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1. EXECUTIVE SUMMARY 

The No Feasible Alternative (NFA) evaluation for the Buffalo Sewer Authority’s (BSA’s) 
Bird Island Wastewater Treatment Plant (WWTP) supports the preparation of the Long 
Term Control Plan (LTCP) for abatement of combined sewer overflows (CSOs).  

The WWTP service area contains both sanitary sewer systems and combined sewer 
systems.  The tributary municipalities are served by separate sanitary sewer systems while 
the BSA-owned system is predominantly combined. The Bird Island WWTP was designed 
to operate in three different modes as described below. Normally, all flow conveyed to the 
WWTP receives primary and then secondary treatment and is disinfected and discharged 
through Outfall 002.  However the treatment capacity of the primary treatment process is 
less than the capacity of the secondary treatment process and once the capacity of the 
primary treatment process is exceeded, the plant enters “primary bypass mode” wherein the 
flow in excess of the primary treatment capacity is conveyed directly to the secondary 
treatment process and treated along with primary effluent.   In primary bypass mode, flows 
which exceed the capacity of the primary system bypass the primary clarifiers and are sent 
directly to the secondary process.  All plant flows receive secondary treatment, are 
disinfected and discharged through Outfall 002. When wet weather influent flows exceed 
the capacity of the secondary treatment process, the plant operates in “partial treatment 
mode”. In partial treatment mode, the majority of the plant influent flow is conveyed 
directly to secondary treatment, disinfected and discharged through Outfall 002. Plant flow 
in excess of the secondary treatment capacity is conveyed to the primary clarifiers 
operating “in parallel” to secondary treatment.  This excess flow undergoes primary settling 
and disinfection and is discharged through Outfall 001.  Partial treatment mode was 
designed to maximize treatment of wet weather flows at the WWTP.  

This NFA analysis was conducted for the WWTP to identify and evaluate feasible 
alternatives to provide a higher level of treatment for wet weather flows reaching the 
WWTP that currently do not receive secondary treatment while maintaining the plant 
existing sustained peak flow capacity of 560 MGD.  The NFA analysis provides a 
description of the applicable state and federal regulations and policies, a summary of the 
existing treatment capacities, planned improvements to increase WWTP capacity, and the 
evaluation of alternatives to maximize treatment of flows.   

The following sections document the results of the NFA analysis for the WWTP. 

Section 2 – Regulations and Policies – This section identifies the regulations associated with 
CSOs and plant bypasses.    

Section 3 – Existing Facilities - This section describes the existing WWTP wastewater 
treatment facilities and the typical year influent flows. 

Section 4 – Wet Weather Capacity Evaluation – This section summarizes the treatment 
capacities of the existing primary and secondary treatment systems.   
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Section 5 – Wet Weather Flow Alternative Development and Screening – This 
section identifies additional alternatives evaluated at the request of the 
Agencies to provide additional treatment capacity for wet weather flows. While the BSA 
does not believe that such alternatives are necessary as part of the LTCP, it agreed to 
provide this evaluation as part of the LTCP approval discussions with the USEPA and 
NYSDEC.  The BSA made clear at the time it agreed to perform these additional 
evaluations that adding a major treatment upgrade/expansion to the WWTP would require 
an extension of the implementation schedule in the proposed 2012 LTCP Update.  Note 
that all of these alternatives are challenging from a technical, financial, and sequencing 
perspective.  The feasible alternatives are presented in greater detail with descriptions, 
layouts, and capital and operations cost estimates.  These alternatives are graphically shown 
in Figure 1-1 and further described below and within the body of the report. 

These alternatives were evaluated in conjunction with the collection system alternatives 
developed for the LTCP to mitigate CSOs to ensure that the entire program costs and 
impacts are taken into consideration. 

 

 

Alternatives A1 and A2 considered the existing hydraulic capacity of the secondary 
treatment process of 320 MGD, which would require providing 240 MGD of primary 
treatment capacity. Two primary treatment alternatives were evaluated as described below. 

· Alternative A1 – Replace existing primary clarifiers with a new 240-MGD 
chemically enhanced primary treatment (CEPT) process, followed by a 240 MGD 
high-rate disinfection system for CEPT effluent. 

Figure 1-1: Summary of Evaluated Alternatives 
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· Alternative A2 – Replace existing primary clarifiers with a new 
240-MGD high-rate treatment (HRT) process, followed by a 240 
MGD high-rate disinfection system for HRT effluent. 

Alternatives B1 through B6 consider increasing the secondary treatment sustained peak 
flow capacity up to 360 MGD with the remaining 200 MGD treated in the primary 
treatment process.  The alternatives vary by the means in which 200 MGD of primary 
treatment capacity is achieved. 

· Alternative B1 – Construct an additional 40-MGD primary clarifier to achieve a 
total 200 MGD of primary treatment capacity in partial treatment mode, followed 
by a 200-MGD high-rate disinfection system.  Chlorine addition at the head of the 
primary clarifiers would be discontinued. 

· Alternative B2 - Install a 40-MGD CEPT process to be used in parallel with the 
existing primary clarifiers, followed by a new 200-MGD high-rate disinfection 
process. Chlorine addition at the head of the existing primary clarifiers would be 
discontinued. 

· Alternative B3 - Install a 40-MGD HRT process to be used in parallel with the 
existing primary clarifiers, followed by a new 200-MGD high-rate disinfection 
process. Chlorine addition at the head of the existing primary clarifiers would be 
discontinued. 

· Alternative B4 – Install a storage tank to store influent plant flows in excess of 520 
MGD and return the stored flows to the WWTP after the wet weather event 
subsides for full treatment.  In this treatment scenario, chlorine would continue to 
be added at the head of the primary clarifiers for disinfection of flows discharged 
through Outfall 001 during partial treatment. 

· Alternative B5 – Install a 200-MGD CEPT process to completely replace the 
existing primary clarifiers, followed by a new 200-MGD high-rate disinfection 
process.  

· Alternative B6 – Install a 200-MGD HRT process to completely replace the 
existing primary clarifiers, followed by a new 200-MGD high-rate disinfection 
process. 

Alternatives C1 and C2 consider hydraulic and process improvements to the existing 
secondary treatment process to treat sustained peak flows up to 400 MGD in partial 
treatment mode, while maintaining the existing primary treatment process capacity of 160 
MGD.  The two alternatives are described below. 

· Alternative C1 - Perform continued upkeep of the existing primary clarifiers to 
keep them in good working order for both primary settling and disinfection of up to 
160 MGD.   
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· Alternative C2 – Implement improvements outlined as Alternative 
C1, but also install a new 160-MGD high-rate disinfection facility to 
disinfect primary effluent in partial treatment mode. 

Table 1-1 summarizes the project costs for all alternatives.  

Table 1-1: Summary of Estimated Project Costs, Annual O&M Costs, and 20-year 
life cycle costs (LCC) 

Alternative 

New 
Process 
Sizing 

(MGD) 

CCT 
Sizing 

(MGD) 

Prob 
Proj 
Cost, 
$M 

Annual 
O&M, 

$M 

20-
year 
LCC,  
$M 

A1 Primary CEPT 240 240 $    64.9 $ 0.55 $72.3 
A2 Primary HRT 240 240 $    81.9 $ 2.75 $119.3 
B1 Add 1 Primary Clar 40  200 $    23.2 $ 0.29 $27.2 
B2 Increm CEPT 40 200 $    32.2 $ 0.40 $37.6 
B3 Increm HRT 40 200 $    31.7 $ 0.72 $41.6 
B4 Storage 200 N/A $  121.6 $ 0.27 $125.3 
B5 Primary CEPT 200 200 $    60.6 $ 0.46 $66.9 
B6 Primary HRT 200 200 $    69.3 $ 2.69 $105.9 
C1 Current + Sec. Treatment 

Improvements 160 N/A $    30.4 $ 0.28 $34.2 

C2 Current + Sec. Treatment 
Improvements 160 160 $    40.5 $ 0.34 $45.1 

 
Each alternative was scored on a number of criteria which were weighted according to 
importance in the decision-making process, including: 

· Process Performance  

· Capital Cost  

· Operations & Maintenance (O&M) Costs  

· Design Complexity & Constructability  

· Maintenance of Plant Operations (MOPO)  

· Operability  

These economic and non-economic evaluations resulted in the BSA identifying Alternative 
C2 as the preferred WWTP alternative for implementation because it: 

· Maximizes secondary treatment of plant wet weather flows.  

· Optimizes primary effluent disinfection.  
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· Has low life-cycle capital and annual O&M costs. 

· Involves relatively straightforward construction with minimal impact to other plant 
treatment processes during construction. 

· Can be implemented within the available land at the WWTP. 

· Is similar to current treatment plant operations. 

Alternative C2 includes the following improvements: 

· Replacement of the sludge and scum collection systems in each of the four existing 
primary clarifiers. 

· Replacement of the primary sludge pumps.   

· Miscellaneous other repairs required to ensure that the primary clarifiers remain 
functional. 

· Addition of a new chlorine contact tank and associated chemical storage and feed 
equipment downstream of the existing four primary clarifiers to provide a minimum 
5-min detention time for high-rate disinfection for primary effluent flows up to 160 
MGD when operating in the partial treatment mode. 

· Construction of two new secondary clarifiers; one in each secondary system 
battery. 

· Improving hydraulics through the sixteen existing secondary clarifiers by providing 
forty-six additional orifices in the peripheral influent channel of each secondary 
clarifier. 

· Expanding the existing chlorine contact tank following the secondary treatment 
process by adding a new tank to disinfect a total secondary process effluent of 400 
MGD, with a contact time of 15 minutes.  

The estimated capital cost for the implementation of Alternative C2 is approximately $40.5 
million. With annual additional O&M costs of $282,000, the 20-year life cycle cost was 
estimated at $44.3 million dollars. Given the high cost of this alternative, an adjustment of 
the proposed 2012 LTCP Update Schedule will be necessary if this treatment upgrade is to 
be included in the LTCP. 
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2. REGULATIONS AND POLICIES  

2.1 Review of Applicable Regulations and Policies Regarding Peak Flow 
Management Alternatives 

Until recently, many treatment plants conducted NFA evaluations to support bypassing of 
secondary treatment processes during peak flow events.  However, earlier this year, the 
United States Court of Appeals for the Eighth Circuit held that the USEPA lacks the 
authority to regulate wet weather flow management practices on the POTW site and that 
the USEPA could not require NFA evaluations.  Whether or not the likelihood that the 
bypass policy/NFA no longer applies, the BSA completed the NFA and recommended a 
feasible alternative to current primary bypass practices, and will install this alternative 
assuming Agency approval of the previously requested LTCP schedule changes.  The 
evaluation included in this report demonstrates that the proposed treatment regime in the 
LTCP Update – as it may be amended with the C2 treatment plant upgrade alternative 
discussed above – is consistent with the CSO Policy requirements.  

Step 1 – Documenting the Appropriateness of a CSO Bypass 

Excessive flows conveyed to a treatment process can result in washout of that process.  As 
stated in the US EPA CSO Control Policy:  “For the purposes of applying this regulation to 
CSO permittees, “severe property damage” could include situations where flows above a 
certain level wash out the POTW’s secondary treatment system.”  

A bypass may be warranted under circumstances where the flows conveyed to the POTW 
exceed the secondary unit process capacity. The first step of the NFA evaluation is to 
compare the flows reaching the POTW to the treatment capacity of the primary and 
secondary processes. 

Step 2 – Identifying Feasible Alternatives 

If it is determined that flows to the POTW exceed the existing secondary treatment process 
capacity, alternatives are then identified and evaluated to determine the feasibility of 
increasing secondary treatment capacity or providing a higher level of primary treatment. 
The CSO Control Policy states that the: “EPA further believes that the feasible alternatives 
requirement of the regulation could be met if the record shows that the secondary treatment 
system is properly operated and maintained, that the system has been designed to meet 
secondary limits for flows greater than the peak dry weather flow, plus an appropriate 
quantity of wet weather flow, and that it is either technically or financially infeasible to 
provide secondary treatment at the existing facilities for greater amounts of wet weather 
flow.” 

The CSO Control Policy also provides guidance for evaluating alternatives that minimize 
the adverse impacts of the bypass: “The feasible alternatives analysis should include, for 
example, considerations of enhanced primary treatment (e.g., chemical addition) and non-
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biological secondary treatment.  Other bases supporting a finding of no 
feasible alternatives may also be available on a case by case basis.  As part of 
possible adverse effects resulting from the bypass, the permitting authority should also 
ensure that the bypass will not cause exceedances of Water Quality Standards (WQS).” 

If the secondary treatment capacity is less than the wet weather flows through the 
headworks, a bypass around secondary treatment may be needed to protect the integrity of 
the treatment process. 

The key requirement in the US EPA CSO Control Policy is that: “The CSO-related bypass 
provision in the permit should also make it clear that all wet weather flows passing the 
headworks of the POTW treatment plant will receive at least primary clarification and 
solids and floatables removal and disposal, and disinfection, where necessary, and any 
other treatment that can reasonably be provided.” 

This voluntary NFA evaluation for the BSA’s Bird Island WWTP considers the above 
policies by: 

· Estimating wet weather flows reaching the WWTP during wet weather conditions.  

· Confirming that the secondary treatment process is operated properly and can 
receive flows with an acceptable wet weather peaking factor for the total combined 
influent flow at the WWTP. 

· Identifying alternatives to provide additional secondary treatment capacity. 

