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1.0 EXECUTIVE SUMMARY 

1.1 Purpose 

The City of Wichita Department of Public Works & Utilities (City) uses a Business Case Evaluation 

(BCE) process to aid in decision making for important and significant capital investments.  The BCE 

process provides a repeatable framework for evaluating asset rehabilitation, renewal, or replacement 

activities.  Within the process, alternatives and feasible solutions are evaluated with respect to economic 

and non-economic criteria, such as financial, environmental, and community considerations.  The goal of 

the BCE is to provide consistent and defendable decisions regarding capital investments that align with 

the City’s strategic plans, as well as are in the best interests of the City’s customers. 

1.2 Introduction and Project Background 

The City of Wichita operates five wastewater treatment facilities which provide treatment for their service 

areas. The facilities are summarized below: 

• Plant 1 – Grove Street Pump Station 

• Plant 2 – Lower Arkansas River Water Quality Reclamation Facility 

• Plant 3 – Cowskin Creek Water Quality Reclamation Facility 

• Plant 4 – Four Mile Creek Regional Wastewater Facility  

• Plant 5 – Mid-Continent Wastewater Treatment Facility 

Plants 1, 2, and 5 are hydraulically connected, discharging within the Lower Arkansas River basin. Plants 

1 and 2 flows are combined for treatment at the Plant 2 facility and subsequent discharge into the 

Arkansas River receiving stream.  Plant 5 discharges into the Cowskin Creek receiving stream.  Plant 5 is 

currently offline.  

While liquid is primarily treated at Plants 2 and 5, solids are treated in multiple locations. Screened 

material and grit is removed via the Plant 1 headworks and Plant 2 headworks, respectively, for disposal, 

with all biosolids processed at Plant 2. Screened material is removed at Plant 5 headworks and biosolids 

are then conveyed via pipe to Plant 2 for processing. 

1.3 Improvement Alternatives and Cost Estimating 

As part of the Process Definition and Concept Design of Wastewater Reclamation Facilities [“BNR 

Study”] project, information was collected and evaluated for development of the Facilities Alternatives 

Report [Part A] and the Treatment Alternatives Report [Part B]. As a result of the Part A and Part B 

activities, a variety of scenarios were evaluated for implementation at Plants 1, 2, and 5 to meet the BNR 

requirements of KDHE by the year 2028.  Plants 1, 2, and 5 have a total design peak capacity of 97 
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million gallons per day (MGD), with a permitted treatment capacity of 54 MGD. Six unique facility 

scenarios were originally considered as part of the BNR Concept and were reduced to three through a 

collaborative evaluation process with the City in Part A of the project.  Combining the Part B evaluation 

of the processes resulted in 25 distinctive configurations using five different treatment processes deemed 

as most feasible and thus, were further evaluated to meet the total nitrogen (TN) and total phosphorus 

(TP) limits across the three plants.   

Three different treatment technologies were considered for Plant 2, either with or without sidestream 

treatment for nitrogen removal or phosphorus recovery. Two different treatment technologies were 

considered for Plant 5.  The five treatment technologies, as detailed in the Treatment Alternatives Report 

[Part B], include: 

Plant 2 

¶ Anaerobic-Anoxic-Oxic Activated Sludge (A2O) Treatment Process 

¶ Membrane Aerated Biofilm Reactor (MABR) Treatment Process 

¶ Mobile Organic Biofilm (MOB) Treatment Process 

Plant 5 

¶ Aerobic Granular Sludge (AGS) Treatment Process  

¶ Membrane Bioreactor (MBR) Treatment Process 

Offsite infrastructure improvements required as based upon the ultimate selected configuration, such as 

lift station modifications, collection system expansion, etc. will be detailed in the Treatment Alternatives 

Report [Part B], as well as the Preliminary Program Report [Part C] and Concept Design [Part C]. 

However, key elements related to the City’s BNR program may include consideration of Enhanced 

Nutrient Removal (ENR), hydraulic expansion to 54 MGD, returning Plant 5 to service, expansion of the 

Cowskin Interceptor Sewer Pump Station (Lift Station 27) and Cowskin Force Main, and improved flow 

data monitoring and collection, as outlined herein in Section 3.4. Note, it is estimated that the capital costs 

for the collection system improvements are $25M.  

To compare the 25 alternatives consistently for the Class 5 cost estimate, the following cost guidelines are 

applied: 

 

Project Capital Costs 

¶ Recent bid unit pricing and/or vendor quotes  

¶ Average labor rate (including benefits, per Davis-Bacon wage rate determination): $75 per hour 

¶ American Iron & Steel (AIS) requirements 

¶ Overhead and mark-ups 

o Overhead: 15% 

o Subcontractor overhead: 8% 

o Labor burden: 50% 

o Profit: 15% 
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¶ Other project costs 

o Bonds and Insurance: 1.5% 

o Contingency: 30% 

o Engineering and Owner’s Representative: 25% 

 

Project O&M and Life-Cycle Cost Categories: [Note: The following assumptions were applied to the 

various BNR treatment processes, but when applied for sidestream treatment, only the nitrogen removal 

process was considered for the cost estimates.] 

¶ Annualized Equipment Replacement / Rehabilitation 

¶ Electrical Usage: $0.11 per kilowatt-hour 

¶ Chemical Usage: 

o $2.45 per gallon aluminum sulfate 

o $1.50 per gallon ferric chloride 

o $12 per gallon emulsion polymer 

o $1.20 per gallon magnesium chloride 

¶ Solids Handling / Land Application of Biosolids: $4.90 per wet ton hauled 

¶ Labor / Staffing: [Note: Labor / Staffing estimates are minimum additional requirements for 

additional plant operations, maintenance, laboratory, and/or administrative roles.] 

o Plant 1: 1-2 Full-time Equivalent (FTE) 

o Plant 2: 20-25 FTE 

o Plant 5: 1 FTE  

Other Project Cost Assumptions: [Note: The following assumptions were not specifically used in the 

Class 5 cost estimate development but are instead being listed herein for reference.] 

¶ Project funding to be secured via KDHE State Revolving Fund (SRF) and US Environmental 

Protection Agency Water Infrastructure Finance and Innovation Act (WIFIA) 

¶ Project service life: 40 years 

¶ Annual inflation rate: 3.75% 

¶ Annual depreciation rate: 5.5% 

¶ Construction Period: 48 months (start January 2023) 

 

1.4 Evaluation and Alternative Selection  

DecisionSPACE is a web-based tool developed by HDR to facilitate decision making through 

prioritization and comparison of alternatives. Using the pairwise technique, the tool helps group priorities 

by values; score and rank various alternative solutions; and identify the "best values" option using 

economic and non-economic screening criteria.  

The City staff selected six (6) criteria that most closely reflected the priorities of the City including: 

1. Regulatory Requirements 

2. Flexibility for Future Needs  

3. Operations and Maintenance 

4. Sustainability 

5. Resiliency 

6. Public Impacts  
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1.5 Conclusion 

To prepare the City of Wichita for the impending KDHE BNR requirements for Plants 1, 2, and 5, 25 

unique improvement recommendations were determined.  Each configuration considered for this BCE 

included an analysis of the following: 

¶ Treatment capability (total, firm, and redundancy) 

¶ Non-economic benefit scoring 

¶ Class 5 capital cost estimates 

¶ Operations and maintenance and life-cycle costs 

¶ Total 40-year Present Value 

 

The results of the BCE indicated that the following configurations are the top overall improvement 

recommendations for the City: 

Top BCE Alternative 1 (capital cost): Configuration 2.2  

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o No sidestream treatment1 

¶ No Plant 5 improvements 

¶ Collection system improvements  

¶ Capital Cost Estimate2: $344M  

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.9M 

¶ 40-year Net Present Value3: $665M 

 

Top BCE Alternative 2 (40-year life-cycle): Configuration 2.1 

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o Sidestream treatment for nitrogen removal1 

¶ No Plant 5 improvements  

¶ Collection system improvements 

¶ Capital Cost Estimate2: $353M 

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.4M 

¶ 40-year Net Present Value3: $660M 

 

1Note: Sidestream technologies may involve either nitrogen removal or phosphorus recovery, 

however for the NPV calculations presented above, only the nitrogen removal technology costs were 

used. 

2Note: Capital cost estimates include collection system improvements described in Section 3.4. 

