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1. Introduction  
The Madison Metropolitan Sewerage District (MMSD) commissioned the Preliminary Nutrient 
Removal Cost Estimates Study to establish an understanding of the economic impacts at the Nine 
Springs Wastewater Treatment Plant (NSWWTP) to meet potential new nutrient limits. Lower 
nutrient limits are anticipated because of recent administrative rule revisions and/or the Rock 
River total maximum daily load, which will require MMSD to reduce their total phosphorus 
effluent concentrations and loads further. In addition, MMSD is also anticipating future 
regulations at the state or federal levels addressing nitrogen that will require MMSD to reduce 
effluent nitrogen. Hence, as a prudent course of regulatory management, MMSD is engaging in 
this assessment of cost impacts due to potential lower discharge limits for nutrients. 

Treatment facility upgrade requirements were evaluated for a range of potential nutrient 
effluent limits. Evaluating the range of potential nutrient effluent limits will allow MMSD to 
determine whether there is a “knee of curve” with respect to treatment technologies. Table 1 
presents the nine different scenarios covering the range of effluent total phosphorus and total 
nitrogen effluent limits that were evaluated in this study.   

TABLE 1 
Nutrient Discharge Limit Scenarios for Treated Effluent 

Scenario Total Phosphorus, mg/L Total Nitrogen, mg/L 

1 0.225 2 None 1 

2 0.130 2 None 1 

3 0.075 3 None 1 

4 0.225 2 10 2 

5 0.130 2 10 2 

6 0.075 3 10 2 

7 0.225 2 3 2 

8 0.130 2 3 2 

9 0.075 3 3 2 

1  Existing ammonia limits apply 
2  Monthly average concentrations 
3  Annual average concentrations 
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The approach to meeting the primary objectives of this study can be summarized as follows: 

1. Develop a list of process alternatives to meet the nutrient limits of each scenario presented 
in Table 1 and screen them based on pros and cons to select a single alternative for each 
scenario. 

2. Using a process model, determine the required sizes of tanks and process equipment, 
chemical usage, and other operating requirements to achieve the target effluent phosphorus 
and nitrogen limits.  

3. Estimate capital, operation and maintenance (O&M), and life cycle costs that would result 
from the implementation of the selected process upgrade for each of the nine nutrient 
effluent limit scenarios.  

2. Facility Overview   
According to the Master Plan, the NSWWTP has a rated average flow capacity of 57 million 
gallons per day (MGD) and a peak flow capacity of 140 MGD. The facility is divided into two 
complexes, East and West, with approximately 45 percent of the flow going to the East and 
55 percent of the flow going to the West complex. The liquid treatment process includes 
preliminary treatment with screening and grit removal, primary clarification, nitrifying 
activated sludge treatment incorporating biological phosphorus removal, ultraviolet (UV) 
disinfection, excess flow storage, and effluent pumping. The solids treatment process includes 
primary and waste activated sludge (WAS) thickeners, an acid gas temperature phased 
anaerobic digestion (TPAD) process designed to produce Class A biosolids, and digested 
biosolids thickening and dewatering. In addition, the facility is currently installing a struvite 
harvesting system by Ostara and an associated WAS phosphorus stripping system as part of the 
11th addition modifications.  

There are fourteen primary clarifiers in the East Complex and five primary clarifiers in the West 
Complex. The clarifiers are rectangular units with chain and flight sludge removal mechanisms. 
Settled primary sludge is pumped to gravity thickeners for thickening before being 
anaerobically digested.  

Biological treatment of the primary effluent occurs in the aeration tanks. There are eighteen 
aeration tanks in the East Complex and twelve in the West Complex. The aeration tanks are 
configured such that each group of three aeration tanks functions as one three-pass serpentine 
flow pattern treatment unit. The existing secondary treatment is an enhanced biological 
phosphorus removal (EBPR) system with two process configurations being utilized – the 
University of Cape Town (UCT) process except without nitrified mixed liquor recycle, which is 
utilized for the majority of the plant, and the anaerobic/aerobic (A/O) process, which is utilized 
in a small portion of the East plant. The UCT process consists of anaerobic, anoxic, and aerobic 
zones. Influent wastewater enters the anaerobic zone, and is then combined with recycled 
mixed liquor from the anoxic zone. Mixed liquor then flows into the anoxic zone where it 
combines with return activated sludge (RAS) from the secondary clarifiers. The mixed liquor 
then proceeds into the aerobic zone for further treatment. In the A/O process, the anoxic zone is 
eliminated and RAS is combined with the influent wastewater in the anaerobic zone. Following 
the anaerobic zone, the mixed liquor flows to the aerobic zone for EBPR.  

Effluent from the aeration tanks flows to circular secondary clarifiers for settling. There are 
eleven secondary clarifiers in the East Complex and eight in the West Complex. The effluent 
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from the secondary clarifiers flows to UV disinfection facilities before being discharged either to 
the Badfish Creek or the Badger Mill Creek.  

After the 11th addition modifications, WAS from the secondary clarifiers will be sent to 
phosphorus release tanks prior to thickening. The thickened WAS is sent to an advanced 
anaerobic digestion process along with thickened primary sludge, while the filtrate from the 
WAS thickening will be diverted to a struvite recovery process. Anaerobically digested 
biosolids will be thickened using gravity belt thickeners or dewatered using centrifuges and 
then used beneficially for land application (Metrogro) or as a soil amendment in a distribution 
and marketing program (MetroMix). 

Figure 1 shows a simplified process flow diagram of the treatment facility. This diagram 
includes the phosphorus release tanks and the struvite harvesting system that are currently 
under construction for the 11 addition modifications. Figure 2 shows a site plan of the existing 
facility and Table 2 provides a summary of the major existing unit processes at NSWWTP. 
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FIGURE 1 
Simplified Process Flow Diagram of NSWWTP 
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TABLE 2 
Summary of Major Unit Processes at NSWWTP 

Unit Process East Complex West Complex Details 

Primary Clarifiers 2 @ 85-ft x 31-ft and 10-ft SWD  

2 @ 101-ft x 31-ft and 10-ft SWD 

10 @ 88-ft x 33.5-ft and 10-ft SWD  

5 @ 100-ft x 40-ft and 
8-ft SWD 

All primary clarifiers 
are rectangular 

Aeration Tanks A/O process configuration – 2.876 MG 

Modified UCT process configuration – 
9.292 MG 

Modified UCT process 
configuration – 

11.729 MG 

Three pass tanks 

Secondary Clarifiers 2 @ 70-ft dia and 12.5-ft SWD 

4 @ 85-ft dia and 12.5-ft SWD 

4 @ 105-ft dia and 12-ft SWD 

1 @ 105+-ft dia and 12-ft SWD 

8 @ 116-ft dia and 13-ft 
SWD 

All secondary 
clarifiers are circular 

Anaerobic Digesters1 Acid Digesters – 0.76 MG 

East Complex Digesters – 5.42 MG and, 
West Complex Digesters – 1.976 MG 

Advanced anaerobic 
digestion – Multistage 

acid gas TPAD 

Phosphorus Release 
Tanks1 

2 tanks @ 300,000 gallons each 

Struvite Harvesting 
Facility 

Ostara’s proprietary PearlTM 2000  

SWD = sidewater depth 

Note: 
1 Planned for the 11th Addition 

3. Nutrient Removal Alternatives Development, Screening and Selection  
A nutrient removal alternatives matrix was prepared to capture an array of viable approaches 
to meet the range of nutrient limits shown in Table 1 (see Appendix A). This matrix considered 
biological and chemical phosphorus removal approaches, different configurations for biological 
nitrogen control, and tertiary solids, phosphorus, and nitrogen removal technologies. The 
alternatives matrix illustrates that there are several strategies for controlling nutrient limits, 
however, each comes with its pros and cons. The pros and cons, including the ability of the 
alternative to reliably meet the target effluent nutrient limits were identified for each 
alternative. Preliminary capital cost estimates were identified for several key unit processes to 
facilitate comparison of alternatives. A preliminary ranking of the top three treatment 
alternatives was developed for each treatment limit scenario. CH2M HILL conducted a 
workshop with MMSD on July 15, 2011 during which the alternatives for each treatment limit 
scenario were discussed in detail. During the workshop, the preliminary rankings were revised 
to reflect the consensus of the workshop participants on the top three ranked alternatives for 
each treatment limit scenario. Although the top three alternatives were ranked, the primary 
goal of the workshop was to identify the best (i.e., the number 1 ranked) alternative for each 
treatment scenario for subsequent modeling and detailed cost estimating. The final rankings 
including those selected as the number 1 ranked alternative for subsequent detailed process 
modeling and cost estimating are presented in the right column of Appendix A.   
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4. Data Evaluation and Modeling Process Upgrades   
The selected alternatives for meeting the different scenarios of nutrient limits were analyzed 
using the following stepwise approach:  

Step 1. Review, compile, and summarize the unit processes and process performance data 
provided by NSWWTP. 

Step 2. Develop and calibrate a base model of the existing facility with planned 11th addition 
modifications using the unit process sizing and performance data. 

Step 3. Create a process model for each nutrient limit scenario by modify the base model to 
incorporate unit process additions or upgrades.  Each model was run  at the design 
year flows and loads to establish unit process sizing and operating requirements. 

Step 4. Develop capital, O&M, and life cycle costs for each upgrade developed in Step 3. 

Step 5. Estimate greenhouse gas emissions from the operations of these process upgrades, 
including additional power and chemical usage, biosolids handling and management, 
and wastewater treatment.  

Step 6. Identify and compare ancillary benefits between the selected alternatives with respect 
so such things as removal of chemicals of emerging concern (CEC), mercury, and 
disinfection.    

