadings from projected growth. For the purposes of this study, it is 

assumed that the future loadings are closer to the current loadings indicated in Table 2, allowing a portion 

of the existing aerated volume to be converted to unaerated volume for BPR.  

 

The City’s current discharge permit does not have an ammonia limit, which means nitrification in the 

aeration tanks is not necessary for treatment. However, at current conditions, the WWTP typically 

operates with two aeration tanks in service and completely nitrifies throughout most of the year. 

SRT expresses the average time that a microorganism will spend in the activated sludge process. For a 

BPR activated sludge system without nitrification, a typical design SRT is four days. At current maximum 

month conditions and operating with 3,500 mg/L MLSS, approximately 0.48 million gallons (MG) would 

provide a 4-day SRT. Each aeration tank has a volume of approximately 0.62 MG, and the total aeration 

volume is approximately 2.49 MG with all four tanks. With an anaerobic zone sized to be 

approximately 15 percent of the aeration tank volume, a single aeration tank with 

approximately 0.53-MG aerated zone could be in service the majority of the time to meet current loadings. 

Modifications are assumed for four aeration tanks to be converted to BPR for operational flexibility. 

 

PHOSPHORUS REMOVAL ALTERNATIVES  

 

In this section, following two potential alternatives for phosphorus removal at the WWTP are described 

and compared based on capital cost and nonmonetary factors such as operational flexibility, 

constructability, and resiliency. 

 

▪ Alternative No. 1–BPR Activated Sludge System Modifications 

▪ Alternative No. 2–CPR 

 

There are common elements included with both alternatives to modify the aeration tanks flow pattern, 

address deficiencies, and add influent splitter structures for even flow distribution. The aeration tanks will 

 WWTP Primary Effluent Minimum Recommended Value 

BOD:TP 24 25 

rbCOD:TP 13 15 

 
Table 6  WWTP Special Sampling and Minimum Recommended 

Substrate-to-Phosphorus Ratios for Conventional BPR 
Processes 
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be modified for flow to enter the tank at the southeast end and exit the northwest end for a plug flow 

configuration. Two splitter structures for the ML are included to be constructed within the tanks, 

one between Aeration Tank Nos. 1 and 2 and one between Aeration Tank Nos. 3 and 4, to provide an 

even flow split to the aeration tanks.  

 

The existing aeration tanks were constructed in 1974. The walkways at the effluent channels have 

concrete supports that need repair (Figure 7). The effluent channel wall openings will be filled in with 

concrete, and the existing concrete walkway supports will be replaced. There are three cast iron sluice 

gates between the aeration tanks that do not function properly and should be replaced (Figure 8). Costs 

for three new stainless-steel sluice gates are included. The exterior walls of the aeration tanks have joints 

and cracks that need repair to seal leaks. An allowance is included for leak repairs. The existing precast 

bridges were previously used to support vertical mixers, which were removed in the 2011 Project. The 

stairs at each precast bridge impedes walkway access along the tanks. These bridges and support 

columns are included to be demolished. The existing steel railing appears to show signs of corrosion and 

is in need of replacement. New aluminum railing is included. Fine bubble aeration equipment was 

installed in each tank in the 2011 Project. The existing grid is assumed to be reused for the new aeration 

tank configuration, and costs for replacement of the membrane diffusers are included. Modifications to 

the aeration equipment grid may be considered during design. 

 

 
 

 

 
 
Figure 7  Walkway Concrete Supports at the Effluent 

Weirs Need Replacement 
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Figure 8  Existing Sluice Gate Between Aeration 

Tank Nos. 2 and 3  

 

 
 
Figure 9  Aeration Tank Precast Bridges 
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As discussed previously, two new final clarifiers are needed to meet Illinois Administrative Code 

requirements. Both alternatives include the two final clarifiers, ML piping to the final clarifiers, piping 

associated with the final clarifiers, three RAS pumps, and RAS piping. Two additional outlet boxes are 

needed to split flow to the two new final clarifiers. Hydraulic losses along the effluent channel would result 

in an uneven distribution of flow to each final clarifier. The weirs at the existing three outlet boxes should 

be raised to increase the effluent channel water level and reduce hydraulic water surface difference along 

the channel. The existing outlet sluice gates should be demolished, and new downward opening weir 

gates are included to replace the weirs. A new ML splitter structure could provide a more equal split than 

using the effluent channel but would have higher costs for the structure and additional ML piping to each 

final clarifier. 