3Note: O&M, life-cycle, and NPV calculations do not include collection system improvements 

described in Section 3.4. 
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2.0 INTRODUCTION 

The City of Wichita Department of Public Works & Utilities (City) uses a Business Case Evaluation 

(BCE) process to aid in decision making for important and significant capital investments.  The BCE 

process provides a repeatable framework for evaluating asset rehabilitation, renewal, or replacement 

activities.  Within the process, alternatives and feasible solutions are evaluated with respect to economic 

and non-economic criteria, such as financial, environmental, and community considerations.  The goal of 

the BCE is to provide consistent and defendable decisions regarding capital investments that align with 

the City’s strategic plans, as well as are in the best interests of the City’s customers. 

Included in the collaborative BCE process is presentation to City management, including the Wichita City 

Council, for concurrence and approval with the recommended capital investments.  The recommendations 

will also be incorporated into the City’s capital improvement program (CIP) for budgeting and 

scheduling.   

In the event the project experiences substantial changes in scope, schedule, budget, or value to the 

community, then a new BCE process should be conducted to determine the impacts of the changes.  

Example triggers of when the BCE should be redone as well as a reevaluation of the project alternatives, 

may include revisions to treatment process performance, capacity, regulatory requirements, site location, 

or significant changes to the project characteristics. Upon completion of the new BCE, CIP budgets and 

schedules should be modified accordingly.   
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3.0 PROJECT BACKGROUND 

3.1 Existing Wastewater Treatment Facilities 

The City of Wichita operates five wastewater treatment facilities which provide treatment for their service 

areas within the City. The facilities are summarized below: 

• Plant 1 – Grove Street Pump Station 

• Plant 2 – Lower Arkansas River Water Quality Reclamation Facility 

• Plant 3 – Cowskin Creek Water Quality Reclamation Facility 

• Plant 4 – Four Mile Creek Regional Wastewater Facility  

• Plant 5 – Mid-Continent Wastewater Treatment Facility 

Plants 1, 2, and 5 are hydraulically connected, discharging within the Lower Arkansas River basin. Plants 

1 and 2 flows are combined for treatment at the Plant 2 facility and subsequent discharge into the 

Arkansas River receiving stream.  Plant 5 discharges into the Cowskin Creek receiving stream.  Plant 5 is 

currently offline.  

While liquid is primarily treated at Plants 2 and 5, solids are treated in multiple locations. Screened 

material and grit is removed via the Plant 1 headworks and Plant 2 headworks, respectively, for disposal, 

with all biosolids processed at Plant 2. Screened material is removed at Plant 5 headworks and biosolids 

are then conveyed via pipe to Plant 2 for processing. 

Plants 3 and 4 are hydraulically independent, serving the western and eastern portions of the City, 

respectively. Plants 3 and 4 are designed to meet the Kansas Department of Health and Environment 

(KDHE) biological nutrient removal (BNR) requirements and are not included in this BCE. 

3.2 Regulatory Requirements 

The current and projected nutrient limits and goals for Plant 1/2 and Plant 5 are summarized in Table 3-1 

and Table 3-2 below.  The projected nutrient limits are based on the total maximum daily loads (TMDLs) 

projected for each receiving stream occurring in two phases.   

Table 3-1 Current and Projected Nutrient Limits and Goals – Plant 1/2 

Permit TP Limit  TP Goal TN Limit  TN Goal 
NO3-N 

Limit  

Current -- 1 mg/L -- 10 mg/L -- 

2022 451 lbs/day1 1 mg/L -- 10 mg/L 10 mg/L 

2041 225.2 lbs/day3 0.5 mg/L -- 5 mg/L 10 mg/L2 
Note: Nutrient limits and goals assessed as a rolling 12-month average 
1 - Phase I of the 2019 Arkansas River Total Phosphorus and pH TMDL (based on a TP concentration of 1.0 mg/L) 

2 - 2019 Arkansas River Nitrate TMDL 
3 - Phase II (starting in 2041) of the 2019 Total Phosphorus and pH TMDL (based on a TP concentration of 0.5 mg/L) 
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Table 3-2 Current and Projected Nutrient Limits and Goals – Plant 5 

Permit TP Limit  TP Goal TN Limit  TN Goal 

Current1 1.5 mg/L 0.5 mg/L 8.0 mg/L 5.0 mg/L 

2022 25.1 lbs/day2 0.5 mg/L 200.2 lbs/day4 5.0 mg/L 

2032 12.5 lbs/day3 0.5 mg/L 200.2 lbs/day4 5.0 mg/L 
Note: Nutrient limits and goals assessed as a rolling 12-month average 

1 - Nutrient limits based on the 2007 Biological Nutrient Impairment bundled with pH TMDL 

2 - Phase I of the 2020 Cowskin Creek Total Phosphorus TMDL (based on a TP concentration of 1.0 mg/L) 
3 - Phase II (starting in 2032) of the 2020 Cowskin Creek Total Phosphorus TMDL (based on a TP 

concentration of 0.5 mg/L) 

4 - Assumes the existing concentration TN limit of 8.0 mg/L will be converted to a mass-loading limit 

3.3 Improvement Alternatives 

As part of the Process Definition and Concept Design of Wastewater Reclamation Facilities [“BNR 

Study”] project, information was collected and evaluated for development of the Facilities Alternatives 

Report [Part A] and the Treatment Alternatives Report [Part B]. As a result of the Part A and Part B 

activities, a variety of scenarios were evaluated for implementation at Plants 1, 2, and 5 to meet the BNR 

requirements of KDHE by the year 2028.  Plants 1, 2, and 5 have a total design peak capacity of 97 

million gallons per day (MGD), with a permitted treatment capacity of 54 MGD for Plant 1 and 2 and 3 

MGD for Plant 5. Six unique scenarios were originally considered as part of the BNR Study and were 

reduced to three scenarios (Scenarios 1, 2 and 6) through a collaborative evaluation process with the City 

in Part A of the project.  Combining the Part B evaluation of the processes resulted in 25 distinctive 

configurations using five different treatment processes deemed as most feasible and thus, were further 

evaluated to meet the total nitrogen (TN) and total phosphorus (TP) limits across the three plants.  The 

three scenarios, as well as the 25 configurations (Table 3-3 through Table 3-5), are briefly described 

below:   

 

In the first scenario (ñScenario 1ò), flows from the Plant 1 service area would continue to be pre-treated 

at Plant 1 before being pumped to Plant 2 for further treatment. The extraneous flow holding basins at 

Plant 1 would continue to be used during significant wet weather events. At Plant 2, a 36-MGD plant 

capable of BNR would be constructed. Plant 2 would process solids for the Plant 1 and Plant 2 service 

areas. Plant 5 would be rehabilitated and built-out to 6.0 MGD, while flow in excess of 6.0 MGD would 

be pumped to Plant 2 via the Tyler Road Lift Station. On-site solids processing would be constructed at 

Plant 5. 

ñScenario 2ò is similar to Scenario 1 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 serves 

as the largest plant in the three service areas. This scenario is unique from Scenario 1 in that Plant 2 

would be the only wastewater treatment plant in the combined service area with a treatment capacity of 

42 MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1), and Plant 5 would 
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remain offline. All solids for the combined service area would be processed at Plant 2. No improvements 

would occur at Plant 5 under this scenario. Improvements at Plant 2 would be generally the same as in 

Scenario 1 at a slightly larger scale to accommodate the increase in capacity over Scenario 1. 

ñScenario 6ò is similar to Scenarios 1 and 2 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 

serves as the largest plant in the three service areas. This scenario is unique in that Plant 2 would have a 

treatment capacity of 39 MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1) 

and Plant 5 would be rehabilitated to treat 3.0 MGD. On-site solids processing would be constructed at 

Plant 5. Improvements at Plant 2 would be generally the same as in Scenario 1 at a slightly larger scale to 

accommodate the increase in capacity over Scenario 1. 

