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LIST OF DEFINITIONS 

Aerobic  

A condition in which sufficient dissolved oxygen (and other forms of oxygen, such as NO3-Oxygen 
(nitrate) or SO4-Oxygen) is available for use by microorganisms. 

Anaerobic  

A condition in which dissolved oxygen or NO3-Oxygen (nitrate) is not available for use by 
microorganisms. 

Anoxic  

A condition in which dissolved oxygen is not available and other forms of oxygen, such as NO3-Oxygen 
or SO4-Oxygen, are used by microorganisms. 

Aerobic digestion 

Microbial decomposition of wastewater sludge in the presence of oxygen. 

Anaerobic digestion 

Microbial decomposition of wastewater sludge in the absence of oxygen 

Biochemical oxygen demand 

Measurement of the oxygen utilized by microorganisms in the stabilization of the organic matter 
present in wastewater. 

Denitrification 

Anoxic conversion of nitrate to nitrate gas, which is removed from the wastewater. 

Infiltration 

Water other than wastewater that enters a sewage collection system (including sewer service 
connections) from the ground through such sources as defective pipes, pipe joints, connections, or 
manholes.  Infiltration does not include, and is distinguished from, inflow. 

Inflow 

Water other than wastewater that enters a sewage collection system (including sewer service 
connections) from sources such as roof leaders, cellar drains, yard drains, area drains, foundation 
drains, drains from springs and swampy areas, manhole covers, cross connections between storm 
sewers and sanitary sewers, catch basins, cooling towers, storm water, surface runoff, street wash 
waters, or drainage.  Inflow does not include, and is distinguished from, infiltration. 

Nitrification 

Aerobic conversion of ammonia to nitrate by microorganisms. 

Phosphorous Accumulating Organisms (PAOs) 

Specific microorganisms that utilize VFA’s to release soluble phosphorus under anaerobic conditions 
and uptake soluble phosphorus under aerobic conditions.   
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Readily biodegradable chemical oxygen demand (rbCOD) 

Portion of chemical oxygen demand that can be easily broken down in volatile fatty acids (VFA’s) 
which support biological phosphorus removal.   

Readily biodegradable chemical oxygen demand (ffCOD or ccCOD) 

Soluble portion of chemical oxygen demand determined after filter sampling.  The particulate portion 
remains on the filter.  This soluble portion is quickly and easily assimilated by biomass for 
phosphorus removal. 

Soluble Non-Reactive Phosphorus  

Soluble portion of chemical oxygen demand determined after filter sampling.  The particulate portion 
remains on the filter.  This soluble portion is does not assimilate by biomass for phosphorus removal 
and essentially passes through the STP.  This is portion is important when considering very low total 
phosphorus limits such as 0.1 mg/L.   

Sludge 

Concentrated organic solids produced during wastewater treatment (also termed “biosolids”). 

Suspended solids 

Particulate matter suspended in wastewater. 

Volatile fatty acids  

Organic substances that select microorganisms (PAO’s specifically) use to release phosphorus under 
anaerobic conditions.  Also utilized in denitrification, thus can create competing demands.   

Volatile suspended solids 

That portion of the suspended solids that is destroyed at temperatures above 550°C and is an 
indicator of the organic fraction of the suspended solids. 

 
 



1.  PROJECT BACKGROUND & SCOPE Page 8 

 

City of Rochelle, Illinois 

Phosphorus Feasibility Study  200144.30 

1.  PROJECT BACKGROUND & SCOPE  

1.1 Study Purpose and Scope 

The City of Rochelle operates the wastewater conveyance and Water Reclamation Facility (WRF) that 

provides service to the residents, industries, and businesses of the City of Rochelle, Village of Creston, 

and Village of Hillcrest.   

The City of Rochelle WRF received a new Special Condition (Special Condition 19) on their renewed 

NPDES Permit No.  IL0030741 with Effective Date September 1, 2019 and Expiration Date August 31, 

2024. 

Specifically, the NPDES Special Condition 19 reads as follows:  

“SPECIAL CONDITION 19: The Permittee shall, within thirty-six (36) months of the effective date of 

this permit, prepare and submit to the Agency a feasibility study that identifies the method, 

timeframe, and costs of reducing phosphorus levels in its discharge to a level consistently meeting a 

future potential effluent limit of 1.0 mg/L, 0.5 mg/L and 0.1 mg/L.  The study shall evaluate the 

construction and O&M costs of the application of these limits on a monthly, seasonal, and annual 

average basis.”  

A copy of the NPDES Permit is included in Appendix A. 

The purpose of this study is to meet the NPDES requirements for the phosphorus feasibility study, 

specifically evaluating the following at the WRF: 

1. Existing secondary treatment process performance and modifications to remove phosphorus 

levels in its discharge down to meet limits of 1.0 mg/L, 0.5 mg/L, and 0.1 mg/L. 

2. Total capital and O&M cost of improvements to meet the limits on a monthly, seasonal, and 

annual basis. 

3. The associated timeframe and increase in typical household sewer rates per modification and 

limit. 

 

1.2 Study Methodology 

The approach taken by this study is part of an overall methodology used to evaluate nutrient removal 

at wastewater reclamation facilities. 

The first part of the approach is examining the performance of the City’s existing biological nutrient 

removal (BNR) process for removing phosphorus, and establishing a biological model for predicting 

future performance of the system. 



1.  PROJECT BACKGROUND & SCOPE Page 9 

 

City of Rochelle, Illinois 

Phosphorus Feasibility Study  200144.30 

The second part is reviewing the cost and applicability of chemical phosphorus removal in 

conjunction with the City’s BNR system.  Chemical phosphorus removal involves using alum, ferric 

chloride, or other metal salt to react with soluble phosphorus, creating a precipitate that settles with 

the sludge and is removed with sludge wasting and disposal. 

As a general study philosophy, utilizing the existing BNR is the preferred method for reducing 

phosphorus at the WRF. Whereas the capital cost and effectiveness associated with traditional 

chemical removal processes are more predictable, the benefits of the biological process over 

chemical are the lower O&M costs over time through reduced chemical consumption and a more 

sustainable process. 

1.3 General Facility Information 

The Water Reclamation Facility was constructed in the 1960s with numerous improvements since 

then. The most significant improvements were made in 1992 with the addition of an Anaerobic 

Lagoon for pretreatment of industrial waste and the addition of a single stage nitrification activated 

sludge process.   

The WRF recently completed the construction of an improvements project, which was designed in 

2017.  It converted the activated sludge process to BNR and rehabilitated the anaerobic lagoon for 

industrial waste stabilization and pretreatment. A process flow diagram of the Rochelle WRF is 

shown as Appendix B. 

The plant receives essentially two separate influent flow streams.  Rochelle calls them “Domestic” 

and “System 1”.  The Domestic influent is primarily residential, commercial, and institutional 

wastewater.  The System 1 influent is primarily industrial wastewater.  

Upstream of the BNR System, the Domestic influent is treated separately from the System 1 influent.  

They both feed the BNR System.   

The treatment process for the Domestic influent includes the following components: mechanically 

cleaned screens, grit removal, flow metering, flow equalization, and pumping (Domestic Pump 

Station).  The Domestic Pump Station discharges to the BNR System (aeration tanks). 

The treatment process for the System 1 influent includes a manually cleaned bar screen, raw sewage 

pumping, stabilization/pretreatment in a covered anaerobic lagoon, and pumping (Anaerobic 

Lagoon Effluent Pump Station). The majority of solids, fats, oils, and greases from System 1 remain 

in the anaerobic lagoon, while the effluent from the lagoon is rich in VFAs.  The Anaerobic Lagoon 

Effluent Pump Station discharges to the BNR System (aeration tanks). 

The BNR system includes aeration, final clarification, tertiary filtration, and disinfection prior to 

discharge into the Kyte River. The recent improvements to the aeration tanks included two new high 

speed single stage centrifugal blowers with air bearings (“Turbo” blowers), re-configuration of the 
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fine bubble diffusers, submersible mixers, baffle walls to create separate Anaerobic, Anoxic, and 

Aerobic zones, internal Mixed Liquor Recycle Pumps, and DO and ORP probes for control.  

The sludge handling process includes thickening of waste activated sludge (WAS) by gravity belt 

thickener and dewatering of thickened sludge by centrifuge. The dewatered sludge is hauled to a 

landfill.  There is no sludge digestion process. 

1.4 Current Regulations 

The City of Rochelle WRF has a permitted Design Average Flow (DAF) of 4.87 million gallons per day 

(MGD) for the existing facility and a Design Maximum Flow (DMF) of 8.76 million gallons per day 

(MGD). 

Table 1 shows the effluent limits for the existing treatment plant from the National Pollution 

Discharge Elimination System (NPDES) Permit for the City of Rochelle. 

TABLE 1 

NPDES Permit No.  IL0030741 WRF Monitoring Frequency and Effluent Limits 
Effective Date: September 1, 2019  
Expiration Date:   August 31, 2024 

 

Parameter 

Concentration Limits (mg/L) 

Monthly Average Weekly Average Daily Maximum 

CBOD5 10  20 
TSS 12  24 
pH Shall be in the range of 6 to 9 Standard Units 
Fecal Coliform Daily Maximum < 400 units per 100 mL (May through October) 
Chlorine Residual   0.05 
Ammonia Nitrogen    

April-May/Sept.-Oct 1.4 - 2.6 
June – August 1.5 - 3.0 
Nov.  – Feb.   4.0 - 7.1 

Total Phosphorus (as P) 
 

Monitor Only 
Total Nitrogen     Monitor Only 
Dissolved Oxygen    

March - July N/A ≥6.25 5.0 
August - Feb. ≥6.0 ≥4.5 4.0 
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2.  EXISTING FLOWS, LOADINGS, AND PERFORMANCE  

2.1 BNR System Influent Flows and Loadings 

Wastewater flow data from Discharge Monitoring Reports (DMRs) and operational plant data were 

compiled for the period of January 2021 through May 2022 for BNR influent from the System 1 and 

Domestic treatment processes.  