 

National Fire Protection Association (NFPA) 820 standards for wastewater treatment facilities should 

also be considered with installation of new equipment. While NFPA 820 is a standard used in the 

wastewater industry, it is not a code requirement unless specifically adopted by a municipality or entity. 

At this time, no modifications to the existing structures have been included in the alternatives for 

following NFPA 820. An NFPA 820 review should be completed during preliminary design. 

 

A. Alternative No. 1–BPR Activated Sludge System Modifications 

 

1. Conventional BPR Process 

 

There are several BPR processes that have been developed over time, including 

anaerobic/oxic (AO), anaerobic/anoxic/oxic (A2O), University of Cape Town (UCT), and 

Modified UCT. These “conventional” BPR processes include an anaerobic zone on the 

mainstream (meaning that influent wastewater flows through the anaerobic zone) along with an 

aerated zone. Anoxic zones are also provided in biological nutrient removal (BNR) process in 

which TP and TN removal are provided. In the anaerobic zone, PAOs in the ML take up VFAs 

from the influent wastewater and store the VFAs as polyhydroxyalkanoates (PHA), generating 

energy for this process through the breakdown of internal polyphosphate compounds. This results 

in a release of phosphorus in the anaerobic zone. When the PAOs enter the anoxic and aerated 

zones, the stored PHA is used for energy and cell growth and phosphorus is taken up, removing 

it from the wastewater when the PAOs are wasted from the system.  

 

The AO BPR process is considered for Alternative No. 1. A process schematic of an AO BPR 

process is presented in Figure 10.  
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A preliminary schematic of the AO BPR process alternative and common elements are presented 

in Figures 11 and 12.  

 

 
 

 

 
 
Figure 10  AO Process Schematic 

 
Aerial Source: Google Earth 

 
Figure 11  Overall Preliminary BPR Activated Sludge Modifications 
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These modifications would result in anaerobic zones in the existing activated sludge system. 

One important design metric for BPR systems is the anerobic mass fraction, which is the fraction 

of the biomass that is in the anaerobic zone at any given time. Typically, a conventional 

BPR system will have at least 10 to 20 percent of its biomass under anaerobic conditions, with 

even higher fractions used in some instances. The activated sludge system nitrifies ammonia to 

nitrate during current average loading conditions. With an AO process, the anaerobic zone may 

need to be sized larger in order to denitrify the nitrates returned in the RAS.  

 

A summary of the preliminary zone sizes in presented is Table 7. These sizes are subject to 

change depending on the updated design criteria determined during preliminary design and final 

process modeling. 

 

Additionally, a phased approach for a separate future modification could be considered for a 

potential future ammonia limit and reviewed further as part of the Project Plan. The first phase 

would be the modifications to an AO configuration. A future project could include modifications to 

the A2O BPR configuration to add anoxic zones to reduce nitrates in the anaerobic zone when 

nitrifying to meet the future ammonia limit. The existing aeration tank volume appears to be 

sufficient for nitrification and an A2O configuration at current loadings and anticipated future 

loadings. At current loading conditions, 3,500 mg/L MLSS, approximately a 1.25-MG aerated 

 
Aerial Source: Google Earth 

 
Figure 12  Aeration Tank Preliminary BPR Activated Sludge Modifications 
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zone would provide a 12-day SRT for nitrification. The aerated volume of the existing four aeration 

tanks could be 1.62-MG with 15 percent of the volume anaerobic and 20 percent of the volume 

anoxic. In order to meet the potential future ammonia limit using the existing aeration tank volume, 

the WWTP design loading would need to be reduced.  