Three different treatment technologies were considered for Plant 2, either with or without sidestream 

treatment for nitrogen removal or phosphorus recovery, and two different treatment technologies were 

considered for Plant 5.  The five treatment technologies, as detailed in the Treatment Alternatives Report 

[Part B], include: 

 

Plant 2 

¶ Anaerobic-Anoxic-Oxic Activated Sludge (A2O) Treatment Process 

¶ Membrane Aerated Biofilm Reactor (MABR) Treatment Process 

¶ Mobile Organic Biofilm (MOB) Treatment Process 

 

Plant 5 

¶ Aerobic Granular Sludge (AGS) Treatment Process  

¶ Membrane Bioreactor (MBR) Treatment Process 
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Table 3-3 Improvement Alternatives – Scenario 1 

Configuration Plant 1 Improvements Plant 2 Improvements 
Plant 5 

Improvements 

Plant 2 

Flow 

(MGD)  

Plant 5 

Flow 

(MGD)  

1.1 

Pumping, Screening, Grit Removal, 

Excess Flow Holding -> Flow to 

Plant 2 

A2O with Sidestream 

Treatment, Biosolids Rehab as MBR, 

Biosolids 

36 6 

1.2 
A2O without Sidestream 

Treatment, Biosolids 
36 6 

1.3 
A2O with Sidestream 

Treatment, Biosolids Rehab as AGS, 

Biosolids 

36 6 

1.4 
A2O without Sidestream 

Treatment, Biosolids 
36 6 

1.5 
MABR without Sidestream 

Treatment, Biosolids 

Rehab as MBR, 

Biosolids 
36 6 

1.6 
MABR without Sidestream 

Treatment, Biosolids 

Rehab as AGS, 

Biosolids 
36 6 

1.7 
MOB with Sidestream 

Treatment, Biosolids Rehab as MBR, 

Biosolids 

36 6 

1.8 
MOB without Sidestream 

Treatment, Biosolids 
36 6 

1.9 
MOB with Sidestream 

Treatment, Biosolids Rehab as AGS, 

Biosolids 

36 6 

1.10 
MOB without Sidestream 

Treatment, Biosolids 
36 6 

A2O = Anaerobic-Anoxic-Oxic Activated Sludge Treatment Process 
AGS = Aerobic Granular Sludge Treatment Process   

MABR = Membrane Aerated Biofilm Reactor Treatment Process 

MBR = Membrane Bioreactor Treatment Process 
MOB = Mobile Organic Biofilm Treatment Process 

 

Table 3-4 Improvement Alternatives – Scenario 2 

Configuration  Plant 1 Improvements Plant 2 Improvements 
Plant 5 

Improvements 

Plant 2 

Flow 

(MGD)  

Plant 5 

Flow 

(MGD)  

2.1 

Pumping, Screening, Grit Removal, 

Excess Flow Holding -> Flow to 

Plant 2 

A2O with Sidestream 

Treatment, Biosolids 

N/A [offline] 

42 0 

2.2 
A2O without Sidestream 

Treatment, Biosolids 
42 0 

2.3 
MABR without Sidestream 

Treatment, Biosolids 
42 0 

2.4 
MOB with Sidestream 

Treatment, Biosolids 
42 0 

2.5 
MOB without Sidestream 

Treatment, Biosolids 
42 0 

A2O = Anaerobic-Anoxic-Oxic Activated Sludge Treatment Process 
MABR = Membrane Aerated Biofilm Reactor Treatment Process 

MOB = Mobile Organic Biofilm Treatment Process 
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Table 3-5 Improvement Alternatives – Scenario 6 

Configuration  Plant 1 Improvements Plant 2 Improvements 
Plant 5 

Improvements 

Plant 2 

Flow 

(MGD)  

Plant 5 

Flow 

(MGD)  

6.1 

Pumping, Screening, Grit Removal, 

Excess Flow Holding -> Flow to 

Plant 2 

A2O with Sidestream 

Treatment, Biosolids Rehab as MBR, 

Biosolids 

39 3 

6.2 
A2O without Sidestream 

Treatment, Biosolids 
39 3 

6.3 
A2O with Sidestream 

Treatment, Biosolids Rehab as AGS, 

Biosolids 

39 3 

6.4 
A2O without Sidestream 

Treatment, Biosolids 
39 3 

6.5 
MABR without Sidestream 

Treatment, Biosolids 

Rehab as MBR, 

Biosolids 
39 3 

6.6 
MABR without Sidestream 

Treatment, Biosolids 

Rehab as AGS, 

Biosolids 
39 3 

6.7 
MOB with Sidestream 

Treatment, Biosolids Rehab as MBR, 

Biosolids 

39 3 

6.8 
MOB without Sidestream 

Treatment, Biosolids 
39 3 

6.9 
MOB with Sidestream 

Treatment, Biosolids Rehab as AGS, 

Biosolids 

39 3 

6.10 
MOB without Sidestream 

Treatment, Biosolids 
39 3 

A2O = Anaerobic-Anoxic-Oxic Activated Sludge Treatment Process 
AGS = Aerobic Granular Sludge Treatment Process   

MABR = Membrane Aerated Biofilm Reactor Treatment Process 

MBR = Membrane Bioreactor Treatment Process 
MOB = Mobile Organic Biofilm Treatment Process 

3.4 Additional Program Elements and Major Collection System Improvements 

Offsite infrastructure improvements required as based upon the ultimate selected configuration, such as 

lift station modifications, collection system expansion, etc. will be detailed in the Treatment Alternatives 

Report [Part B], as well as the Preliminary Program Report [Part C] and Concept Design [Part C]. 

However, key elements related to the BNR program are described below.  

3.4.1 Regulatory Impacts 

The City’s future effluent permits may require further nutrient reduction [refer also to Section 3.2 for 

additional permitting information].  The next level of nutrient removal is generally referred to as 

Enhanced Nutrient Removal (ENR).  Projections indicate that the limits could be reduced to 5 mg/L for 

total nitrogen (TN) and 0.5 mg/L for total phosphorus (TP).  The compatibility of process improvements 

associated with ENR were considered as part of the Part B alternative evaluation process.   

KDHE has indicated that they would assume the responsibility of demonstrating that further nutrient 

reductions will have a positive impact on the environment prior to requiring additional nutrient 

reductions.  Additionally, KDHE has expressed a willingness to consider nutrient trading as an alternative 

to the development and implementation of enhanced treatment processes.  As such, the identified and 
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selected alternatives for the City’s BNR program provide a strong foundation to respond to future 

regulatory impacts in the most cost-efficient manner practical. 

3.4.2 Hydraulic Expansion 

As Plants 1, 2 5 are hydraulically connected, the selected alternatives evaluated for this BCE must allow 

for process improvements to treat 42 MGD.  However, Plant 2 projections indicate that additional 

hydraulic capacity may be required by 2047. As Plant 2 is currently permitted for 54 MGD, the permitting 

strategy associated with the selected alternatives preserves the ability to adjust to higher future flows 

without significant permit modifications. Additionally, the current program retains a level of flexibility to 

adapt to future growth patterns as it develops. Treatment of increased future flows could be accomplished 

at Plant 1,2 or 5. A future BCE can be used to determine the most cost effective and efficient strategy for 

expanded treatment for the City.   

3.4.3 Plant 5 

Plant 5 was proactively constructed and commissioned in 2010 to serve as a scalping plant and reduce 

projected sanitary sewer collection system capacity issues. Following an extended start up and 

commissioning period the plant was taken offline and made available for future service as needed.    

Future conditions that may trigger reactivation range from the need for increased treatment capacity due 

to higher total flows within the basin areas served by Plants 1, 2 and 5 or the need to resolve system 

capacity issues.  Plant 5 is located in an area with strong levels of commercial, industrial, and recreational 

activity.  As such, a scenario could arise that will demonstrate the need or demand for additional water 

supply that could be met by reuse or the use of treated effluent.   

Due to the evaluation and characterization of the wastewater treated at Plant 5 during start up and 

commissioning activities, it is anticipated that modifications to the treatment process would be required 

prior to commissioning for long-term service.  An evaluation of potential treatment technologies was 

performed in conjunction with this study.   

The preferred biological treatment process, activated granular sludge (AGS), has better compatibility with 

the available space and lower operating costs.  When a trigger is reached that would result in the 

consideration of Plant 5 reactivation, a new BCE would be performed for the City to fully evaluate the 

economic and non-economic factors related to the triggering conditions.  Additionally, if the water 

reclamation industry has experienced significant technology advancement, a re-evaluation of the available 

treatment process technologies would be warranted. 
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3.4.4 Cowskin Interceptor Sewer Pump Station (Lift Station 27) and Cowskin 

Force Main 

The City’s Cowskin Interceptor Sewer Pump Station, or Lift Station 27 (LS27), is located along South 

Tyler Road, approximately 1.75 miles south of Kellogg Avenue/US 400 Highway.  The lift station 

includes four pumps.  Two pumps have the capacity of 5,800 GPM and two pumps have the capacity of 

7,500 GPM.  The current pump station operation only allows two pumps to operate at the same time, one 

smaller pump and one larger pump.  With two pumps operating at full speed at their design condition, the 

capacity of the lift station is 13,300 GPM, or just over 19 MGD.   