All process modeling for NSWWTP was done using CH2M HILL’s Pro2D whole plant 
simulator. This tool provided a flexible and robust modeling approach for characterizing, 
sizing, and predicting treatment plant performance. Pro2D was used to calculate and document 
all process sizing and operational information related to the evaluation of treatment plant 
upgrades. The Pro2D activated sludge model uses the International Water Association’s ASM2d 
model. Because a 20-year planning period from 2015 to 2035 was selected by MMSD, the Pro2D 
modeling to size facilities was conducted using flow and load estimates for year 2035. MMSD 
provided the flows and loads for year 2015 and 2035 corresponding to the start and end of the 
20-year planning period. Appendix B provides details of the Pro2D models for each scenario 
including, mass balances. A second model, PClarifier, was used to provide detailed modeling of 
secondary clarifier performance and capacity using state-point analysis. The sizing and 
operational information from Pro2D was then input into CH2M HILL’s cost estimating software 
package, CH2M HILL Parametric Estimating System (CPES) to develop capital, O&M, and life 
cycle cost estimates for each treatment limit scenario.  

Nutrient Upgrade Approaches  
The following paragraphs provide details of the process upgrades that were selected for 
meeting the nine nutrient effluent limit scenarios presented in Table 1. Because of potential 
concerns with ferric chloride fouling the UV disinfection quartz sleeves, modeling and cost 
estimating were based on alum as the metal salt in all nine scenarios. 

Scenario 1: Total Phosphorus Limit of 0.225 mg/L on a Monthly Average Basis (No Total Nitrogen 
Limit, Only Existing Ammonia Limits)  

The effluent limit for this scenario is 0.225 mg/L total phosphorus on a monthly average basis. 
A target of 0.11 mg/L total phosphorus was selected to achieve the limit reliably. With its 
existing infrastructure and secondary treatment process configuration, NSWWTP is able to 



NSWWTP PRELIMINARY NUTRIENT REMOVAL COST ESTIMATES  

8  

achieve approximately 0.3 mg/L total phosphorus effluent concentration on average. To meet 
the target effluent concentration, deep bed granular media filters were selected with a metal salt 
storage and addition system ahead of it. The filters will provide particulate phosphorus 
removal from the secondary effluent to achieve the desired nutrient limit. The process modeling 
for this scenario indicated metal salts would not be required to meet the limit. This is consistent 
with the fact that current average effluent total phosphorus concentration is only about 0.075 
above the limit and about 0.2 above the target. However, experience dictates that a stand-by 
metal salt addition facility should be constructed, even if not typically needed, to meet this low 
of a limit reliably. It was assumed that the secondary effluent from the clarifiers will need to be 
pumped to the filters, thus, a pump station was also selected. In addition, the filtration system 
included backwash pumps and a backwash equalization basin.  

For this study, the secondary effluent pump station and the filtration system was sized to 
handle a maximum flowrate of 79 MGD based on effluent pumping capacity to Badfish Creek 
and Badger Mill Creek. At this flowrate, a total of 12 filters (10 active and 2 stand-by), each 5-ft 
deep with anthracite as the media and an individual area of 1100-sq ft was required. Two active 
and one stand-by 650 HP pumps were included to pump the secondary effluent to the filters. 
The metal salt storage facility was sized to receive full tank truck deliveries and to provide 
30 days storage capacity. The resulting facility consists of six chemical tanks of 12-ft diameter 
and 12-ft height with six metering pumps. 

Figure 3 presents a simplified process flow diagram for this alternative, with the upgrades 
indicated in red, and a preliminary layout of the facilities on the site plan is shown in Figure 4. 
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FIGURE 3 
Modifications to NSWWTP for Scenario 1 Nutrient Control 
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Scenario 2: Total Phosphorus Limit of 0.130 mg/L on a Monthly Average Basis (No Total Nitrogen 
Limit, Only Existing Ammonia Limits)  

The effluent limit for this scenario is 0.13 mg/L total phosphorus on a monthly average basis. 
A target of 0.07 mg/L total phosphorus was selected to achieve the limit reliably. The inclusion 
of the secondary effluent pump station, the granular media filtration system and the metal salt 
storage and feed facility as described in Scenario 1 will allow achieving the target effluent total 
phosphorus concentration. However, the process modeling indicated that continuous addition 
of metal salts ahead of the filters would be required for this alternative. Since no new process 
units are added to this scenario, the process flow diagram for this approach will be the same as 
presented in Figure 3 and the layout will be same as Figure 4. The cost difference compared to 
Scenario 1 will be additional operation cost associated with chemical addition.  

Scenario 3: Total Phosphorus Limit of 0.075 mg/L on an Annual Average Basis (No Total Nitrogen 
Limit, Only Existing Ammonia Limits)  

The effluent limit for this scenario is 0.075 mg/L total phosphorus on an annual average basis. 
A target of 0.05 mg/L total phosphorus was selected to achieve the limit reliably. This 
alternative includes the treatment processes for phosphorus control from Scenarios 1 and 2 and 
includes a second feed point for metal salt addition, rapid mix system, polymer storage and 
feed facility, flocculation basin, and lamella clarifiers. . Lamella clarifiers were selected as they 
are less expensive and have a smaller footprint when compared to conventional tertiary 
clarifiers. The lamella clarifiers, rapid mix system and the flocculation basins were sized to 
handle a maximum flowrate of 79 MGD consistent with Scenarios 1 and 2. A plate hydraulic 
rate of 0.30 gpm/sq-ft was assumed for sizing the clarifiers, which resulted in a total required 
area of approximately 19,500 sq-ft. Both the rapid mix and the flocculation system consist of 
four active trains plus a standby train. The trains for the rapid mix system are 62-ft x 39-ft each 
and the flocculation basin trains are 57-ft x 91-ft each.  

Figure 5 provides a simplified process flow diagram of this scenario with the upgrades 
indicated in red, and a preliminary layout of the facilities is shown in Figure 6.  
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FIGURE 5 
Modifications to NSWWTP for Scenario 3 Nutrient Control 

 

 



Figure 6 
Preliminary Layout of Facilities for 
Scenario 3 - NSWWTP
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Scenario 4: Total Phosphorus Limit of 0.225 mg/L and Total Nitrogen limit of 10.0 mg/L on a Monthly 
Average Basis   

The effluent limits for this scenario are 0.225 mg/L total phosphorus and 10 mg/L total 
nitrogen on a monthly average basis. A target of 0.11 mg/L total phosphorus and 7 to 8 mg/L 
total nitrogen were selected to achieve the limits reliably. The approach taken to meet the total 
phosphorus limit will be the same as Scenario 1.  

In order to meet the 10 mg/L total nitrogen limit, process modeling indicated that modification 
of the existing secondary treatment process will be sufficient and the addition of extra tank 
volume will not be required. The combined anoxic volume of the existing modified UCT 
process in the East and West complex will need to be expanded to 7.35 MG by decreasing the 
existing aerobic volume. This will be achieved by adding baffle walls and mixers. Mixed liquor 
recirculation pumps and pipes will need to be added to recycle the nitrate-rich mixed liquor 
from the last aerobic zone to the anoxic zone for denitrification. The addition of an external 
carbon source is required to the anoxic zone for denitrification, thus a methanol storage and 
feed facility was modeled. There are alternative external carbon sources to methanol that could 
be evaluated should a biological nitrogen removal process be designed for NSWWTP, but 
methanol was used for modeling and cost estimating because it has been used the most and 
because modeling of methanol for biological nitrogen removal is well established. Similarly, the 
existing A/O process will be converted to a modified UCT process by adding an anoxic volume 
of 0.84 MG from the existing aerobic volume, mixed liquor recirculation pumps and pipes, and 
a methanol feed system.  

Figure 7 provides a simplified process flow diagram of this scenario with the upgrades 
indicated in red. The preliminary layout of the facilities will be same as shown in Figure 4.   
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FIGURE 7 
Modifications to NSWWTP for Scenario 4 Nutrient Control 
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Scenario 5: Total Phosphorus Limit of 0.130 mg/L and Total Nitrogen Limit of 10.0 mg/L on a 
Monthly Average Basis   

The effluent limits for this scenario are 0.130 mg/L total phosphorus and 10 mg/L total 
nitrogen on a monthly average basis. A target of 0.07 mg/L total phosphorus and 7 to 8 mg/L 
total nitrogen were selected to achieve the limits reliably. The approach for meeting the total 
phosphorus and nitrogen limits of this scenario combines the upgrades presented for Scenario 2 
and Scenario 4 respectively. Since the approach for this scenario is essentially the same as that of 
Scenario 4 with a minor operational change, the process flow diagram and the preliminary 
layout will be the same as shown in Figures 7 and 4, respectively. 

Scenario 6: Total Phosphorus Limit of 0.075 mg/L on an Annual Average Basis and Total Nitrogen 
Limit of 10.0 mg/L on a Monthly Average Basis   

The effluent limits for this scenario are 0.075 mg/L total phosphorus on an annual average basis 
and 10 mg/L total nitrogen on a monthly average basis. A target of 0.05 mg/L total phosphorus 
and 7 to 8 mg/L total nitrogen were selected to achieve the limits reliably. The nutrient limits of 
Scenario 6 will be achieved by combining the process upgrades for total phosphorus control 
presented in Scenario 3 and the upgrades for total nitrogen control presented in Scenario 4.   

A simplified process flow diagram of this scenario is provided in Figure 8 with the upgrades 
indicated in red and the preliminary layout of the facilities will be same as shown in Figure 6. 
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FIGURE 8 
Modifications to NSWWTP for Scenario 6 Nutrient Control 
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Scenario 7: Total Phosphorus Limit of 0.225 mg/L and Total Nitrogen Limit of 3 mg/L on a Monthly 
Average Basis   

The effluent limits for this scenario are 0.225 mg/L total phosphorus and 3 mg/L total nitrogen 
on a monthly average basis. A target of 0.11 mg/L total phosphorus and 2 mg/L total nitrogen 
was selected to achieve the limits reliably. The approach for meeting a total phosphorus 
concentration of 0.225 mg/L for this scenario will be the same as Scenario 1.  