· Identifying alternatives for improved treatment and evaluating the benefit from 
those alternatives to address the two major pollutants of concern – TSS and fecal 
coliform. 
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3. EXISTING FACILITIES 

3.1 Bird Island WWTP  

The BSA owns and operates the Bird Island WWTP located at the foot of West Ferry Street in 
Buffalo, New York.  The WWTP receives combined sewer flow from the City of Buffalo, as 
well as all or part of nine tributary communities.  Discharge from the WWTP is to the Niagara 
River through the main WWTP outfall from the secondary system (Outfall 002) and primary 
treatment outfall (Outfall 001) only under wet weather flow conditions.   

Additionally, the WWTP is equipped with outfall 01A upstream of the plant headworks 
designed and operated as an emergency bypass to protect the treatment plant and collection 
system during extreme flows exceeding the plant capacity and/or equipment or process failure.  

The plant was originally placed into service in 1938 as a primary treatment plant with 
secondary treatment facilities constructed during the late 1970’s in response to the Clean Water 
Act.  The WWTP, which provides primary and secondary treatment, disinfection and solids 
handling was designed, and is permitted, for a 12-month rolling average flow of 180 MGD. 
Currently the Plant treats an annual average of approximately 130 MGD. 

The wet stream treatment facilities include: 

· Two manually-cleaned coarse bar racks 

· Raw Wastewater Pump Station (RWWPS) containing six pumps to lift the raw influent 
to the plant headworks 

· Six mechanically-cleaned fine bar screens for continuous removal of coarse solids from 
the influent wastewater  

· Eight vortex grit tanks for removal of inorganic matter such as sand, cinders, and other 
small pieces of mineral matter  

· Four primary settling tanks to remove organic and inorganic settleable solids  

· Sodium hypochlorite system for primary effluent under partial treatment 

· Settled Wastewater Pumping Station (SWWPS) containing five pumps to lift the 
primary effluent to the activated sludge system  

· Ferric chloride addition to secondary influent for phosphorus removal 

· Activated sludge system consisting of sixteen four-pass aeration tanks (also can be 
operated as eight, eight-pass tanks)  

· Sixteen final clarifiers 

· Four chlorine contact tanks 

· Sodium hypochlorite facilities for disinfection of plant final effluent 
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Disinfected secondary effluent is discharged through Outfall 002. The 
effluent limitations for this discharge set forth in the current SPDES permit 
are 30 mg/L and 45 mg/L for the monthly and 7 day averages, respectively, for both TSS and 
BOD5.  The permit limitations for fecal coliform are a 30-day geometric mean of 200/100 ml 
and a 7-day geometric mean of 400 /100 ml. The permit also contains a maximum limit for 
chlorine residual of 2.0 mg/l daily maximum.  

The SPDES permit allows all flows up to the plant headworks capacity and not passed through 
Outfall 002 to be discharged through Outfall 001 following primary clarification and 
disinfection. The permit requires that these flows be monitored for a range of parameters, 
including TSS, BOD5 and fecal coliform.  Similar to Outfall 002, Outfall 001 also has a 
chlorine limit of 2.0 mg/L daily maximum chlorine residual. 

Figure 3-1 presents an aerial view of the plant and shows the main treatment units and 
wastewater flow through the plant. 

 

3.2 Wet Weather Operation 

 

Figure 3-1: Bird Island WWTP Aerial View (source: Google Map) 
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The WWTP can operate in any of three operating modes depending on the 
influent flow as follows: 

Normal Mode is used under dry weather and minor wet weather conditions, when the plant 
influent flow is less than or equal to 160 MGD. All flow receives preliminary, primary and 
secondary treatment, and disinfection. Plant effluent discharges through outfall 002.  

 

Primary Bypass Mode is used under wet weather conditions when plant influent flow exceeds 
160 MGD with all units in service. The flow passes through the headworks and receives 
preliminary treatment (screening and grit removal). Flows up to 160 MGD receive primary 
treatment. Flows in excess of 160 MGD bypass the primary clarifiers and is conveyed with 
along with primary effluent to the secondary treatment process. All flow receives secondary 
treatment and disinfection and discharges through outfall 002.  

 

Partial Treatment Mode is used under wet weather conditions, when the plant influent flow 
exceeds the capacity of the secondary treatment system (~320 MGD). All flow receives 
preliminary treatment. Flow up to the secondary treatment capacity is directed to the secondary 
treatment process, treated, disinfected, and discharged through outfall 002.  Flow in excess of 
the secondary treatment capacity receives primary treatment only and is disinfected and 
discharged via outfall 001.  In this mode, the primary clarifiers also function as chlorine contact 
tanks for flows not receiving secondary treatment. 
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The WWTP’s State Pollutant Discharge Elimination System (SPDES) permit 
includes the following requirements for wet weather flows: 

· Outfall 001 (at the effluent end of the primary clarifiers) should be monitored for TSS 
and fecal coliform. 

· Outfall 001 has a limit of 2 mg/L for maximum total residual chlorine (TRC). 

· Per Footnote 1 to the SPDES Permit Outfall 001 monitoring table, “Flows shall be 
managed in accordance with the Wet Weather Operations Plan. All flows up to the 
headworks capacity and not passed through outfall 002 shall be passed through outfall 
001.”  

· Per Section VII - Best Management Practices for Combined Sewer Overflows for 
maximizing flow to POTW, “…The treatment plant shall be capable of receiving and 
treating: the peak design hydraulic loading rates for all process units, i.e. a minimum 
of 450 MGD through the plant headworks; and a minimum of 300 MGD through the 
secondary treatment works during wet weather in accordance with the Wet Weather 
Operating Plan...”. 

The 2007 BSA Wet Weather Operating Plan describes the three operating modes and identifies 
the critical components of the plant affected by wet weather flow.  Each critical component – 
equipment or unit process – has a corresponding wet weather operating objective and a set of 
guidelines for tasks to be performed prior to, during, and after a wet weather event.  

While the BSA currently uses all three operating modes as described above, a current hydraulic 
bottleneck at the primary bypass chamber upstream of the primary clarifiers currently prevents 
flows greater than approximately 270 MGD from reaching the secondary treatment process 
during partial treatment mode only.  During normal operation and primary bypass mode, the 
plant can convey up to 360 MGD of flow to the secondary process through this chamber.  
Improvements to this chamber are currently being implemented.  Therefore, the alternatives in 
this NFA evaluation assume that these improvements have been completed. Additionally, this 
hydraulic bottleneck is believed to trigger occasional activations of plant emergency Outfall 
01A upstream of the headworks fine screens during partial treatment mode events in response 
to significant storm events.   

3.3 Review of Historical Plant Influent Flow  

From January 2008 to January 2013, the pumped influent plant flow averaged 130 MGD. Daily 
total flows ranged from 74 MGD to a maximum of 461 MGD. Figure 3-2 shows the daily total 
flow frequency distribution for the historical plant influent flow dataset. 
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Figure 3-2: Plant Total Daily Influent Pumped Flow Distribution 
 

3.4 Model-Predicted Typical Year Flows 

A collection system hydraulic model was developed and used with the 1993 typical year 
precipitation dataset developed for the 2012 BSA LTCP Update, to project the typical year 
flows, including peak wet weather flows.  The typical year hydrograph projects the hourly 
flows in the collection system that reach the siphon upstream of the WWTP.   The flow 
information was analyzed to estimate the duration of time that certain flow thresholds ranges 
are exceeded in a typical year.  This information is presented in Table 3-1.  
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Table 3-1: Percent of Typical Year Flows Conveyed to WWTP 

Flow Rate 
(MGD) 

% of Time at or 
Exceeds 

Annualized Hrs at or 
Exceeds 

Annualized Days at or 
Exceeds 

100 94.67% 8,292 345.5 
150 59.06% 5,174 215.6 
200 13.86% 1,214 50.6 

250 6.29% 551 23.0 

300 4.41% 386 16.1 
320 3.93% 345 14.4 
350 3.21% 281 11.7 
360 2.99% 262 10.9 
400 2.37% 208 8.6 
450 1.52% 134 5.6 
500 0.89% 78 3.3 
520 0.73% 64 2.7 
550 0.57% 50 2.1 
560 0.0% 0 0 

 
The two flow distributions presented above show similar results for the infrequent occurrence 
of peak wet weather flows.  It should be noted that Figure 3-2 is based on daily total flow while 
Table 3-1 is based on 15-min flow data.   
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4. WET WEATHER TREATMENT CAPACITY 

This section summarizes the wet weather capacity for the primary and secondary treatment 
processes. Information used in this evaluation includes: 

· Recent WWTP operating data (Jan 2008 – Jan 2013).  

· Bird Island WWTP Wet Weather Capacity Evaluation, Malcolm Pirnie, Inc., May 
2004 (the “2004 Report”) 

· Hydraulic Modeling results from 2013 

· 1993 Modified Typical Year Data used in the 2012 LTCP 

· Report of Primary Clarifier Studies at the Buffalo Sewer Authority Bird Island 
WWTP, CPE Services, Inc., July 2004 

The BSA has demonstrated through operational changes and capital improvements, both 
completed and ongoing, that the plant is currently maximizing the treatment of wet weather 
flows using a combination of each of the three operational modes, including partial 
treatment once secondary treatment capacity is exceeded.  Based on the original plant 
design, historical operations and review of the existing treatment processes, the primary 
and secondary processes have the following wet weather treatment capacities during partial 
treatment mode. 

· 240 MGD in the primary treatment process. Note that, per the Agencies request, the 
BSA is willing to limit future peak flow capacity of the existing primary clarifiers 
to 160 MGD. 

· 320 MGD sustained/360 MGD instantaneous in secondary treatment processes 
following completion of the primary bypass modification project mentioned 
previously. 

Historically however, operation of the secondary treatment process in partial treatment 
mode has been limited hydraulically.  In the existing primary bypass chamber, the elevation 
of the existing primary clarifiers is such that under partial treatment mode, the primary 
clarifiers have received flow of up to 240 MGD and the secondary system flow has been, at 
times, limited to 270 MGD. No problems are observed under normal and primary bypass 
modes. An ongoing project is currently modifying the configuration in the primary bypass 
chamber to address this hydraulic bottleneck and at its completion, will allow up to 400 
MGD sustained flow to the secondary treatment process in partial treatment mode.   

Improvements to optimize the treatment of flows at the WWTP were considered in 
conjunction with improvements to the collection system as outlined in the Recommended 
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Alternative UA2 in the BSA’s 2012 LTCP Update. The goal was to identify projects which 
will provide the highest benefit-to-cost ratio system-wide.  Therefore, the system-wide 
recommended alternative provides a mix of new wet weather treatment and storage 
facilities located within the collection system, a robust green infrastructure program, along 
with improvements at the plant as outlined in this NFA evaluation. Section 5 summarizes 
the evaluated alternatives that could potentially provide enhanced treatment during the 
relatively few days when the plant enters partial treatment mode. Additionally, Section 5 
includes consideration of the regulatory agencies’ request to evaluate other options for 
disinfection of primary effluent flows not receiving secondary treatment.   

4.1 Flows Reaching the WWTP 

To address comments made by the USEPA and NYSDEC about maximizing flows to the 
WWTP, hydraulic conditions in the influent interceptors were evaluated under existing 
conditions (using the Revised Baseline conditions model) as well as the Recommended 
Alternative in the 2012 LTCP Update. Peak flows in both interceptors (North and South), 
as well as in the WWTP influent, were compared to assess current operating conditions as 
well as proposed conditions within the North Relief sewer under the 2012 LTCP Update 
Recommended Alternative. Overflow volumes and timing of activation at CSO-055 
(Cornelius Creek) were also evaluated to assess the impact of proposed alternatives on that 
overflow. CSO-055 was selected for evaluation as the CSO most sensitive to North 
Interceptor and WWTP capacity and operation. This evaluation confirms that the BSA is 
currently maximizing wet weather flows and volumes conveyed to the WWTP and that the 
proposed improvements in the 2012 LTCP Update Recommended Alternative increase the 
duration at which the WWTP treats flows greater than 520 and up to 560 MGD, delay the 
onset of upstream overflows, and significantly reduce overflow volumes and activations.  

Figure 4-1 shows the peak hydraulic grade line (HGL) in the North Interceptor under 
Revised Baseline conditions for the largest typical year event, while Figure 4-2 shows the 
peak HGL for the largest typical year event for the 2012 LTCP Update Recommended 
Alternative (including the North Relief line). Under both scenarios, the capacity of the 
WWTP was modeled with influent flows of 560 MGD. Figures 4-1 and 4-2 show that the 
North Interceptor has capacity limitations that are evident upstream of the siphon near 
CSO-004. However, downstream of CSO-004 WWTP, peak flow limitations appear to 
have a greater impact on interceptor conveyance capacity as compared to pipe limitations. 
The addition of the North Relief line provides additional conveyance capacity for the North 
Interceptor system (up to 23 percent increase in peak flows conveyed to the WWTP for the 
largest typical year event).  

Additionally, the North Relief line recommended as part of the 2012 LTCP Update 
Recommended Alternative extends the plant peak flow duration and reduces estimated 
CSO volumes to Black Rock Canal and Niagara River.  Table 4-1 shows that the 
improvements within the 2012 LTCP Update Recommended Alternative increase the 
time that the WWTP can receive and treat higher flows when compared to Revised 
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Baseline conditions. For example, the time at which the WWTP receives and treats flows 
in excess of 520 MGD and up to 560 MGD, increasing from 1.2 days to almost 3 days. 