LS27 pumps the wastewater through a 24-inch force main – the Cowskin Force Main – to a manhole at 

the intersection of 47th and Meridian, approximately 33,000 feet from LS27.  With two pumps running at 

full speed and if operating that their design conditions, the flow through this force main would be 13,300 

GPM.  At that flow rate, the velocities through the 24-inch force main exceed 9 feet per second.  Industry 

standard recommends maintaining velocities in a force main at or below 5 feet per second.  Therefore, 

when the lift station influent flows reach a point where these pumping rates are required, the force main 

capacity will require upsizing. 

To increase the capacity of the force main, there are multiple feasible alternatives for the City within the 

estimated capital cost of $25M: 

¶ Force Main Replacement: Install a new larger, 36-inch force main to replace the existing 24-

inch line.  A new 36-inch force main could provide the capacity to convey approximately 16,000 

GPM, or 23 MGD, while maintaining velocities in the force main near 5 fps.   

¶ Parallel Force Main: Maintain existing force main operation and install a parallel force main to 

add additional capacity and provide redundancy in the system.  To attain the equivalent capacity 

of a new 36-inch pipe, a parallel 24-inch or 27-inch pipe would need to be installed. 

The condition of the 24-inch Cowskin Force Main is also of concern.  It is recommended that the City 

conduct a condition assessment of the force main to further evaluate the extent of rehabilitation or 

replacement needs. Concurrently, a level of basic rehabilitation should also be considered by the City for 

replacement of air relief valves and repair of manholes as needed. 
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Improvements to the SCADA system are being implemented for the City to facilitate the collection and 

trending of data to analyze current flow conditions and establish a projected timeline for flows that would 

trigger the need for additional lift station or force main capacity more accurately.  Metering of inflow to 

LS27 within the collection system should also be considered by the City to assist with the evaluation and 

establishment of a reliable timeline.  
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4.0 IMPROVEMENT ALTERNATIVES – COST ESTIMATING 

4.1 Cost Estimating Methodology and Assumptions 

Of utmost importance to the selection of a constructible alternative is accurate cost estimating, including 

capital, net present value (NPV), operations and maintenance (O&M), and life-cycle costs.  As the project 

definition is further refined, the cost estimate accuracy will correlate to the level of definition. Per the 

guidelines of the Association for the Advancement of Cost Engineering (AACE International), five 

estimate classes are to be used when developing cost estimates (Table 4-1). A Class 5 estimate was 

prepared for this BCE. 

Table 4-1 Cost Estimate Classification Matrix 

Estimate 

Class 

Maturity Level of 

Project Definition  

(% Complete) 

End Usage / Estimate 

Purpose 
Methodology 

Expected Accuracy 

Range (%) 

Class 1 65-100 Check estimate, bidding 
Detailed unit cost, detailed 

take-off 

L: -3 to -5 

H: +3 to +10 

Class 2 30-75 Budget authorization, control 
Detailed unit cost, semi-

detailed take-off 

L: -5 to -10 

H: +5 to +15 

Class 3 10-40 

Preliminary budget 

authorization, feasibility, 

control 

Semi-detailed unit cost, 

assembly level line items  

L: -5 to -15 

H: +10 to +20 

Class 4 1-15 
Study, concept design, 

feasibility 

Parametric or assembly-driven 

models 

L: -10 to -20 

H: +20 to +30 

Class 5 0-2 Concept screening 
Parametric models, judgement 

or analogy 

L: -20 to -30 

H: +30 to +50 
Reference source: AACE International, 18R-97: Cost Estimate Classification System 

 

 

Final project feasibility and final project costs can be dependent on multiple factors, including actual site 

conditions, final project scope and implementation schedule, availability of labor, availability of materials 

and equipment, labor productivity, construction contractor's procedures and methods, unavoidable delays, 

construction contractor's methods of determining prices, economic conditions, government regulations 

and laws (including the interpretation thereof), competitive bidding or market conditions, and other 

factors affecting such cost opinions or projections. However, to compare the 25 alternatives fairly for the 

Class 5 estimate, the following cost guidelines are applied: 

Project Capital Costs 

¶ Recent bid unit pricing and/or vendor quotes  

¶ Average labor rate (including benefits, per Davis-Bacon wage rate determination): $75 per hour 

¶ American Iron & Steel (AIS) requirements 

¶ Overhead and mark-ups 

o Overhead: 15% 

o Subcontractor overhead: 8% 

o Labor burden: 50% 

o Profit: 15% 
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¶ Other project costs 

o Bonds and Insurance: 1.5% 

o Contingency: 30% 

o Engineering and Owner’s Representative: 25% 

 

Project O&M and Life-Cycle Cost Categories: [Note: The following assumptions were applied to the 

various BNR treatment processes, but when applied for sidestream treatment, only the nitrogen removal 

process was considered for the cost estimates.] 

¶ Annualized Equipment Replacement / Rehabilitation 

¶ Electrical Usage: $0.11 per kilowatt-hour 

¶ Chemical Usage: 

o $2.45 per gallon aluminum sulfate 

o $1.50 per gallon ferric chloride 

o $12 per gallon emulsion polymer 

o $1.20 per gallon magnesium chloride 

¶ Solids Handling / Land Application of Biosolids: $4.90 per wet ton hauled 

¶ Labor / Staffing: [Labor / Staffing estimates are minimum additional requirements for additional 

plant operations, maintenance, laboratory, and/or administrative roles.]    

o Plant 1: 1-2 Full-time Equivalent (FTE) 

o Plant 2: 20-25 FTE 

o Plant 5: 1 FTE 

 

Other Project Cost Assumptions: [Note: The following assumptions were not specifically used in the 

Class 5 cost estimate development but are instead being listed herein for reference.] 

¶ Project funding to be secured via KDHE State Revolving Fund (SRF) and US Environmental 

Protection Agency Water Infrastructure Finance and Innovation Act (WIFIA) 

¶ Project service life: 40 years 

¶ Annual inflation rate: 3.75% 

¶ Annual depreciation rate: 5.5% 

¶ Construction Period: 48 months (start January 2023) 

 

4.2 Capital Cost Estimate Summary 

To compare the 25 alternatives fairly, Table 4-2 through 4-4 summarize the key inclusions / assumptions 

applied for the capital cost estimates for each Plant for this BCE. Refer to the Treatment Alternatives 

Report [Part B] for a complete listing of the equipment and infrastructure. 
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Table 4-2 Capital Cost Estimates – Plant 1 Base Line Inclusions / Assumptions 

Plant Area Description 

Site 

SWPPP / Erosion Control 

Demo / Clear & Grubbing / Seeding 

Electrical / I&C 

New Road / Access + Repair Road Overlay 

Yard Piping 

HVAC / Odor Control + Plumbing 

Wet Weather Holding 
Concrete Repair 

Gate Repair 

Influent Pumping 
Replace Pumps (qty 8) 

Piping Retrofit 

Grit Removal 
New Grit Removal System 

Structure + Piping 

Clarifiers 
New Mechanism (qty 4, 115’ dia) 

Partial Demo Existing Clarifiers (qty 4) 

 

Table 4-3 Capital Cost Estimates – Plant 2 Base Line Inclusions / Assumptions 

Plant Area Description  Plant Area Description 

Site 

SWPPP / Erosion Control  Intermediate Pumping New Intermediate Pumps (qty 4) 

Demo / Clear & Grubbing / Seeding  Intermediate Piping Retrofit 

Electrical / I&C 
 Liquid Treatment 

Process [Varies per 

Configuration] 

Basins – Demo, Modifications, New 

Construction 

Repair Road Overlay  Mixers – Anaerobic, Anoxic 

Yard Piping  Pumping – New / Retrofit 

HVAC / Odor Control + Plumbing  Piping – New / Retrofit 

Influent Pumping 
Replace Pumps + VFDs (qty 4)  RAS / WAS Replace RAS / WAS Pumps + VFDs 

Piping Retrofit  New WAS Building 

Screening 

Bar Screens (qty 2 mechanical + 1 manual)  Piping Retrofit + New Flow Meters 

Washer-Compactor + Conveyor  Clarifiers New Mechanisms (180’ dia + 210’ dia) 

New Screening Building (2 level)  Chemical Feed Systems Primary Alum Feed System 

Grit Removal 
New Grit Removal System (qty 2)  Secondary Alum Feed System 

Structure + Piping  Bulk Storage + Pumping + Piping 

UV 
New Channel + Additional UV Equipment  Blowers New Blower Building 

Piping Retrofit  New Blowers (qty 9) 