Table 2 shows the flows and pollutant concentrations of the domestic influent.  The samples were 

collected at the Domestic Pump Station wet well.  

Table 3 shows the flows and pollutant concentrations of the System 1 anaerobic lagoon effluent.  The 

samples were collected at the Anaerobic Lagoon Effluent Pump Station. 

The data is also tabulated in Appendix C. 

TABLE 2 

WRF Domestic Influent Monthly Average Flow and Pollutant Concentrations  
 

Time 
Flow TSS BOD 

Total Phosphorus,  
as P 

Ammonia,  
as N 

MGD mg/L mg/L mg/L mg/L 

Jan -2021 1.59 74 99 6.7 15.72 
Feb-2021 1.81 52 95 7.3 14.58 
Mar-2021 2.87 46 93 24.0 8.39 
Apr-2021 2.63 35 108 15.0 12.76 
May-2021 2.17 42 111 18.0 17.24 
June-2021 2.15 47 105 10.0 17.67 
July-2021 2.05 43 87 11.0 13.13 
Aug-2021 1.79 47 94 12.0 22.05 
Sept-2021 1.36 33 117 18.0 25.11 
Oct-2021 1.74 48 120 19.0 22.71 
Nov-2021 1.90 64 102 20.0 18.50 
Dec-2021 1.92 74 110 13.0 15.58 

Jan-2022 1.79 70 163 14.6 17.35 
Feb-2022 1.71 63 184 19.4 19.32 

Mar-2022 2.14 68 192 15.4 14.48 
Apr-2022 2.68 46 104 8.7 13.32 

May-2022 2.44 44 107 6.2 13.10 

Average 2.04 53 117 14.0 16.5 

Max 2.87 74 192 24.0 25.1 

Min 1.36 33 87 6.2 8.40 
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TABLE 3 

WRF Anaerobic Lagoon Effluent Monthly Average Flow and Concentrations  
 

Time 
Flow TSS BOD 

Total 
Phosphorus,  

as P 

Ammonia,  
as N 

MGD mg/L mg/L mg/L mg/L 

Jan -2021 0.68 92 605 15 27.60 
Feb-2021 0.75 147 717 20 35.52 
Mar-2021 0.81 96 594 24 30.21 
Apr-2021 0.82 99 518 15 31.58 
May-2021 0.76 91 561 18 40.41 
June-2021 0.76 104 640 15 41.90 
July-2021 0.82 102 552 14 35.54 
Aug-2021 0.79 113 553 16 53.19 
Sept-2021 0.60 124 492 14 47.73 
Oct-2021 0.81 112 468 19 44.10 
Nov-2021 0.74 92 425 13 33.19 
Dec-2021 0.70 105 479 17 26.54 
Jan-2022 0.66 121 538 19 16.92 

Feb-2022 0.67 217 574 20 22.68 

Mar-2022 0.85 218 486 19 18.26 

Apr-2022 0.83 81 334 17 13.66 

May-2022 0.99 87 312 21 16.81 

Average 0.77 118 550 17.4 31.52 

Max 0.99 218 717 24.0 53.19 

Min 0.60 81 425 13.0 13.66 

 

2.2 Existing Process Performance 

2.2.1 A2O Process Loadings 

The influent wastewater at the City consists of both domestic and industrial sources. A majority of 

the industrial wastewater flows to the System 1 lift station and is pumped to the anaerobic lagoon, 

but there is some industrial wastewater in the domestic influent that flows to the City’s headworks.   

There are four Aeration “Bays”.  Each Bay consists of two aeration tanks.   

Currently, two Bays are offline. The biological process occurs in the other two Bays, which are 

configured for BNR.  A recent improvements project added baffle walls, mixers, a turbo blower, 

DO/ORP probes, mixed liquor recycle pumps, and modified air diffuser layouts, to form an A2O 

process. The baffle walls create dedicated anaerobic, anoxic, and aerobic zones in the tanks, the 

DO/ORP probes and turbo blower provide control of aeration to each zone, mixers prevent mixed 
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liquor from settling out in the anaerobic zone, and mixed liquor recycle pumps return nitrate/nitrite 

rich mixed liquor from the aerobic zone to the anoxic zone for denitrification. 

Using only two Aeration Bays, the activated sludge system has a design loading of 23 ppd BOD per 

thousand cubic feet of tank volume (ppd/kcf) when considering the organic load from both domestic 

influent and anaerobic lagoon effluent, as delineated in the calculation below.  This value is above the 

design loading of 15 ppd/kcf based on the Illinois Recommended Standards for Sewage Works 

(IRSSW) for single stage nitrification. 

𝐷𝑒𝑠𝑖𝑔𝑛 𝐴𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑎𝑛𝑘 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 =  
10,283 𝑝𝑝𝑑 𝐵𝑂𝐷

446.88 𝑘𝑐𝑓 𝑖𝑛 𝐴𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐵𝑎𝑦𝑠 1 & 2
= 23.0

𝑝𝑝𝑑

𝑘𝑐𝑓
 

The actual average loading, from 2021 influent flows and pollutant concentrations, is lower than 23.0 

ppd/kcf design loading, shown by the calculations below. 

(2.0 𝑀𝐺𝐷 ∗ 550
𝑚𝑔𝐵𝑂𝐷

𝐿
∗ 8.34) + (0.75 𝑀𝐺𝐷 ∗ 103

𝑚𝑔𝐵𝑂𝐷

𝐿
∗ 8.34) = 5,158 𝑝𝑝𝑑 𝐵𝑂𝐷 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐴𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑎𝑛𝑘 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 =  
5,158 𝑝𝑝𝑑 𝐵𝑂𝐷

446.88 𝑘𝑐𝑓 𝑖𝑛 𝐴𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐵𝑎𝑦𝑠 1 & 2
= 11.5

𝑝𝑝𝑑

𝑘𝑐𝑓
 

2.2.2 A2O Process Performance 

The WRF consistently meets the permitted effluent limits on TSS, BOD, and Ammonia.  Figure 1, 0, 

and Figure 3 show the effluent quality for the period of January 2021 – May 2022.  The reported WRF 

effluent quality is also tabulated in Appendix C.  

Mixed liquor suspended solids (MLSS) concentrations for 2021 were between 3,000 mg/L and 4,000 

mg/L, which is in the range of typical concentrations for activated sludge systems. The design sludge 

age is 14 days, which is also in the typical range for activated sludge systems operating BNR.  
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FIGURE 1 

WRF Effluent Wastewater Quality (January 2021 – May 2022) 
 

 

During normal BNR operation from January 2021 through April 2021, the average effluent Total 

Phosphorus concentration was 0.10 mg/L, with a minimum concentration of 0.04 mg/L reported in 

March 2021. At this time, the City’s NPDES permit requires the monthly total phosphorus load to be 

monitored, but does not set a limit on the phosphorus load in the plant effluent. Special Condition 21 

of the City’s NPDES permit specifies that a maximum total phosphorus limit of 0.5 mg/L with 

biological phosphorus removal will apply in the future, and is shown as a goal for effluent 

concentrations in the figure below. 
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FIGURE 2 

WRF Effluent Phosphorus Concentration (January 2021 – May 2022) 
 

 

The WRF has demonstrated consistent compliance with seasonal ammonia limits. At this time, the 

City’s NPDES permit requires the monthly total nitrogen load to be monitored, but does not set a limit 

on the nitrogen load in the plant effluent. For January 2021 through May 2022, the total nitrogen 

concentration in the effluent varies from 1 mg/L to 6.9 mg/L.  
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FIGURE 3 

WRF Effluent Ammonia and Nitrogen Concentrations (January 2021 – May 2022) 
 

 

2.2.3 A2O Startup Challenges  

The BNR system was started up on November 9, 2020.  In short order, it demonstrated good 

phosphorus removal.  Effluent phosphorus concentration was usually in the range of 0.1-0.2 mg/L 

(See Figure 2).  However, performance started to deteriorate in May 2021. 

In May 2021, the effluent TP jumped to 4.0+ mg/L.  Some process changes were made to better 

protect the Anaerobic Zone to try to keep it anaerobic.  Effluent TP then dropped again and stayed 

below 0.5 mg/L in June – August 2021. 

However, the process deteriorated again near the end of August.  There was an extended upset of the 

phosphorus removal process from September 2021 through May 2022. The prolonged upset began 

to significantly increase the effluent phosphorus concentrations. The effluent total phosphorus 

concentration was 8.3 mg/L in September 2021, which is nearly 14-times greater than the August 

2021 effluent phosphorus concentration. 

Filaments (Thiothrix) 

Ultimately, it was determined that there was a proliferation of filamentous organisms, primarily 

Thiothrix II and, to a lesser degree, Thiothrix I.  This was due to the conditions in the Anaerobic Zone 

- it was not truly anaerobic. 
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In May 2021, Phosphorus removal essentially stopped and settling in the secondary clarifiers became 

very poor.  Key parameters were: 

Effluent P 4± mg/L 

SVI 400 

Anaerobic Zone ORP -100 to 0 

Anoxic Zone ORP >0 

Aeration Tank Water Level Too High 

 

Thiothrix does not survive well in anaerobic conditions.  An anaerobic selector has often been used 

to control the Thiotrix population.  Therefore, the Anaerobic Zone of Rochelle’s BNR process should 

have kept Thiothrix from proliferating.  However, it did not.  This was an indication that the 

conditions in the Anaerobic Zone were not truly anaerobic.  The Anaerobic Zone ORP needed to be 

much lower than its -100 to 0 range.   

 

An investigation was started.  The investigation went from May to November, 2021.  The following 

are the results of that investigation. 