To meet the low total nitrogen effluent concentration of 3 mg/L, the existing secondary 
treatment process (both the modified UCT and the A/O process) will need to be modified to a 
5-stage Bardenpho process with the addition of new aeration tank volume, mixed liquor 
recirculation system and a methanol storage and feed facility. In a 5-stage Bardenpho process, 
the primary effluent is mixed with the RAS in an anaerobic zone for phosphorus release. 
Following this, the mixed liquor enters an anoxic zone where it is mixed with nitrates recycled 
from the aerobic zone for denitrification. The mixed liquor then enters the aerobic zone for 
nitrification, BOD removal, and phosphorus uptake. Following this, the mixed liquor enters a 
second anoxic zone, where residual nitrate is denitrified. The final stage of the Bardenpho 
process is a reaeration zone where the nitrogen gas is stripped off and the dissolved oxygen 
concentration in the mixed liquor is increased to prevent phosphorus from being released in the 
secondary clarifiers.  

Existing anaerobic, anoxic, and aerobic zones will need to be modified using new baffle walls 
and mixers to accommodate the increased anaerobic and anoxic volumes. An additional 4 MG 
of aeration tank volume will be needed along with mixed liquor recirculation system, and 
secondary clarification capacity. For the purpose of this study, two treatment tanks were sized 
with a volume of 2 MG each. Each tank was 215-ft length x 76-ft width x 16.5-ft sidewater depth 
(SWD). Two blowers of 8,000 standard cubic feet per minute (scfm) capacity each were sized to 
meet the aeration demands. The secondary clarifier was sized at 105-ft diameter. A RAS/WAS 
pump station was also included. Based on process modeling, an external carbon source will 
need to be added at both the anoxic zones for denitrification, thus a methanol storage and feed 
facility was included.  

Due to limitations in space availability around the existing aeration tanks, it was decided that 
the new 4 MG tank and the new clarifier would fit best at a remote location west of the existing 
MetroGro storage tanks (see Figure 9). To accommodate this, two rectangular primary clarifiers, 
each of 128-ft length x 30-ft width x 14-ft SWD were also included for this scenario. Costs were 
also included for yard piping to and from the remote location.  

Figure 9 provides a simplified process flow diagram of this scenario with the upgrades 
indicated in red. A site plan showing the location of the remote facility west of the MetroGro 
storage tanks with the new primary clarifiers, aeration tanks and secondary clarifier is shown in 
Figure 10.  
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FIGURE 9 
Modifications to NSWWTP for Scenario 7 Nutrient Control (both modified UCT and A/O process are shown as a single bioreactor for simplicity) 

 
 



Figure 10 
Preliminary Layout of Facilities for 
Scenario 7 - NSWWTP
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Scenario 8: Total Phosphorus Limit of 0.130 mg/L and Total Nitrogen Limit of 3 mg/L on a Monthly 
Average Basis   

The effluent limits for this scenario are 0.130 mg/L total phosphorus and 3 mg/L total nitrogen 
on a monthly average basis. A target of 0.07 mg/L total phosphorus and 2 mg/L total nitrogen 
was selected to achieve the limits reliably. As an alternative to expanding secondary treatment 
in a remote location west of the MetroGro Tanks, MMSD selected a different approach for 
Scenario 8.  

The approach for meeting a total phosphorus concentration of 0.130 mg/L for secondary 
effluent from the modified existing aeration tanks in this scenario will be the same as Scenario 2.  

The modifications to the existing aeration tanks to convert them to a 5-stage Bardenpho process 
for biological phosphorus and nitrogen removal are the same as for Scenario 7.  

However, rather than building conventional secondary treatment to provide the additional 
aeration tank volume required due to the conversion of existing aerobic volume to additional 
anoxic volume, a new membrane bioreactor (MBR) also configured as a 5-stage Bardenpho 
process was evaluated. This bioreactor will consist of an anaerobic zone followed by an anoxic, 
an aerobic, and a post-anoxic zone similar to Scenario 7 but the final aerobic stage will be a 
membrane tank. A metal salt feed point will be added ahead of the membranes to implement 
chemical phosphorus removal polishing. 

Process modeling indicated that the membrane tank be sized for a maximum month flow of 
9.20 MGD with three active and one stand-by air scour blowers at 2,000 scfm each. The 
bioreactor upstream of the membrane tanks was 140-ft length x 80-ft width x 16.5-ft SWD. It was 
determined that the existing blower has enough capacity to handle the aeration demands of this 
new tank.  

Figure 11 provides a simplified process flow diagram of this scenario with the upgrades 
indicated in red. Since the footprint of the MBR is small, it will fit near the existing aeration 
tanks. Therefore, the MBR is shown in the site plan in Figure 12. 
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FIGURE 11 
Modifications to NSWWTP for Scenario 8 Nutrient Control  

 



Figure 12 
Preliminary Layout of Facilities for 
Scenario 8 - NSWWTP
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Scenario 9: Total Phosphorus Limit of 0.075 mg/L on an Annual Average Basis and Total Nitrogen 
Limit of 3 mg/L on a Monthly Average Basis   

The effluent limits for this scenario are 0.075 mg/L total phosphorus on an annual average basis 
and 3 mg/L total nitrogen on a monthly average basis. A target of 0.05 mg/L total phosphorus 
and 2 mg/L total nitrogen was selected to achieve the limits reliably. The nutrient limits of 
Scenario 9 will be achieved by combining the process upgrades for total phosphorus control 
presented in Scenario 3 and the upgrades for total nitrogen control presented in Scenario 7.  

Figure 13 provides a simplified process flow diagram of this scenario with the upgrades 
indicated in red. A site plan showing the location of the remote facility west of the MetroGro 
storage tanks with the new primary clarifiers, aeration tanks and secondary clarifier is shown in 
Figure 14.  

Modeling Results Discussion 
The modeling indicated potential interference with enhanced biological phosphorus removal in 
all scenarios requiring metal salt addition even if the metal salt was dosed to filtration or 
tertiary clarification downstream of secondary treatment. The potential interference occurred 
from recycle associated with filter backwash or tertiary clarifier underflow, which contains 
residual metal salts. Real-world operating experience has demonstrated that there can be a 
balancing act between maintaining enhanced biological phosphorus removal and chemical 
phosphorus removal. This experience has indicated that at low chemical doses the two 
phosphorus removal processes can be maintained; however, at higher metal salt concentrations 
in the secondary process or at too low of an influent phosphorus concentration to secondary 
treatment (i.e., from removing too much phosphorus chemically upstream of secondary 
treatment), enhanced biological phosphorus removal can be lost. Testing would be required to 
determine whether this is a significant issue for the NSWWTP to meet low effluent phosphorus 
limits.  

The additional anoxic volume required with the 5-stage Bardenpho process to meet the target 
total nitrogen limit of 3 mg/L resulted in the total solids retention time (SRT) increasing to 
15 days. The modeling did not indicate that this negatively affected biological phosphorus 
removal. However, the modeling did indicate that the second anoxic zone near the end of the 
aeration tank resulted in some secondary release of phosphorus that was not fully consumed in 
the final aerobic zone. This resulted in the need for a higher metal salt dose to achieve the target 
effluent phosphorus concentration. This could exacerbate the potential interference with 
enhanced biological phosphorus removal noted above.  

In addition to requiring more metal salt use, removing phosphorus chemically rather than 
biologically impacts the Ostara struvite harvesting process by reducing the amount of 
phosphorus recovered there. A reduction in phosphorus recovered in the Ostara process will 
result in a commensurate increase in the phosphorus in the Metrogro and Metromix.  

The modeling also indicated that filtration was required to reliably meet a total nitrogen 
effluent limit of 3 mg/L (i.e., for Scenarios 7, 8, and 9). A target of 2 mg/L effluent total nitrogen 
was assumed in order to reliably meet a total nitrogen effluent limit of 3 mg/L. The modeling 
indicated that the lowest achievable effluent total nitrogen concentrations with filtration were 
2.4 mg/L for Scenario 7, 2.2 mg/L for Scenario 8, and 2.3 mg/L for Scenario 9. Therefore, the 
target of 2.0 mg/L could not be met, but there was an approximate 0.6 to 0.8 mg/L margin of 
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safety below an effluent limit of 3 mg/L. Without filtration, the effluent total nitrogen was 
predicted to be 3.0 mg/L for Scenario 7, 2.8 mg/L for Scenario 8, and 2.6 mg/L for Scenario 9, 
thereby leaving very little to no margin of safety below an effluent limit of 3 mg/L. Therefore, 
based on the modeling, filtration was required for all three assumed phosphorus effluent limits 
and for a 3 mg/L total nitrogen effluent limit. Based on the modeling, which was conducted 
without specialized influent and effluent characterization, there was approximately 1 mg/L of 
nonbiodegradable dissolved organic nitrogen. This agrees with the average value determined 
by University of Wisconsin research work conducted by Dae Wook Kang and Daniel Noguera 
over a 2-year period. Values varied between 0.7 and 1.2 mg/L, with lower values associated 
with adding alum for phosphorus removal. If this value were higher than 1 mg/L, then the 
margin of safety for meeting a 3 mg/L total nitrogen effluent limit would be even less. This 
indicates the importance of characterizing dissolved organic nitrogen in the NSWWTP, which 
could impact the ability to meet a 3 mg/L total nitrogen effluent limit.  
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FIGURE 13 
Modifications to NSWWTP for Scenario 9 Nutrient Control (both modified UCT and A/O process are shown as a single bioreactor for simplicity) 

 



Figure 14 
Preliminary Layout of Facilities for 
Scenario 9 - NSWWTP
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5. Capital Cost Estimates   
This section discusses the approach and tool used for estimating capital cost and summarizes 
the capital cost results for implementing the nine scenarios of nutrient control.  

Budget-level cost estimates were developed for upgrading NSWWTP with the above mentioned 
process alternatives to meet the nine different scenarios of nutrient limits shown in Table 1. The 
following markups were used to estimate capital costs for each scenario:  

 Contractor overhead: 10 percent of the construction cost 
 Contractor profits: 5 percent of the construction cost 
 Contractor mobilization, bonds, and insurance: 5 percent of the construction cost 
 Contingency: 25 percent 

All estimates were prepared in accordance with the guidelines of the Association for the 
Advancement of Cost Engineering International. The estimates are defined as Class 4 estimates.  