Sludge Pumping 

New Primary Sludge Pumps (qty 6)  Sidestream Treatment 

Process [Varies per 

Configuration] 

New Buildings 

New Primary Scum Pumps (qty 3)  Treatment Equipment Package 

WAS Pumps (qty 12)  

Solids Thickening 

WAS Holding Tank (qty 1) 

Final Clarifier Scum Pumps (qty 6)  New WAS Feed Pumps (qty 5) 

Digesters 

New Sludge Feed Pumps (qty 5)  New Thickened Sludge Pumps (qty 5) 

New Digested Sludge Pumps (qty 8)  Polymer System (qty 4) 

New Mixing Pumps (qty 20)  Rotary Drum Thickener (qty 4) 

Digester Covers (qty 4)  Thickened Sludge Holding Mixer + Tank 

Biogas Equipment Package (qty 4)  

Solids Dewatering 

New Building (2 level) 

Piping + Flow Meters  Centrate Pumps (qty 2) 

Misc 

Flow Bypassing  Conveyors (qty 2) 

Splitter Structure Modifications  Polymer System (qty 4) 

Yard, Process Piping New / Retrofit  Centrifuges (qty 4) 
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Table 4-4 Capital Cost Estimates – Plant 5 Base Line Inclusions / Assumptions 

Plant Area Description 

Site 

SWPPP / Erosion Control 

Demo / Clear & Grubbing / Seeding 

Electrical / I&C 

Repair Road Overlay 

Yard Piping 

HVAC / Odor Control + Plumbing 

Land Acquisition 

Influent Screening / Grit 

Removal 

New Building / Annex 

New Screens 

Grit Removal 

Treatment Process 

[Varies per 

Configuration] 

Membranes / Media 

Process / Recycle Pumping 

Piping 

Blowers 

Boiler Replacement 

UV 
New Channel + Additional UV Equipment 

Piping Retrofit 

 

The following (Table 4-5 through Table 4-7) provides a summary of the project capital costs based upon 

the Class 5 estimate performed for this BCE.  

Table 4-5 Capital Cost Summary, Improvement Alternatives – Scenario 1 

Configuration Plant 1 Improvements 
Plant 2 Improvements 

(36 MGD) 

Plant 5 Improvements 

(6 MGD) 

Capital  

Cost ($M) 

1Capital  

Cost ($M) 

1.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$352.77 $377.77 

1.2 
A2O without Sidestream 

Treatment, Biosolids 
$342.82 $367.82 

1.3 
A2O with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$362.35 $387.35 

1.4 
A2O without Sidestream 

Treatment, Biosolids 
$352.40 $377.40 

1.5 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids $368.52 $393.52 

1.6 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids $378.10 $403.10 

1.7 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$368.67 $393.67 

1.8 
MOB without Sidestream 

Treatment, Biosolids 
$356.74 $381.74 

1.9 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$378.25 $403.25 

1.10 
MOB without Sidestream 

Treatment, Biosolids 
$366.32 $391.32 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
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Table 4-6 Capital Cost Summary, Improvement Alternatives – Scenario 2 

Configuration  Plant 1 Improvements 
Plant 2 Improvements 

(42 MGD) 
Plant 5 Improvements 

Capital  

Cost ($M) 

1Capital  

Cost ($M) 

2.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 

N/A [offline] 

$328.44 $353.44 

2.2 
A2O without Sidestream 

Treatment, Biosolids 
$319.37 $344.37 

2.3 
MABR without Sidestream 

Treatment, Biosolids 
$348.44 $373.44 

2.4 
MOB with Sidestream 

Treatment, Biosolids 
$346.41 $371.41 

2.5 
MOB without Sidestream 

Treatment, Biosolids 
$335.11 $360.11 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 

 
Table 4-7 Capital Cost Summary, Improvement Alternatives – Scenario 6 

Configuration  Plant 1 Improvements 
Plant 2 Improvements 

(39 MGD) 

Plant 5 Improvements 

(3 MGD) 

Capital  

Cost ($M) 

1Capital  

Cost ($M) 

6.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$356.73 $381.73 

6.2 
A2O without Sidestream 

Treatment, Biosolids 
$347.10 $372.10 

6.3 
A2O with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$357.71 $382.71 

6.4 
A2O without Sidestream 

Treatment, Biosolids 
$348.07 $373.07 

6.5 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids $374.01 $399.01 

6.6 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids $374.99 $399.99 

6.7 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$373.38 $398.38 

6.8 
MOB without Sidestream 

Treatment, Biosolids 
$361.68 $386.68 

6.9 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$374.35 $399.35 

6.10 
MOB without Sidestream 

Treatment, Biosolids 
$362.65 $387.65 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
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The following (Table 4-8 and Table 4-9) provides a summary of the lowest and highest capital cost 

configurations. 

Table 4-8 Capital Cost Ranking, Lowest Cost Alternatives 

Configuration  Plant 1 Improvements Plant 2 Improvements Plant 5 Improvements 
Capital  

Cost ($M) 

1Capital  

Cost ($M) 

2.2 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

42 MGD, A2O without 

Sidestream Treatment, 

Biosolids 

N/A [offline] $319.37 $344.37 

2.1 

42 MGD, A2O with 

Sidestream Treatment, 

Biosolids 

N/A [offline] $328.44 $353.44 

2.5 

42 MGD, MOB without 

Sidestream Treatment, 

Biosolids 

N/A [offline] $335.11 $360.11 

1.2 

36 MGD, A2O without 

Sidestream Treatment, 

Biosolids 

6 MGD, Rehab as MBR, 

Biosolids 
$342.82 $367.82 

2.4 

42 MGD, MOB with 

Sidestream Treatment, 

Biosolids 

N/A [offline] $346.41 $371.41 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 

 

Table 4-9 Capital Cost Ranking, Highest Cost Alternatives 

Configuration  Plant 1 Improvements Plant 2 Improvements Plant 5 Improvements 
Capital  

Cost ($M) 

1Capital  

Cost ($M) 

1.9 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

36 MGD, MOB with 

Sidestream Treatment, 

Biosolids 

6 MGD, Rehab as AGS, 

Biosolids 
$378.25 $403.25 

1.6 

36 MGD, MABR without 

Sidestream Treatment, 

Biosolids 

6 MGD, Rehab as AGS, 

Biosolids 
$378.10 $403.10 

6.6 

39 MGD, MABR without 

Sidestream Treatment, 

Biosolids 

3 MGD, Rehab as AGS, 

Biosolids 
$374.99 $399.99 

6.9 

39 MGD, MOB with 

Sidestream Treatment, 

Biosolids 

3 MGD, Rehab as AGS, 

Biosolids 
$374.35 $399.35 

6.5 

39 MGD, MABR without 

Sidestream Treatment, 

Biosolids 

3 MGD, Rehab as MBR, 

Biosolids 
$374.01 $399.01 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 

 

4.3 Operations & Maintenance and Life-Cycle Cost Estimate Summary  

To compare the 25 alternatives fairly, key inclusions / assumptions were applied for the O&M, or routine 

costs for operating and maintaining Plants 1, 2, and 5.  Likewise, life-cycle costs, such as equipment, 

material, or asset replacement or rehabilitation, were applied for the 25 alternatives on a 40-year service 

life. For this BCE, the life-cycle costs were annualized for each alternative and are presented with the 

O&M cost summaries.   
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Table 4-10 summarizes the key inclusions / assumptions applied for the O&M and life-cycle cost 

estimates for each Plant for this BCE. Refer to the Treatment Alternatives Report [Part B] for a complete 

listing of the O&M and life-cycle costs. Note that the estimates for staffing used in life cycle cost 

development were limited to labor at Plant 1, Plant 2, and Plant 5, and are not intended to be used as a 

labor forecast. 