  

Corrected Hydraulics 

The Mixed Liquor Recycle Pumps raised the water level in the Anoxic Zone too high.  This in turn 

raised the water level in the Anaerobic Zone and Influent Channel.  This caused two major problems. 

First, a portion of the raw sewage and RAS was flowing from the aeration tank influent channel to the 

effluent channel.  The two channels are side-by-side on the south side of the aeration tanks.  They are 

separated by a common wall.  Each contain a channel aeration system.  The air supply pipe passes 

through the common wall at several locations.  A combination of raw sewage and RAS was flowing 

through the annular space between the pipe and the edge of the hole in the concrete wall.   

Normally, the air pipe holes are safely above the water line.  However, when the Mixed Liquor Recycle 

Pumps ran, it caused the water level to rise above the invert of those holes.  A portion of the raw 

sewage and RAS then started to flow directly into the effluent channel.  Since a portion of the raw 

sewage bypassed the aeration tanks, plant effluent quality suffered. 

Second, a portion of the Mixed Liquor Recycle was flowing backward from the Anoxic Zone into the 

Anaerobic Zone.  That Mixed Liquor Recycle was rich in nitrates, nitrites, and D.O., which provided 

oxygen to the anaerobic zone, preventing the creation of truly anaerobic conditions. Without 

anaerobic conditions, phosphorus was not released in the anaerobic zone and there was no luxury 

uptake of phosphorus in the aerobic zone.  

Each Mixed Liquor Recycle Pump is in the Aerobic Zone and pumps into the upstream end of the 

Anoxic Zone.  There is a 90° elbow on the Mixed Liquor Recycle Pump discharge.  The elbow was 
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pointing up (vertical).  This caused the water level to rise in the corner of the Anoxic Zone, 

immediately above the discharge elbow.   

In that corner, the water level was higher than the water level in the Anaerobic Zone.  Consequently, 

the flow went backward from there, over the adjacent weirs, and into the Anaerobic Zone.  This 

supplied the Anaerobic Zone with nitrate (NO3) and D.O., which prevented the zone from going truly 

anaerobic. 

There are 8 weir openings in the baffle wall between the Anaerobic Zone and Anoxic Zone.  Flow was 

going backward through the 2 weirs that were closest to the Mixed Liquor Recycle Pump Discharge 

(due to the localized upwelling of the recycled mixed liquor).  Over the other 6 weirs, the mixed liquor 

continued to flow correctly from the Anaerobic Zone to the Anoxic Zone. 

Three actions were taken to correct these hydraulic problems.  First, the weirs were widened on the 

baffle wall between the Anoxic Zone and Aerobic Zone.  The original weirs were sized for only the 

forward flow.  The Mixed Liquor Recycle flow of 7,900 gpm (11 mgd) had not been taken into account.  

As a result, the weirs were too narrow, which caused the Anoxic Zone water level to rise too high 

when the Mixed Liquor Recycle Pumps ran.  Widening the weirs brought the water level down to 

where it should have been. 

The second action was to re-aim the 90° elbow on the Mixed Liquor Recycle Pump discharge.  The 

elbow was rotated 22.5° (one flange bolt hole).  This reduced the impact of the upwelling.  However, 

it did not reduce it enough.  The upwelling is still causing some backward flow from the Anoxic Zone 

into the Anaerobic Zone.  Rochelle plans on further rotating the 90° elbow or making other 

modifications to the Mixed Liquor Recycle Pump discharge to eliminate this problem. 

The third action was to install Variable Frequency Drives (VFDs) on the Mixed Liquor Recycle Pumps.  

The VFDs allowed Rochelle to reduce the Mixed Liquor Recycle Pumping rate.  At full speed, the 

recycle rate was 600%: 

Current Forward Flow                     3.8 mgd 

Two Aeration Bays in Service      ÷   2 Bays 

Fwd Flow (per Bay)                          1.9 mgd/bay 

 

MLRP = 7,900 gpm =                       11.4 mgd 

Fwd Flow (per Bay)                           1.9 mgd/bay 

Recycle Rate                                       600% 

 

A lower pumping rate reduced the upwelling effect and lowered the water level in the Anoxic Zone. 

Too much Oxygen in Mixed Liquor Recycle  

The Mixed Liquor Recycle contained too much dissolved oxygen (D.O.), which was negatively 

affecting the Anoxic Zone, and because of the backward flow, also the Anaerobic Zone. 
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To reduce the D.O. in the Mixed Liquor Recycle, the diffusers were blanked-off within a 10 ft radius 

of the Mixed Liquor Recycle Pumps.   

Other Sources of Oxygen 

By November 2021, the hydraulic problems and Mixed Liquor Recycle D.O. had been addressed.  

However, the Anaerobic Zone was still not going truly anaerobic.  Rochelle started looking for other 

sources of oxygen. 

Channel Aeration: It was unlikely that the channel aeration was adding a significant amount of 

oxygen.  It uses coarse bubble diffusers, and there is only a few feet of water depth above the diffusers.  

Both of which make the oxygen transfer efficiency extremely low.  Therefore, not much oxygen was 

added by the channel aeration system.  Nonetheless, the channel aeration was stopped. 

RAS: RAS was tested to determine if it had a significant D.O. or nitrate concentrations.  It did not.  It 

was not necessary to increase the sludge blanket depth in the secondary clarifiers to force 

denitrification. 

Flow Equalization: There is a flow equalization tank (FEQ Tank) on the “Domestic” system upstream 

of the aeration tanks.  The FEQ Tank is aerated.  It was found to significantly increase the D.O.  

Rochelle bypassed the FEQ Tank.  The D.O. in the Domestic influent dropped from 5.0 to 1.0 mg/L. 

Industrial Interference 

On November 15, 2021, the last of the remedial measures were completed.  Performance gradually 

improved, SVIs trended downward. Effluent Phosphorus was also coming down. However, 

performance was not improving as much and as fast as it should have.  Rochelle dug deeper into the 

data. 

The data revealed that the ORP in the Anaerobic Zone spiked every day, seven days per week.  At 

noon each day, the ORP jumped precipitously from around -400 to about -150. 

At first, Rochelle suspected that the ORP spike was caused by some process in the WRF that was on 

a timer.  Because the ORP spike was occurring 7 days per week, it seemed unlikely that it was an 

external source. However, all of the internal processes were systematically eliminated.   

It was theorized that industrial wastewater from the anaerobic lagoon might contain a large load of 

nutrients or substances toxic to the biology in the anaerobic zone, interfering with the biological 

phosphorus removal.  To test this theory, the anaerobic lagoon effluent pumps were shutdown for a 

24-hour period.  The intensity and frequency of ORP spikes were not affected during the 24 hour 

period when no anaerobic lagoon effluent was pumped to the aeration tanks. 

Rochelle then installed a portable ORP probe upstream of the Anaerobic Zone.  They found the daily 

ORP spikes were in the domestic influent flow upstream of the point where it combined with the RAS. 
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Another theory was that the Anaerobic Zone Mixer might be causing the contents of the Anaerobic 

Zone to mix with the Anoxic Zone. The nitrates/nitrites in the Anoxic Zone could be spiking the ORP.  

However, Rochelle compared the trend of mixer on/off cycles with the ORP spikes over time. No 

correlation was found between anaerobic zone mixing and ORP spikes. 

Another theory was that the Waste Sludge and Recycle Streams might be impacting Anaerobic Zone 

and causing the ORP Spikes.  Wasting could reduce the amount of RAS being returned to the aeration 

tanks. Additionally, filtrate and centrate from thickening and dewatering could provide a slug load of 

nutrients.  Rochelle compared the trend of sludge wasting, thickening, and dewatering with the ORP 

spikes over time. The ORP spikes occurred consistently every day of the week, while wasting, 

thickening, and dewatering did not.  Therefore, the City concluded that sludge wasting was not 

related to ORP spikes. 

At the end of January 2022, Rochelle noticed that the flows from the Pump Station 38 West tracked 

closely with the ORP spikes.  Rochelle started searching the collection system tributary to Pump 

Station 38 West and found the source of wastewater that was causing the daily ORP spikes.  It was a 

large greenhouse that grows tomatoes.   

The greenhouse has an internal wastewater recycle system and thus, it was not supposed to have any 

significant wastewater discharge.  However, in July 2021, a viral infection hit the greenhouse.  The 

internal recycle system had to be shutdown so that it would not constantly re-feed the virus.  Instead, 

the greenhouse had to discharge all of its wastewater to the sewer system: about 60,000 gpd with 

330 mg/l nitrates.  The first shift operator dumped the 60,000 gals at almost the exact same time 

every day.  As a result, that load hit the Anaerobic Zone at the WRF about noon every day.  Of course, 

the greenhouse did not notify RMU. 

The high nitrate load spiked the Anaerobic Zone ORP.  The nitrate was partly used in the anaerobic 

zone and partly in the anoxic zone, and because there likely was not enough carbon to go with all that 

nitrate nor time to make all that denitrification happen, the remaining nitrate passed through the 

aerobic zone and out in the effluent.   

With all that nitrate, the Anaerobic Zone was no longer truly anaerobic.  There was no phosphorus 

release and no subsequent luxury phosphorus uptake.  Phosphorus removal was overwhelmed, at 

least for a good portion of the day. 

The Pump Station 38 West force main discharges directly into the “Domestic” system in the WRF.   On 

February 7, 2021, Rochelle began diverting that force main to a holding pond.  The daily spike in the 

Anaerobic Zone ORP stopped immediately, confirming that the greenhouse’s wastewater 

contribution interfered with phosphorus removal. 

Since then, the 38 West force main has been permanently diverted to the Anaerobic Lagoon influent 

manhole.  Rochelle has been testing the Anaerobic Lagoon Effluent.  It contains no nitrates.  None of 

the greenhouse’s nitrate is making it through the Anaerobic Lagoon.   Ammonia remains at about 18 

mg/L and Total Phosphorus remains at about 20 mg/L.  VFAs continue to average about 200 mg/L. 
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Performance began to improve as the BNR system re-adjusted.  Phosphorus is still not down to the 

initial levels of 0.1-0.2 mg/L. However, it is expected to eventually return to that level of performance 

without any more industrial interferences. 