Conceptual-level cost estimates were prepared from each scenario using CPES. CPES is a 
proprietary tool developed by CH2M HILL, capable of producing parametric facility designs. 
The tool allows users to select modules such as a pump station, an aeration tank, or a clarifier 
and input details or design criteria. Design criteria can vary from flow or loading rates to the 
desired days of storage, diameter, and number of chemical storage tanks. In the case of items 
such as the aeration tanks and clarifiers, the basic volumes or surface areas determined from the 
Pro2D modeling are further defined to detail out tank dimensions. Once all pertinent design 
criteria have been entered into CPES, material quantities and facility dimensions are calculated. 
The calculations include estimates of wall thickness, slab thickness, and unit process or building 
footprints to develop quantities of such things as concrete and excavation. All materials, 
equipment, and construction activities required to estimate costs are included. Material costs 
are applied to the estimated quantities. The material costs are updated in CPES at least once a 
year. Costs are escalated to a user-defined date based on historical cost trends. For the MMSD 
project, the costs were escalated from the last material cost update to December 31, 2011.   

Table 3 presents a summary of the major facility upgrade components identified for meeting the 
nine nutrient control scenarios. Table 4 presents a summary of the capital cost estimate for each 
scenario. Detailed breakdown of the capital costs for each scenario is provided in Appendix C. 
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TABLE 3 
Major Facility Upgrade Summary 

Facilities 
Scenarios 

1 2 3 4 5 6 7 8 9 

Metal Salt Storage and Feed Facility X X X X X X X X X 

Secondary Effluent Pump Station X X X X X X X X X 

Granular Media Filters X X X X X X X X X 

Backwash Pumps X X X X X X X X X 

Backwash Equalization X X X X X X X X X 

Rapid Mix System ---- ---- X ---- ---- X ---- ---- X 

Polymer Storage and Feed Facility ---- ---- X ---- ---- X ---- ---- X 

Flocculation Basin ---- ---- X ---- ---- X ---- ---- X 

Lamella Clarifiers ---- ---- X ---- ---- X ---- ---- X 

Existing tank modifications for 
biological nutrient removal, including 
baffle walls, mixers and mixed liquor 
recycle pumps 

---- ---- ---- X X X X X X 

Methanol Storage Facility ---- ---- ---- X X X X X X 

New Tanks ---- ---- ---- ---- ---- ---- X X X 

Blowers ---- ---- ---- ---- ---- ---- X ---- X 

Secondary Clarifiers ---- ---- ---- ---- ---- ---- X ---- X 

RAS & WAS Pump Station ---- ---- ---- ---- ---- ---- X ---- X 

MBR Facility ---- ---- ---- ---- ---- ---- ---- X ---- 

Yard piping associated with a remote 
location 

---- ---- ---- ---- ---- ---- X ---- X 

Primary clarifiers, excavation to allow 
gravity flow to remote location,  and 
flow splitting and junction boxes  

---- ---- ---- ---- ---- ---- X ---- X 
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TABLE 4 
Nine Springs Wastewater Treatment Plant Capital Cost Summary 

Facilities Markups 

Scenario 1 
TP Limit =  

0.225 mg/L P1 
TP Target =  
0.11 mg/L P 

Scenario 2 
TP Limit =  

0.130 mg/L P1 
TP Target = 
0.07 mg/L P 

Scenario 3 
TP Limit =  

0.075 mg/L P1 
TP Target =  
0.05 mg/L P 

Scenario 4 
Scenario 1 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 5 
Scenario 2 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 6 
Scenario 3 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 7 
Scenario 1 TP Plus 
Conventional BNR  

Act. Sludge 
TN Limit = 3 mg/L N  

TN Target = 2 mg/L N 

Scenario 8 
Scenario 2 TP Plus  

MBR BNR Act. Sludge
TN Limit = 3 mg/L N 

TN Target = 2 mg/L N 

Scenario 9 
Scenario 3 TP Plus 
Conventional BNR  

Act. Sludge 
TN Limit = 3 mg/L N 

TN Target = 2 mg/L N 

Metal Salt Storage and Feed Facility   $1,220,000 $1,220,000 $1,310,000 $1,220,000 $1,220,000 $1,310,000 $1,220,000 $1,220,000 $1,310,000 

Secondary Effluent Pump Station   $5,870,000 $5,870,000 $5,870,000 $5,870,000 $5,870,000 $5,870,000 $5,870,000 $4,930,000 $5,870,000 

Granular Media Filters   $17,010,000 $17,010,000 $17,010,000 $17,010,000 $17,010,000 $17,010,000 $17,010,000 $14,960,000 $17,010,000 

Backwash Pumps   $2,090,000 $2,090,000 $2,090,000 $2,090,000 $2,090,000 $2,090,000 $2,090,000 $1,940,000 $2,090,000 

Backwash Equalization   $1,730,000 $1,730,000 $1,730,000 $1,730,000 $1,730,000 $1,730,000 $1,730,000 $1,600,000 $1,730,000 

Rapid Mix System   ---- ---- $2,020,000 ---- ---- $2,020,000 ---- ---- $2,020,000 

Polymer Storage and Feed Facility   ---- ---- $550,000 ---- ---- $550,000 ---- ---- $550,000 

Flocculation Basin   ---- ---- $4,100,000 ---- ---- $4,100,000 ---- ---- $4,100,000 

Lamella Clarifiers   ---- ---- $7,670,000 ---- ---- $7,670,000 ---- ---- $7,670,000 

Existing basin modification for BNR, 
includes baffle walls, mixers and mixed 
liquor recycle pumps 

  ---- ---- 
---- $3,580,000 $3,580,000 $3,580,000 $3,560,000 $3,560,000 $3,560,000 

Methanol Storage Facility   ---- ---- ---- $990,000 $990,000 $990,000 $2,870,000 $2,870,000 $2,870,000 

New Basins   ---- ---- ---- ---- ---- ---- $6,260,000 $3,130,000 $6,260,000 

Blowers   ---- ---- ---- ---- ---- ---- $1,890,000 ---- $1,890,000 

Secondary Clarifiers   ---- ---- ---- ---- ---- ---- $2,900,000 ---- $2,900,000 

RAS and WAS Pump Station   ---- ---- ---- ---- ---- ---- $2,220,000 ---- $2,220,000 

MBR Facility   ---- ---- ---- ---- ---- ---- ---- $15,610,000 ---- 

Remote Location Adders for Options 7-9   ---- ---- ---- ---- ---- ---- ---- 

Yard Piping   ---- ---- ---- ---- ---- ---- $880,000 ---- $880,000 

Excavation, Primary Clarifiers   ---- ---- ---- ---- ---- ---- $3,820,000 ---- $3,820,000 

Flow Splitting and Junction Boxes   ---- ---- ---- ---- ---- ---- $300,000 ---- $300,000 

Subtotal  $27,920,000 $27,920,000 $42,350,000 $32,490,000 $32,490,000 $46,920,000 $52,620,000 $49,820,000 $67,050,000 
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TABLE 4 
Nine Springs Wastewater Treatment Plant Capital Cost Summary 

Facilities Markups 

Scenario 1 
TP Limit =  

0.225 mg/L P1 
TP Target =  
0.11 mg/L P 

Scenario 2 
TP Limit =  

0.130 mg/L P1 
TP Target = 
0.07 mg/L P 

Scenario 3 
TP Limit =  

0.075 mg/L P1 
TP Target =  
0.05 mg/L P 

Scenario 4 
Scenario 1 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 5 
Scenario 2 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 6 
Scenario 3 TP Plus  

TN Limit =  
10 mg/L N  

TN Target =  
7-8 mg/L N 

Scenario 7 
Scenario 1 TP Plus 
Conventional BNR  

Act. Sludge 
TN Limit = 3 mg/L N  

TN Target = 2 mg/L N 

Scenario 8 
Scenario 2 TP Plus  

MBR BNR Act. Sludge
TN Limit = 3 mg/L N 

TN Target = 2 mg/L N 

Scenario 9 
Scenario 3 TP Plus 
Conventional BNR  

Act. Sludge 
TN Limit = 3 mg/L N 

TN Target = 2 mg/L N 

Demolition  $300,000 $300,000 $300,000 $300,000 $300,000 $300,000 $300,000 $300,000 $300,000 

Overall Sitework2 
3.15% - 
3.18% 

$880,000 $880,000 $1,340,000 $1,030,000 $1,030,000 $1,490,000 $1,520,000 $1,580,000 $1,980,000 

Plant Computer System2 
1.42% - 
1.43% 

$400,000 $400,000 $610,000 $470,000 $470,000 $670,000 $690,000 $720,000 $900,000 

Yard Electrical2 
4.27% - 
4.28% 

$1,200,000 $1,200,000 $1,810,000 $1,390,000 $1,390,000 $2,010,000 $2,060,000 $2,140,000 $2,670,000 

Yard Piping2 
5.53% - 
5.63% 

$1,550,000 $1,550,000 $2,370,000 $1,810,000 $1,810,000 $2,630,000 $2,630,000 $2,790,000 $3,500,000 

Subtotal  $32,250,000 $32,250,000 $48,780,000 $37,490,000 $37,490,000 $54,020,000 $59,820,000 $57,350,000 $76,400,000 

Contractor Markups           

Overhead 10.0% $3,230,000 $3,230,000 $4,880,000 $3,750,000 $3,750,000 $5,410,000 $6,000,000 $5,740,000 $7,660,000 

Profit 5.0% $1,780,000 $1,780,000 $2,690,000 $2,070,000 $2,070,000 $2,980,000 $3,310,000 $3,160,000 $4,230,000 

Mob/Bonds/Insurance 5.0% $1,870,000 $1,870,000 $2,820,000 $2,170,000 $2,170,000 $3,130,000 $3,460,000 $3,320,000 $4,420,000 

Contingency 25.0% $9,790,000 $9,790,000 $14,800,000 $11,370,000 $11,370,000 $16,390,000 $18,160,000 $17,400,000 $23,170,000 

Escalation  2.8% $1,370,000 $1,370,000 $2,080,000 $1,600,000 $1,600,000 $2,300,000 $2,560,000 $2,440,000 $3,270,000 

Total Construction Cost  $50,290,000 $50,290,000 $76,050,000 $58,450,000 $58,450,000 $84,230,000 $93,310,000 $89,410,000 $119,150,000 

Non-Construction Costs           

Permitting 2% $1,010,000 $1,010,000 $1,530,000 $1,170,000 $1,170,000 $1,690,000 $1,720,000 $1,790,000 $2,240,000 

Engineering 8% $4,030,000 $4,030,000 $6,090,000 $4,680,000 $4,680,000 $6,740,000 $6,850,000 $7,160,000 $8,920,000 

Services During Construction 8% $4,030,000 $4,030,000 $6,090,000 $4,680,000 $4,680,000 $6,740,000 $6,850,000 $7,160,000 $8,920,000 

Commissioning and Startup 2% $1,010,000 $1,010,000 $1,530,000 $1,170,000 $1,170,000 $1,690,000 $1,720,000 $1,790,000 $2,240,000 

Total Non-Construction Cost  $10,080,000 $10,080,000 $15,240,000 $11,700,000 $11,700,000 $16,860,000 $17,140,000 $17,900,000 $22,320,000 

Total Project Capital Cost  $60,370,000 $60,370,000 $91,290,000 $70,150,000 $70,150,000 $101,090,000 $110,450,000 $107,310,000 $141,470,000 

Notes: 

1. The TP effluent limit in Scenarios 1 and 2 are assumed to be monthly phosphorus limits while the TP effluent limit in Scenario 3 is assumed to be an annual phosphorus limit.  