Table 4-1: Cumulative Frequency Analysis of Peak Flows at the WWTP (WWTP 
Capacity = 560 MGD) 

Flow Rate 
(MGD) 

Revised Baseline 
2012 LTCP Update Recommended 

Alternative 
(WWTP at 560 MGD) 

Annualized Hrs at 
or Exceeds 

Annualized Days at 
or Exceeds 

Annualized Hrs at 
or Exceeds 

Annualized Days at 
or Exceeds 

500 41 1.7 78 3.3 

520 28 1.2 64 2.7 
550 23 0.7 50 2.1 
560 7 0.3 20 0.8 

 

As previously discussed in the BSA response letter dated March 1, 2013, any additional 
increase in the WWTP capacity was considered to be cost-prohibitive, and instead, the 
recommended 2012 LTCP Update Recommended Alternative UA2 considered a new 
standalone pump station and force main to convey additional wet weather flows to Bird 
Island for subsequent treatment at a new HRT facility.  In order to estimate to what extent, 
if any, the plant headworks capacity limits the amount of flows delivered to the WWTP, the 
2012 LTCP Update Recommended Alternative model was run with the WWTP capacity 
increased to 600 MGD.  The model results, summarized on Table 4-2, indicate that 
increasing the WWTP capacity to 600 MGD provides little additional benefit, with the 
frequency of flows in excess of 560 MGD occurring only an additional 23 hours as 
compared to the WWTP at 560 MGD capacity. 

Table 4-2: Cumulative Frequency Analysis of Peak Flows at the WWTP 

Flow 
Rate 

(MGD) 

Revised Baseline 
Recommended 

Alternative 
(Plant at 560 MGD) 

Recommended 
Alternative  

(Plant at 600 MGD) 
Annualized 
Hrs at or 
Exceeds 

Annualized 
Days at or 
Exceeds 

Annualized 
Hrs at or 
Exceeds 

Annualized 
Days at or 
Exceeds 

Annualized 
Hrs at or 
Exceeds 

Annualized 
Days at or 
Exceeds 

500 41 1.7 78 3.3 79 3.3 

520 28 1.2 64 2.7 66 2.8 
550 23 0.7 50 2.1 50 2.1 
560 7 0.3 20 0.8 43 1.8 
600 0 0 0 0 13 0.5 
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The improved WWTP operation can also be evaluated by noting the projected operation of 
CSO-055. This CSO, at the most upstream point of the North Interceptor, is affected by a 
combination of North Interceptor capacity and WWTP capacity. This combination makes 
CSO-055 most sensitive to the operation of these facilities. Figure 4-3 shows the 
improvement to CSO-055 based on the combination of recommended improvements within 
the CSO-055 basin as part of the Recommended Alternative. The recommended 
improvements include raising the weir at SPP-1 by one foot, implementing green 
infrastructure in the tributary catchment, off-line storage tank at Military Road, and the 
construction of the North Interceptor Relief line. Taken together, these improvements, as 
shown in Figure 4-3, reduce the overall CSO volumes as well as move the time and flow 
rate at which the CSO discharges. In this example for the 5th largest storm event, CSO-055 
discharges when plant flows are around 230 MGD under the Revised Baseline conditions. 
With the recommended improvements, CSO-055 does not discharge until plant flows reach 
nearly 510 MGD. While the proposed relief line does provide significant reductions at 
CSO-055 (over 30 percent decrease in annual volumes), increasing the plant capacity to 
600 MGD would have resulted in only slightly moderate additional reductions in annual 
CSO volumes under the Recommended Alternative scenario. This implies that CSO-055 is 
affected by the system hydraulic grade line more so than by the plant flow limitations. 
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Figure 4-1: Peak HGL in North Interceptor under Revised Baseline Conditions 

Peak North Interceptor Flow = 261 MGD 
(largest TY storm) 
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Figure 4-2: North Interceptor Peak Hydraulic Grade Lines for 2012 LTCP Update Recommended Alternative

Peak North Interceptor Flow = 321 MGD 
(largest TY storm) 
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Figure 4-3: CSO 055 Discharge & WWTP Influent Flows for the 5th Largest 
Overflow Event (where Pref Alt data refers to the Recommended Alternative in the 

2012 LTCP Update Revision) 

4.2 Primary Treatment 

Raw wastewater is pumped from downstream of the coarse bar screens by the pumps in the 
Raw Wastewater Pump Station (RWWPS) to the fine screen influent channel, where it 
flows by gravity through the fine screens, grit removal chamber, and to the primary influent 
chamber.    The RWWPS contains six wastewater pumps that pump out of two wet wells (3 
pumps per wet well).  Two of the 120-MGD pumps operate at constant speed and two 120-
MGD pumps are variable-speed.  The remaining two pumps (dual-speed) each have a 
maximum rated capacity of 120 MGD at the full speed of 180 rpm and a capacity of 60 
MGD at a reduced speed of 157 rpm.   According to the WWTP’s O&M manual, the 
pumps were designed to pump the entire capacity (563 MGD) of the intercepting sewer 
into the plant.  The pumps are controlled via liquid level in the two wet wells. 

Primary treatment facilities include four circular clarifiers that were constructed in the late 
1930’s.  Recent rehabilitation projects include repair of concrete and sludge collectors in 
the early 1990's and replacement of the scum collection system in 2003. Physical 
characteristics of the primary clarifiers are shown in Table 4-3.
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Table 4-3:  Primary Clarifier Physical Characteristics 

Characteristic Units 

Value 

Each Total 

No. of units  - 4 

Diameter ft. 160 - 

Side Water Depth ft. 14.5 - 

Area sq. ft. 20,100 80,400 

Volume Mgal. 2.4 9.6 

Weir length ft. 503 2,010 

 

4.2.1 Design Parameters for Primary Clarifiers 

When the WWTP was designed, a maximum recommended surface overflow rate (SOR) 
for the primary clarifiers was 3,000 gallons per day per square foot (gpd/sf).  This SOR 
translates to a maximum flow of 240 MGD to the primary clarifiers or 60 MGD per 
clarifier. However, the guidelines of the 2004 Recommended Standards for Wastewater 
Facilities (commonly called ‘Ten States Standards,) reduced the recommended maximum 
SORs for primary settling tanks to 2,000 gpd/sf and the NYSDEC has recommended to 
the BSA that this SOR be used when considering the primary clarifiers.  This SOR is 
equivalent to a hydraulic flow of 160 MGD to the existing clarifiers, or 40 MGD per 
clarifier, a decrease of 33 percent in the overall primary treatment process capacity. 

4.2.2 Current Primary Treatment Performance 

Raw wastewater and primary clarifier influent flow and wastewater statistics for the period 
from January 1, 2008 through January 30, 2013 were evaluated to assess current primary 
treatment performance. Table 4-4 summarizes raw wastewater and primary influent daily 
data.   

Within this dataset, there were 306 days (or approximately 61 times per year) that partial 
treatment mode was activated with reported primary effluent discharge volumes ranging 
from 1 MG to 1,260 MG.  
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Table 4-4: Primary Clarifier Influent Flow  
January 1, 2008 through January 30, 2013 

 WWTP Raw Wastewater Primary Clarifier Influent Flow 

Statistic 
Flow 

(MGD) 
TSS (mg/L) 

Partial 
Treatment Mode 

Not Activated 
(MGD) 

Partial Treatment 
Mode Activated 

(MGD) 

Average 131 96 97 127 

Max 521* 496** 187 242 

Notes:  * March 11, 2009 
 ** June 21, 2011 at 314 MGD Average Raw Influent Flow 
 

Influent flow per clarifier averaged 36 MGD per clarifier (SOR = 1,768 gpd/sf). 

Primary clarifier TSS removal performance when partial treatment mode was not activated 
is summarized in Table 4-5. The data indicate that effluent TSS concentrations remain 
relatively constant over the entire range of SORs. Average TSS removal performance 
shows a slight decline as SOR increases but does not appear to be statistically or, more 
importantly, environmentally significant.    

 
Table 4-5: Primary Clarifier Performance  
January 1, 2008 through January 30, 2013 

Statistic 

< 1,500 gpd/sf 
(30 MGD / clarifier) 

1,500 to 2,000 gpd/sf 
(30 to 40 MGD / clarifier) 

>2,000 gpd/sf 
(40 MGD / clarifier) 

Influent 
TSS 

Effluent 
TSS 

TSS 
Removal 

Influent 
TSS 

Effluent 
TSS 

TSS 
Removal 

Influent 
TSS 

Effluent 
TSS 

TSS 
Removal 

mg/L mg/l % mg/L mg/l % mg/L mg/l % 

No. of Days 
from 2008 
to Jan 2013 

478 860 426 

Max 288 
(1/24/10) 54 81% 416 

(9/20/11) 78 81% 496 
(6/22/11) 92 81% 

Min 36 
(12/21/09) 40 -11%2 22 

(3/6/11) 20 9% 30 
(3/7/2011) 26 13% 

Average 96 52 46% 93 52 44% 93 56 40% 

Notes:  
1. Statistics shown are for days that partial treatment mode was not activated and exclude days when primary influent flow 

meters were not reading properly (approximately 3 percent of the total data period).  
2. In this case, primary influent TSS is less than the effluent indicating little to no improvement in solids removal, most likely 

attributed to very dilute flow. 
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Primary clarifier effluent TSS for days that partial treatment 
was not activated and days that partial treatment mode was activated for the period from 
January 1, 2008 through January 30, 2013 are shown in Table 4-6.   

Table 4-6:  Primary Clarifier Effluent Performance Comparison 

January 1, 2008 through January 30, 2013 

 
Normal Operating 

Conditions 
Partially Treated 

Flow 

 

Primary 
Effluent TSS 

(mg/L) 

TSS 
(mg/L) BOD (mg/L) 

Average 52 88 54 

Max 254 344 124 
Min 10 1 1 

Note: Statistics shown exclude days when primary influent flow meters were not reading properly.  

4.2.3 Primary Treatment Performance Investigations 

Several investigations were undertaken by the BSA in the mid-2000s to evaluate the 
effectiveness and potential enhancements to primary treatment performance.  The 
investigations included hydraulic testing, adding chemicals to the existing primary 
clarifiers for enhanced settling, and the installation of an energy dissipating baffle in one 
primary clarifier.   

4.2.4 Hydraulic Characteristics Testing 

The BSA retained CPE Services, Inc. in 2004 to evaluate the performance of the existing 
four primary clarifiers under high flow conditions. One of the primary clarifiers was 
subjected to an influent flow rate of 40 MGD and a second to a 60 MGD flow.  Dye 
addition, vertical solids profiling, and drogue current measurements were then performed 
to evaluate the clarifier performance under the given flows and loads.   

The clarifier evaluation indicated that: 

1. The higher flow rate of 64 MGD per clarifier appears to limit the effectiveness of the 
primary clarifiers for TSS removal.  Performance of the clarifier at 43 MGD resulted 
in better performance than the clarifier tested at 64 MGD. 

2. Concentration currents and downward and outward velocities within the clarifiers 
limit the formation of a sludge blanket at higher flow rates.   
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3. The existing sludge collection mechanisms and 
effluent weir configuration were adequate for their particular functions. 

CPE Services, Inc. made several recommendations to improve clarifier performance under 
higher flows, including the use of larger diameter center wells and separate energy-
dissipating inlets to improve the distribution of flow and flocculation of wastewater solids.  
The report also noted that these improvements would likely be more effective if chemical 
addition was also employed. Testing of a sloped peripheral baffle supported from the outer 
wall was also recommended.  

4.2.5 Full-Scale Primary Treatment Testing  

The BSA performed testing on the addition of ferric chloride and polymer to one primary 
clarifier. However, testing results were mixed with no conclusive evidence to suggest that 
chemical addition significantly improved performance.  However, with additional 
modifications to the existing clarifiers, as discussed in Section 4.1.6, the use of ferric 
chloride and polymer was again tried and it was found that 53 percent of TSS and 31 
percent of BOD5 was removed.  Therefore, it appears that the use of chemicals plus 
additional improvements in terms of clarifier baffling did increase the performance of the 
clarifiers.  This is most likely because the baffled inlet provides improved hydraulic 
mixing conditions for flocculation with the chemicals. 

4.2.6 Full-Scale Baffle Testing 

The BSA installed a Flocculating Energy Dissipating Well Arrangement (FEDWA™) in 
primary clarifier No. 2 in December 2007. Side by side testing of the FEDWA™-baffled 
primary clarifier and one without the baffle was performed and results reported in the 
WEFTEC 2010 proceedings (Applegate et.al).  Testing was performed at a target SOR of 
3,000 gpd/sf. The following activities were also performed: 

· Computational fluid dynamics (CFD) modeling to project the hydraulic 
improvements  

· Dye dispersion and velocity (drogue) testing to confirm the hydraulic 
improvements 

· System performance data analysis of side-by-side testing of clarifiers with and 
without the baffle 

The dye and drogue testing (dye and drogue) demonstrated that the FEDWA™ baffle 
improved performance and reduced the bottom velocity currents with reduced solids 
scour. The baffled inlet also provided better flocculation and settling.  The data show that 
the baffled clarifier averaged higher TSS and BOD removals than the unmodified clarifier 
over four days of intensive sampling. Primary clarifier No. 2 achieved 5 percent to 20 
percent greater TSS removal and 4 percent to 30 percent greater BOD removal at SORs 
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between 2,000 gpd/sf and 2,500 gpd/sf, than observed in the 
unmodified clarifier. Additionally, the test results suggested that the baffled inlet resulted 
in a more concentrated underflow solids concentration.  However, the BSA ultimately 
decided that the incremental benefit of adding the FEDWA™ baffle system to the 
remaining clarifiers was not worth the extra cost involved, and therefore, baffles were not 
installed in the remaining clarifiers. 