 

Another major consideration is the constructability of the modifications. Because the WWTP only 

uses two of the four tanks for treatment at current loads, this layout enables the tanks to be 

completely modified from the existing configuration to the proposed configuration one at a time 

without reducing active treatment volume.  

 

 
 

BPR with effective TSS removal can meet a 0.50-mg/L TP limit on a fairly consistent basis at 

many WWTPs, but BPR is vulnerable to upset conditions caused by higher hydraulic or lower 

organic loadings. The backup CPR system could be periodically used during process upsets. 

 

This alternative includes the following elements: 

 

a. Conversion of a portion of the existing aerated zones into anaerobic zones by 

modifying aeration system piping, constructing a concrete baffle wall, and installing 

mixers in the anaerobic zone. Construction of a concrete walkway on the new 

baffle walls. 

 

b. Include a 6,000-gallon fiberglass reinforced plastic storage tank and 

three peristaltic phosphorus removal chemical (PRC) feed pumps in a new 20- by 

20-foot building and PRC piping to the ML splitter structure upstream of the final 

clarifiers. An orthophosphate analyzer located in the UV disinfection building is 

included for automation of the PRC feed pumps based on an effluent 

orthophosphate concentration control setpoint.  

 

c. Construction of two ML splitter structures in the aeration tanks. 

 

d. Replacement of aeration equipment membrane diffusers. A portion of the existing 

aeration equipment grid in the anaerobic zones would be demolished.  

 

e. Replacement of existing gates in the aeration tanks. 

 

f. Repair concrete and leaks of the aeration tanks.  

 

Zone 

Total Zone Volume 
(Four Tanks) 

(MG) 
% of Total 

Volume 
HRT at DAF 

(hours) 

Anaerobic 0.38 15 0.8  

Aerobic 2.12 85 4.6  
HRT=hydraulic retention time 

 
Table 7  Preliminary Anaerobic Zone Sizing 
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g. Modifications to fill in aeration tank inlet channels openings with concrete. 

 

h. Modifications to fill in effluent weir walls along the sides of aeration tanks with 

concrete and concrete replacement of the walkway supports. 

 

i. Modify wall for new effluent weirs at the end of the aerated zones. 

 

j. Demolition of the aeration tank precast concrete bridges. 

 

k. Replacement of railing replacement with aluminum railing in the aeration tanks. 

 

l. Construction of two 85-foot-diameter final clarifiers with 15-foot SWD, clarifier 

collector equipment, and associated ML, RAS, and scum piping.  

 

m. Demolition of the existing aerobic digesters. 

 

n. Construction of two ML outlet boxes with downward opening weir gates for splitting 

flow to the two new final clarifiers. 

 

o. Installation of ML piping from the ML outlet boxes to the two new final clarifiers. 

Installation of RAS piping from the two new final clarifiers to the RAS pumps. 

 

p. Construction of three new RAS pumps and piping in the Filter Building. Remove 

and reinstall dissolved air floatation pumps in lower level and associated dissolved 

air floatation pump piping modifications to accommodate the additional 

RAS pumps. 

 

q. Raise walls at the existing aeration tank outlet boxes to the existing final clarifiers 

and replacement of the existing sluice gates with downward opening weir gates. 

 

r. Replacement of gravity thickener equipment, new covers, and addition of odor 

control equipment. 

 

Replacement of the existing aeration blowers with more efficient blowers will be reviewed in the 

Project Plan. Blower and air piping modifications are not included. 