2. The percent mark-ups vary slightly with the complexity of the scenario. 

BNR = biological nutrient removal 
N = nitrogen 
P = phosphorus 
TN = total nitrogen 
TP = total phosphorus 
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TABLE 6 
NSWWTP O&M and Life Cycle Summary 
  Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

  

Capital Cost 
Including 

Contractor 
Markups 

Annual 
O&M Cost  

Life Cycle 
Cost (NPV)  
Rounded to 
the nearest 

$10,000 

Capital Cost 
Including 

Contractor 
Markups 

Annual 
O&M Cost  

Life Cycle 
Cost (NPV) 
Rounded to 
the nearest 

$10,000 

Capital Cost
Including 

Contractor 
Markups 

Annual O&M 
Cost  

Life Cycle Cost 
(NPV)  

Rounded to the 
nearest $10,000 

Capital Cost
Including 

Contractor 
Markups 

Annual 
O&M Cost  

Life Cycle 
Cost (NPV)  
Rounded to 
the nearest 

$10,000 

Capital Cost
Including 

Contractor 
Markups 

Annual O&M 
Cost  

Life Cycle 
Cost (NPV)  
Rounded to 
the nearest 

$10,000 

Granular Media Filter  $26,520,000 $58,448 $27,310,000 $26,520,000 $58,448 $27,310,000 $26,520,000 $58,437 $27,300,000 $26,520,000 $58,434 $27,300,000 $26,520,000 $58,434 $27,300,000 

Metal Salt Storage and Feed Facility $1,910,000 $9,797 $2,110,000 $1,910,000 $424,764 $7,620,000 $2,030,000 $888,201 $13,970,000 $1,910,000 $9,796 $2,110,000 $1,910,000 $424,763 $7,620,000 

Backwash Pumps $3,260,000 $38,134 $3,770,000 $3,260,000 $38,134 $3,770,000 $3,260,000 $38,132 $3,770,000 $3,260,000 $38,131 $3,770,000 $3,260,000 $38,131 $3,770,000 

Backwash Equalization Tanks $2,690,000 $52,861 $3,400,000 $2,690,000 $52,861 $3,400,000 $2,690,000 $52,859 $3,400,000 $2,690,000 $52,860 $3,400,000 $2,690,000 $52,860 $3,400,000 

Secondary Effluent Pump Station $9,150,000 $579,471 $16,940,000 $9,150,000 $579,471 $16,940,000 $9,150,000 $579,466 $16,940,000 $9,150,000 $579,465 $16,940,000 $9,150,000 $579,465 $16,940,000 

Lamella Clarifiers ---- ---- ---- ---- ---- ---- $11,960,000 $74,643 $12,950,000 ---- ---- ---- ---- ---- ---- 

Rapid Mix System ---- ---- ---- ---- ---- ---- $3,160,000 $30,307 $3,550,000 ---- ---- ---- ---- ---- ---- 

Flocculation Basin ---- ---- ---- ---- ---- ---- $6,390,000 $29,702 $6,780,000 ---- ---- ---- ---- ---- ---- 

Methanol Storage and Feed Facility ---- ---- ---- ---- ---- ---- ---- ---- ---- $1,550,000 $166,677 $3,790,000 $1,550,000 $166,677 $3,790,000 

Existing Basins Mixers and Mixed 
Liquor Recycle Pumps 

---- ---- ---- ---- ---- ---- ---- ---- ---- $5,570,000 $613,823 $13,820,000 $5,570,000 $613,823 $13,820,000 

New Basins Mixers and Mixed Liquor 
Recycle Pumps 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Blowers ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Membrane Bioreactors       ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Polymer Storage and Feed Facility ---- ---- ---- ---- ---- ---- $860,000 $394,213 $6,150,000 ---- ---- ---- ---- ---- ---- 

Secondary Clarifiers ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

RAS / WAS Pumps ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Primary Clarifiers, Yard Piping, and  
Flow Split 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Biosolids Processing ---- $13,173 $180,000 ---- $92,005 $1,240,000 ---- $175,647 $2,370,000 ---- ---- ---- ---- $38,684 $520,000 

Miscellaneous site, plant computer 
system, yard piping and electrical 

$6,760,000 $24,560 $7,090,000 $6,760,000 $24,560 $7,090,000 $10,030,000 $37,339 $10,530,000 $7,800,000 $28,609 $8,180,000 $7,800,000 $28,609 $8,180,000 

Plant Labor ---- $40,000 $540,000 ---- $40,000 $540,000  $80,000 $1,080,000 ---- $40,000 $540,000 ---- $40,000 $540,000 

SUBTOTAL $50,290,000 $816,444 $61,340,000 $50,290,000 $1,310,243 $67,910,000 $76,050,000 $2,438,947 $108,790,000 $58,450,000 $1,587,795 $79,850,000 $58,450,000 $2,041,446 $85,880,000 

Permitting $1,010,000 ---- ---- $1,010,000 ---- ---- $1,530,000 ---- ---- $1,170,000 ---- ---- $1,170,000 ---- ---- 

Engineering $4,030,000 ---- ---- $4,030,000 ---- ---- $6,090,000 ---- ---- $4,680,000 ---- ---- $4,680,000 ---- ---- 

Services During Construction $4,030,000 ---- ---- $4,030,000 ---- ---- $6,090,000 ---- ---- $4,680,000 ---- ---- $4,680,000 ---- ---- 

Commissioning and Startup $1,010,000 ---- ---- $1,010,000 ---- ---- $1,530,000 ---- ---- $1,170,000 ---- ---- $1,170,000 ---- ---- 

TOTAL $60,370,000 $816,444 $71,420,000 $60,370,000 $1,310,243 $77,990,000 $91,290,000 $2,438,947 $124,030,000 $70,150,000 $1,587,795 $91,550,000 $70,150,000 $2,041,446 $97,580,000 
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TABLE 6 
NSWWTP O&M and Life Cycle Summary 
  Scenario 6 Scenario 7 Scenario 8 Scenario 9 

  

Capital Cost 
Including Contractor 

Markups 

Annual O&M 
Cost  

Life Cycle Cost 
(NPV)  

Rounded to the 
nearest $10,000 

Capital Cost 
Including 

Contractor 
Markups 

Annual O&M 
Cost  

Life Cycle Cost 
(NPV)  

Rounded to the 
nearest $10,000 

Capital Cost 
Including 

Contractor 
Markups 

Annual O&M 
Cost  

Life Cycle Cost 
(NPV)  

Rounded to the 
nearest $10,000 

Capital Cost 
Including 

Contractor 
Markups 

Annual O&M 
Cost  

Life Cycle Cost 
(NPV)  

Rounded to the 
nearest $10,000 

Granular Media Filter  $26,520,000 $58,441 $27,280,000 $26,520,000 $58,438 $27,300,000 $23,330,000 $50,021 $24,000,000 $26,510,000 $58,433 $27,300,000 

Metal Salt Storage and Feed Facility $2,030,000 $888,202 $13,970,000 $1,910,000 $9,796 $2,110,000 $1,910,000 $424,763 $7,620,000 $2,030,000 $888,201 $13,970,000 

Backwash Pumps $3,260,000 $38,133 $3,770,000 $3,260,000 $37,023 $3,770,000 $3,020,000 $34,908 $3,490,000 $3,260,000 $38,131 $3,770,000 

Backwash Equalization Tanks $2,690,000 $52,860 $3,400,000 $2,690,000 $52,523 $3,400,000 $2,490,000 $42,369 $3,060,000 $2,690,000 $52,859 $3,400,000 

Secondary Effluent Pump Station $9,150,000 $579,468 $16,940,000 $9,150,000 $579,466 $16,940,000 $7,680,000 $479,989 $14,130,000 $9,150,000 $579,464 $16,940,000 

Lamella Clarifiers $11,960,000 $74,649 $12,950,000 ---- ---- ---- ---- ---- ---- $11,950,000 $74,637 $12,950,000 

Rapid Mix System $3,160,000 $30,307 $3,550,000 ---- ---- ---- ---- ---- ---- $3,160,000 $30,306 $3,550,000 

Flocculation Basin $6,390,000 $29,703 $6,780,000 ---- ---- ---- ---- ---- ---- $6,390,000 $29,700 $6,780,000 

Methanol Storage and Feed Facility $1,550,000 $166,678 $3,790,000 $4,470,000 $1,946,227 $30,630,000 $4,470,000 $1,946,227 $30,630,000 $4,470,000 $1,946,226 $30,630,000 