Redirecting the greenhouse wastewater improved the City’s BNR process in two ways: 

• A slug load of phosphorus was not being pumped to the process. Although the City’s BNR had 

previously demonstrated good phosphorus removal to levels below 0.1 mg/L, the BNR 

system  performance was hurt by the slug loads of nutrients.   

• A source of oxygen in the form of nitrates/nitrites from the industry wastewater was no 

longer causing the ORP measured in the anaerobic zone to spike from -400 to -100 mV, which 

is insufficiently anaerobic to get a phosphorus release.  

After redirecting the greenhouse’s wastewater flow, the BNR process began demonstrating good 

phosphorus removal, and the effluent total phosphorus concentrations decreased to below 0.5 mg/L 

for January through March 2022. The ORP levels in the anaerobic zone stayed consistently low 

enough to release phosphorus in the anaerobic zone and have luxury phosphorus uptake occur in the 

aerobic zone to reduce the total phosphorus in the plant effluent. 

Beginning in April 2022, effluent phosphorus concentrations began to rise again and the anaerobic 

zone ORP rose from -400 mV to -300 mV. The City began investigating industrial sources and 

discovered that a local distillery was sending fermented corn mash into the sewer. The City instructed 

the distillery to haul the fermented corn mash to a landfill instead of sending to the sewer, and the 

City is currently waiting to see if the BNR system recovers from this adjustment. 

2.2.4 Biosolids Sidestreams 

Filtrate from the sludge thickening process and centrate from the sludge dewatering process are 

common pathways for nutrient recycles to the head of the treatment process. Although biosolid 

sidestream loads can have an impact on BNR, it is not likely that biosolid sidestreams contribute a 

significant source of phosphorus to the head of the WRF. There is no digestion of the sludge at the 

WRF where the destruction of organisms would typically release phosphorus into solution.  

Furthermore, biosolids sidestream nutrient contributions are included in the collected domestic 

influent samples and represented in stream entering the BNR process. Even with the contribution of 

the biosolids sidestream, the WRF is still able to demonstrate sufficient removal of phosphorus. 

2.3 Current Loadings and Operation Summary 

In summary, the current operation of the WRF: 
 

• Has lower flows and loadings than design; 

• Meets the required permit limits consistently; 
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• Operates with high MLSS concentration to buffer toxic industrial wastewater and high flow 

events. 

• Appears to have very little impact from recycle streams on phosphorus removal. 

• Has demonstrated phosphorus removal to levels below 0.1 mg/L in the WRF effluent.  

• Experienced a period of process upset that disrupted phosphorus removal. The following 

adjustments and improvements were implemented/tested: 

o Widened weirs on Baffle Wall between Anoxic and Aerobic Zones 

o Rotated Mixed Liquor Recycle Pumps discharge elbow by 22.5° 

o Installed VFDs on the Mixed Liquor Recycle Pumps 

o Blanked-off diffusers within a 10-ft radius of the Mixed Liquor Recycle Pumps 

o Temporarily bypassed the Domestic System FEQ Tank 

o Momentarily turned off anaerobic lagoon effluent pumping 

o Temporarily turned down Influent Channel aeration 

o Did not find correlation of ORP spikes with anaerobic zone mixing or sludge wasting 

• Confirmed process upset and ORP spikes in the anaerobic zone were caused by wastewater 

flow from a greenhouse. 

o Permanently redirected Pump Station 38 West to the Anaerobic Lagoon, thereby 

providing pretreatment of the greenhouse wastewater flow. This resolved the 

process upset, and the BNR system immediately began to recover. 
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3.  EBPR REMOVAL   

3.1 EBPR Description 

EBPR is a three-step process of phosphorus release and uptake: 

1. The first step occurs under anaerobic conditions in the presence of soluble phosphorus and 

readily biodegradable substrates, or specifically readily biodegradable COD (rbCOD). Under 

zero oxygen conditions (including no nitrates), phosphorus accumulating organisms (PAOs) 

utilize volatile fatty acids (VFAs) as a carbon source (rbCOD).  The PAOs are in “famine or 

stressed” conditions, where they hydrolyze rbCOD and store carbon as poly-β-

hydroxybutyrate (PHB).  This action results in the release of phosphorus and energy. 

In a properly operating anaerobic zone with sufficient VFAs (rbCOD), soluble phosphorus 

release is significant, yielding soluble phosphorus concentrations as high as 10-30 mg/L. 

Without the VFAs, these organisms are unable to release phosphorus.  Other activated sludge 

organisms are not as sensitive to this effect as PAOs because of longer solids residence times 

and more robust capacity to solubilize slowly biodegradable substrates. However, 

solubilizing the slowly biodegradable substrates takes more time than the typical aeration 

system hydraulic retention time (HRT) allows. 

Additionally, denitrification microorganisms can out-compete PAOs for VFAs if conditions 

are not anaerobic enough. 

2. The second step occurs in the presence of oxygen and the released soluble phosphorus.  Once 

subjected to aerobic conditions, the phosphorus-removing bacteria effectively undergo 

“feast” conditions, which causes them to oxidize their stored PHB and consume the soluble 

phosphorus.  The VFAs produced during the anaerobic phase are now depleted and those 

same PAOs more or less reverse function and start “uptaking” soluble phosphorus for cellular 

function and cell growth.  Both due to new PAO cell growth and because the PAO’s biomass 

has been in low food “stressed state” in the anaerobic zones, they absorb higher 

concentrations of soluble phosphorus than normal (luxury uptake).  This can reduce soluble 

biodegradable phosphorus to low levels. 

3. The third step is removal of the accumulated phosphorus within the PAO biomass via waste 

activated sludge (WAS).  The wasting, stabilization, and disposal of sludge is ultimately what 

removes phosphorus from a WRF.  However, care is required to avoid releasing phosphorus 

back into the WRF (called secondary release) via biosolids stabilization and/or recycle 

streams. 
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In short, the successful EBPR is about managing the carbon resources (COD and VFAs) in the WRF.  

Summarizing, the major factors driving EBPR at a WRF are: 

• Amount of VFAs. 

• Proper anaerobic conditions without oxygen and nitrates. 

• Avoiding secondary phosphorus release from the biosolids removal recycle streams. 

3.2 Wastewater Constituents 

The City of Rochelle’s wastewater, particularly the anaerobic lagoon effluent, is rich with VFAs 

needed to promote phosphorus release in the anaerobic zone and subsequent luxury uptake in the 

aerobic zone. In 2021, the average Anaerobic Lagoon Effluent VFA concentration, detected as acetic 

acid, was 212 mg/L. This provides a good source of carbon that is consistently available to the 

process. Table 4 below shows the measured VFA content of the Anaerobic Lagoon Effluent that is 

pumped to the anaerobic zone for 2021. 

TABLE 4 

Anaerobic Lagoon Effluent Monthly Volatile Fatty Acid (VFA) Concentrations  
 

Month 

VFA 
(acetic acid) 

mg/L 

Jan -2021 167 

Feb-2021 181 

Mar-2021 283 

Apr-2021 230 

May-2021 164 

June-2021 254 

July-2021 214 

Aug-2021 225 

Sept-2021 185 

Oct-2021 248 

Nov-2021 199 

Dec-2021 199 

Average 212 
Max 283 
Min 164 
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Having a consistent source of VFAs for PAOs in the anaerobic zone is one reason the City has been 

able to demonstrate good phosphorus removal from the treatment process. Typically, municipalities 

struggle with starting-up and operating BPR because of deficient rbCOD and VFAs in the influent 

wastewater.  

The next section discusses the biological models that were set up to simulate the City’s good BPR 

performance and to predict performance for future process improvements.  
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4.  FACILITY BIOLOGICAL MODEL  

Utilizing wastewater sampling results, a baseline biological model was developed and calibrated 

against known operating conditions and effluent performance. Once the baseline model was 

calibrated to a reasonable level, a model was developed to simulate system phosphorus removal 

performance with planned improvements currently in the design phase. These planned 

improvements include the conversion of Aeration Bays 3 & 4 into BNR.  Aeration Bays 1 & 2 were 

converted to BNR in the WRF Improvements project that was designed in 2017 and constructed 

2019-2020. 

A reasonable level of model calibration is that a majority of the predicted process variables are close 

to the actual measured process variables. Exact approximations are very difficult to achieve, 

requiring considerably longer periods of variable sampling. Such an effort is not provided for nor 

required for this level of study. 

4.1 Summary of Model Development 

The WRF processes modeled for the City included the following main components: 

• Domestic Pump Station (PS) Influent 
• Anaerobic Lagoon (ALE) PS Effluent 
• Activated Sludge Aeration System (A2O Process) 
• Mixed Liquor Recycle 
• Secondary Clarifiers 
• Sand Filters 
• Return Activated Sludge (RAS) 
• Waste Activated Sludge (WAS) 
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FIGURE 4 

BioWin™ Baseline Model 
 

 

The headworks (perforated plate fine screen and grit removal), and effluent disinfection (peracetic 

acid dosing and contact tank) are not included in the model as they typically have little impact on 

phosphorus removal.  

As how in Figure 4, the “Domestic PS Influent” and the “ALE PS Influent” specify the influent 

parameters from the City’s domestic influent sewer and pretreated industrial flows, respectively, 

based on average values from Discharge Monitoring Reports, WRF operational plant data, and 

analyses performed by third-party laboratories. 

The activated sludge system is divided into four reactor tanks consistent with volumes designed in 

the 2017 WRF Improvements project to run an A2O process. This allows for a more accurate 

representation of the process control of each zone instead of a completely mixed tank.   