Table 4-10 O&M and Life-Cycle Cost Estimates – Base Line Inclusions / Assumptions 

Category Description 

Chemical Usage 

$2.45 per gallon aluminum sulfate 

$1.50 per gallon ferric chloride 

$12 per gallon emulsion polymer 

$1.20 per gallon magnesium chloride 

$2.45 per gallon aluminum sulfate 

Solids Handling / Land 

Application 
$4.90 per wet ton hauled 

Electrical Usage $0.11 per kW-hr 

1Labor / Staffing 

Plant 1: 1-2 FTE 

Plant 2: 20-25 FTE 

Plant 5: 1 FTE 

2Life Expectancy 

6-8 years 
Grit Pumps 

Sludge Pumps 

10 years 

Process Pumps 

Chemical Feed Systems 

MBR System 

12 years 
Grit Classifiers 

Mixers 

15 years 
Blowers 

Influent Pumps (Plant 2) 

20 years 

Influent Screens, Washer-Compactors 

Grit Removal System (Plant 2) 

MABR System, AGS System 

Clarifier Mechanisms 

UV System  

Centrifuges, Sludge Conveyors 

Odor Control System 

Flow Meters 

Chemical Feed Tanks 

25 years 

MOB System (plus annual media 

replacement) 

Rotary Drum Thickeners 

30 years 

Influent Pumps (Plant 1) 

Wet Weather Holding Clarifier Mechanism 

Sidestream Treatment System 

40 years 
Grit Removal System (Plant 1) 

Digester Covers 
1 Labor / Staffing estimates are minimum additional requirements for additional plant operations, 

maintenance, laboratory, and/or administrative roles.   
2 Life expectancy assumptions were applied to the 40-year life-cycle cost estimates. 

 

With respect to labor and staffing, note that the estimated FTEs are based on the total 2016 labor 

expenditures presented in the Utilities Optimization Report (2017).  The FTE’s presented herein were 

utilized as a baseline to identify increases in staffing needs due to the implantation of BNR technology.  
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The following (Table 4-11 through Table 4-13) provides a summary of the project annual O&M and 

annualized life-cycle costs.  

 

Table 4-11 O&M and Life-Cycle Cost Summary, Improvement Alternatives - Scenario 1 

Configuration Plant 1 Improvements 
Plant 2 Improvements 

(36 MGD) 

Plant 5 Improvements 

(6 MGD) 

1O&M  Cost  

(Annual $M) 

1.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$14.80 

1.2 
A2O without Sidestream 

Treatment, Biosolids 
$15.28 

1.3 
A2O with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$14.00 

1.4 
A2O without Sidestream 

Treatment, Biosolids 
$14.49 

1.5 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids $15.26 

1.6 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids $14.46 

1.7 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$14.96 

1.8 
MOB without Sidestream 

Treatment, Biosolids 
$15.44 

1.9 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$14.16 

1.10 
MOB without Sidestream 

Treatment, Biosolids 
$14.65 

1 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the collection 

system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail.  

 

Table 4-12 O&M and Life-Cycle Cost Summary, Improvement Alternatives - Scenario 2 

Configuration  Plant 1 Improvements 
Plant 2 Improvements 

(42 MGD) 
Plant 5 Improvements 

1O&M  Cost  

(Annual $M)  

2.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 

N/A [offline] 

$14.36 

2.2 
A2O without Sidestream 

Treatment, Biosolids 
$14.94 

2.3 
MABR without Sidestream 

Treatment, Biosolids 
$14.87 

2.4 
MOB with Sidestream 

Treatment, Biosolids 
$14.53 

2.5 
MOB without Sidestream 

Treatment, Biosolids 
$15.10 

1 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the collection 

system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail.  
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Table 4-13 O&M and Life-Cycle Cost Summary, Improvement Alternatives - Scenario 6 

Configuration  Plant 1 Improvements 
Plant 2 Improvements 

(39 MGD) 
Plant 5 Improvements 

(3 MGD) 

1O&M  Cost  

(Annual $M)  

6.1 

Pumping, Screening, Grit 

Removal, Excess Flow 

Holding -> Flow to Plant 2 

A2O with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$14.84 

6.2 
A2O without Sidestream 

Treatment, Biosolids 
$15.37 

6.3 
A2O with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$14.44 

6.4 
A2O without Sidestream 

Treatment, Biosolids 
$14.97 

6.5 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids $15.64 

6.6 
MABR without Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids $15.24 

6.7 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as MBR, Biosolids 

$15.00 

6.8 
MOB without Sidestream 

Treatment, Biosolids 
$15.53 

6.9 
MOB with Sidestream 

Treatment, Biosolids 
Rehab as AGS, Biosolids 

$14.60 

6.10 
MOB without Sidestream 

Treatment, Biosolids 
$15.13 

1 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the collection 

system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail.  
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5.0 IMPROVEMENT ALTERNATIVES EVALUATION 

5.1 Methodology 

DecisionSPACE was utilized in Part A of this BNR Study to provide an independent analysis of the 

proposed use of the City’s existing facilities based on the five scenarios identified by Burns & McDonnell 

in the 2016 Master Plan Update and an additional scenario included by City staff for this Study. The 

results of the Master Plan Improvement Scenarios evaluation were presented to City staff on September 

25, 2020 in a virtual workshop setting.  The method, weighting, scoring and results were reviewed. Based 

on the results of the decisionSPACE model, the evaluation recommended to proceed with Scenario 1, 2, 

and 6 into the Treatment Alternatives (Part B) of this Process Definition and Concept Design Project, as 

shown in Table 5-1. City staff concurred with the recommendation, therefore, all scenarios involving 

converting Plant 1 to BNR treatment (i.e., Scenarios 3, 4, 5) were not carried forward for further 

evaluation.   

Table 5-1 Part B – Alternatives Evaluation Scenarios 

Scenario Plant 1 Plant 2 Plant 5 

1 
Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

36 MGD BNR 

Biosolids 

6 MGD (Rehab 3 MGD, add 3 

MGD) Flows > 6 MGD to Plant 2 

2 
Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

42 MGD BNR 

Biosolids 
Offline 

6 
Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

39 MGD BNR 

Biosolids 

3 MGD (Rehab) 

Flows > 3 MGD to Plant 2 

 

As presented in Section 3.3 above, 25 distinctive configurations of the scenarios in Table 5-1, using five 

different treatment processes, were deemed most feasible and, thus, were further evaluated to meet the 

total nitrogen (TN) and total phosphorus (TP) limits across the three plants. Similar to the Part A 

evaluation, HDR’s decisionSPACE tool was utilized by the Team and City staff to weigh the economic 

and non-economic considerations for each of the 25 configurations. DecisionSPACE is a web-based tool 

developed by HDR to facilitate decision making through prioritization and comparison of alternatives. 

Using the pairwise technique, the tool helps group priorities by values; score and rank various alternative 

solutions; and identify the "best values" option using economic and non-economic screening criteria. 

 

The evaluation was completed to support the identification of two Business Case Evaluation (BCE) 

recommendations for the City’s overall Program Plan: 1) the best overall Program plan to meet the 

Project goals within the current Program capital budget of $355 million and 2) the best overall Program 

plan to meet the Project goals considering a focus on 40-year life cycle of the related wastewater 

treatment and collection system assets. The following summarizes the evaluation methodology to support 

the City and the Team in the identification of the two BCE recommendations. 
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5.2 Decision Criteria Summary  

The economic criteria included the estimated capital, operations and maintenance, and net present value 

for each scenario. The non-economic criteria are applied to capture the value of key decision criteria that 

are important and provide benefit to the City but are difficult to monetize.  In order to avoid overlap and 

potential double counting, it was important that the criteria be limited to four (4) to seven (7). Each 

criterion should also serve to differentiate the scenarios.  If all scenarios score the same for a single 

criterion then it can dilute the evaluation process.  For each non-economic criterion selected, the 

characteristics and impacts must be identified.  This helped to facilitate scoring and minimize double 

counting. 

 

The City staff concurred with the six (6) recommended criteria that most closely reflected the priorities of 

the City including: 

1. Regulatory Requirements 

2. Flexibility for Future Needs  

3. Operations and Maintenance 

4. Sustainability 

5. Resiliency 

6. Public Impacts  

Table 5-2 Non-Economic Criteria and Characteristics 

Evaluation Criteria  Characteristics 

Regulatory Requirements Treatment technology can produce effluent quality to meet future limits (BNR 10 mg/L TN and 

1 mg/L TP). 