4.2.7 Recent Hydraulic Modeling of the Primary Bypass Chamber 

Historically, the primary bypass has been hydraulically limited to approximately 270 
MGD of flow to the secondary treatment in the Partial Treatment Mode. The flow 
bottleneck became more apparent following a change in the Activated Sludge system from 
conventional activated sludge mode to step feed mode in May 2008.  This change lowered 
the solids loading to the final clarifiers and removed hydraulic limitations of the secondary 
system during wet weather.  It was realized that by operating in this mode, the secondary 
system could now process peak design flows of up to 360 MGD.  However, only about 
270 MGD can hydraulically pass through the primary bypass channel during partial 
treatment events.  

In dry weather, flows enter the WWTP’s raw sewage wet well and are lifted by up to five 
influent pumps to the fine screen channels, and then to the vortex grit removal system via 
two 9-ft by 9-ft concrete channels to the primary bypass structure. Flows are then directed 
through the primary clarifiers, enter the lower level effluent channels, pass through sluice 
gate 18 and enter the settled wastewater pumping station for conveyance to the secondary 
treatment process. Due to the elevation and configuration of the existing primary clarifiers, 
flow that enters the primary bypass structure preferentially flows through the clarifiers 
rather than to the settled wastewater pumping station wet well.  Due to this restriction, 
flow to the secondary processes is currently limited to approximately 270 MGD during 
partial treatment.   

The culmination of recent modeling efforts was the development of the design of 
modifications to the primary bypass structure to achieve an instantaneous primary bypass 
capacity of 360 MGD during partial treatment mode.  The design includes modifications 
to the existing primary influent channels in the primary bypass area to allow additional 
flow to bypass primary treatment and go directly to the primary effluent channel and the 
settled wastewater pump station wet well during partial treatment.   These modifications 
consist of the following: 

· Construction of a below-grade structure on the east side of the existing Primary 
Effluent Junction Chamber connecting it to the north wall of the Primary Influent 
Channel; 

· Installation of two new sluice gates on the east face of the Primary Effluent 
Junction Chamber; 
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· Demolition of portions of existing Primary Influent 
Channel walls to provide openings for flow to move into a new chamber; and  

· Providing stop logs and stop log supports in both of the Primary Influent Channels 
for isolation of these channels in the future. 

Figure 4-4 shows a schematic of the proposed modifications.   

 

Figure 4-4: Proposed Partial Treatment Flow Schematic 

4.2.8 Existing Primary Treatment Capacity 

While the WWTP has previously processed flows of up to 240 MGD through the primary 
clarifiers with good results, the BSA is willing to consider the Agencies’ request to limit 
the total primary treatment capacity to 160 MGD (or 40 MGD per clarifier) for 2012 
LTCP Update planning purposes, corresponding to a maximum surface overflow rate of 
2,000 gpd/sf cited in the most recent guidelines in the Ten States Standards document. 

4.3 Primary Effluent Disinfection 

As per the facility’s discharge permit, the BSA disinfects all primary effluent when 
operating in the partial treatment mode.  Currently, sodium hypochlorite is added at the 
influent box to each pair of clarifiers.  Disinfection is provided in conjunction with the 
clarification process prior to discharge to Outfall 001.  The chemical feed system is 
manually operated with WWTP staff adjusting feed rates as plant flows and operation 
vary.  Outfall 001 has daily maximum chlorine residual limitation of 2.0 mg/Land a 
requirement to monitor fecal coliform levels. As such, the BSA’s operating strategy 
appropriately targets compliance with the effluent chlorine residual. 
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The existing primary clarifiers provide a detention time of 
approximately 86 minutes at a maximum flow of 160 MGD and which significantly 
exceeds the Ten States Standards guideline for a 15-minute minimum contact time for 
conventional disinfection.  

The plant data for the January 2008 through 2013 period indicate significant variability in 
primary effluent fecal coliform levels during partial treatment operation. Daily values 
ranged significantly. 

4.4 Secondary Treatment 

4.4.1 Design Parameters for Secondary Treatment Process 

The secondary treatment system at the WWTP is an activated sludge process configured to 
operate in conventional plug flow, step feed, and contact stabilization modes of operation.  
The system includes 16 four-pass aeration tanks and 16 final clarifiers arranged in two 
batteries (“A” and “B”).  Each battery has eight aeration tanks and eight final clarifiers, 
two blowers, three return activated sludge (RAS) pumps, and two waste activated sludge 
(WAS) pumps.  Table 4-6 summarizes the design parameters for the existing system. 

Primary effluent and raw wastewater bypassing primary treatment in primary bypass 
mode is pumped to the aeration tanks using the Settled Wastewater Pumping Station 
(SWWPS).   

Table 4-7: Secondary Treatment System  

Characteristic Units 
Value 

Each Total 

Aeration Tanks  
No. of units  - 16 
Surface area sq. ft. 19,200 307,200 
Depth ft. 15 - 
Volume Mgal. 2.15 34.4 

Final Clarifiers  
No. of units   16 
Diameter ft. 130 - 
Side water depth ft. 12 - 
Surface area sq. ft. 13,333 213,330 
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4.4.1.1 Settled Wastewater Pumping Station 

The settled wastewater pumps convey flow from the settled water wet well to the activated 
sludge process.  Both primary effluent and flow that bypasses the primary clarifiers feed 
the settled water wet well. 

The settled water pump station contains five pumps:  four variable speed pumps (Pumps 
No. 1, 2, 5, 6) and one constant speed pump (Pump No. 3). Pumps No. 1, 2 & 3 are on east 
side of the station and Pumps No. 5 and 6 are on west side. There is no Pump No. 4, but 
there is an area reserved for the addition of a 6th pump, if necessary, in the future. 

Each pump has a capacity of 83,400 gpm or 120 MGD at approximately 88 percent speed, 
so with four pumps in operation, approximately 480 MGD can be conveyed to the 
secondary treatment process.   If all pumps are at full speed, the estimated capacity is 
approximately 140 MGD per each pump.  

4.4.1.2 Aeration Tanks 

The aeration tanks are currently operated in step feed mode, with primary effluent fed to 
passes 1 and 5 and RAS fed to pass 1 (tanks are operated in pairs, forming four eight pass 
tanks in each battery).  Process modeling indicates that the capacity of the aeration tanks 
operating in step feed mode to be 360 MGD, with the capacity limited by the secondary 
clarifiers, and not the aeration tanks themselves.  

4.4.1.3 Secondary Clarifiers 

As indicated in Table 4-7, there are sixteen final clarifiers or eight clarifiers in each 
battery.  Each clarifier currently has approximately 48 six-inch diameter and 14 eight-inch 
diameter orifices in the bottom of the peripheral influent trough, spaced at approximately 
6.5-ft apart.  Flow is fed to the clarifiers down through the influent orifices and into the 
clarifiers.  Clarifier effluent flows over the clarifier weirs and into the effluent channel, 
which is located just inside the clarifier influent channel. 

4.4.1.4 Chlorine Contact Tanks 

The four existing chlorine contact tanks are each 120 feet by 75 feet, with a side water 
depth of 15 feet, and six passes in each tank.  They are designed to meet the Ten States 
Standards recommended minimum contact time guideline of 15 minutes at a peak flow of 
360 MGD.  Therefore, the chlorine contacts provide adequate capacity for the Alternative 
B scenarios.   

The existing sodium hypochlorite chemical feed systems, located in the Chlorination 
Building, was designed and constructed in 1999-2000 to provide disinfection up to the 360 
MGD capacity of the secondary treatment process.  
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4.4.2 Previous Modeling of Secondary Treatment 
Process (Process and Hydraulics) 

Prior to the 2004 WWTP wet weather capacity evaluations, the WWTP operations staff 
has reported problems with solids washout during extreme wet weather conditions.  In 
order to assess the system performance and evaluate the observed capacity concerns, the 
BSA has completed a number of studies as part of the 2004 LTCP submittal including:  

· Computer process modeling to evaluate alternate modes of operation. The GPS-
X dynamic computer model was used to develop a model of the secondary 
treatment process.  The model was calibrated to historical operating conditions 
using 2000-2001 data and used the then-current configuration of plug flow in the 
four-pass activated sludge tanks.  The calibrated model was used with a simulated 
wet weather event utilizing historical WWTP hourly flows and projected influent 
TSS and BOD concentrations to simulate first flush loadings and subsequent 
loadings to the secondary system.  A maximum flow rate of 360 MGD was used.    

· Hydraulic modeling to determine hydraulic capacity. A hydraulic analysis for the 
secondary treatment system included the treatment processes from the Settled 
Wastewater Pump Station to Plant Outfall 002. The downstream boundary 
condition was the maximum water surface elevation of the Niagara River, from the 
1970s WWTP design drawings.  The evaluation considered both plug flow and 
step feed operation with varying numbers of aeration tanks and 15 of the 16 final 
clarifiers in service.  

The modeling considered a maximum secondary system hydraulic capacity of 360 MGD 
for both plug flow and step feed operating modes.  At this flow, and with 15 of the 16 final 
clarifiers in service, the model projected water surface elevations that would not result in 
the  overflow of any secondary system tank or chamber walls.  However, under the 2004 
modeled conditions, the projected solids loading rates (SLR) exceeded 50 pounds per day 
per square foot (lb/d/sf), the maximum recommended rate guideline from the 2004 Ten 
States Standards at flows greater than 260 MGD at the historical average mixed liquor 
suspended solids (MLSS) concentration of 3,270 mg/L with a 40 percent return sludge 
rate.  As a result, several alternatives were voluntarily evaluated to achieve better 
performance in the secondary process were developed and evaluated at that time.  These 
alternative modes included: 

1. Continuing plug flow operation at a lower SRT;  

2. Modifying each aeration tank to operate in a 4-pass step feed configurations; and  

3. Using two aeration tanks in series and modifying and operating them to operate as 
eight 8-pass aeration tanks. 
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Each alternative was evaluated using a maximum MLSS 
concentration of 2,500 mg/L to the final clarifiers and assuming 15 of 16 final clarifiers in 
operation with the maximum solids loading rate of 40 lb/d/sf.  The 40 lb/d/sf loading rate 
is less than the maximum loading rate guideline suggested in Ten States Standards of 50 
lbs/d/sf.  The model also assumed that average flow conditions preceded the wet weather 
event. The results projected peak solids flux rates less than the 40 lb/d/sf target, no 
washout of solids, and plant effluent containing less than 15 mg/L TSS and BOD5. The 
results also indicated the oxygen supply capability of the existing diffusers were sufficient 
for all alternatives for average and peak flow conditions based on an assumed diffuser 
oxygen transfer performance factor (alpha value).  

Conclusions of the 2004 hydraulic and process modeling were: 

· Enhanced compliance with SPDES effluent discharge permit limits could be 
achieved for the step feed alternatives for flows up to 360 MGD. 

· The alternatives could achieve the discharge limits with reasonable capital costs. 

· Step feed operation would result in more reliable operation at higher flows than the 
plug flow operation and would have lower sludge production.  The step feed 
alternatives were also expected to improve sludge settleability and provide 
additional operational flexibility during wet weather events. 

· The construction of three additional secondary clarifiers may increase benefits to 
the WWTP, by reducing the hydraulic and solids loadings on the clarifiers, 
offering additional solids storage during wet weather events, and providing process 
redundancy. 

The 2004 Report recommended that the BSA do the following: 

· Conduct a full-scale trial in step feed mode using two aeration tanks in series and 
influent feed distribution of 50 percent-0-50 percent-0 in the four passes, 
respectively; 

· Clean the fine-bubble diffusers in nine aeration tanks to improve oxygen transfer 
efficiencies; 

· Retrofit the final clarifiers with TowBro® suction manifold type sludge collection 
mechanisms to maximize final clarifier performance;  

· Install electric actuators on gates between the aeration tanks ; 

· Install a polymer feed system to improve wet weather performance of the final 
clarifiers;   
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· Remove grit and solids from the aeration tanks; 

· Raise the headworks overflow weir by approximately 0.5 feet to allow more flow 
to be conveyed to the secondary system during partial treatment mode.  

4.4.3 Secondary Treatment Improvements 

Within the last decade, the BSA implemented a number of measures to improve secondary 
treatment capacity and performance.  The most significant modification was to implement 
step feed mode to reduce the solids load on the final clarifiers and the potential for solids 
washout during peak flow conditions. The change was implemented by plant staff in 
September 2007, when Battery A aeration tanks were switched to step feed operation.  

The eight tanks in Battery A were modified to step feed mode.  Each set of two tanks was 
combined to form one eight-pass tank, with primary effluent fed to passes 1 and 5 and 
RAS fed to pass 1.  Following this change, BSA staff reported processing sustained 
secondary flows in excess of 280 MGD and up to a peak instantaneous flow of 360 MGD 
during primary bypass operation for more than 20 wet weather events without activating 
partial treatment mode.  Staff also indicated that treatment performance and settleability 
(as measured by SVI) in the “A” aeration tanks during the first six months of operation in 
step feed mode improved as compared to the “B” aeration tanks.  Subsequently, the 
battery “B” aeration tanks were also switched to step feed operation. Following the step 
feed modifications, WWTP operating staff confirmed the secondary treatment system can 
reasonably handle an instantaneous peak wet weather flow of 360 MGD and sustained 
peak daily flow of 320 MGD without solids washout in the clarifiers. However, as 
indicated previously, the current primary bypass chamber limits the amount of raw 
wastewater that can be conveyed to the SWWPS and the secondary treatment process in 
partial treatment mode. 