Performance of the Secondary Clarifiers is represented with input of physical tank dimensions and 

sludge blanket height as provided by testing and by adjustments to the solids capture efficiency and 

sludge removal flow rate. 

Solids Handling and Filter Backwash are shown as waste streams that do not return to the head of 

the process for simplicity. The samples collected for testing the Domestic PS Influent were taken at a 

point in the treatment process where return flows from thickening filtrate, dewatering centrate, filter 

backwash, and other building drains are already incorporated with the raw influent flow.  

4.1.1 Influent Data  

The City provided operational data for the WRF from January 2021 through December 2021 and sent 

out monthly composite samples to a third-party laboratory for testing.  This additional data included: 
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• Domestic Influent, Anaerobic Lagoon Effluent, and WRF Effluent composite samples for: Total 
Nitrogen, Nitrate/Nitrite-N, Total Phosphorus, Total Kjeldahl Nitrogen. 

• Anaerobic Lagoon Effluent VFA concentration. 

4.2 Calibration 

The baseline model results were compared to operating plant data provided such as MLSS, DO, and 

effluent quality parameters.  Based on the plant’s reported solids inventory for the study period, the 

Solids Retention Time (SRT) was calculated to be about 20 days, which is reasonable for WRFs 

operating BNR.  Table 5 shows the model results as compared to the WRF actual data. 

TABLE 5 

Baseline Model Calibration Results  
 

Parameter Units 

WRF Actual Data Baseline Model 

Influent 
Mixed 
Liquor 

Plant 
Effluent 

Mixed 
Liquor 

Plant 
Effluent 

Flow MGD 2.5 - 2.5 - 2.5 
Total COD mg/L 366 - 56.8 - 33.63 
Total CBOD mg/L 103.3 - 2.03 - 1.18 
TSS mg/L TSS 50.40 3,344 0.9 2,330 0.9 
Ammonia mg/L NH3-N 16.95 - 0.1 - 0.13 
Filtered 
TKN mg/L TN 20.4 - - - 1.43 
Total 
Phosphorus mg/L TP 14.5 - 0.1 - 0.29 

 

4.3 Baseline Modeling Results 

Although the baseline model reasonably matched the effluent quality concentrations, there are a few 

concerns with the reliability of the model: 

1. Industrial Wastewater: The City of Rochelle has a large industrial presence that contributes 

wastewater flow, primarily to the City’s System 1 anaerobic lagoon, and to a much lesser 

extent, the domestic influent. Where data for influent parameters required by the biological 

model was unavailable, typical values were used that are consistent with domestic 

wastewater. The influent parameters were then adjusted to match actual WRF performance. 

To achieve reasonable calibration, none of the parameters needed to be adjusted significantly 

enough outside the range of typical wastewater characteristics to require further 

investigation into the wastewater sources.  

While the model was able to achieve reasonable calibration, there is some uncertainty in the 

characteristics and frequency of the industrial wastewater the City receives. Additionally, as 
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more industries contribute wastewater to the WRF or change their manufacturing practices, 

influent parameters are likely to change or become unpredictable.  

2. Microbiology Speciation:  BioWin constructs models assuming the presence of common but 

specific species of microbiology. Properly modeling the reactions due to unique species and 

conditions could be complex and would require additional sampling to determine the 

speciation of biology present in the wastewater. Analyzing samples to identify the 

wastewater speciation is not likely to have a significant impact on the analysis done for this 

study and would require additional time and effort. Furthermore, BioWin is not as reliable at 

modeling biology for biological phosphorus removal is it is for modeling biological nitrogen 

removal.  

3. Steady State Conditions: The biological model, while a useful tool for understanding the 

City’s treatment process and operating conditions, assumes steady state conditions. The City 

sees varying flows and adjusts many parameters to optimize the treatment process. 

Consequently, the results of the model are not always indicative of actual treatment process 

performance, especially during high flow events and process upsets. 

4.3.1 Baseline Phosphorus Removal  

The baseline model predicted phosphorus removal to an effluent TP concentration of 0.29 mg/L. The 

model also supported the activity of the WRF’s BPR process in each zone of the aeration tank, as 

shown in Figure 5. The modeled PAOs successfully release phosphorus, as seen by the increase in “P-

Soluble phosphate” from 7.2 mg/L at the Domestic and ALE Combine point to 29.9 mg/L in the 

Anaerobic Zone. Downstream, luxury uptake of phosphorus by the PAOs is apparent because of the 

decrease in soluble phosphate from 29.9 mg/L in the anaerobic zone to 0.4 mg/l in the Aerobic Zone 

– Tank 2. The total phosphorus significantly decreases at the Final Clarifiers as PAOs storing 

phosphorus settle with the sludge and are wasted or returned to the head of the BNR process. 
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FIGURE 5 

Baseline BioWin Model WRF Phosphorus Profile 
 

 

The model also shows a COD profile across each zone consistent with successful BPR, as shown in 

Figure 6. There is a spike of stored PHA in the anaerobic zone as PAOs uptake the available VFAs in 

anaerobic conditions. In the following zones, the stored PHA levels decrease as PAOs oxidize the PHA 

to uptake phosphorus in the presence of oxygen. 

FIGURE 6 

Baseline BioWin Model COD Profile 
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Although BioWin™ has modeled successful biological phosphorus removal, the City has 

demonstrated the ability to remove more phosphorus than predicted by the baseline model. From 

the period of January 2021 through April 2021, the average effluent TP concentration was 0.10 mg/L, 

with the minimum monthly average reported concentration being 0.04 mg/L. 

For the period of January 2021 through August 2021, before the greenhouse wastewater really 

started to interfere with the BNR process, the average effluent TP concentration was 0.60 mg/L. This 

0.60 mg/L average includes a process upset in May 2021. Excluding the outlier data from the May 

process upset, the average effluent TP concentration of the normally operating system is 0.19 mg/L. 

Total phosphorus effluent concentrations are expected to return or even decrease further below 0.19 

mg/L as the City fine-tunes the treatment process and recovers from the process upset.   

BioWin™ is not as accurate at modeling phosphorus removal as it is at modeling nitrogen removal. 

Therefore, it is reasonable to assume that the City is capable of removing phosphorus to 

concentrations of 0.50 mg/L or lower, excluding periods of process upsets or drastic changes to 

influent wastewater strength or characteristics.  

4.3.2 Baseline Nitrogen Removal  

The baseline biological model predicted removal of Total Nitrogen to an effluent concentration of 2.8 

mg/L as shown in Figure 7.  

FIGURE 7 

Baseline BioWin Model WRF Nitrogen Profile 
 

 

The average effluent TN concentration recorded from January 2021 through May 2022 was 3.3 mg/L, 

slightly higher than the modeled performance. Non-steady state conditions and receiving slug loads 

of nitrogen from industries could be cause for the slightly higher effluent TN concentration. 
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Regardless, the WRF has demonstrated good nitrogen removal while also removing phosphorus, 

confirming there is a sufficient amount of carbon for both phosphorus removal and denitrification. 

4.4 Baseline Modeling Summary 

The baseline biological model constructed for the City of Rochelle is considered a useful tool in 

studying phosphorus removal and confirms the City’s existing total phosphorus and total nitrogen 

removal performance.  

• BioWin model was developed and calibrated to match existing performance 

o Industrial contribution increases uncertainty of influent wastewater characteristics 

o The model works with steady state conditions based on averaged data 

• Phosphorus and COD-PHAs profiles the model generated for the treatment process are 

consistent with biological phosphorus removal 

o Soluble phosphorus increases to 29.9 mg/L in the anaerobic zone and decreases to 
0.4 mg/L in the aerobic zone 

o Stored PHA increases in the anaerobic zone microorganisms as they release 

phosphorus, and decreases in the aerobic zone as the PHA is oxidized for the luxury 

uptake of soluble phosphorus. 

• Baseline model effluent total phosphorus concentration:  0.29 mg/L 

• Baseline model effluent total nitrogen concentration:  2.8 mg/L 

The modeling results and operating data are used in the next section to evaluate methods, timeframe, 

and costs of reducing total phosphorus concentrations to meet potential future effluent limits of 1.0 

mg/L, 0.5 mg/L, and 0.1 mg/L. 

4.5 Future Conditions Model 

The biological model for future conditions modeled the City’s BNR process with several changes to 

the baseline model as shown in Figure 8: 

• Increased volumes of anaerobic, anoxic, and aerobic zones to model three aeration bays in 

operation.  Currently, only two of the four existing aeration bays have been converted to BNR.  

Conversion of Aeration Bays 3 & 4 to BNR is being designed. 

• Disc Filters replaced Sand Filters to model the cloth media filters in design. 

• Chemical addition upstream of clarifiers to reduce secondary effluent TP concentrations to 

1.0 mg/L, as required. 

• Chemical addition upstream of filters to reduce final effluent TP concentrations to 0.1 mg/L. 
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FIGURE 8 

BioWin Future Condition Model  
 

 

4.5.1 Future Conditions Phosphorus Removal  

Increasing the volume of the BNR process with no increase in influent flowrate or strength decreased 

phosphorus removal performance because of a decrease in the food to mass (F:M) ratio. A low F:M 

ratio causes microorganisms to die from starvation and release stored phosphorus back into solution. 

The soluble phosphorus does not settle in the secondary clarifiers unless a metal salt, such as 

aluminum sulfate or ferric chloride, is added to form flocs. Without chemical addition, the secondary 

effluent will contain higher TP concentrations in the form of soluble phosphorus released by dead 

microorganisms. 

With the increase in aeration capacity and biomass inventory, sludge wasting rates were 

proportionally increased to remove more sludge from the system and chemical addition was added 

to the model to remove soluble phosphorus so the total phosphorus concentration prior to the cloth 

media filters is 1.0 mg/L. A solids concentration that is too high in the secondary effluent will plug 

the filters, and a large phosphorus concentration will require more chemical to coagulate. As seen in 

the baseline modeling results however, chemical addition is not required when operating two 

aeration bays instead of three aeration bays for the existing wastewater loading.  