 

2. Side Stream Enhanced Biological Phosphorus Removal (S2EBPR) 

 

While conventional BPR processes are heavily reliant on influent characteristics, there are 

emerging BPR processes that incorporate fermentation of ML or return sludge and are less 

dependent on influent carbon sources for successful BPR. This results in improved BPR 

performance for facilities with lower influent rbCOD and VFA concentrations. One such process 

in the S2EBPR process. S2EBPR is an emerging BPR process that incorporates fermentation of 

return sludge in an anaerobic zone that is on the side stream, meaning that the influent 

wastewater does not flow through it. This side stream anaerobic zone receives only a portion of 

the RAS, with the remainder of the RAS mixed with the primary effluent in the mainstream tanks. 
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This process is less dependent on influent carbon sources for successful BPR, improving BPR 

performance for facilities with lower influent rbCOD and VFA concentrations. This process, or 

similar configurations, have been used in Europe and Canada for more than 20 years and have 

begun to be implemented in the United States in the past few years. A schematic of an S2EBPR 

process is presented in Figure 13. 

 

 
 

In the side stream anaerobic reactor of the S2EBPR process, the RAS is exposed to deep 

anaerobic conditions in which the biomass is fermented, breaking down organic material into 

VFAs for use by PAOs. The effluent from the side stream anaerobic zone then passes into the 

mainstream anoxic/aerated zones where phosphorus is taken up by the PAOs and removed from 

the system through the waste activated sludge. S2EBPR have several benefits compared to 

conventional BPR process, including the following: 

 

a. Improved BPR performance at facilities with inadequate influent carbon for 

conventional BPR because the carbon storage occurs in a side stream reactor 

using fermented RAS and increased anaerobic mass fraction greater than 

30 percent  

 

b. Improved wet-weather treatment performance by moving the anaerobic zone out 

of the main liquid treatment flow path where its retention time is unaffected by 

high influent flows. 

 

c. Reduced of glycogen accumulating organisms (GAO) that typically compete with 

PAOs for readily biodegradable carbon sources in conventional anaerobic zones 

and can result in BPR process upsets. 

 

d. Primary effluent does not enter the anaerobic zone and, therefore, 

dissolved oxygen (DO) or nitrate in the primary effluent does not impact BPR 

performance.  

 

The Project Plan should further evaluate the anerobic zone and aerated zone sizing. Several 

modes (including conventional and S2EBPR configurations) could be considered to provide 

 
 
Figure 13  Example S2EBPR Process Schematic 
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flexibility with changing flows and loads, influent conditions, and operational or weather 

conditions.  

 

As discussed previously, the anaerobic mass fraction (percentage of MLSS in the anaerobic 

zone compared to the total activated sludge system) is an important design parameter for 

BPR systems. The proposed configuration, either in the AO or S2EBPR mode, provides a 

significant increase in anaerobic mass fraction compared to the AO configuration, as shown in 

Table 8. Options to include flexibility to operate in an S2EBPR configuration could be evaluated 

further in the Project Plan. 

 

 

 

3. Fermentation 

 

Some WWTPs have low strength wastewater and insufficient influent carbon sources (VFA) for 

reliable BPR. If S2EBPR is not implemented, there are several operational strategies to promote 

fermentation. Currently, primary sludge is thickened in a gravity thickener before being pumped 

to the anaerobic digesters. Primary sludge fermentation may be achieved with the gravity 

thickener with operational adjustments to promote fermentation. Additionally, cycling the mixers 

on and off in the anaerobic zone allows for solids to settle and remain in the anaerobic zone 

longer. This results in an SRT to be longer than the HRT in the anaerobic zone to promote 

VFA formation. 

 

B. Alternative No. 2–CPR 

 

Implementation of a CPR alternative would include bulk chemical storage tanks, dosing pumps, and a 

new building to house the new equipment. Alternative No. 2 includes a 40- by 20-foot CPR building to 

house two 6,000-gallon chemical storage tanks for approximately 30 days of storage at a DAF of 

11.1 MGD. The WWTP uses UV disinfection, and UV light transmittance can be reduced by ferric chloride 

addition. For this reason, this alternative assumes alum is used. The CPR building could be located 

between the aeration tanks and the Control Building. A preliminary schematic of the CPR process 

alternative and common elements are presented in Figure 14 

 

Ultimately, the ability of CPR to reliably meet a 0.5-mg/L effluent depends on the design and performance 

of the final clarifiers to reliably maintain lower effluent TSS.  