Existing Basins Mixers and Mixed Liquor 
Recycle Pumps 

$5,570,000 $613,826 $13,820,000 $5,550,000 $457,990 $11,700,000 $5,550,000 $457,990 $11,700,000 $5,550,000 $457,986 $11,700,000 

New Basins Mixers and Mixed Liquor Recycle 
Pumps 

---- ---- ---- $9,760,000 $119,276 $11,360,000 $4,870,000 $41,832 $5,440,000 $9,760,000 $119,275 $11,360,000 

Blowers ---- ---- ---- $2,940,000 $222,327 $5,930,000    $2,940,000 $222,162 $5,930,000 

Membrane Bioreactors ---- ---- ---- ---- ---- ---- $24,350,000 $745,178 $34,350,000 ---- ---- ---- 

Polymer Storage and Feed Facility $860,000 $394,213 6150000 ---- ---- ---- ---- ---- ---- $860,000 $394,214 $6,150,000 

Secondary Clarifiers ---- ---- ---- $4,530,000 $11,367 $4,680,000 ---- ---- ---- $4,530,000 $11,366 $4,680,000 

RAS / WAS Pumps ---- ---- ---- $3,470,000 $27,365 $3,840,000 ---- ---- ---- $3,470,000 $27,365 $3,840,000 

Primary Clarifiers, Yard Piping, and Flow Split ---- ---- ---- $7,800,000 $22,044 $8,110,000 ---- ---- ---- $7,800,000 $22,044 $8,110,000 

Biosolids Processing ---- $60,640 $820,000 $0 $0 $0 $0 $50,185 $680,000 ---- $87,823 $1,190,000 

Miscellaneous site, plant computer system, yard 
piping and electrical 

$11,090,000 $41,398 $11,630,000 $11,260,000 $37,259 $12,120,000 $11,740,000 $44,042 $12,340,000 $14,630,000 $50,431 $14,070,000 

Plant Labor  $80,000 $1,080,000  $80,000 $1,080,000  $80,000 $1,080,000  $80,000 $1,080,000 

SUBTOTAL $84,230,000 $3,108,518 $125,930,000 $93,310,000 $3,661,101 $142,970,000 $89,410,000 $4,397,504 $148,520,000 $119,150,000 $5,170,625 $187,400,000 

Permitting $1,690,000 ---- ---- $1,720,000 ---- ---- $1,790,000 ---- ---- $2,240,000 ---- ---- 

Engineering $6,740,000 ---- ---- $6,850,000 ---- ---- $7,160,000 ---- ---- $8,920,000 ---- ---- 

Services During Construction $6,740,000 ---- ---- $6,850,000 ---- ---- $7,160,000 ---- ---- $8,920,000 ---- ---- 

Commissioning & Startup $1,690,000 ---- ---- $1,720,000 ---- ---- $1,790,000 ---- ---- $2,240,000 ---- ---- 

TOTAL $101,090,000 $3,108,518 $142,790,000 $110,450,000 $3,661,101 $160,110,000 $107,310,000 $4,397,504 $166,420,000 $141,470,000 $5,170,625 $209,720,000 
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TABLE 7 
Detailed O&M Costs for Scenario 1 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge 

Processing 
Repair and 

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,643 $58,448 

Metal Salt Storage and 
Feed Facility 

---- ---- $5,904 ---- ---- $3,893 $9,797 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,274 $38,134 

Backwash Equalization 
Tanks 

---- $50,344 $165 ---- ---- $2,352 $52,861 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,032 $579,471 

Biosolids Processing ---- ---- ---- ---- $13,173 ---- $13,173 

Miscellaneous site, plant 
computer system, yard 
piping and electrical 

---- ---- ---- ---- ---- $24,560 $24,560 

Plant Labor $40,000 ---- ---- ---- ---- ---- $40,000 

Total O&M Costs $40,000 $629,932 $22,585 $0 $13,173 $110,754 $816,444 

Percent of Total  
O&M Cost 

4.9 77.2 2.8 0.0 1.6 13.6 100.0 

 

TABLE 8 
Detailed O&M Costs for Scenario 2 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,643 $58,448 

Metal Salt Storage and 
Feed Facility 

---- $5,500 $5,904 $409,467  $3,893 $424,764 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,274 $38,134 

Backwash Equalization 
Tanks 

---- $50,344 $165 ---- ---- $2,352 $52,861 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,032 $579,471 

Biosolids Processing ---- ---- ---- ---- $92,005 ---- $92,005 

Miscellaneous site, plant 
computer system, yard 
piping and electrical 

---- ---- ---- ---- ---- $24,560 $24,560 

Plant Labor $40,000 ---- ---- ---- ---- ---- $40,000 

Total O&M Costs $40,000 $635,432 $22,585 $409,467 $92,005 $110,754 $1,310,243 

Percent of Total  
O&M Cost 

3.1 48.5 1.7 31.3 7.0 8.5 100.0 
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TABLE 9 
Detailed O&M Costs for Scenario 3 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,632 $58,437 

Metal Salt Storage and 
Feed Facility 

---- $7,615 $5,965 $870,171 ---- $4,450 $888,201 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,272 $38,132 

Backwash Equalization 
Tanks 

---- $50,344 $165 ---- ---- $2,351 $52,859 

Lamella Clarifiers ---- $3,384 ---- ---- ---- $71,259 $74,643 

Rapid Mix System ---- $21,153 $4,932 ---- ---- $4,222 $30,307 

Flocculation Basin ---- $13,538 $178 ---- ---- $15,987 $29,702 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,027 $579,466 

Polymer Storage and Feed 
Facility 

---- $2,538 $3,463 $387,152 ---- $1,060 $394,213 

Biosolids Processing ---- ---- ---- ---- $175,647 ---- $175,647 

Miscellaneous site, plant 
computer system, yard 
piping and electrical 

---- ---- ---- ---- ---- $37,339 $37,339 

Plant Labor $80,000 ---- ---- ---- ---- ---- $80,000 

Total O&M Costs $80,000 $678,160 $31,218 $1,257,323 $175,647 $216,599 $2,438,947 

Percent of Total O&M 
Cost 

3.3 27.8 1.3 51.6 7.2 8.9 100.0 

 

TABLE 10 
Detailed O&M Costs for Scenario 4 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,629 $58,434 

Metal Salt Storage and Feed 
Facility 

---- ---- $5,904 ---- ---- $3,892 $9,796 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,271 $38,131 

Backwash Equalization Tanks ---- $50,344 $165 ---- ---- $2,351 $52,860 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,026 $579,465 

Existing Basins Mixers and 
Mixed Liquor Recycle Pumps 

---- $592,280 ---- ---- ---- $21,543 $613,823 

Methanol Storage and Feed 
Facility 

---- $5,077 $6,368 $152,810 ---- $2,422 $166,677 

Biosolids Processing ---- ---- ---- ---- $0 ---- $0 

Miscellaneous site, plant 
computer system, yard piping 
and electrical 

---- ---- ---- ---- ---- $28,609 $28,609 

Plant Labor $40,000 ---- ---- ---- ---- ---- $40,000 

Total O&M Costs $40,000 $1,227,289 $28,953 $152,810 $0 $138,743 $1,587,795 

Percent of Total O&M Cost 2.5 77.3 1.8 9.6 0.0 8.7 100.0 
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TABLE 11 
Detailed O&M Costs for Scenario 5 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,629 $58,434 

Metal Salt Storage and Feed 
Facility 

---- $5,500 $5,904 $409,467 ---- $3,892 $424,763 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,271 $38,131 

Backwash Equalization Tanks ---- $50,344 $165 ---- ---- $2,351 $52,860 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,026 $579,465 

Existing Basins Mixers and 
Mixed Liquor Recycle Pumps 

---- $592,280 ---- ---- ---- $21,543 $613,823 

Methanol Storage and Feed 
Facility 

---- $5,077 $6,368 $152,810 ---- $2,422 $166,677 

Biosolids Processing ---- ---- ---- ---- $38,684 ---- $38,684 

Miscellaneous Site, plant 
computer system, yard piping 
and electrical 

---- ---- ---- ---- ---- $28,609 $28,609 

Plant Labor $40,000 ---- ---- ---- ---- ---- $40,000 

Total O&M Costs $40,000 $1,232,789 $28,953 $562,277 $38,684 $138,743 $2,041,446 

Percent of Total O&M Cost 2.0 60.4 1.4 27.5 1.9 6.8 100.0 

 
TABLE 12 
Detailed O&M Costs for Scenario 6 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,636 $58,441 

Metal salt storage and feed 
facility 

---- $7,615 $5,965 $870,171 ---- $4,451 $888,202 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,272 $38,132 

Backwash Equalization Tanks ---- $50,344 $165 ---- ---- $2,351 $52,860 

Lamella Clarifiers ---- $3,384 ---- ---- ---- $71,265 $74,649 

Rapid Mix System ---- $21,153 $4,932 ---- ---- $4,222 $30,307 

Flocculation Basin ---- $13,538 $178 ---- ---- $15,988 $29,703 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,029 $579,468 

Polymer storage and feed 
facility 

---- $2,538 $3,463 $387,152 ---- $1,060 $394,213 

Existing Basins Mixers and 
Mixed Liquor Recycle Pumps 

---- $592,280 ---- ---- ---- $21,546 $613,826 

Methanol Storage and Feed 
Facility 

---- $5,077 $6,368 $152,810 ---- $2,423 $166,678 

Biosolids Processing ---- ---- ---- ---- $60,640 ---- $60,640 

Miscellaneous site, plant 
computer system, yard piping 
and electrical 

---- ---- ---- ---- ---- $41,398 $41,398 

Plant Labor $80,000 ---- ---- ---- ---- ---- $80,000 

Total O&M Costs $80,000 $1,275,517 $37,587 $1,410,133 $60,640 $244,641 $3,108,518 

Percent of Total O&M Cost 2.6 41.0 1.2 45.4 2.0 7.9 100.0 
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TABLE 13 
Detailed O&M Costs for Scenario 7 