Figure 9 shows the phosphorus profile of the future conditions with chemical addition prior to the 

secondary clarifiers and filters. Because of the low F:M ratio and reduced setting, chemical addition 

is required to remove phosphorus to about the same conditions as the baseline model without 

chemical addition. 
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FIGURE 9 

BioWin™ Future Condition Model  
 

 

The additional aeration bays being modified for BNR could be utilized to handle large wet weather 

events and allow better flexibility for taking the existing aeration bays out of commission for cleaning 

and maintenance. 

When future flows increase to provide sufficient food to sustain more biomass in the system, 

additional bays can be incorporated into the dry weather BNR process. Adding an additional bay to 

accommodate future loadings is not expected to change performance, but capacities of sludge return 

pumping and sludge wasting may need to increase. 

For the remainder of this feasibility study, costs and process modifications assume two aeration bays 

are running without chemical dosed upstream of the secondary clarifiers. 

4.5.2 Future Conditions Nitrogen Removal  

The future conditions model, like the baseline model, showed sufficient removal of total nitrogen 

while removing phosphorus. The future conditions total nitrogen profile is shown as Figure 10, which 

predicts an effluent total nitrogen concentration of 2.6 mg/L.  
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FIGURE 10 

BioWin™ Future Condition Model  
 

 

Adding a third aeration bay operating BNR did not significantly improve total nitrogen removal 

compared to the baseline model. No further evaluation or modeling effort is necessary to 

demonstrate adequate nitrogen removal for future conditions with phosphorus removal. 

4.6 Future Conditions Modeling Summary 

The future conditions biological model constructed for the City of Rochelle is considered a useful tool 

in studying phosphorus removal and confirms the City’s existing total phosphorus and total nitrogen 

removal performance.  

• Baseline BioWin model was updated to implement process improvements currently in 

design: 

o Additional BNR capacity by the conversion of existing Aeration Bays 3&4 to BNR 

o Cloth media disc filters replacing traveling bridge sand filters 

• A low F:M ratio with no change to influent loading decreased the process performance for 

removing phosphorus. Chemical phosphorus removal was required at the secondary 

clarifiers to perform similar to the baseline model: 

o Baseline model effluent total phosphorus concentration:  0.2 mg/L 

o Baseline model effluent total nitrogen concentration:  2.6 mg/L 

• Extra aeration capacity is not required to treat current loads. Additional aeration bays should 

be utilized for high flow events, flexibility with tank maintenance and cleaning, and future 

operation with increased flow and loading. 
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5.  CONTINUED FEASIBILITY STUDY ANALYSES  

The City of Rochelle is seeing successful phosphorus removal from its BNR process, supported by 

biological modeling results, while also removing other pollutants to meet permitted effluent limits.  

The next part of this feasibility study is to analyze and determine the most cost-efficient options to 

lower the WRF total phosphorus effluent concentration to 1.0 mg/L, 0.5 mg/L, and 0.1 mg/L.  

Alternatives will consider the modelling results and existing data for enhanced biological treatment, 

adding chemical treatment, filters, and other processes and equipment.   

5.1 Phosphorus Effluent Limit of 1.0 mg/L and 0.5 mg/L   

According to baseline biological modeling results and operational data when the WRF was not 

experiencing a process upset or interference from industrial wastewater, the WRF is capable of 

achieving effluent phosphorus concentrations at or below 0.5 mg/L on a consistent basis. The 

average effluent TP concentration for the period of January 2021 through April 2021 when the WRF 

was experiencing good BNR operation was 0.10 mg/L. 

As discussed in Section 2, the process upset that began in September 2021 was identified as a single 

industrial wastewater source, the greenhouse. Diverting the greenhouse wastewater to a holding 

pond in January 2022 immediately resolved symptoms of the process upset and the biological 

phosphorus removal began to improve. 

The reported effluent TP concentrations in January, February, and March 2022 indicate that the BNR 

process recovered once the greenhouse interference was remediated.  

When there were no industrial interferences, the A2O BNR process was able remove phosphorus to 

levels below 0.5 mg/L, just as it was designed to do.  However, industrial interferences continue to 

plague the WRF and upset the BNR process. These industrial interferences are hampering efforts to 

make the BNR process adjustments and optimize performance. 

The A2O BNR process, that the City installed and operates, has been proven at other water 

reclamation facilities in the region.  It successfully removes nutrients from wastewater.  It is expected 

to perform equally well at Rochelle.  However, due to industrial interferences, there has not been 

enough operating data to conclusively demonstrate that its A2O BNR process is able to consistently 

and reliably meet the 0.5 mg/L effluent limit. 

Rochelle has 13+ years to bring its industries under control and end the industrial 

interferences.  NPDES Permit Special Condition 21 requires Rochelle to meet a Total Phosphorus 

effluent limit of 0.5 mg/L 12 month rolling geometric mean by January 1, 2030.  However, per the 

terms of Special Condition 21 B. 2., that deadline is extended to December 31, 2035 because Rochelle 
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chose to “construct/operate biological nutrient removal (BNR) process(es), incorporating nitrogen 

reduction...”   

The installation of Chemical Phosphorus Removal (Chem-P) is not recommended at this 

time.  Rochelle’s BNR process has shown signs that it can, by itself, meet the 0.5 mg/L effluent during 

times when there is no industrial interference.  In an attempt to conclusively prove that the BNR 

system can meet the effluent limit without a backup Chem-P system, Rochelle intends to: 

1. Gather more operating data. 

2. Identify specific industrial interferences and work with those industries to resolve them. 

3. Implement the Influent Reduction Measures identified in the Phosphorus Discharge 

Optimization Plan.  

If, by 2030, the BNR Process is still unable to meet a 0.5 mg/L TP limit, Rochelle will reassess influent 

conditions and determine if it is necessary to install Chem-P as a backup to the BNR system.  

5.1.1 Monitoring Frequency and Other Considerations 

The target concentration that the WRF should attempt to achieve may be affected by the time length 

selected to average the effluent concentration.  The longer the length of time for monitoring effluent, 

the easier it is to compensate a high effluent concentration. 

1. Monthly Monitoring Frequency:  The City’s existing BNR system has the potential to meet a 

monthly monitoring frequency without modification to the process for a 1.0 mg/L or 0.5 

mg/L limit. The monitoring frequency period should not be more than monthly.  Daily or 

weekly limits should be avoided. If monitoring frequency more than monthly must be 

considered, those effluent limits should be significantly higher than the monthly limit to 

compensate for plant upsets, variations in short term process conditions, and wet weather 

events. 

2. Seasonal Monitoring Frequency: The City’s existing BNR system has the potential to meet a 

seasonal monitoring frequency without modification to the process for a 1.0 mg/L or 0.5 

mg/L limit.  

However, seasonal limitations do affect ammonia removal performance. Significantly 

reducing ammonia limits may have some repercussions to the City’s biological process 

configuration if more aeration space is required for nitrification. Allowing higher levels of 

phosphorus discharge during certain periods of the year with low ammonia limits could avoid 

the need for chemical phosphorus removal to meet permit limits. 

3. Annual Monitoring Frequency:  Annual monitoring should be considered for the 1.0 and 0.5 

mg/L effluent limits, as the WRF has demonstrated that meeting those limits is attainable 

with BNR. 
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The performance of the City’s BNR has demonstrated the ability to achieve 1.0 and 0.5 mg/L TP 

effluent limits, without unexpected industrial interference, on an annual, seasonal, and monthly limit. 

5.2 Phosphorus Effluent Limit of 0.1 mg/L  

This section of the report presents a summary of the treatment processes required to achieve the 

effluent TP limit of 0.1 mg/L. 

Chemical phosphorus removal (CPR) in conjunction with the City’s existing EBPR is presented as the 

main solution to achieve consistent effluent limits below 0.1 mg/L TP. 

5.2.1 Removal Processes 

As previously discussed, the biological model confirms good EBPR operation at the WRF, and 

reported TP effluent concentrations during the period without industrial wastewater causing a 

process upset show good TP removal below 0.5 mg/L. At times, the reported effluent TP 

concentrations are below 0.1 mg/L, but not enough data has been collected during good BPR 

operation to confidently say the system can remove enough phosphorus to consistently meet a 0.1 

mg/L effluent limit.  

The City is currently in the design stage of a project to modify the remaining aeration bays for BNR 

and install cloth media filters to replace the traveling bridge sand filters. The cloth media filters are 

expected to improve phosphorus removal by capturing more solids than the existing traveling bridge 

sand filters. If the cloth media filters are unable to reduce phosphorus consistently below 0.1 mg/L, 

then chemical addition upstream of the filters is recommended to maximize solids capture and 

reduce effluent TP concentrations.  

Chemical Phosphorus Removal (CPR) is a process that consists of adding metal salt solutions to the 

wastewater that react with soluble phosphorus (and other compounds), producing low-solubility 

phosphate particulates which could be removed via the cloth media filters.  The most common salts 

are aluminum sulfate (alum) and ferric chloride (ferric).  Other metals such poly-aluminum chloride, 

ferric sulfate, or rare earth-based products are also utilized but less common.  

Alum is recommended for the WRF as ferric is a more corrosive and hazardous chemical.  

Additionally, alum is typically lower in cost and easier to handle when compared to ferric.  However, 

jar testing of the different chemicals should be performed before selecting the most suitable option. 

Chemical addition is an effective and operationally simple process.  The downsides are that chemical 

delivery is a recurring cost the City will always incur, and a new building must be constructed to 

house the equipment and provide proper containment of the chemical. Appendix D shows the WRF 

process flow diagram with cloth media filters and chemical addition.  