 

The main drawback to using CPR is a high production of biosolids and the resulting need for more 

digestion volume and dewatered cake storage. The existing primary digester has capacity for the 

projected additional sludge produced by CPR. Cake storage of the additional CPR sludge is not a concern 

because the WWTP hauls sludge to a landfill. 

Parameter AO S2EBPR 

Anaerobic Zone MLSS 2,000 to 3,500 mg/L >5,000 mg/L 

Anaerobic Mass Fraction 15% >30% 

  
Table 8  Summary of Anaerobic Mass Fraction for Activated 

Sludge Configurations 
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This alternative includes the following elements: 

 

1. The CPR system includes two 6,000-gallon fiberglass reinforced plastic storage 

tank and three peristaltic PRC feed pumps in a new 40- by 20-foot building and 

PRC piping to the ML splitter structure upstream of the final clarifiers. An 

orthophosphate analyzer located in the UV disinfection building is included for 

automation of the PRC feed pumps based on an effluent orthophosphate 

concentration control setpoint. 

 

2. Construction of two ML splitter structures in the aeration tanks. 

 

3. Replacement of aeration equipment membrane diffusers.  

 

4. Replacement of existing gates in the aeration tanks. 

 

5. Repair concrete and leaks of the aeration tanks.  

 

6. Modifications to fill in aeration tank inlet channels openings with concrete. 

 

 
Aerial Source: Google Earth 

 
Figure 14  Preliminary CPR Alternative Schematic 
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7. Modifications to fill in effluent weir walls along the sides of aeration tanks with 

concrete and replacement of the concrete walkway supports. 

 

8. Provide wall modifications for new effluent weirs at the end of the aerated zones. 

 

9. Demolition of the aeration tank precast concrete bridges. 

 

10. Replacement of railing replacement with aluminum railing in the aeration tanks. 

 

11. Construction of two 85-foot-diameter final clarifiers with 15-foot SWD, clarifier 

collector equipment, and associated ML, RAS, and scum piping.  

 

12. Demolition of the existing aerobic digesters. 

 

13. Construction of two ML outlet boxes with downward opening weir gates for splitting 

flow to the two new final clarifiers. 

 

14. Installation of ML piping from the ML outlet boxes to the two new final clarifiers. 

Installation of RAS piping from the two new final clarifiers to the RAS pumps. 

 

15. Construction of three new RAS pumps and piping in the Filter Building. Remove 

and reinstall dissolved air floatation pumps in lower level and associated 

DAF pump piping modifications to accommodate the additional RAS pumps. 

 

16. Raise walls at the existing aeration tank outlet boxes to the existing final clarifiers 

and replacement of the existing sluice gates with downward opening weir gates. 

 

C. Monetary Comparison 

 

The OPCC, additional operation and maintenance (O&M), and the total 20-year present worth for 

each alternative described are presented in Table 9. Additional cost information on each alternative 

is included in Appendix B. 

 

The BPR alternative has lower O&M costs because the BPR process should remove phosphorus to 

less than 0.5 mg/L and less chemical is added to remove the remaining portion of phosphorus. The 

CPR alternative, however, requires more PRC to remove the phosphorus to the 0.5 mg/L limit and 

produces more sludge, resulting in additional disposal costs. The BPR alternative has a lower 

20-year precent worth than the CPR alternative. 
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D. Nonmonetary Comparison 
 

BPR treatment, being a solely biological treatment process, can be susceptible to upsets. As stated 

previously, a back-up chemical system is required. BPR has the advantage of not generating 

additional sludge and not requiring frequent chemical deliveries.  