In addition to step feed implementation and raising the headworks overflow weir by 0.5 ft, 
additional capital and physical improvements completed since 2004 include: 

· Installation of new return activated sludge pumps and new waste activated sludge 
pumps for better control of solids. 

· Installation of new TowBro® suction manifold-type sludge collection mechanisms 
on all 16 final clarifiers. 

4.4.4 Current Secondary Treatment Performance 

Secondary process data for the period from January 1, 2008 through January 30, 2013 
were evaluated. Aeration tank influent flow averaged 108.4 MGD.  Final clarifier 
operating data indicated surface overflow rates averaging 584 gpd/sf and ranging from 
191 gpd/sf to 1,321 gpd/sf.  Solids loading rates averaged 20 lbs/d/sf with a range from 2.9 
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lbs/d/sf to 49 lbs/d/sf.  Overall operation of the secondary 
system was within recommended industry standards. 

Effluent TSS and BOD5 removals demonstrated consistently good performance over a 
wide range of flows.  Final effluent TSS and BOD5 concentrations averaged 7 mg/l and 8 
mg/l, respectively.     

4.4.5 Recent Update of the Secondary System Hydraulic Model 

For the development of this NFA evaluation, the existing secondary system hydraulic 
model originally developed in 2004 was reviewed and updated.  This newer model 
incorporates the changes in operation made by the BSA staff since the 2004 LTCP 
including: 

· Operating the activated sludge tanks in step-feed mode with two tanks in series.    

· Returning 40 percent of the secondary system influent flow to the head of Pass 1 in 
the first tank of set of step-feed tanks. 

The longest hydraulic path was modeled and is from the aeration tank influent channel in 
Battery A to the effluent weir of Final Clarifier No. 6. The path then continues from the 
effluent channel of Final Clarifier No.1 to Chlorine Contact Tank No. 1 to the Niagara 
River.  It was assumed that the influent butterfly valve to Final Clarifier No. 6 was fully 
open, however, discussion with the BSA indicates that the plant currently throttles the 
influent butterfly valves to balance flow between the final clarifiers.  Modeling also 
assumed that a pair of aeration tanks was out of service in Battery B and that one final 
clarifier in each battery was out of service.  All four chlorine contact tanks were assumed 
to be in service. 

The hydraulic model was further validated by field data collected on May 28, 2013 during 
a wet weather event. Depth-to-water measurements were collected at eleven locations 
within the secondary system and flow date corresponding to the same time period was 
obtained from the BSA. This check of the model using the filed data showed that the 
influent butterfly valves to the final clarifiers were most likely throttled during the data 
collection and the model was validated to be accurate. 

The model was then used to predict water surface elevations for several different flow 
scenarios as summarized in Table 4-8.  The hydraulic profile is shown in Figure 4-5.  
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Table 4-8: Model Scenario Configurations 

    
Tanks in Service (Battery A only) 

Scenario Configuration 
Flow 

(MGD) RAS 
Aeration 

Tanks 
Final 

Clarifiers 
Chlorine 

Contact Tanks 

1 Existing 320 40% 8 7 4 

2 Existing 360 40% 8 7 4 

3 Existing 400 40% 8 7 4 

4 Added Final Clarifiers 400 40% 8 8 4 

5 Added Orifices 360 40% 8 7 4 

6 Added Orifices 400 40% 8 7 4 
 

A memorandum summarizing the entire hydraulic modeling effort is included as 
Appendix1, but the results are briefly summarized below. 

Existing Configuration - At a secondary treatment process influent flow of 320 MGD, 
the desired minimum amount of freeboard of six (6)-inches was observed at the peripheral 
final clarifier influent channel (limiting location for hydraulics within the secondary 
treatment process).  At sustained flows of 360 MGD and 400 MGD and RAS flow of 40 
percent the freeboard cannot be maintained without overtopping the influent channel wall 
into the clarifier effluent troughs; however, plant staff indicated that they are able to 
handle up to 360 MGD for shorter periods of time without adverse water surface 
elevations.  The remainder of the secondary system is able to maintain at least 12-inches 
of freeboard.
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Figure 4-5: Secondary Treatment Process Hydraulic Profile 
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Additional Final Clarifiers – The addition of two final clarifiers was evaluated to determine 
the effect on hydraulic capacity, but it was found that at 400 MGD, the clarifier influent 
channel wall will continue to be overtopped. At least 12 inches of freeboard was maintained at 
all other locations within the secondary system. 

Additional Influent Orifices – Additional orifices in the clarifier influent channels were also 
evaluated to provide additional freeboard.  The model indicated that 47 and 62 additional 
orifices would be required to handle sustained flows of 360 MGD and 400 MGD, 
respectively.   

Raise Inside Channel Wall of Final Clarifier Influent Channel – Alternatively, the channel 
wall between the clarifier influent and effluent channels could be raised approximately 10-
inches in order to prevent overtopping of the wall in between the two channels, in lieu of 
adding orifices.  It is noted that raising the wall at this location will not affect water surface 
elevations at any other point within the secondary treatment process. 

Based on the modeling, the current sustained maximum hydraulic capacity for the secondary 
treatment system is 320 MGD.  As indicated previously, it is possible to pass up to 360 MGD 
for a short period of time, but there is the potential for short circuiting in the final clarifiers by 
overtopping the influent channel walls into the clarifier effluent channels.     

The only other potential hydraulic restriction in the secondary system is the final clarifier 
influent butterfly valves used to distribute flow to the final clarifiers.  It is recommended 
butterfly valves be left fully open during high flows to eliminate unnecessary head loss.     

4.4.6 Recent Review of the Secondary System Process Model 

Previous biological process modeling conduction in 2004 indicated that solids loading rates 
exceeded 50 pounds per day per square foot (lbs/d/sf) at an averaged mixed liquor suspended 
solids (MLSS) concentration of 3,270 mg/L and a 40 percent return sludge rate.  This 
conclusion led to the BSA switching operation of the secondary treatment process by using 
two aeration tanks in series and modifying and operating them to operate as eight 8-pass step-
feed aeration tanks as shown in Figure 4-6. 

Following a review of the historical operating data from the WWTP since step feed mode was 
implemented, significant improvements to the secondary treatment process were noted.  Most 
significantly, solids loading to the final clarifiers, especially under higher flows were greatly 
reduced as shown in Figure 4-6.  Under peak flow conditions, the maximum solids loading 
rate is approximately 35 lbs/d/sf, with 14 of the 16 final clarifiers in service.  However, the 
hydraulic loading rate is approximately 1,928 gpd/sf with 14 clarifiers in service and 
approximately 1,600 gpd/sf with 16 clarifiers in service.  While recommended surface 
overflow rates in commonly-used design guidance are closer to 1,200 gpd/sf, operating data 
for the WWTP has shown very good performance (especially in terms of SPDES permit 
compliance) at the higher loading rates, with an average of 8.8 mg/L TSS (high of 15 mg/L 
TSS) and 5.9 mg/L BOD (high of 8.9 mg/L BOD) in the final effluent at the higher surface 
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loading rates.  With the modeling efforts and historical plant data, it is observed that the 
clarifier solids loading rate appears to be the limiting factor and by implementing step feed 
operation, the BSA has kept solids loading rates at reasonable levels and have achieved good 
performance even under the higher surface overflow rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.7 Capacity of the Secondary Treatment Process 

As indicated previously, the most recent hydraulic modeling effort confirmed a maximum 
sustained flow capacity of 320 MGD in the secondary treatment process, with instantaneous 
flows higher than 320 MGD able to be handled, with 15 of 16 aeration tanks in service and 14 
of the 16 clarifiers in service.  Process modeling and historical plant operation has indicated 
that 360 MGD can be adequately treated in the secondary treatment process, provided that 
step feed operation is used to keep solids loading rates within the secondary clarifiers to 
minimum levels. 

The limiting hydraulic factor is the peripheral secondary clarifier influent channel and 
therefore, to achieve sustained flows higher than 320 MGD through the secondary treatment 
process, the addition of orifices in the influent channels is required.  To achieve higher flows 
of up to 400 MGD, additional clarifiers are recommended to keep hydraulic overflow rates in 
the range of 1,600 to 1,700 gpd/sf, as is currently observed at peak flows through the 
secondary treatment process.  The proposed improvements are further discussed in Section 
5.0, along with the descriptions of the individual alternatives evaluated.

 

Figure 4-6: Step Feed Operation under Average (left) and Maximum (right) 
Flow Conditions 
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5. WET WEATHER FLOW ALTERNATIVE EVALUATION 

A matrix of wet weather flow treatment alternatives has been developed based on 
discussions between the BSA and the USEPA and the NYSDEC at a February 12, 2013 
meeting, subsequently documented in the NFA Work Plan submitted to the regulatory 
agencies on March 1, 2013 and revised based on the USEPA response dated March 21, 
2013.  The wet weather flow alternatives matrix is presented on Figure 5-1.  

 

The following assumptions were agreed upon with the Agencies for the purpose of these 
evaluations 

· The maximum peak flows to the WWTP are limited to 560 MGD. 

· BSA is willing to de-rate the existing primary clarifiers to a total capacity of 160 
MGD (or 40 MGD per clarifier) in response to the Agencies’ request. 

Figure 5-1: Summary of Evaluated Alternatives 
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· Unless otherwise noted, primary treatment alternatives that expanded the primary 
treatment capacity considered a separate chlorine contact tank to be used for high-
rate disinfection of partially-treated flow under wet weather conditions.   

Three groups of alternatives (A, B and C) correspond to evaluated improvements for 
increasing the capacity of the secondary treatment process.  While the existing secondary 
system conditions will serve as baseline (Alternative A, as shown in Figure 5-1), two 
additional secondary system capacity alternatives were evaluated and include: 

· Alternative B – Increase the secondary process capacity to reliably handle a 
sustained flow of 360 MGD 

· Alternative C – Increase the secondary process capacity to reliably handle a 
sustained flow of up to 400 MGD 

As shown, the wet weather flow alternatives primarily focus on first optimizing the amount 
of flow through the secondary treatment process and then further improving treatment 
performance of the primary treatment process under the partial treatment mode. Potential 
benefits of increasing the secondary system capacity in terms of reduced frequency and 
volume of the typical year partial treatment events are summarized in Table 5.1.  

Table 5-1: Typical Year Partial Treatment Events and Volumes  

 Alternatives A 
Secondary 
capacity  

320 MGD 

Alternatives B 
Secondary 
capacity 

360 MGD 

Alternatives C 
Secondary 
capacity 

 400 MGD 
Estimated Number of Partial 
Treatment Events 47 42 41 

Predicted Volume Receiving 
Primary Treatment and 
Disinfection and not receiving 
Secondary Treatment  (MG/yr) 

1,040 716 464 

 

The alternatives assume that improvements to the primary bypass chamber have been 
completed to address the existing hydraulic bottleneck.  Those improvements are expected 
to be complete in the third quarter of 2014. 

In addition to treatment alternatives, a storage alternative was evaluated to limit flow into 
the primary treatment process such that the flows to the existing clarifiers will be limited to 
the hydraulic loading rate guideline in the current Ten States Standards. 
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A brief summary of considered alternatives is provided below, followed by a more detailed 
description of each alternative: 

· Secondary Treatment Alternatives A (approximately 320 MGD conveyed to the 
secondary treatment process): 

o Alternative A1 – Replace existing primary clarifiers with a new CEPT process 
with a capacity of up to 240 MGD (evaluation already completed as part of the 
2012 LTCP).  A new 240 MGD high-rate disinfection system for the CEPT is 
also considered under this alternative. 

o Alternative A2 – Replace existing primary clarifiers with a new HRT process 
with a capacity of up to 240 MGD (evaluation already completed as part of the 
2012 LTCP). As with Alternative A1, a new 240-MGD high-rate disinfection 
system is also included in this alternative. 

· Secondary Treatment Alternative B - These alternatives  involve improvements to the 
secondary treatment process to reliably treat up to 360 MGD (i.e., installing additional 
orifices in the secondary clarifier influent channel) and improvements to the primary 
treatment process to treat up to 200 MGD as follows: 

o Alternative B1 – Construct an additional primary clarifier to treat approximately 
40 MGD of additional capacity to achieve a total 200 MGD of primary treatment 
capacity in partial treatment mode, followed by a new 200-MGD chlorine 
contact tank for high-rate disinfection (i.e., larger dose of chlorine at a shortened 
chlorine contact tank of 5 minutes at peak flows).   

o Alternative B2 - Install a CEPT process sized for 40 MGD, followed by a new 
high-rate disinfection process sized for high-rate disinfection of up to 200 MGD. 
The new CEPT unit would be used in parallel with the existing primary 
clarifiers. 

o Alternative B3 - Install an HRT process sized for 40 MGD, followed by a new 
high-rate disinfection process sized for high-rate disinfection of up to 200 MGD.  
As with Alternative B2, the new HRT process would be used in parallel with the 
existing primary clarifiers. 

o Alternative B4 – Install a 13 million gallon storage tank to store influent plant 
flows in excess of 520 MGD (360 MGD of secondary treatment capacity, plus 
160 MGD of primary treatment capacity).  The stored flows would then be sent 
through the secondary treatment system after the wet weather event subsides. 

o Alternative B5 – Install a CEPT process sized to handle up to 200 MGD to 
replace the existing primary treatment process, followed by a new high-rate 
disinfection process also sized for 200 MGD.  This CEPT process would 
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completely replace the existing clarifiers and would be sized approximately 40 
MGD smaller than the process proposed for Alternative A1 as more flow would 
be directed to the secondary treatment process under the ‘B’ alternatives as 
opposed to the ‘A’ alternatives.   

o Alternative B6 – Install an HRT process sized to handle up to 200 MGD, 
followed by a new high-rate disinfection process also sized for 200 MGD.  The 
sizing of this alternative follows the same logic as Alternative B5, above. 