Flexibility for Future 

Needs 

Ability to expand to permitted capacity (54 MGD)  
Treatment technology can be modified to meet future Phase 2 TMDL limits (mass-based TP 

loadings) 

Operations & 

Maintenance 

Shared staffing between facilities (all operators must be Class IV)  
Level of automation and consolidation of treatment to minimize workforce 

Preventative maintenance 

Sustainability 
Energy efficient   
Environmental effects 

Resiliency Multiple treatment train and/or multiple facilities 

Public Impacts Potential public impacts from hauling biosolids 

 

Prior to scoring each of the 25 configurations, the non-economic criteria were assigned weighting to 

represent the relative importance of each criterion to the City.  HDR’s decisionSPACE provides a user-

friendly drop down to compare each criterion on a scale from extremely less important to extremely more 

important.  The scale includes: 
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1. Extremely less important 

2. Much less important 

3. Less important 

4. As important 

5. More important 

6. Much more important 

7. Extremely more important 

The relative comparison method is depicted in Table 5-3 on the following page.  The chart is read from 

column to row.  For example, the relative weight of “Regulatory Requirements” is much more important 

than “Flexibility for Future Needs”, as can be seen in the first row, second column in Table 5-3. The 

relative weight of “Resiliency” is much less important than “Operations & Maintenance, as seen in the 

fifth row, third column in Table 5-3. 

Table 5-3 Non-Economic Criteria Weighting Summary 

 

Once the relative comparison method was complete, decisionSPACE calculated the final score for each 

non-economic criterion. The final weighting of each is shown in Figure 5-1 below. Based on the 

decisionSPACE output, “Regulatory Requirements” is ranked as the highest priority. 
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Figure 5-1 Non-Economic Criteria Weighting – HDR decisionSPACE Screen Capture 

 

5.3 Non-Economic Scoring 

Once each of the non-economic criteria are weighted, the scenarios are scored.  In a similar process to the 

weighting, a drop down was used to rank each scenario on a benefit scale from very strong to very low for 

each non-economic criterion.  The benefit scale includes: 

1. Very Strong 

2. Strong 

3. Moderate 

4. Low  

5. Very Low 

The scoring for each scenario is presented in Table 5-4, Table 5-5, and Table 5-6 on the following pages. 

The characteristics of each non-economic criteria, as shown in Table 5-2 above, were compared to the 

scenario that was being scored in order to assign a relative strength of that non-economic benefit. For 

example, for Scenario 6.2 the benefit of “Regulatory Requirements” is very strong as shown in Table 5-6, 

second row, first column. This score was assigned based on the use of MBR technology at Plant 5 at a 3 

MGD capacity. The MBR process technology can achieve an enhanced nutrient removal (ENR) effluent 

quality of 5 mg/L Total Nitrogen and 0.5 mg/L Total Phosphorus.  However, for the criteria “Operations 
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& Maintenance”, Scenario 6.2 received a benefit score of very low due to the operationally intensity to 

operate an MBR facility as compared to other process technologies, such as A2O or MOB. 

Based on the number of configurations evaluated, a bar graph was used to rank the 25 configurations from 

higher benefit projects to lower benefit projects (see Figure 5-2). Those configurations that received a 

score of greater than 60 are considered higher benefit projects. Those configurations that received a score 

between 50 and 60 are considered medium benefit projects. Lastly, those configurations that received a 

score less than 50 were considered lower benefit projects.  

The higher benefit projects included configurations at Plant 2 that involved installing A2O at a capacity of 

42 MGD or 39 MGD.  These configurations were with and without sidestream treatment.  The higher 

benefit projects also involved keeping Plant 5 offline or installing the AGS process technology at Plant 5 

with a 3 MGD capacity. Any configurations that involved installing MBR process technology at Plant 5 

or installing either MOB or MABR process technology at Plant 2 were considered either medium or 

lower benefit projects.  Similarly, expansion of Plant 5 to 6 MGD capacity was considered medium or 

lower benefit projects. 
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Table 5-4 Scenario Scoring Summary – Scenario 1 (10 configurations) 

 

Alternative
Regulatory 

Requirements

Flexibility for 

Future Needs

Operations & 

Maintenance
Sustainability Resiliency Public Impacts Score

Scenario 1.1 - 36 MGD P2 [A2O w SS]; 6 MGD P5 [MBR]STRONG STRONG VERY LOW LOW MODERATE LOW 41

Scenario 1.2 - 36 MGD P2 [A2O wo SS]; 6 MGD P5 [MBR]STRONG MODERATE LOW VERY LOW MODERATE LOW 44

Scenario 1.3 - 36 MGD P2 [A2O w SS]; 6 MGD P5 [AGS]MODERATE STRONG MODERATE STRONG MODERATE LOW 53

Scenario 1.4 - 36 MGD P2 [A2O wo SS]; 6 MGD P5 [AGS]MODERATE MODERATE STRONG MODERATE MODERATE LOW 56

Scenario 1.5 - 36 MGD P2 [MABR wo SS]; 6 MGD P5 [MBR]STRONG MODERATE VERY LOW MODERATE MODERATE LOW 43

Scenario 1.6 - 36 MGD P2 [MABR wo SS]; 6 MGD P5 [AGS]MODERATE MODERATE LOW VERY STRONG MODERATE LOW 48

Scenario 1.7 - 36 MGD P2 [MOB w SS]; 6 MGD P5 [MBR]STRONG STRONG VERY LOW VERY LOW VERY STRONG LOW 40

Scenario 1.8 - 36 MGD P2 [MOB wo SS]; 6 MGD P5 [MBR]STRONG MODERATE VERY LOW VERY LOW VERY STRONG LOW 39

Scenario 1.9 - 36 MGD P2 [MOB w SS]; 6 MGD P5 [AGS]MODERATE STRONG VERY LOW MODERATE VERY STRONG LOW 39

Scenario 1.10 - 36 MGD P2 [MOB wo SS]; 6 MGD P5 [AGS]MODERATE MODERATE LOW LOW VERY STRONG LOW 41
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Table 5-5 Scenario Scoring Summary – Scenario 2 (5 configurations) 

 

 

Alternative
Regulatory 

Requirements

Flexibility for 

Future Needs

Operations & 

Maintenance
Sustainability Resiliency Public Impacts Score

Scenario 2.1 - 42 MGD P2 [A2O w SS]; P5 offline STRONG STRONG STRONG STRONG VERY LOW VERY STRONG 67

Scenario 2.2 - 42 MGD P2 [A2O wo SS]; P5 offline STRONG MODERATE VERY STRONG MODERATE VERY LOW VERY STRONG 70

Scenario 2.3 - 42 MGD P2 [MABR wo SS]; P5 offline STRONG MODERATE LOW VERY STRONG VERY LOW VERY STRONG 55

Scenario 2.4 - 42 MGD P2 [MOB w SS]; P5 offline STRONG STRONG LOW MODERATE MODERATE VERY STRONG 53

Scenario 2.5 - 42 MGD P2 [MOB wo SS]; P5 offline STRONG MODERATE MODERATE LOW MODERATE VERY STRONG 56
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Table 5-6 Scenario Scoring Summary – Scenario 3 (10 configurations) 

 

 

Alternative
Regulatory 

Requirements

Flexibility for 

Future Needs

Operations & 

Maintenance
Sustainability Resiliency Public Impacts Score

Scenario 6.1 - 39 MGD P2 [A2O w SS]; 3 MGD P5 [MBR]VERY STRONG STRONG VERY LOW LOW MODERATE MODERATE 50

Scenario 6.2 - 39 MGD P2 [A2O wo SS]; 3 MGD P5 [MBR]VERY STRONG MODERATE LOW VERY LOW MODERATE MODERATE 52

Scenario 6.3 - 39 MGD P2 [A2O w SS]; 3 MGD P5 [AGS]STRONG STRONG MODERATE STRONG MODERATE MODERATE 61

Scenario 6.4 - 39 MGD P2 [A2O wo SS]; 3 MGD P5 [AGS]STRONG MODERATE STRONG MODERATE MODERATE MODERATE 64

Scenario 6.5 - 39 MGD P2 [MABR wo SS]; 3 MGD P5 [MBR]VERY STRONG MODERATE VERY LOW MODERATE MODERATE MODERATE 51

Scenario 6.6 - 39 MGD P2 [MABR wo SS]; 3 MGD P5 [AGS]STRONG MODERATE LOW VERY STRONG MODERATE MODERATE 56

Scenario 6.7 - 39 MGD P2 [MOB w SS]; 3 MGD P5 [MBR]VERY STRONG STRONG VERY LOW VERY LOW VERY STRONG MODERATE 49

Scenario 6.8 - 39 MGD P2 [MOB wo SS]; 3 MGD P5 [MBR]VERY STRONG MODERATE VERY LOW VERY LOW VERY STRONG MODERATE 47

Scenario 6.9 - 39 MGD P2 [MOB w SS]; 3 MGD P5 [AGS]STRONG STRONG VERY LOW MODERATE VERY STRONG MODERATE 47

Scenario 6.10 - 39 MGD P2 [MOB wo SS]; 3 MGD P5 [AGS]STRONG MODERATE LOW LOW VERY STRONG MODERATE 50
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Figure 5-2 Non-Economic Scoring – High, Medium, Low Ranking 
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5.4 Economic Summary 

The economic evaluation includes the development of an estimated capital, operations and maintenance, 

and net present value for each configuration. The capital and O&M costs presented in Section 4.0 were 

used to project the net present value for each configuration using a prescribed discount rate of 3 percent 

over a 40-year planning period.  Table 5-7, Table 5-8, and Table 5-9 provide a summary of the calculated 

capital, O&M, annualized O&M, and net present values. 