 

CPR is a relatively simple process to operate and is generally reliable. The additional sludge 

generated by CPR, in addition to the increased cost of disposal, can stress solids processing 

systems and equipment. 

 

RECOMMENDATIONS 

 

The BPR removal modifications should be included as part of the larger project to be identified in the 

WWTP Project Plan because one larger construction project is typically more cost-effective than 

separating projects into phases.  

 

The City plans to proceed with a BPR process that would require a rebuild or replacement of the 

secondary treatment processes. The planned upgrades include rebuilding the existing aeration tanks, 

modifications to the existing final clarifiers, and the addition of two new final clarifiers. Therefore, in 

accordance with Special Condition 20.B.1, the 0.5 mg/L TP 12-month rolling geometric mean limit would 

be in effect December 31, 2035. A preliminary project implementation schedule is presented in Table 10 

based on design beginning July 2025. Based on recent experience on WWTP construction projects, the 

most significant factor in the ability for the project to be in operation to meet the schedule is the lead time 

on various equipment and materials. The project scope and potential implementation schedule will be 

evaluated further in the WWTP Project Plan. 
 

Alternative 
Total 

Capital Cost 
Replacement 

Costs 

Present 
Worth O&M 

Costs 
Salvage 
Value 

20-Year 
Present Worth 

BPR $21,070,000  $130,000  $1,088,000  ($1,416,900) $20,871,000  

CPR $19,400,000  $130,000  $3,476,000  ($1,419,900) $21,586,000  

 
Table 9  20-Year Present Worth Comparison of TP Removal Alternatives to Meet 

0.5-mg/L Annual Geometric Mean Limit 
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Milestone Date 

Complete Project Plan and Submittal to IEPA December 2024 

IEPA Approval of Project Plan June 2025 

Begin Design July 2025 

Submit Design Documents to IEPA July 2027 

IEPA Loan Commitment (City on Fiscal Year 2028 Intended Use Plan) July 2027 

IEPA Loan Application August 2027 

IEPA Approval of Design October 2027 

IEPA Loan Commitment October 2027 

Advertise for Bids December 2027 

Construction Begins June 2028 

Construction Substantial Completion December 2031 

Construction Final Completion March 2032 

BPR Operation and Optimization (Determine if Filtration is Needed) 2032 to 2035 

Meet 0.5-mg/L TP Effluent Limit 2035 

 

Table 10  Preliminary Project Schedule 
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APPENDIX B 
OPCC 

 

 



East Moline, Illinois

WWTP Phosphorus Feasibility Study

Alternative 1 - BPR to meet a 0.5 mg/L TP Annual Geometric Mean Effluent Limit

Discount Rate 2.500%

20 year total present worth

Initial Future

ITEM Capital Capital Service Replacement 20 yr Salvage Salvage

Cost
1

Cost Life Cost (P.W.) Value Value (P.W.)

CPR FRP 6,000 Gallon Chemical Storage Tanks (1) 80,000$              -$                           20 -$                    -$                    -$                    

CPR Chemical Metering Pumps (3) 80,000$              116,000$                   15 80,000$              53,333$              32,500$              

CPR Building (20'x20') 400,000$            -$                           40 -$                    200,000$            122,100$            

In-situ Orthophosphate Monitoring Equipment 50,000$              72,000$                     15 50,000$              33,333$              20,300$              

Anaerobic Zone Baffle Wall and walkways 270,000$            -$                           40 -$                    135,000$            82,400$              

Anaerobic Zone Mixers (4) 260,000$            -$                           20 -$                    -$                    -$                    

Aeration Tank ML Splitter Structure 580,000$            -$                           40 -$                    290,000$            177,000$            

Replace Aeration Equipment Diffusers 300,000$            -$                           20 -$                    -$                    -$                    

Replace Existing Aeration Tank Sluice Gates (4) 60,000$              -$                           20 -$                    -$                    -$                    

Aeration Tank wall repairs and leaks, walkway supports 120,000$            -$                           20 -$                    -$                    -$                    