Facilities Labor 
Equipment 

Power 
Building 
Electrical

Chemicals
Sludge  

Processing 
Repair and 

Maintenance
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,633 $58,438 

Metal Salt Storage and Feed Facility ---- ---- $5,904 $0 ---- $3,892 $9,796 

Backwash Pumps ---- $23,268 $6,109 ---- ---- $7,646 $37,023 

Backwash Equalization Tanks ---- $50,344 $165 ---- ---- $2,014 $52,523 

Secondary Effluent Pump Station ---- $548,282 $8,157 ---- ---- $23,027 $579,466 

Methanol Storage and Feed Facility ---- $9,307 $14,386 $1,909,866 ---- $12,667 $1,946,227

Existing Basins Mixers and Mixed 
Liquor Recycle Pumps 

---- $439,979 ---- ---- ---- $18,011 $457,990 

New Basins Mixers and Mixed Liquor 
Recycle Pumps 

---- $107,456 ---- ---- ---- $11,820 $119,276 

Blowers ---- $211,528 $3,628 ---- ---- $7,171 $222,327 

Secondary Clarifiers ---- $3,808 ---- ---- ---- $7,559 $11,367 

RAS / WAS Pumps ---- $20,307 ---- ---- ---- $7,058 $27,365 

Primary Clarifiers ---- $8,884 $266 ---- ---- $12,894 $22,044 

Biosolids Processing ---- ---- ---- ---- ---- ---- $0 

Miscellaneous Site, plant computer 
system, yard piping and electrical 

---- ---- ---- ---- ---- $37,259 $37,259 

Plant Labor $80,000 ---- ---- ---- ---- ---- $80,000 

Total O&M costs $80,000 $1,431,202 $40,382 $1,909,866 $0 $199,651 $3,661,101

Percent of total O&M cost 2.2 39.1 1.1 52.2 0.0 5.5 100.0 

 

TABLE 14 
Detailed O&M Costs for Scenario 8 

Facilities Labor 
Equipment  

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing
Specialty  

Items 
Repair and 

Maintenance 
Total 

Granular Media 
Filter  

---- $6,769 $1,665 ---- ----  $41,587 $50,021 

Metal Salt Storage 
and Feed Facility 

---- $5,500 $5,904 $409,467 ----  $3,892 $424,763 

Backwash Pumps ---- $21,153 $6,109 ---- ----  $7,646 $34,908 

Backwash 
Equalization Tanks 

---- $40,190 $165 ---- ----  $2,014 $42,369 

Secondary Effluent 
Pump Station 

---- $453,940 $6,853 ---- ----  $19,196 $479,989 

Methanol Storage 
and Feed Facility 

---- $9,307 $14,386 $1,909,866 ----  $12,667 $1,946,227 

Existing Basins 
Mixers and Mixed 
Liquor Recycle 
Pumps 

---- $439,979 ---- ---- ----  $18,011 $457,990 

New Basins Mixers 
and Mixed Liquor 
Recycle Pumps 

---- $30,037 ---- ---- ----  $11,795 $41,832 

Membrane 
Bioreactors 

---- $152,724 $17,805 $254,008 ---- $161,072 $159,569 $745,178 
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TABLE 14 
Detailed O&M Costs for Scenario 8 

Facilities Labor 
Equipment  

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing
Specialty  

Items 
Repair and 

Maintenance 
Total 

Biosolids 
Processing 

---- ---- ---- ---- $50,185  ---- $50,185 

Miscellaneous site, 
plant computer 
system, yard piping 
and electrical 

---- ---- ---- ---- ----  $44,042 $44,042 

Plant Labor $80,000 ---- ---- ---- ----  ---- $80,000 

Total O&M costs $80,000 $1,159,600 $52,887 $2,573,341 $50,185  $320,419 $4,397,504 

Percent of total 
O&M cost 

1.8 26.4 1.2 58.5 1.1  7.3 96.3 

 

TABLE 15 
Detailed O&M Costs for Scenario 9 

Facilities Labor 
Equipment 

Power 
Building 
Electrical 

Chemicals 
Sludge  

Processing 
Repair and  

Maintenance 
Total 

Granular Media Filter  ---- $8,038 $1,767 ---- ---- $48,628 $58,433 

Metal Salt Storage and Feed 
Facility 

---- $7,615 $5,965 $870,171 ---- $4,450 $888,201 

Backwash Pumps ---- $23,268 $6,592 ---- ---- $8,271 $38,131 

Backwash Equalization Tanks ---- $50,344 $165 ---- ---- $2,351 $52,859 

Lamella Clarifiers ---- $3,384 ---- ---- ---- $71,253 $74,637 

Rapid Mix System ---- $21,153 $4,932 ---- ---- $4,221 $30,306 

Flocculation Basin ---- $13,538 $178 ---- ---- $15,985 $29,700 

Secondary Effluent Pump 
Station 

---- $548,282 $8,157 ---- ---- $23,025 $579,464 

Methanol Storage and Feed 
Facility 

---- $9,307 $14,386 $1,909,866 ---- $12,666 $1,946,226 

Existing Basins Mixers and 
Mixed Liquor Recycle Pumps 

---- $439,979 ---- ---- ---- $18,007 $457,986 

New Basins Mixers and Mixed 
Liquor Recycle Pumps 

---- $107,456 ---- ---- ---- $11,819 $119,275 

Blowers ---- $211,528 $3,463 ---- ---- $7,171 $222,162 

Polymer Storage and Feed 
Facility 

---- $2,538 $3,463 $387,152 ---- $1,060 $394,214 

Secondary Clarifiers ---- $3,808 ---- ---- ---- $7,559 $11,366 

RAS / WAS Pumps ---- $20,307 ---- ---- ---- $7,058 $27,365 

Primary Clarifiers ---- $8,884 $266 ---- ---- $12,894 $22,044 

Biosolids Processing ---- ---- ---- ---- $87,823 ---- $87,823 

Miscellaneous Site, Plant 
computer system, Yard piping 
and Electrical 

---- ---- ---- ---- ---- $50,431 $50,431 

Plant Labor $80,000 ---- ---- ---- ---- ---- $80,000 

Total O&M costs $80,000 $1,479,430 $49,335 $3,167,190 $87,823 $306,848 $5,170,625 

Percent of total O&M cost 1.5 28.6 1.0 61.3 1.7 5.9 100.0 
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7. Greenhouse Gas Emissions 
Greenhouse gas (GHG) emissions from operating the selected process upgrades for meeting the 
nine scenarios of nutrient limits were calculated using the GHG calculation module, also 
developed by CH2M HILL. The GHG emission estimates represent the increase over baseline 
emissions from the existing NSWWTP with planned 11th addition modifications. Both the 
parametric facility design and life cycle analysis modules in CPES (explained in previous 
sections) are linked to the GHG calculation module. Thus, the values obtained from the 
parametric facility design and life cycle modules are directly imported into the GHG module so 
that emissions from O&M can be quantified. As described for the O&M cost estimating, the 
GHG emission estimates represent the net increase associated with the nutrient limit scenarios 
and not the total NSWWTP GHG emissions. GHG emissions from the following sources were 
estimated for operating the facility: 

 Power usage 
 Chemical production and transportation 
 Biosolids hauling and land application 
 Process emissions from wastewater treatment   

As with the O&M cost estimates, GHG estimates are based on year 2025 because this is the 
midpoint, which approximates the average, of the selected 20-year planning period. In order to 
compare emissions from different sources, all emissions were converted to carbon dioxide 
equivalents or CO2e because this is an international standard. The two factors below in Table 16 
are the global warming potentials (GWP) for carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (N2O). By multiplying each gas by its GWP, that gas was converted to CO2e.  

TABLE 16 
Global Warming Potential 

Gas Global Warming Potential (GWP) 

CO2 1 

CH4 21 

N2O 310 

Source: California Climate Action Registry, General Reporting Protocol, Reporting Entity Wide Greenhouse Gas 
Emissions, Version 3.0, April 2008 

Both direct and indirect emissions as well as optional indirect emissions were estimated. Direct 
emissions are GHG sources that the entity directly owns or controls. These emissions are put 
into four categories: stationary combustion, mobile combustion, process-related, and fugitive 
emissions. Indirect emissions are a result of the purchase and consumption of electricity. 
Although these emissions are outside the organization’s boundary, most reporting protocols 
require quantification of these emissions in order to provide incentives for energy efficiency and 
conservation. All transportation associated with hauling and delivery of materials is categorized 
as optional indirect emissions.  

Table 17 describes the emission factors for mobile combustion emissions that were used for this 
study.   
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TABLE 17 
Emission Factors for Mobile Combustion  

Item Value 

CO2 Emission Factor (lbs/gal) 21.958 

CH4 Emission Factor (tons/mile) 5.51X10-6 

N2O Emission Factor (tons/mile) 6.61X10-6 

Source: California Climate Action Registry, General Reporting Protocol, Reporting Entity Wide Greenhouse Gas 
Emissions, Version 3.0, April 2008 

The purchase of electricity must be considered when accounting for the GHG emissions of a 
facility under most globally accepted reporting protocols. To determine the total CO2e from the 
purchase of electricity, U.S. Environmental Protection Agency’s (EPA) eGRID data that 
averages emission factors for 26 sub regions across the United States were used. Table 18 
presents the emission factors used in this study.   

TABLE 18 
Emission Factors for Electrical Consumption 

Emission Factor Value (lbs/MWh) 

CO2 1363.00 

CH4 0.0196 

N2O 0.0298 

Source: Environmental Protection Agency Climate Leaders, Greenhouse Gas Inventory Protocol Core Guidance 
Module, Indirect Emissions from Purchases/Sales of Electricity and Steam, June 2008. 

Table 19 provides a summary of the net increase in GHG emissions associated with operations 
to meet the nine nutrient limit scenarios.  