· Secondary Treatment Alternative C – This set of alternatives  involves improvements to 
the secondary treatment process to reliably treat up to 400 MGD in partial treatment 
mode (i.e., two additional secondary clarifiers, expansion of the existing secondary 
chlorine contact tank to accommodate an additional 40 MGD of flow at a minimum 15 
min. contact time, and the addition of orifices in the secondary clarifier influent 
channels) and maintaining the existing primary treatment process of 160 MGD as 
follows: 

o Alternative C1 – Identify needed improvements to the existing primary clarifiers 
and upgrade them as necessary to keep them in good working order.  The 
existing primary clarifiers will be used for primary treatment and disinfection of 
flows up to 160 MGD. 

o Alternative C2 – Consider installing a separate 160 MGD high-rate disinfection 
facility in addition to performing the improvements described under Alternative 
C1.  This alternative was added at the Agencies’ request. 

5.1 Description of Technologies Considered 

5.1.1 Technologies for Increasing Secondary Treatment Capacity 

5.1.1.1 Modifications to WWTP to Get to a Sustained Secondary Treatment System Capacity of 360 
MGD 

As described previously in Section 4, the plant has been able to treat sustained flows of up to 
320 MGD in the secondary treatment process and up to 360 MGD in normal and primary 
bypass modes.  However, as indicated above, a hydraulic bottleneck at the primary bypass 
chamber currently prohibits flows greater than approximately 270 MGD from reaching the 
secondary system during partial treatment mode.  Improvements to the primary bypass have 
been designed and are expected to be implemented by the third quarter of 2014.  All 
alternatives considered below build on this system improvement. 
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5.1.1.2 Additional Secondary Clarifiers to Achieve Higher Sustained Secondary Treatment System 
Capacities 

In increasing the overall treatment capacity of the secondary treatment process to 400 MGD, 
the installation of addition secondary clarifiers was considered.  Additional secondary 
clarifiers would increase overall redundancy within the secondary treatment process, but 
would not provide any appreciable additional treatment efficiencies at flows up to 360 
MGD.   Recent plant operating data indicate that by switching to step feed mode in 2008 
and 2009, plant staff has been able to maintain solids loading rates under the 50 lbs/d/sf 
maximum loading rate, while achieving an overall 92 percent TSS reduction efficiency. At 
higher flows up to 400 MGD, it is projected that two additional secondary clarifiers would 
be required to maintain appropriate solids and hydraulic loading rates to the clarifiers.    

5.1.2 Technologies for Increasing Primary Treatment Capacity 

5.1.2.1 Retain Existing Primary Settling Tanks  

As considered by corresponding alternatives, the existing four primary treatment tanks will 
continue to be maintained to handle a peak flow of 160 MGD during partial treatment mode.  
The existing tanks are functional, but dated, and like any other clarifiers will require 
periodic upgrade and repair to be kept in service.  These tanks have historically achieved an 
average solids removal rate of approximately 40 percent and are expected to continue 
achieving similar or better performance with adding inlet baffles to three clarifiers as 
described below as well as by limiting the peak flows which reach the primaries during wet 
weather.  The current tanks also serve as chlorine contact tanks for primary effluent 
disinfection during partial treatment; note however that this practice was assumed to remain 
unchanged only for alternative C1.  Alternatives that considered retaining the existing 
primary clarifiers only assumed that their scum and sludge collection equipment and 
primary sludge pumps would be replaced.  

5.1.2.2 Additional Primary Settling Tanks 

The installation of additional primary settling tanks would improve performance and 
increase treatment redundancy by reducing the overall hydraulic loading rate to each 
clarifier.  Ten State Standards guidelines recommend a maximum hydraulic loading rate of 
2,000 gpd/sf at design peak hourly flows, and any additional primary settling tanks would be 
sized to achieve that surface overflow rate at design peak hourly flow.    

5.1.2.3 Chemically Enhanced Primary Treatment (CEPT) 

New CEPT facilities were considered and involve the addition of metal salts and coagulant 
chemicals (polymer) to the primary influent flow to increase flocculation and settling of 
solids.  For CEPT operation, a coagulant (such as ferric chloride) would be added to a rapid 
mix chamber.  In this chamber, intense mixing with a short detention time disperses the 
coagulant throughout the primary influent.  A typical ferric chloride dose in the rapid mix 
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chamber of a CEPT facility is 30 mg/L, and a typical hydraulic detention time is 
approximately 1 minute.   

CEPT can result in effective removal of suspended solids at higher surface overflow rates 
associated with wet weather flows.  Required facilities include chemical mixing and 
flocculation tankage, primary settling tanks and chemical handling facilities.  As an added 
benefit, CEPT tanks can be operated, without chemical addition, as primary clarifiers for 
average influent flows.  

Upstream of the primary clarifiers, rapid mix and flocculation basins would be required to 
create floc particles.  A low dose of polymer (< 0.5 mg/L) can be added, if necessary, to 
further promote enhanced flocculation.  A typical CEPT flocculation basin has a hydraulic 
detention time of 20 minutes under less intense mixing action than within the rapid mix 
zone.  The longer detention time and gentler mixing creates ideal conditions for floc 
formation.  Figure 5-2 illustrates the CEPT process. 

 

 

Rapid Mix 
Basin

Floccu-
lation
Basin

Primary Clarifiers 

Ferric 
Chloride
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From Grit Tanks

Primary Sludge to 
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Figure 5-2: CEPT Process Schematic 
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5.1.2.4 Ballasted Flocculation (High Rate Treatment) 

Ballasted flocculation, or high rate treatment (HRT), is a process that utilizes ballast 
materials (particles of sand or thickened sludge) in conjunction with chemical addition to 
enhance the flocculation and settling of solids. This technology has been shown to achieve 
an average solids removal rate of 80 to 85 percent.  Implementing this technology includes 
construction of mixing, flocculation and settling tanks and the associated chemical and 
support facilities.  While achieving high solids removal rates, this technology has higher 
capital and operation costs and tends to be more complex than other solids removal 
technologies.     

HRT technologies typically treat higher flows at SORs of around 30,000 gpd/sf, but can also 
operate at higher SORs.  These overflow rates are 15 times greater than that of newly 
constructed conventional primary clarifiers. The higher allowable SORs allow for a smaller 
process footprint while achieving adequate solids removals.  

Two HRT technologies considered were the Actiflo® process and the Densadeg® process. 
The Actiflo® process uses microsand-enhanced flocculation and settling.  A schematic of 
the Actiflo® process is presented on Figure 5-3.  A coagulant, such as ferric chloride, is 
added to the wastewater in a rapid mix tank. The coagulated wastewater enters a second 
tank, called the injection tank, where polymer and microsand (80 to 120 micron) are added.  
The microsand provides a large contact area to accelerate the settling of floc while polymer 
causes destabilized suspended solids to bind to the microsand. The particles agglomerate in 
the maturation tank and grow into high-density flocs known as microsand ballasted flocs, 
which settle quickly at the bottom of a settling tank.  The efficiency of settling is further 
increased by the use of lamella tubes in the settling zone. 

 

 
Figure 5-3: HRT Actiflo® Schematic 
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The solids/microsand mixture collected in the settling zone is pumped to hydrocyclones 
where the solids are separated from the microsand by centrifugal force.  The recovered 
microsand is re-injected into the process and the solids discharged to the plant’s solids 
handling process train for further processing.  The Actiflo® system produces a relatively 
thin sludge, typically less than 0.5 percent solids. 

The Densadeg® process incorporates three process zones:  the reactor zone, the pre-
settling/thickener zone, and the clarification zone.  The process, shown in Figure 5-4, is 
similar to the Actiflo® process except that thickened sludge is used to aid in floc formation. 
In the rapid mix zone, influent wastewater is combined with a coagulant and then with 
polymer in the subsequent reactor zone. A portion of the thickened sludge from the 
settling/thickener zone is also injected into the reactor zone and the wastewater/sludge 
mixture is further flocculated through more intense mixing in a draft tube.  Ultimately, the 
slurry passes over a submerged weir into the clarifier/thickener zone.  Here, separation of 
the solids and supernatant occurs. 
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The dense sludge produced by the Densadeg® process settles to the bottom of the 
clarification zone and is thickened to approximately 2 percent to 4 percent.  The supernatant 
flows upward in the thickener/clarifier through lamella tubes, which provide high-rate 
removal of the remaining solids.  The clarified effluent is collected via a series of weir 
troughs.  

HRT facilities can be used in conjunction with the existing primary clarifiers or could 
completely replace the primary clarifiers.  If replacing the existing clarifiers, a minimum 
number of HRT tanks would need to operate continuously in full HRT mode during dry 
weather, because the clarification/thickening zone does not provide enough surface area to 
act as effective clarifiers without the ballast and chemicals.  During wet weather, additional 
HRT tanks would be placed in service with the effluent conveyed to secondary treatment.  
Once influent flow exceeds the secondary treatment capacity, the HRT effluent would 
discharge directly to the WWTP outfall.  

Implementation of HRT technologies typically requires complex design and construction 
issues.  However, the HRT technologies still provide significant treatment benefits.  Similar 
to CEPT, separate disinfection facilities are required for HRT technologies.  

5.1.2.5 Storage  

In lieu of providing treatment via additional clarifiers, CEPT, HRT, or a combination of 
these technologies, storage facilities that provide wet weather equalization of peak flows 
into the WWTP that exceed the primary clarifier capacity could be used. Equalization 
volume at the WWTP would be sized to capture and store primary influent flow in excess 

Figure 5-4: HRT Densadeg® Schematic 
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of the stipulated (for purposes of this evaluation) primary clarifier capacity of 160 MGD 
and the secondary system capacity of 320 or 360 MGD.   

The excess wastewater is typically stored until wet weather flows subside and secondary 
treatment capacity is available, at which point the stored wastewater would be bled back into 
the system at a controlled rate. A detailed evaluation of the “typical year” hydrograph of 
flows reaching the plant was performed to identify the potential storage volumes that would 
be required.  This evaluation indicated that to fully capture the remainder of flow conveyed 
to the treatment plant, a storage tank with a capacity of approximately 13 to 30 MG would 
be required.  Thirteen million gallons are required if the sustained capacity of the secondary 
treatment system is 360 MGD and 30 million gallons are required at the current sustained 
treatment capacity of the secondary treatment system of 320 MGD. These storage volumes 
are in addition to those considered within the collection system.  Note that providing 30 MG 
of equalization for alternatives with the secondary system capacity of 320 MGD was 
considered unfeasible.  

There are currently no existing plant facilities that could be converted into storage tanks and 
little available space for the construction of new storage facilities.  The only potential 
location for a storage tank is the ash lagoon site. Additionally, plant hydraulics may require 
a new pump station to convey primary influent flows to the storage tank and a second 
station to pump the tank contents back to the primary clarifiers. Plant site space limitations 
also impact the ability to site any new pumping stations. 

5.1.3  Disinfection Technologies 

Although water quality modeling efforts previously undertaken suggest that CSO-related 
discharges do not preclude the attainment of water quality standards in the Niagara River, 
the BSA’s SPDES permit requires that primary effluent not receiving subsequent secondary 
treatment receive disinfection prior to discharge from Outfall 001.  Currently this process 
uses sodium hypochlorite dosed to the primary clarifier influent distribution boxes and relies 
on the clarifier volume for contact time. As stated previously, one of the regulatory agency 
comments on the NFA submitted with the 2012 LTCP involved their concern relative to the 
effectiveness of this process and therefore, additional disinfection of primary effluent is 
included in the alternatives evaluation.  

5.1.3.1 Chlorination  

Liquid sodium hypochlorite is currently used at the plant and is an effective bactericide and 
virucide when provided with adequate contact time with wastewater.  It is relatively simple 
and safe to use.  Chlorine gas was not considered due to greater safety requirements for 
handling and storage. While safer than chlorine gas, sodium hypochlorite requires space for 
on-site storage and can gradually lose strength over time.  However, because it is safer, 
sodium hypochlorite disinfection was evaluated for treating primary effluent not receiving 
secondary treatment.    
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While there is no official definition of high-rate disinfection (HRD), wet weather practitioners have 
used the term to define disinfection that occurs in a shortened period of time using a high dose of 
disinfection agent with intense mixing.  The most common chemicals used with HRD are liquid 
sodium hypochlorite for disinfection and liquid sodium bisulfite as a dechlorination chemical.  Other 
possible disinfection chemicals available include gaseous chlorine and gaseous sodium dioxide for 
disinfection and dechlorination, respectively.  While contact times vary, five minutes is typically 
used for disinfection and one minute for dechlorination in HRD. 