On another note, success of meeting a low effluent TP limit of 0.1 mg/L depends heavily on the 

phosphorus speciation in the process flow. Chemical addition can remove reactive phosphorus 
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through precipitation, but it does not remove phosphorus in a soluble, non-reactive state.  Soluble, 

non-reactive phosphorus (SNRP) is a component of total phosphorus which cannot presently be 

removed, hence concentrations at or above 0.1 mg/L make achieving a 0.1 mg/L effluent TP limit 

practically impossible. Tests for soluble, non-reactive phosphorus are recommended to determine 

the level present in the WRF domestic influent and anaerobic lagoon effluent.    

5.2.2 Capital and O&M Costs 

To implement chemical phosphorus removal at the Rochelle WRF, a new building dedicated for 

chemical storage and pumping must be constructed. Appendix E provides a typical layout for the 

Chemical Feed Building and potential location for the building on the WRF site. This building layout 

was used to determine the planning level cost below. A phosphorus analyzer is also recommended 

for metering the chemical addition based on measured total phosphorus in the effluent. This will help 

to both reduce the amount of chemical used during low influent concentrations and prevent under 

dosing chemical during influent TP spikes. 

The total capital cost for CPR is shown in Table 6 below. The material, labor, and equipment costs 

were scaled to April 2022 USD from a 2019 cost estimate for a chemical phosphorus building of the 

same size. At the time of this report, inflation and market prices for materials are volatile and 

unpredictable and costs may need to be adjusted to more accurately predict costs for future planning. 

TABLE 6 

OPC for Chemical Phosphorus Removal Improvements 
 

Item Cost 

General Conditions $170,000 
Sitework  $67,000 

Chemical Building $220,000 
Equipment   

Storage Tank $14,000 

Chemical Feed Pumps (2) with Skid  $27,000 

Phosphorus Analyzer  $57,000 

Misc. $23,000 

Subtotal  $578,000 
Electrical (15%) $87,000 
Instrumentation (10%) $58,000 
HVAC (5%) $29,000 
Subtotal  $752,000 
OH&P, Bond, & Insurance (13%) $98,000 
Contingencies (20%) $151,000 
Total Construction Cost with Contingency $1,001,000 
Design (8%) $81,000 

Construction Services (8%) $81,000 

Legal and Administrative (1%) $11,000 

Total Capital Cost (April 2022 USD) $1,174,000 
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The annual chemical cost depends largely on the amount of soluble phosphorus in the secondary 

effluent that is able to react with the dosed chemical. A conservative cost estimate assumes 0.5 mg/L 

of soluble phosphorus in the secondary effluent leaving the clarifiers upstream of filtration to be 

removed by CPR. The baseline biological model estimates that 0.2 mg/L of soluble phosphorus 

remains in the secondary effluent. These estimates are used to provide a range of annual chemical 

costs in Table 7 below. 
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TABLE 7 

Annual Costs for Chemical Phosphorus Removal – 0.1 mg/L  
 

Item  0.1 mg/l Annual Costs at DAF 

Chemicals $19,000 - $39,0001 

Operation and Electrical $11,000 

Total O&M Cost (April 2022 USD) $30,000 - $50,0000 

 

Additional sludge production from precipitation was not significant for concentration of soluble 

phosphorus treated with CPR. The WRF 2017 basis of design calculated a daily WAS production of 

11,600 lbs/day. Removing 0.5 mg/L of soluble phosphorus increased sludge production by 107 

lbs/day (about a 1% increase) and removing 0.2 mg/L of soluble phosphorus increased sludge 

production by 54 lbs/day (about a 0.5% increase). The O&M cost for processing these amounts of 

additional sludge is negligible.  

5.2.3 Timeframe 

A tentative schedule for the design and construction of the chemical phosphorus removal facility is 
shown below.   
 

Design 6 months 
Permitting  3 months 
Bidding 2 months 
Construction 9 months 
Total       20 months 

5.2.4 Monitoring Frequency and Other Considerations 

The target concentration that the WRF should attempt to achieve may be affected by the time length 

selected to average the effluent concentration.  The longer the length of time for monitoring effluent, 

the easier it is to compensate a high effluent concentration. 

As mentioned previously, the unpredictability of the soluble non-reactive phosphorus (SNRP) 

fraction in the wastewater should be tested and monitored further before concluding whether the 

WRF might be able to achieve less than 0.1 mg/L TP effluent on an annual, seasonal, and monthly 

limit. Depending on the monitoring frequency period, the objective effluent limit will vary as well as 

the operational cost. 

1. Monthly Monitoring Frequency: Provided that the SNRP fraction is well below 0.1 mg/L, the 

City has the potential to consistently meet a monthly 0.1 mg/L limit. Monitoring frequency 

periods less than monthly are not recommended.  If monitoring frequency more than monthly 

must be considered, those effluent limits should be significantly higher than the monthly limit 

 
1 Based on $0.17 per lb. of Al2O3, DAF of 4.76 MGD, 0.2 – 0.5 mg/L of soluble P in the secondary effluent after biological 
phosphorus removal and settling.   
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to compensate for plant upsets, variations in short term process conditions, and wet weather 

events. 

 

2. Seasonal Monitoring Frequency:  Seasonal monitoring for the 0.1 mg/L limit may be 

appropriate if the frequency period is less than monthly (otherwise the monthly frequency 

opinion applies.) 

Seasonal limits may result in a decrease in operating costs commensurate with the reduction 

in the treatment requirements. If seasonal requirements were identified, allowing higher 

levels of discharge during certain periods of the year, there could be potential reductions in 

operational cost from chemical addition, power, and labor.  

3. Annual Monitoring Frequency:  Annual monitoring should be considered for the 0.1 mg/L 

effluent limit to reduce the overall operating costs and accommodate process upsets, short 

term process variations, and wet weather events. 
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6.  IMPACT ON SEWER RATES  

The City would need to increase sewer rates in order to provide the revenue necessary to cover the 

capital and operating costs for chemical phosphorus removal. A rate study analysis by Willet Hoffman 

& Associates Inc. proposed modifications to sewer rates through 2025 to balance expenses of recent 

improvement projects. The proposed 2025 sewer revenues established in the rate study analysis are 

used as a baseline for determining sewer revenues to accommodate capital and operating costs of 

chemical phosphorus removal, assuming payments for the chemical phosphorus removal project and 

operation begin in 2025. 

Presented below is the change in revenue generated from sewer rates for two levels of chemical 

phosphorus removal:  

1. Reducing effluent TP from 0.2 mg/L to 0.1 mg/L. 

2. Reducing effluent TP from 0.5 mg/L to 0.1 mg/L. 

The first level is based on the BNR system reliably achieving the performance it had in early 2021, 

when it consistently produced effluent of 0.2 mg/L TP or less. 

The second level is based on the BNR system having less consistent performance, in which case it 

would be predicted to produce effluent of 0.5 mg/L TP or less. 

The two levels differ only in operating cost.  The capital cost is the same for both levels: 

approximately $1.2 Million. The annual operating cost is $30,000 vs $50,000 for the two levels. 

Only the revenue generated from user rates was adjusted to offset the capital and operating cost of 

these two levels of chemical phosphorus removal. Other revenue streams and expenses were not 

changed to calculate the needed increase in sewer revenue. 

Table 8 shows the calculated 2025 revenue from user rates required to offset the capital and 

operating cost of chemical phosphorus removal to reduce phosphorus level from 0.2 mg/L to 0.1 

mg/L, removing 0.1 mg/L TP. This scenario assumes that the City’s BNR operates well, as predicted 

by the biological model of the existing BNR process and demonstrated by operating data in early 

2021. 
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TABLE 8 

Estimated Impact on Sewer Rates to Remove 0.1 mg/L TP 

Item  
2025 Revenue from User 

Rates per Rate Study 
without CPR 

Proposed 2025 Revenue 
from User Rates to remove 

0.1 mg/L TP with CPR 

Total Project Cost 2 -  $1,174,000  
Annual Debt Service 3  -  $66,707  

Annual Operating Cost   -  $30,000  
Annual Additional Cost - $97,000  

2025 Required Revenue from Users $3,801,648  $3,898,648  
Increase in rates - 2.5% 

2025 Residential Revenue $1,413,200  $1,449,258  
2025 Commercial Revenue $1,167,800  $1,197,597  

2025 Industrial Revenue $1,118,248  $1,146,780  
2025 Creston Revenue $84,000  $86,143  

2025 Hillcrest Revenue $18,400  $18,869  
2025 Surcharge Fee Revenue  

(no change) 
$308,000  $308,000  

2025 Total Water Reclamation Sales $4,109,648 $4,206,648 
 

TABLE 9 shows the calculated 2025 revenue from user rates required to offset the capital and 

operating cost of chemical phosphorus removal to reduce phosphorus level from 0.5 mg/L to 0.1 

mg/L, removing 0.4 mg/L. This scenario assumes that the City’s BNR operates well, but does not 

remove as much phosphorus as predicted by the biological model or as demonstrated by previous 

data. This assumption provides a more conservative cost estimate for operating costs. 