It should be noted that although Scenario 1, 4 and 7 have the same total phosphorus limits, the 
higher SRT required for meeting the total nitrogen limits while minimizing additional aeration 
tank volume resulted in a model prediction of no net increase in solids production versus the 
base case. This is why the estimated GHG emissions from biosolids transportation and land 
application are noted as zero for Scenarios 4 and 7 and why they are lower in Scenarios 5, 6, 8, 
and 9 compared to Scenarios 2 and 3.  
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TABLE 19 
GHG Emissions Estimates for the Nine Scenarios of Nutrient Limits 

 Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

Scenario 
6 

Scenario 
7 

Scenario 
8 

Scenario 
9 

Annual emissions from electrical usage, 
tons CO2e/year 

5,861 5,861 6,338 11,220 11,220 11,697 12,864 10,848 13,715 

Annual emissions from chemical usage, 
tons CO2e/year (includes production and 
transportation)  

0 222 738 209 431 841 2,508 3,009 3,249 

Annual emissions from biosolids 
transportation and land application, tons 
CO2e/year 

14 102 194 0 44 70 0 60 98 

Annual process emissions from 
wastewater treatment process, tons 
CO2e/year 

0 0 0 673 673 673 673 673 673 

Total 5,875 6,185 7,270 12,102 12,368 13,281 16,045 14,590 17,753 

 

8. Ancillary Benefits Comparison between Scenarios  
The removal efficiencies of CECs during wastewater treatment are complex. More than 
85,000 compounds with highly diverse physical-chemical characteristics (i.e., polarity, 
molecular weight, solubility, pKa, etc.) were identified as CECs (Snyder et.al. 2007). Physical-
chemical properties of CECs were found as the main factor that dictates their removal 
efficiencies. Complete physical-chemical properties of most CECs are unfortunately unknown 
which makes evaluating the fate of most CECs during wastewater treatment a difficult task. 
Recent research has focused on 50 to 80 CECs  that are frequently detected in wastewater 
effluents with known physical-chemical properties. Because Henry’s coefficient is relatively low 
for nearly all CECs, volatilization has very little or no impact for the removal of the CECs. 
Recent research indicates that two major mechanisms play key roles for the removal of the 
CECs during activated sludge treatment.   

1. Biodegradation/biotransformation 
2. Sorption/adsorption 

Biodegradation/Biotransformation 
Because CECs usually are insufficient in concentration (as low as few ng/L), to provide a 
primary substrate for the growth of microorganisms, CECs are cometabolized.  SRT and 
temperature are the primary parameters that influence biodegradation of the CECs. Studies 
have shown that activated sludge systems with longer SRTs (i.e., more than 8 days) remove 
greater amounts of CECs than at shorter SRT (i.e., less than 2 days) (Ternes and Joss, 2006). 
Increased CEC removal efficiencies were observed as SRT increased from 1 day to 12 days. 
Between 12 days and 25 days SRT, the removal efficiencies of the majority of CECs were 
unchanged but slight improvements were observed on removal efficiencies of slowly 
biodegradable compounds such as TCEP and musk ketone (Stephenson and Oppenheimer 
(2007). 

In another study, a clear relationship was not found between CEC removal and SRT, but one 
facility having the longest SRT and employing nitrification and denitrification, as well as 
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biological phosphorus removal, achieved the highest removal of EDCs among all the plants 
(Drewes et al., 2006). Nitrifying bacteria can transform ethynylestradiol into daughter 
compounds due to the cometabolic activity of ammonia monooxygenase (AMO) that can 
concurrently degrade ethynylestradiol and ammonia-nitrogen (NH3-N) (Yi and Harper, 2007). 
Since nitrifiers are slow-growing autotrophic bacteria, this finding might support the benefit of 
long SRTs on the removal of CECs in the activated sludge system.  

In this evaluation, Scenarios 1 through 3 provide a total SRT of 10 to 11 days  and Scenarios 4 
through 9 provide a total SRT of 15 days to achieve biological nitrogen removal. The SRT is 
adequate to effectively remove biodegradable CECs (i.e., acetaminophen, DEET, 17- alpha-
estradiol) in all nine scenarios. Because the SRT values are very similar to current operation for 
Scenarios 1 through 3, Scenarios 1 through 3 would not be expected to biodegrade more CECs 
than current conditions. On the other hand, longer SRTs (15 days) employed in Scenarios 4 
through 9 are expected to enhance removal of slowly biodegradable CECs (i.e., TECP, triclosan, 
etc.) compared with current operating conditions and Scenarios 1 through 3.  

Certain CECs (i.e., sulfamethoxazole, diclofenac, and propyphenazone) can be effectively 
removed under anaerobic/anoxic conditions compared with fully aerobic conditions 
(Grady et al. 1999, Williams et al. 2009, Hai et al. 2011).  Diverse redox conditions (oxic to anoxic) 
maintained in riverbank filtration studies improved the removal efficiencies for tested CECs 
(Drewes et al. 2009).  Incorporating anoxic zones to meet a TN limit is expected to improve CEC 
removal efficiencies (Scenarios 4 through 9).  Scenarios 7 through 9 utilize a two stage anoxic 
process with methanol addition to meet a stringent effluent TN limit  of  3 mg/L. Increased 
anoxic SRT might provide an additional means for transformation and removal of CECs that are 
better removed in anoxic conditions.   

Sorption/Adsorption 
CECs with a high octonal water partition coefficient (log Kow greater than 3) (i.e., 17-a estradiol, 
17b-estradiol, fluoxetine, gemfibrozil) can be adsorbed by the MLSS sludge and can be removed 
during solids removal processes (i.e., sedimentation and filtration). Takigami et al., 2000 showed 
that sorption of CECs on colloidal organic material was important for removal of hormones 
using a conventional-activated sludge system. Takigami reported that hormones can be 
adsorbed onto biosolids, as the primary removal mechanism, with the 17b-estradiol 
concentration of the biosolids being three orders of magnitude greater than the secondary 
effluent concentration. However, the operating SRT was relatively short (as low as 2 days) 
thereby minimizing the biodegradation/biotransformation removal mechanism. Most naturally 
occurring hormones can be removed efficiently (that is, 90 percent or higher) using 
conventional-activated sludge and MBR systems (Holbrook et al, 2002). Because the highest 
estrogenic activity was found in the digested biosolids, it is suggested that these compounds 
sorb to suspended solids before significant biodegradation occurs (Holbrook et al., 2002. 
Holbrook et.al. also reported higher removal of diclofenac, indomethacin, and some other acidic 
PhACs (clofibric acid, ibuprofen, ketoprofen, and gemfibrozil) during conventional-activated 
sludge and MBR treatment in acidic operating conditions. It was postulated that this was due to 
their increased hydrophobicity at acidic pH which resulted in adsorption of these compounds 
on to the sludge particles.  

The literature concured that MBR and conventional-activated sludge systems operated under 
identical SRT and temperature perform similarly for removal of majority of trace contaminants 
(WERF, 2011). Conversely, it was found that CECs with a high octanol-water partition 
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coefficient (log Kow greater than 3 to 5) (i.e., 17-a estradiol, 17b-estradiol, fluoxetine, and 
gemfibrozil) (Holbrook et al., 2002; Mansell et al., 2005, Erdal et.al. 2009) can be more effectively 
removed in MBR systems than conventional-activated sludge systems. Conventional-activated 
sludge systems select for microorganisms that are well flocculated. MBRs, on the other hand, 
retain all microorganisms and small flocs regardless of their settling properties. Therefore, 
MBRs generate smaller flocs. Additionally, MBR flocs are subjected to erosion because of a 
higher MLSS concentration and increased shear (Schwarz et al. 2006). The smaller floc sizes and 
particle diameters in MBRs enhance adsorption of hydrophobic compounds (reflected in high 
Kow) onto MBR MLSS. Because membranes used in MBR systems are very effective barriers to 
the particles, the trace contaminants adsorbed by the MLSS can be effectively removed in the 
MBR systems. This explains why MBR exhibits better removal efficiencies than conventional-
activated sludge for the removal of hydrophobic compounds (i.e., fluoxetine, Triclosan) under 
identical SRTs.  

Activated sludge systems are generally very ineffective for removal of CECs that are 
nonbiodegradable and having logKow (less than 1) such as Diclofenac, Iopromide, X-ray 
contrast media.  

In Scenario 8, a small portion of wastewater is treated through MBR, which will enhance 
removal of hydrophobic CECs (log Kow greater than 3), such as 17-alpha estradiol, 17-beta-
estradiol, fluoxetine, and gemfibrozil. The research conducted by Snyder et al. (2007) has shown 
that coagulation, flocculation, and settling contribute removal of CECs with high log Kow and 
high dipole moment and zeta potential due to sorption to particles and electrostatic interaction. 
Scenarios 3,  6, and 9 incorporate coagulation, flocculation, and settling that might enhance 
removal of certain CECs (log Kow>3 ). In addition, coagulation, flocculation, and settling 
enhance removal of many metals, including mercury.  

All nine scenarios have UV disinfection, which has been found to be ineffective for the removal 
of most CECs at typical disinfection doses (i.e., 100 mJ/cm2 or less) used in wastewater 
applications (Snyder, 2007). Therefore, very little or no impact of UV disinfection on the CEC 
removal is expected. The literature shows that UV disinfection is able to remove compounds 
(i.e., nitrosamines) with high photocathalitic-oxidation capability.  This is not likely relevant at 
the NSWWTP because none of the process scenarios can generate nitrosamines, which are 
disinfection byproducts that occur when chlorine reacts with ammonia containing compounds.  

A secondary benefit of membrane filtration, evaluated for Scenario 8 but equally applicable if 
membranes were used for Scenario 7 and 9, is improved removal of pathogens. Fecal coliform 
counts may be 10 to 20 for membranes without disinfection. Although membrane pores are not 
small enough to remove viruses, viruses tend to adhere to solids and therefore only the percent 
that are free floating would be small enough to pass through. In addition to free-floating viruses 
passing through membrane pores, it is possible for membrane integrity to be compromised due 
to factors such as fiber breakage or O-ring leakage. To provide a secondary barrier against 
pathogens, typically one would still have to disinfect unless it could be proven to the regulator 
through analyses that disinfection is not needed.  
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Appendix A 

NSWWTP Treatment Alternatives Evaluation for 
Nine Combinations of Phosphorus and  

Nitrogen Effluent Limits 





















 

 

Appendix B 
PRO2D Modeling Details 















































































































 

 

Appendix C 

Capital Cost Details 
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