Aeration tank inlet channel opening modifications 30,000$              -$                           40 -$                    15,000$              9,200$                

Aeration tank effluent channel modifications and effluent weirs 80,000$              -$                           40 -$                    40,000$              24,400$              

Demolition aeration tank precast concrete bridges 30,000$              -$                           20 -$                    -$                    -$                    

Aeration tank miscellaneous metals (grating, and railing) 50,000$              -$                           20 -$                    -$                    -$                    

Two Final Clarifiers concrete, weirs, grating, railing (85' diameter, 15 

foot sidewater depth, concrete drilled shaft deep foundations) 3,050,000$        -$                           40 -$                    1,525,000$        930,700$            

Two Final Clarifiers Equipment (85' diameter) 1,490,000$        -$                           20 -$                    -$                    -$                    

Clarifier excavation, and fill 80,000$              -$                           20 -$                    -$                    -$                    

Aerobic digester demolition 100,000$            -$                           20 -$                    -$                    -$                    

Aeration tank existing outlet box modifications 60,000$              -$                           40 -$                    30,000$              18,300$              

Replacement Gates at existing outlet boxes 50,000$              -$                           20 -$                    -$                    -$                    

Gravity thickener equipment replacement, cover, ordor control 600,000$            -$                           20 -$                    -$                    -$                    

RAS Pumps (3) 310,000$            -$                           20 -$                    -$                    -$                    

Relocation of dissolved air floatation pumps 50,000$              -$                           20 -$                    -$                    -$                    

     Subtotal 8,180,000$        

Sitework (5%) 410,000$            

Mechanical Piping and HVAC (25%) 2,050,000$        

Electrical and Controls (30%) 2,450,000$        

     Subtotal 13,090,000$      

Contractors General Conditions @ 15% 1,960,000$        

Construction Costs 15,050,000$      

Contingencies and Technical Services @ 40% 6,020,000$        

Total Capital Costs 21,070,000$      130,000$            2,321,667$        1,416,900$        

Estimated Annual O&M Costs Years 1 Through 10

Relative Labor ($40/hr) 9,000$                

Maintenance (~2% of Equipment) 44,000$              

Power ($0.11/kWH) 6,000$                

Additional Biosolids Disposal ($17/cubic yard) 2,000$                

Total Years 1 Through 10 Annual O&M Costs 61,000$              

Estimated Annual O&M Costs Years 11 Through 20

Chemical Use-Alum ($1.68/gal)
2

20,000$              

Relative Labor ($40/hr) 9,000$                

Maintenance (~2% of Equipment) 44,000$              

Power ($0.11/kWH) 6,000$                

Additional Biosolids Disposal ($17/cubic yard) 2,000$                

Total Years 11 Through 20 Annual O&M Costs 81,000$              

Present Worth of O&M Years 1 through 10
3

534,000$            

Present Worth of O&M Years 11 through 20
3

554,000$            

Total Present Worth of O&M Cost 1,088,000$        

Summary of Present Worth Costs

Capital Cost 21,070,000$      

Replacement 130,000$            

O&M Cost 1,088,000$        

Salvage Value (1,416,900)$       

     TOTAL PRESENT WORTH 20,871,000$      

1. Geotechnical considerations must be further evaluated. Depth to bedrock could impact the cost opinions.

2. Chemical use assumest dosing up to approximately 40 gallons per day for polishing, back-up, and struvite control based on effluent TSS less than 7 mg/L.

3. BPR alternative has the TP limit in effect 10 years later than the CPR alternative (December 31, 2035 vs. December 31, 2025). Chemical costs are included for the years when the limit is in effect.



East Moline, Illinois

WWTP Phosphorus Feasibility Study

Alternative 2 - CPR to meet a 0.5 mg/L TP Annual Geometric Mean Effluent Limit

Discount Rate 2.500%

20 year total present worth

Initial Future

ITEM Capital Capital Service Replacement 20 yr Salvage Salvage

Cost
1

Cost Life Cost (P.W.) Value Value (P.W.)