 

Table 5-7 Cost Summary, Improvement Alternatives – Scenario 1 

Configuration Improvements 
Capital  

Cost ($M) 

1Capital 

Cost ($M) 

2Annual 

O&M ($M)  

3PW of 

Annual 

O&M ($M)  

3NPV ($M) 

1.1 
36 MGD P2 [A2O w SS],  

6 MGD P5 [MBR] 
$353 $378 $14.8 $342 $695 

1.2 
36 MGD P2 [A2O wo SS], 

6 MGD P5 [MBR] 
$343 $368 $15.3 $353 $696 

1.3 
36 MGD P2 [A2O w SS], 

6 MGD P5 [AGS] 
$362 $387 $14.0 $324 $686 

1.4 
36 MGD P2 [A2O wo SS],  

6 MGD P5 [AGS] 
$352 $377 $14.5 $335 $687 

1.5 
36 MGD P2 [MABR wo SS],  

6 MGD P5 [MBR] 
$369 $394 $15.3 $353 $721 

1.6 
36 MGD P2 [MABR wo SS],  

6 MGD P5 [AGS] 
$378 $403 $14.5 $334 $712 

1.7 
36 MGD P2 [MOB w SS],  

6 MGD P5 [MBR] 
$369 $394 $14.9 $346 $714 

1.8 
36 MGD P2 [MOB wo SS],  

6 MGD P5 [MBR] 
$357 $382 $15.4 $357 $714 

1.9 
36 MGD P2 [MOB w SS],  

6 MGD P5 [AGS] 
$378 $403 $14.2 $327 $706 

1.10 
36 MGD P2 [MOB wo SS],  

6 MGD P5 [AGS] 
$366 $391 $14.6 $339 $705 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
2 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the 

collection system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail. 
3 PW and NPV calculations do not include collection system improvements described in Section 3.4. 
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Table 5-8 Cost Summary, Improvement Alternatives – Scenario 2 

Configuration Improvements 
Capital  

Cost ($M) 

1Capital 

Cost ($M) 

2Annual 

O&M ($M)  

3PW of 

Annual 

O&M ($M)  

3NPV ($M) 

2.1 
42 MGD P2 [A2O w SS], 

P5 offline 
$328 $353 $14.4 $332 $660 

2.2 
42 MGD P2 [A2O wo SS], 

P5 offline 
$319 $344 $14.9 $345 $665 

2.3 
42 MGD P2 [MABR wo SS], 

P5 offline 
$348 $373 $14.9 $344 $692 

2.4 
42 MGD P2 [MOB w SS], 

P5 offline 
$346 $371 $14.5 $336 $682 

2.5 
42 MGD P2 [MOB wo SS], 

P5 offline 
$335 $360 $15.1 $349 $684 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
2 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the 

collection system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail. 
3 PW and NPV calculations do not include collection system improvements described in Section 3.4. 

 

 Table 5-9 Cost Summary, Improvement Alternatives – Scenario 6 

Configuration Improvements 
Capital  

Cost ($M) 

1Capital 

Cost ($M) 

2Annual 

O&M ($M)  

3PW of 

Annual 

O&M ($M)  

3NPV ($M) 

6.1 
39 MGD P2 [A2O w SS],  

3 MGD P5 [MBR] 
$357 $382 $14.8 $343 $700 

6.2 
39 MGD P2 [A2O wo SS],  

3 MGD P5 [MBR] 
$347 $372 $15.3 $355 $702 

6.3 
39 MGD P2 [A2O w SS],  

3 MGD P5 [AGS] 
$358 $383 $14.4 $334 $692 

6.4 
39 MGD P2 [A2O wo SS],  

3 MGD P5 [AGS] 
$348 $373 $14.9 $346 $694 

6.5 
39 MGD P2 [MABR wo SS],  

3 MGD P5 [MBR] 
$374 $399 $15.6 $362 $736 

6.6 
39 MGD P2 [MABR wo SS],  

3 MGD P5 [AGS] 
$375 $400 $15.2 $352 $727 

6.7 
39 MGD P2 [MOB w SS],  

3 MGD P5 [MBR] 
$373 $398 $15.0 $347 $720 

6.8 
39 MGD P2 [MOB wo SS], 

 3 MGD P5 [MBR] 
$362 $387 $15.5 $359 $721 

6.9 
39 MGD P2 [MOB w SS],  

3 MGD P5 [AGS] 
$374 $399 $14.6 $338 $712 

6.10 
39 MGD P2 [MOB wo SS],  

3 MGD P5 [AGS] 
$363 $388 $15.1 $350 $712 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
2 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the 
collection system improvements described in Section 3.4. Refer to the Treatment Alternatives Report [Part B] for additional detail. 
3 PW and NPV calculations do not include collection system improvements described in Section 3.4. 

5.5 Scenario Scoring 

HDR’s decisionSPACE results for the economic and non-economic scoring are presented in a graphical 

representation for capital costs and net present value, as shown in Figure 5-3 and Figure 5-4, respectively.  

Each scenario grouping is represented: a blue diamond is representative of Scenario 1 (Plant 2 at 36 MGD 

and Plant 5 at 6 MGD), an orange square is representative of Scenario 2 (Plant 2 at 42 MGD and Plant 5 

offline), and a gray triangle is representative of Scenario 6 (Plant 2 at 39 MGD and Plant 5 at 3 MGD). A 
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label for each data point which is representative of the treatment technology for that scenario (i.e, “MOB, 

AGS” indicates MOB technology utilized at Plant 2 and AGS utilized at Plant 5). The label “SS” is 

included for those technologies at Plant 2 that utilize sidestream treatment. The position of the data point 

along the y-axis represents the cost in millions of dollars, with the least cost lower on the axis, while the 

position along the x-axis represents the non-economic score, with the most beneficial to the right.  

Therefore, those configurations found to the lower right are considered the lowest-cost, highest benefit 

scenario. The top 2 configurations for lowest cost (capital and NPV) and highest benefit are as follows: 

1. Scenario 2.2 - 42 MGD P2 [A2O wo SS]; P5 offline 

2. Scenario 2.1 - 42 MGD P2 [A2O w SS]; P5 offline 
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Figure 5-3 decisionSPACE Results – Technology Scenarios (Capital Cost) 
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6.0 CONCLUSIONS 

To prepare the City of Wichita for the impending KDHE BNR requirements for Plants 1, 2, and 5, 25 

unique improvement recommendations were determined.  Each configuration considered for this BCE 

included an analysis of the following: 

¶ Treatment capability (total, firm, and redundancy) 

¶ Non-economic benefit scoring 

¶ Class 5 capital costs estimates 

¶ Operations and maintenance and life-cycle costs 

¶ Total 40-year Present Value 

 

The results of the BCE indicated that the following configurations are the top overall improvement 

recommendations for the City: 

Top BCE Alternative 1 (capital cost): Configuration 2.2  

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o No sidestream treatment1 

¶ No Plant 5 improvements 

¶ Collection system improvements  

¶ Capital Cost Estimate2: $344M  

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.9M 

¶ 40-year Net Present Value3: $665M 

 

Top BCE Alternative 2 (40-year life-cycle): Configuration 2.1 

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o Sidestream treatment for nitrogen removal1 

¶ No Plant 5 improvements  

¶ Collection system improvements  

¶ Capital Cost Estimate2: $353M 

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.4M 

¶ 40-year Net Present Value3: $660M 

 

1Note: Sidestream technologies may involve either nitrogen removal or phosphorus recovery, 

however for the NPV calculations presented above, only the nitrogen removal technology costs were 

used. 

2Note: Capital cost estimates include collection system improvements described in Section 3.4. 

3Note: O&M, life-cycle, and NPV calculations do not include collection system improvements 

described in Section 3.4. 
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