TABLE 9 

Estimated Impact on Sewer Rates to Remove 0.4 mg/L TP 

Item  
2025 Revenue from 
User Rates per Rate 
Study without CPR 

Proposed 2025 
Revenue from User 
Rates to remove 0.4 
mg/L TP with CPR 

Total Project Cost 4 -  $1,174,000  
Annual Debt Service  -  $66,707  

Annual Operating Cost 5  -  $50,000  
Annual Additional Cost - $117,000  

2025 Required Revenue from Users $3,801,648  $3,918,648  
Increase in rates - 3.0% 

2025 Residential Revenue $1,413,200  $1,449,258  

 
2 Estimated Total Capital Cost with Contingency in April 2022 USD. 
3 Estimated assuming 1.25% interest with IEPA SRF loan and a 20-year loan term. 
4 Estimated Total Capital Cost with Contingency in April 2022 USD. 
5 Estimated assuming 1.25% interest with IEPA SRF loan and a 20-year loan term. 
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Item  
2025 Revenue from 
User Rates per Rate 
Study without CPR 

Proposed 2025 
Revenue from User 
Rates to remove 0.4 
mg/L TP with CPR 

2025 Commercial Revenue $1,167,800  $1,197,597  
2025 Industrial Revenue $1,118,248  $1,146,780  

2025 Creston Revenue $84,000  $86,143  
2025 Hillcrest Revenue $18,400  $18,869  

2025 Surcharge Fee Revenue (no 
change) 

$308,000  $308,000  

2025 Total Water Reclamation 
Sales 

$4,109,648 $4,226,648 

 

The rate increases are calculated in the case where the proposed user fee takes effect at the same 

time as the additional annual costs.  These rates could be reduced if sewer rates are raised prior to 

the first payment for these additional costs. 
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7.  RECOMMENDATIONS  

The following are the improvements recommended to meet the NPDES Feasibility Study total 

phosphorus effluent limits: 

A. For the 1.0 mg/L effluent limit:  
1. No improvements to the existing treatment process are recommended at this time to 

meet a 1.0 mg/L effluent limit. 

2. Monthly, seasonal, and annual monitoring frequency is achievable for the 1.0 mg/L limit.  

3. If, by 2030, the BNR Process is unable to meet a 1.0 mg/L limit, the City will reassess 

influent conditions to determine the feasibility of chemical phoshorus removal. Per 

Special Condition 21 of the NPDES permit, a future phosphorus limit would be 

implemented in 2035. 

 

B. For the 0.5 mg/L effluent limit:  
1. No improvements to the existing treatment process are recommended at this time to 

meet a 0.5 mg/L effluent limit. 

2. Monthly, seasonal, and annual monitoring frequency is achievable for the 0.5 mg/L limit.   

3. If, by 2030, the BNR Process is unable to meet a 0.50 mg/L limit, the City will reassess 

influent conditions to determine the feasibility of chemical phoshorus removal. Per 

Special Condition 21 of the NPDES permit, a future phosphorus limit would be 

implemented in 2035. 

 

NPDES Permit Special Condition 21 requires Rochelle to meet a Total Phosphorus effluent 

limit of 0.5 mg/L 12 month rolling geometric mean by January 1, 2030.  However, per the 

terms of Special Condition 21 B. 2., that deadline is extended to December 31, 2035 

because Rochelle chose to “construct/operate biological nutrient removal (BNR) 

process(es), incorporating nitrogen reduction...”   

 

 
C. For the 0.1 mg/L Effluent Limit: 

1. Test for soluble non-reactive phosphorus in order to define whether the 0.1 mg/L limit is 

even feasible to reach with current technology. 

2. If the phosphorus speciation results indicate a 0.1 mg/L limit is achievable, install a 

chemical phosphorus removal facility sized accordingly for the amount of soluble 

phosphorus remaining in the secondary effluent after biological phosphorus removal and 

settling. Chemical removal jar testing should be performed prior to design of the chemical 

removal facilities in order to determine the correct type and amount of chemical to be 

utilized. 

a. Capital Cost:   $1.2 million (April 2022 USD) 

b. Estimated Annual Cost: $30,000 – $50,000 (April 2022 USD) 



7.  RECOMMENDATIONS Page 47 

 

City of Rochelle, Illinois 

Phosphorus Feasibility Study  200144.30 

3. Seasonal and annual monitoring frequencies could be achievable, depending on duration. 

Compliance with monthly monitoring frequency could be difficult to achieve. The longer 

compliance timeframe is required to endure plant upsets, short-term process changes, 

and wet weather events.  
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8.  NEXT STEPS  

The following is the recommended plan of action for compliance with the NPDES Feasibility Permit 

requirements at this time: 

1. Submit report to IEPA for review and approval. 

2. Complete design, construction, and startup of cloth media filters. Determine if cloth media 

filters, in conjunction with the BNR process, consistently remove TP below 0.1 mg/L. 

3. If a 0.1 mg/L limit is imposed and the BNR process with cloth media filters does not 

sufficiently remove phosphorus to meet the limit consistently: 

a. Perform a bench test to confirm influent phosphorus speciation. 

b. Perform a chemical removal jar test to determine the most appropriate chemical for CPR. 

c. Proceed with design of chemical phosphorus removal facilities.  
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Appendix C - Rochelle WRF 2021 DMR Data

Date

Average 

Flow 

(MGD)

Daily Max 

Flow 

(MGD)

Average 

BOD5 

(mg/L)

Average 

TSS (mg/L)

Average    

TP       

(mg/L)

Average 

Ammonia 

(mg/L)

Average 

Total 

Nitrogen 

(mg/L)

Average 

Flow 

(MGD)

Daily Max 

Flow 

(MGD)

Average 

BOD5 

(mg/L)

Average 

TSS (mg/L)

Average    

TP       

(mg/L)

Average 

Ammonia 

(mg/L)

Average 

Total 

Nitrogen 

(mg/L)

Jan-21 1.59 2.00 99.2 73.7 6.7 15.7 20.0 0.68 0.77 605.0 91.5 15.0 27.6 35.0

Feb-21 1.81 2.81 94.8 52.0 7.3 14.6 23.0 0.75 0.87 716.9 147.1 20.0 35.5 36.0

Mar-21 2.87 5.57 92.8 46.3 24.0 8.4 9.0 0.81 0.90 593.6 96.4 24.0 30.2 31.0

Apr-21 2.63 3.45 108.4 35.0 15.0 12.8 21.0 0.82 1.08 518.1 99.0 15.0 31.6 26.0

May-21 2.17 2.49 110.5 42.4 18.0 17.2 28.0 0.76 0.84 560.8 91.1 18.0 40.4 37.0

Jun-21 2.15 2.75 105.1 46.9 10.0 17.7 35.0 0.76 0.89 639.8 104.2 15.0 41.9 43.0

Jul-21 2.05 2.43 87.1 43.0 11.0 13.1 21.0 0.82 0.92 552.1 101.5 14.0 35.5 36.0

Aug-21 1.79 2.28 93.5 46.5 12.0 22.1 18.0 0.79 0.85 553.1 112.7 16.0 53.2 31.0

Sep-21 1.36 1.60 116.5 33.4 18.0 25.1 32.0 0.60 0.72 491.7 123.5 14.0 47.7 41.0

Oct-21 1.74 2.57 120.4 48.4 19.0 22.7 40.0 0.81 1.14 468.0 111.5 19.0 44.1 48.0

Nov-21 1.90 2.15 101.7 63.5 20.0 18.5 27.0 0.74 1.78 425.0 92.4 13.0 33.2 36.0

Dec-21 1.92 2.18 109.6 73.8 13.0 15.6 20.0 0.70 0.85 479.2 104.9 17.0 26.5 36.0

Jan-22 1.79 2.10 162.6 69.6 14.6 17.4 not sampled 0.66 0.85 538.0 120.7 19.2 16.9 not sampled

Feb-22 1.71 2.36 184.0 63.0 19.4 19.3 not sampled 0.67 0.79 574.0 217.0 20.5 22.7 not sampled

Mar-22 2.14 2.60 192.0 68.0 15.4 14.5 not sampled 0.85 1.16 486.0 218.0 18.7 18.3 not sampled

Apr-22 2.68 3.48 104.4 45.8 8.7 13.3 not sampled 0.83 1.03 333.9 81.3 16.7 13.7 not sampled

May-22 2.44 3.11 106.7 44.2 6.2 13.1 not sampled 0.99 1.30 312.0 86.7 21.1 16.8 not sampled

Maximum 2.87 5.57 192 73.78 24 25.11 40 0.99 1.78 716.93 218 24 53.19 48

Average 2.04 2.70 117.02 52.67 14.02 16.53 24.50 0.77 0.98 520.41 117.62 17.42 31.52 36.33

Minimum 1.36 1.6 87.06 33.41 6.23 8.39 9 0.6 0.72 312 81.3 13 13.66 26

Domestic (Combined) Influent Anaerobic Lagoon Effluent



Appendix C - Rochelle WRF 2021 DMR Data

Date

Average 

Flow 

(MGD)

Average 

BOD5 

(mg/L)

Average 

TSS (mg/L)

Maximum 

TP (mg/L)

Average 

Ammonia 

(mg/L)

Maximum 

TN (mg/L)

Jan-21 2.17 1.7 0.4 0.1 0.1 2.2

Feb-21 2.35 2.7 0.6 0.1 0.1 2.3

Mar-21 3.21 1.7 0.7 0.0 0.1 1.0

Apr-21 2.88 1.7 0.7 0.2 0.1 1.9

May-21 2.46 2.9 1.1 3.5 0.1 3.3

Jun-21 2.65 1.9 0.4 0.1 0.1 3.9

Jul-21 2.98 2.1 0.6 0.3 0.1 3.3

Aug-21 2.96 1.6 0.7 0.6 0.1 3.6

Sep-21 2.38 1.7 1.2 8.3 0.1 5.1

Oct-21 2.11 1.6 0.6 7.2 0.1 4.7

Nov-21 2.03 1.2 0.6 12.0 0.2 6.9

Dec-21 2.14 2.1 3.1 9.2 0.1 5.4

Jan-22 2.19 2.1 0.8 0.2 0.1 2.5

Feb-22 2.35 1.4 0.7 0.4 0.1 2.6

Mar-22 2.56 2.3 3.3 0.2 0.1 2.7

Apr-22 3.05 1.8 0.4 2.2 0.1 2.5

May-22 2.92 1.8 0.5 1.4 0.1 1.4

Maximum 3.211 2.87 3.31 12 0.24 6.9

Average 2.55 1.89 0.96 2.70 0.11 3.25

Minimum 2.03 1.21 0.41 0.04 0.1 1

WRF Effluent (Outfall 001)
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PROCESS FLOW DIAGRAM
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