5.1.3.2 Ultraviolet Radiation (UV) 

Ultraviolet radiation is an effective bactericide and virucide for wastewater treatment when 
properly dosed in water with low solids and metals content.  UV disinfection creates no 
residual toxicity or disinfection byproducts and has a smaller footprint than sodium 
hypochlorite facilities.  However, UV disinfection has higher capital and operations costs, 
has specific hydraulic energy requirements, and has poorer performance in water with the 
high levels of suspended solids or metal cations such as ferric chloride.   

Flows receiving primary treatment only are likely to have higher levels of suspended solids 
that reduce the effectiveness of UV as a disinfectant. Other disadvantages of installing a UV 
system for wet weather flows at the BSA’s WWTP include complex operation, use of 
second disinfection technology at the WWTP, and the required UV lamp warm-up time. In 
general, UV disinfection is more suitable and effective for continuous operation with higher 
quality secondary effluent rather than the intermittent operations associated with wet 
weather treatment; therefore UV disinfection was not retained for further consideration. 

5.1.3.3 Ozone 

Ozone is an extremely reactive oxidant and is generally an effective bactericide and 
virucide.  Ozone disinfection does not produce dissolved solids and is not affected by the 
ammonium ion or pH fluctuations.  The major disadvantage of ozone is the high capital, 
energy, and operations costs associated with ozone generation and storage facilities.  The 
presence of oxidizable compounds also reduces the effectiveness of ozone disinfection.  
Ozone disinfection in wastewater treatment is currently not widespread; many ozone 
applications for wastewater treatment are only for odor control and soluble refractory 
organics removal.  Furthermore, partially treated flows contain levels of organic and 
nitrogen compounds that reduce the effectiveness of ozone.  The high capital and operating 
cost, lack of comparably sized units in service, and potential issues with effectiveness of 
disinfection of primary effluent resulted in the elimination of ozone from further 
consideration.   

5.1.3.4 Disinfection Technology Selected for Consideration 

Sodium hypochlorite is currently utilized at the WWTP and the continued use of this 
technology is recommended for the wet weather treatment alternatives.  Storage facilities 
and pumping systems already exist as does adequate operating and standby power.  Finally, 
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and most importantly, operations staff is familiar with the use and safety procedures for 
sodium hypochlorite.  As discussed earlier in this section, two sodium hypochlorite 
disinfection approaches are considered for the evaluations and are included in the 
corresponding wet weather flow treatment alternatives: 

1. Continued disinfection in the existing primary clarifiers (alternative C1 only). 

2. High-rate disinfection of the primary effluent in a dedicated chlorine contact tank.  A 
chlorine contact tank providing a minimum of 5 minutes at peak flow, along with high 
intensity mixing of the disinfectant into the flow stream at the sodium hypochlorite 
addition point was considered. 

Additionally, expanding the existing final effluent chlorine contact tank capacity may be 
required to maintain the secondary effluent disinfection contact time of 15 minutes for the 
alternatives that consider increasing the secondary system treatment capacity to 400 MGD. 

5.2 Alternatives Development 

The treatment technologies described previously and compiled into the ten alternatives 
shown on Figure 5-1 are further developed and evaluated in this section.  Detailed 
descriptions, layouts, and capital and O&M cost estimates for each alternative are provided 
below.  

Total project costs presented herein are based on the engineer’s estimate of probable total 
capital costs with a construction contingency of 20 percent.  Total project costs also include 
allowances for engineering, administrative and legal costs.  The O&M costs include labor, 
material and chemicals, and equipment power costs to address wet weather peak flow events 
and general maintenance requirements.  All costs are based on 2013 dollars.   

5.2.1 Maintain Existing Secondary Treatment Capacity of 320 MGD (Alternatives A) 

The following describes those alternatives available for treating flows in excess of a 
sustained secondary treatment capacity of 320 MGD, when operating in the partial treatment 
mode.  Under these alternatives, 320 MGD would bypass the primary clarifiers and be 
conveyed to the secondary treatment process for treatment, with the remainder of the flow 
receiving some degree of primary treatment and disinfection.   

No modifications are required to the existing secondary treatment process to implement 
these alternatives, as the plant already is able to convey and treat this much flow through the 
aeration tanks, secondary clarifiers, and chlorine contact tanks. 

5.2.1.1 Alternative A1 – CEPT to Replace Existing Primary Clarifiers 

5.2.1.1.1 Description 
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Alternative A1 provides primary treatment of all plant flows in excess of 320 MGD by 
replacing the existing four primary clarifiers with new CEPT tanks, to treat up to 240 MGD, 
as shown on Figures 5-5 and 5-6.  The CEPT system would be designed to achieve a 
maximum design SOR of 4,000 gpd/sf.  Ferric chloride and polymer would be added during 
wet weather to provide flocculation and enhanced solids settling at higher surface overflow 
rates than conventional primary clarifiers.  This alternative also includes the construction of 
a new high-rate chlorine contact tank (CCT) for disinfection of CEPT effluent. 

Plant modifications required for this alternative include: 

· Construction of a new primary influent conduit from the Grit Building to the new 
CEPT tanks. 

· Installation of a new ferric chloride and polymer dosing system in the new primary 
influent conduit. 

· Construction of a new Chemical Storage Building for ferric chloride and polymer. 

· Construction of six 20-ft long, 20-ft wide, 10-ft deep rapid mix chambers, with one 
20-HP mixer per chamber. 

· Construction of six 15-ft long, 50-ft wide, 10-ft deep flocculation basins, with two 5-
HP mixers per basin.   

· Construction of six 200-ft long, 50-ft wide, 14-ft side water depth (SWD) CEPT 
tanks.  

· Construction of new solids removal equipment and piping to convey settled sludge 
to the existing primary sludge pumps and/or new primary sludge pumps to handle 
the additional sludge generated in the CEPT process.  

· Installation of new chlorine contact tank (CCT), sodium hypochlorite feed 
equipment, and mixers.  The CCT would be sized to achieve a contact time of 5 
minutes at a peak flow of 240 MGD. 

· Construction of new conduits to connect the CEPT tanks to the secondary treatment 
system and existing Outfall 001. 
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Figure 5-5: Process Flow Diagram for Alternative A1 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-6: Preliminary Site Layout for Alternative A1 
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5.2.1.1.2 Proposed Operation 

The proposed operation of the improvements described in Alternative A1 would depend on the 
influent flows to the plant, as follows: 

· Flows below 240 MGD - The plant would operate in “normal” mode with the new 
CEPT tanks acting as conventional primary clarifiers with no chemical addition.   

· Primary effluent would subsequently be conveyed to the secondary treatment process 
and the chlorine contact tanks and discharged through plant Outfall 002.   

· Flows from 240 MGD to 320 MGD - When the plant influent exceeds 240 MGD, the 
plant would begin to transition to “primary bypass” mode with increasing plant influent 
conveyed directly through secondary treatment and processed along with primary 
effluent.  CEPT operation would be initiated at an influent flow of 300 MGD in 
anticipation of influent flows further increasing above 320 MGD.  All flow would be 
disinfected in the effluent CCT and discharged through Outfall 002. 

· Flows Over 320 MGD up to 560 MGD - When the plant influent exceeds 320 MGD, 
320 MGD would bypass the primary treatment process and be conveyed directly to 
secondary treatment and disinfection prior to discharge through Outfall 002.  The 
remainder of the influent flow, up to 240 MGD, would be treated in the CEPT units, 
followed by disinfection in a new CCT prior to discharge through existing Outfall 001.  

5.2.1.1.3 Benefits and Implementation Feasibility 

Under this alternative, the flow receiving primary treatment only prior to discharge through 
Outfall 001 in wet weather conditions would receive a higher level of treatment. Typically, the 
removal of TSS via a CEPT process averages 60 to 90 percent versus 50 to 70 percent using 
conventional primary clarification without chemicals.  This technology also has the ability to 
be used as conventional primary treatment without the use of chemicals during average flow 
conditions.  Finally, more flow (up to 240 MGD) would be able to be handled under this 
alternative than the 160 MGD current primary treatment process.   

The installation of a high-rate disinfection tank would allow for post-disinfection of primary 
effluent in partial treatment mode and the existing practice of feeding chlorine upstream of the 
primary clarifiers would be discontinued.  As such, disinfection performance may be improved 
over currently operation as most of the solids would have been removed before disinfection, 
thereby decreasing chlorine demand. 

However, construction of this alternative would have a great impact on the operation of the 
plant, at least during the construction period.  For implementation of Alternative A1, all four 
existing primary clarifiers will need to be taken out of service.  During construction, the plant 
capacity would be restricted to 320 MGD sustained/360 MGD instantaneous through the 
secondary treatment process only, eliminating both the normal and partial treatment modes, 
until construction is complete. 
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It is expected that the O&M costs under Alternative A would be higher than the costs for the 
existing primary clarifiers, mainly due to the additional chemicals (metal salt and a polymer) 
that would be fed during wet weather conditions, as well as the energy required to effectively 
mix the chemicals into the flow stream. 

5.2.1.1.4 Cost Estimate 

The engineer’s estimate of probable total project cost for the new CEPT tanks and associated 
facilities under Alternative A1 is $64.9 million.  The estimated annual O&M cost of $550,000 
are based on a CEPT operation of approximately 345 hours in a typical year when plant flows 
exceed 320 MGD, with the CEPT tanks in conventional primary clarifier operation the 
remainder of the time.  

5.2.1.2 Alternative A2 – HRT to Replace Existing Primary Clarifiers 

5.2.1.2.1 Description 

An alternative for achieving primary treatment of flows in excess of the capacity of the 
secondary treatment is HRT.  The proposed process schematic and a preliminary layout of this 
alternative are shown on Figures 5-7 and 5-8, respectively.  The HRT system would replace the 
existing primary clarifiers to treat dry weather and wet weather flows up to 240 MGD. 

The modifications required for this alternative are as follows:  

· Construction of a new, primary influent conduit from the existing Grit Building to the 
new HRT tanks.  

· Installation of one new fine screen immediately upstream of the HRT units (Actiflo 
only). 

· Construction of a new Chemical Storage Building for ferric chloride and polymer. 

· Installation of six new HRT (Actiflo®/Densadeg® Type) Units.  The design of the 
system would depend on the manufacturer of the equipment as follows: 

o Actiflo® - each HRT train includes four process tanks: coagulation, injection, 
maturation, and settling.  Each train also includes three sets of sludge/sand 
recirculation pumps and three sets of hydrocyclones to separate sludge from 
microsand.   

o Densadeg® - each HRT train includes three process tanks:  rapid mix, reaction, 
and settling/thickening.  Each train includes two sludge recirculation pumps and 
one sludge waste pump.   

· Installation of new slide gates upstream and downstream of each HRT unit. 

· Construction of a new building for the HRT equipment. 
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· Installation of a new 240 MGD high-rate disinfection chlorine contact tank (CCT) and 
new sodium hypochlorite feed equipment and mixers, sized the same as the CCT and 
chemical systems designed under Alternative A1. 

· Construction of two effluent conduits: one to the secondary treatment processes and a 
second to Outfall 001 to be used during partial treatment mode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-8: Preliminary Site Layout for Alternative A2 

 

Figure 5-7: Process Flow Diagram for Actiflo® HRT System 
proposed under Alternative A2 
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Unlike the CEPT system described under Alternative A1, HRT systems do not work 
effectively without chemical addition at average plant flows.  Therefore up to three of the 
six HRT units would be required (with associated chemical addition) under average flow 
conditions. 

5.2.1.2.2 Operation  

The proposed operation of the improvements described in Alternative A2 would depend on 
the influent flows to the plant, as follows: 

· Flows up to 320 MGD - Up to three of the six HRT units operate in full HRT mode 
for average flows with all effluent treated in secondary treatment.  As plant flow 
increases, additional HRT units will be brought on-line as required, while allowing 
for the startup time of the additional units.  

· Flows over 320 MGD up to 560 MGD - When the plant influent exceeds 320 MGD, 
screened plant influent up to 320 MGD is conveyed directly to and treated through 
secondary treatment and the remaining flow up to 240 MGD is treated with the HRT 
systems, followed by disinfection, prior to discharge through Outfall 001.  

5.2.1.2.3 Benefits and Implementation Feasibility 

Similar to Alternative A1, the amount of flow receiving primary treatment only prior to 
discharge through Outfall 001 in wet weather conditions would receive a higher level of 
treatment. HRT processes average 80 to 85 percent TSS removal versus 50 to 70 percent 
using conventional primary clarification without chemicals.  However, unlike the CEPT 
process, HRT technology requires chemical and ballast addition under all flow conditions, 
contributing to higher O&M costs than other treatment technologies.  However, the removal 
of solids under all flow conditions would be enhanced.   

The cost of HRT systems also tends to be higher than other technologies due to its many 
components (i.e., tankage, mixers, chemical pumps, chemical storage, ballast, pumps, etc.).  
However, HRT systems have a smaller footprint than other technologies.  

Construction of this alternative would have a great impact on the operation of the plant, with 
the removal of all four primary clarifiers from operation and eliminating partial treatment 
mode for the duration of the construction period.    As with Alternative A1, the plant 
capacity would be restricted to 320 MGD sustained/360 MGD instantaneous through the 
secondary treatment process only until construction is complete.  