CPR FRP 6,000 Gallon Chemical Storage Tanks (2) 160,000$           -$                          20 -$                   -$                   -$                   

CPR Chemical Metering Pumps (3) 80,000$             116,000$                  15 80,000$             53,333$             32,500$             

CPR Building (40'x20') 680,000$           -$                          40 -$                   340,000$           207,500$           

In-situ Orthophosphate Monitoring Equipment 50,000$             72,000$                    15 50,000$             33,333$             20,300$             

Aeration Tank ML Splitter Structure 580,000$           -$                          40 -$                   290,000$           177,000$           

Replace Aeration Equipment Diffusers 330,000$           -$                          20 -$                   -$                   -$                   

Replace Existing Aeration Tank Sluice Gates (4) 60,000$             -$                          20 -$                   -$                   -$                   

Aeration tank wall repairs and leaks, walkway supports 120,000$           -$                          20 -$                   -$                   -$                   

Aeration tank inlet channel opening modifications 30,000$             -$                          40 -$                   15,000$             9,200$               

Aeration tank effluent channel modifications and effluent weirs 80,000$             -$                          40 -$                   40,000$             24,400$             

Demolition aeration tank precast concrete bridges 30,000$             -$                          20 -$                   -$                   -$                   

Aeration tank miscellaneous metals (grating, and railing) 50,000$             -$                          20 -$                   -$                   -$                   

Two Final Clarifiers Concrete, weirs, grating, railing (85' diameter, 15 

foot sidewater depth, concrete drilled shaft deep foundations) 3,050,000$        -$                          40 -$                   1,525,000$        930,700$           

Two Final Clarifiers Equipment (85' diameter) 1,490,000$        -$                          20 -$                   -$                   -$                   

Clarifier excavation, and fill 50,000$             -$                          20 -$                   -$                   -$                   

Aerobic digester demolition 100,000$           -$                          20 -$                   -$                   -$                   

Aeration tank existing outlet box modifications 60,000$             -$                          40 -$                   30,000$             18,300$             

Replacement Gates at existing outlet boxes 50,000$             -$                          20 -$                   -$                   -$                   

RAS Pumps (3) 310,000$           -$                          20 -$                   -$                   -$                   

Relocation of dissolved air floatation pumps 50,000$             -$                          20 -$                   -$                   -$                   

     Subtotal 7,410,000$        

Sitework (5%) 370,000$           

Mechanical and HVAC
2

2,050,000$        

Electrical and Controls (30%) 2,220,000$        

     Subtotal 12,050,000$      

Contractors General Conditions @ 15% 1,810,000$        

Construction Costs 13,860,000$      

Contingencies and Technical Services @ 40% 5,540,000$        

Total Capital Costs 19,400,000$      130,000$           2,326,667$        1,419,900$        

Estimated Annual O&M Costs

Relative Labor ($40/hr) 9,000$               

Maintenance (~2% of Equipment) 39,000$             

Power ($0.11/kWH) 2,000$               

Chemical Use-Alum ($1.68/gal)
3

150,000$           

Additional Biosolids Disposal ($17/cubic yard)
4

23,000$             

Total Annual O&M Costs 223,000$           

Present Worth of O&M 3,476,000$        

Summary of Present Worth Costs

Capital Cost 19,400,000$      

Replacement 130,000$           

O&M Cost 3,476,000$        

Salvage Value (1,419,900)$       

     TOTAL PRESENT WORTH 21,586,000$      

1. Geotechnical considerations must be further evaluated. Depth to bedrock could impact the cost opinions.

2. The BPR alternative costs for mechanical and HVAC is used for the CPR alternative because both alternative have the same piping components.

3. Chemical use assumes dose of 250 gal/day based on an average flow of 4.7 MGD

4. Additional biosolids disposal costs based on approximately 10 CY sludge per day
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