This alternative will also eliminate the current practice of feeding chlorine upstream of the 
primary clarifiers, with the use of a new high-rate disinfection chlorine contact tank that 
would treat the total primary effluent flow of 240 MGD. 
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5.2.1.2.4 Cost Estimates 

The engineer’s estimate of probable total project cost for HRT systems sized up to 240 
MGD is $81.9 million. The estimated annual O&M costs are based on operation of the HRT 
with varying numbers of units 24 hours per day, 7 days per week.  In estimating O&M costs, 
it was assumed that up to three HRT units will be in operation for average influent plant 
flows and all units would be in operation approximately 345 hours when plant flows exceed 
320 MGD. The estimated annual O&M cost is $2,750,000. 

5.2.2 Increase Secondary Treatment Capacity to 360 MGD (Alternative B) 

The following describes those alternatives available for treating flows in excess of a 
sustained secondary treatment capacity of 360 MGD, primarily through partial treatment 
mode.  Under these alternatives, 360 MGD would bypass the primary clarifiers and be 
conveyed to the secondary treatment process for treatment, with the remainder of the flow 
receiving primary treatment.  Some modifications are required to the existing secondary 
treatment process to implement these alternatives, as described below. 

5.2.2.1 Required Secondary Treatment System Improvements 

Recent hydraulic modeling efforts indicated that some secondary system improvements will 
be necessary in order to provide sustained peak flow capacity of 360 MGD. Improvements 
required in the secondary treatment process are detailed below. 

5.2.2.1.1 Clarifiers 

To hydraulically carry 360 MGD flow and provide a minimum of 6-inches of freeboard 
between the clarifier influent channel and effluent channel, additional influent orifices are 
required in the peripheral influent channels in each secondary clarifier.  Each clarifier 
currently has approximately 48 six-inch diameter and 14 eight-inch diameter orifices in the 
bottom of the peripheral influent trough, spaced at approximately 6.5-ft apart.  To convey 
360 MGD through the clarifiers and still maintain the required 6-inches of freeboard at the 
wall separating the clarifier influent and effluent channels, it is estimated that 47 seven-inch 
diameter orifices (or equivalent) would need to be added to each clarifier influent peripheral 
channel. 

5.2.2.2 Alternative B1 - Additional Primary Clarifiers with Disinfection 

5.2.2.2.1 Description 

Alternative B1 provides primary treatment of all plant flows in excess of 360 MGD by 
utilizing the 160 MGD capacity of the existing clarifiers and adding one new clarifier and 
200-MGD chlorine contact tank for high-rate disinfection of partially treated flows prior to 
discharge via Outfall 001, as shown on Figure 5-9 and 5-10.  The new clarifier would be 
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designed to achieve a maximum design SOR of 2,000 gpd/sf, in accordance with Ten States’ 
Standards guidance.    

In addition to the modifications to the secondary treatment process as outlined in Section 
5.2.2.1 above, plant modifications required for this alternative include: 

· Construction of one new 160-ft diameter clarifier with sludge and scum collection 
system. 

· Construction of new conduit from primary clarifier splitter box to the new clarifier. 

· Construction of new conduits to connect the additional clarifier(s) to the secondary 
treatment system and existing Outfall 001. 

· Installation of a new chlorine contact tank (CCT), sodium hypochlorite feed 
equipment, and mixers.  The CCT would be sized to achieve a minimum contact 
time of 5 minutes at a peak flow of 200 MGD. 

As demonstrated on Figure 5-10, this alternative would be very difficult to implement as 
there currently is not enough space at the site of the existing primary clarifiers to fit both 
a fifth primary clarifier and a 240 MGD chlorine contact tank.  Additionally, the 
hydraulic grade line of the treatment facility may not accommodate the additional 
clarifier.  At the same time, the Agencies have indicated that they did not prefer the 
continued practice of chlorination in the existing primary clarifiers during partial 
treatment mode. As such this alternative was eliminated from further consideration.  

 

Figure 5-9: Process Flow Diagram for Alternative B1 
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Figure 5-10: Preliminary Site Layout of Alternative B1 

 

5.2.2.3 Alternative B2 - Additional CEPT with Disinfection  

5.2.2.3.1 Description 

Alternative B2 is similar to Alternative B1 in that it would utilize the 160 MGD capacity of 
the existing clarifiers, but in lieu of providing another clarifier, a CEPT tank would be 
constructed to provide treatment of up to 40 MGD of additional flow to the primary 
treatment process during partial treatment mode.  This alternative is shown on Figures 5-11 
and 5-12.  As with Alternative A1, the CEPT system would be designed to achieve a 
maximum design SOR of 4,000 gpd/sf.  Ferric chloride and polymer would be added at the 
CEPT unit during wet weather to provide flocculation and enhanced solids settling at the 
higher surface overflow rates. This alternative also includes the construction of a new 
chlorine contact tank (CCT) for disinfection of flow receiving partial treatment (200 MGD) 
from the proposed CEPT tank) from both the existing primary clarifiers and the new CEPT 
unit.  Major capital improvements required for this alternative include: 

· Construction of a new conduit from the primary clarifier splitter chamber to the 
CEPT unit. 
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· Installation of a new ferric chloride and polymer dosing system in the CEPT influent 
conduit. 

· Construction of a new Chemical Storage Building for ferric chloride and polymer. 

· Construction of one 20-ft long, 20-ft wide, 10-ft deep rapid mix chamber, with a 20-
HP mixer. 

· Construction of one 15-ft long, 50-ft wide, 10-ft deep flocculation basin, with two 5-
HP mixers.   

· Construction of one 200-ft long, 50-ft wide, 14-ft side water depth (SWD) CEPT 
tank.  

· Construction of new solids removal equipment and piping to convey settled sludge 
from the new CEPT unit. 

· Installation of a new high-rate disinfection chlorine contact tank (CCT), sodium 
hypochlorite feed equipment, and mixers.  The CCT would be sized to achieve a 
contact time of 5 minutes at a peak flow of 200 MGD. 

· Construction of two effluent conduits: one from the CEPT tank to the secondary 
treatment process and a second from the CEPT tank to the new chlorine contact 
tank.  

· Installation of new instrumentation and controls to allow the existing primary 
clarifiers to be used preferentially over the new CEPT unit during normal flow 
conditions. 

 

Figure 5-11: Process Flow Diagram of Alternative B2 
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5.2.2.3.2 Proposed Operation 

The proposed operation of the improvements described in Alternative B2 is as follows: 

· Flows below 160 MGD - The plant would operate in “normal” mode using the 
existing primary clarifiers.  Primary effluent would subsequently be conveyed to the 
secondary treatment process and the main plant chlorine contact tanks and 
discharged through plant Outfall 002.   

· Flows from 160 MGD to 360 MGD - When the plant influent exceeds 160 MGD 
(the capacity of the existing primary clarifiers, the plant would transition to full 
“primary bypass” mode with increasing plant influent conveyed directly through 
secondary treatment and processed along with primary effluent.  All flow would be 
disinfected in the main plant’s CCT and discharged through Outfall 002. 

Figure 5-12: Preliminary Site Layout of Alternative B2 
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· Flows over 360 MGD up to 520 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would be conveyed directly to secondary treatment and disinfection prior 
to discharge through Outfall 002.  The remainder of the influent flow, up to 160 
MGD, would be treated in the existing primary clarifiers, followed by disinfection in 
a new CCT prior to discharge through existing Outfall 001. 

· Flows Over 520 MGD up to 560 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would bypass the primary treatment process entirely and be conveyed 
directly to secondary treatment and disinfection prior to discharge through Outfall 
002.  A maximum flow of 160 MGD would be treated in the existing primary 
clarifiers and up to 40 MGD of additional flow would be treated by the new CEPT 
unit and followed by disinfection in the new CCT prior to discharge through existing 
Outfall 001. 

Operation of the existing treatment processes at the plant and the proposed new CEPT tank 
is structured as described above, so as to take advantage of the existing processes on-site, 
while minimizing the amount of ferric chloride and polymer used.  In this operating scheme, 
the use of the CEPT process is limited to only the highest flows to the plant in the range of 
520 to 560 MGD. 

5.2.2.3.3 Benefits and Implementation Feasibility 

This alternative increases the capacity of the primary treatment system from 160 MGD to 
200 MGD; however, only the new CEPT tank will use the addition of chemicals (a metal 
salt and polymer) for enhanced clarification.  However, this will also mean that plant staff 
will have to operate two different primary treatment processes during wet weather: the 
existing primary clarifiers and the new CEPT unit. 

Design of the new CEPT unit to operate in conjunction with the existing clarifiers is more 
difficult from a hydraulic standpoint than simply replacing the entire primary treatment 
process, as was done in Alternatives A1 and A2.  Further modifications would be required to 
the primary bypass chamber in order to appropriately balance flow between the four existing 
primary clarifiers and the new CEPT unit.  However, construction of the new CEPT unit 
would be much easier than the CEPT furnished in Alternative A1, because the existing 
primary clarifiers would be retained.    Retaining the existing primary clarifiers also allows 
the WWTP to operate in its current three operational modes, including partial treatment 
under high flow conditions, for the duration of construction. 

The high-rate disinfection chlorine contact tank would allow for post-disinfection for the 
total amount of primary effluent from the existing primary clarifiers and new CEPT unit in 
partial treatment mode.  As such, the existing practice of feeding chlorine upstream of the 
primary clarifiers and using the clarifier volume to achieve disinfection contact time would 
be discontinued.  In this treatment mode, disinfection performance may be improved over 
current operation as most of the solids would have been removed prior to disinfection, 
decreasing overall chlorine demand for the primary effluent. 
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5.2.2.3.4 Cost Estimate 

The engineer’s estimate of probable total project cost for the new CEPT tank and associated 
facilities as described above is $32.2 million. The estimated annual O&M costs are based on 
a CEPT operation of approximately 64 hours for a typical year when plant flows exceed 520 
MGD. The estimated annual O&M cost of the CEPT unit is $400,000.  The existing primary 
clarifiers would continue to be maintained as is current practice. 

5.2.2.4 Alternative B3 - Additional Treatment Capacity in the Form of HRT 

5.2.2.4.1 Description 

In lieu of adding a 40 MGD CEPT tank to operate in parallel with the existing primary 
clarifiers, a similarly-sized HRT unit could be installed.  The process flow diagram for 
Alternative B3 is shown on Figure 5-13.  This alternative includes the construction of a new 
200-MGD capacity high-rate disinfection chlorine contact tank (CCT) for disinfection of 
flow receiving partial treatment.   The layout for this alternative at the WWTP is shown in 
Figure 5-14. 

 

Figure 5-13: Process Flow Diagram for New HRT system Proposed Under 
Alternative B3 



 

Buffalo Sewer Authority 5-26 

No Feasible Alternative Evaluation 
In association with 

 

Figure 5-14: Preliminary Site Layout of Alternative B3 

The modifications required for Alternative B3 are as follows:  

· Construction of a new conduit from the primary clarifier splitter chamber to the HRT 
unit. 

· Installation of one new fine screen immediately upstream of the HRT unit (Actiflo 
only). 

· Construction of a new Chemical Storage Building for ferric chloride and polymer. 

· Installation of one new 40-MGD HRT (Actiflo/Densadeg ® Type) train.  The design 
of the system would depend on the manufacturer of the equipment as outlined in 
Alternative A2. 

· Installation of new slide gates upstream and downstream of the HRT unit. 

· Construction of a new building for the HRT equipment. 

· Installation of a new high-rate chlorine contact tank (CCT) and new sodium 
hypochlorite feed equipment and mixers, sized to adequately disinfect up to 200 
MGD of flow after primary treatment. 
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· Construction of two effluent conduits: one from the HRT to the secondary treatment 
process and a second from the HRT to the new chlorine contact tank.  

· Installation of new instrumentation and controls to allow the HRT train to be used 
preferentially over the existing primary clarifiers during normal flow conditions. 

5.2.2.4.2 Proposed Operation 

The proposed operation of the improvements described in Alternative B3 is as follows: 

· Flows up to 160 MGD - The plant would operate in “normal” mode using the 
existing primary clarifiers and the new HRT unit. The effluent from the primary 
treatment process would subsequently be conveyed to the secondary treatment 
process and the main plant chlorine contact tanks and discharged through plant 
Outfall 002.   

· Flows from 160 MGD to 360 MGD - When the plant influent approaches 160 MGD 
(the capacity of the existing primary clarifiers), the plant would transition to full 
“primary bypass” mode with increasing plant influent conveyed directly through 
secondary treatment and treated along with flows passing through the primary 
treatment system.  All flow would be disinfected in the main plant’s CCT and 
discharged through Outfall 002.  Critical to this operation is maintaining at least 
some flow through the HRT unit. 

· Flows Over 360 MGD up to 520 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would bypass the primary treatment process entirely and be conveyed 
directly to secondary treatment and then to disinfection prior to discharge through 
Outfall 002.  The remainder of the influent flow, up to 160 MGD, would be treated 
in the HRT and existing primary clarifiers and followed by disinfection in a new 
CCT prior to discharge through existing Outfall 001. 

· Flows Over 520 MGD up to 560 MGD - When the plant influent exceeds 520 MGD, 
360 MGD would continue to bypass the primary treatment process and be conveyed 
directly to secondary treatment and disinfection prior to discharge through Outfall 
002.  A maximum flow of 160 MGD would be treated in the existing primary 
clarifiers and up to 40 MGD of additional flow would be treated by the new HRT 
unit, followed by high-rate disinfection in a new CCT prior to discharge through 
existing Outfall 001. 

5.2.2.4.3 Benefits and Implementation Feasibility 

Alternative B3 increases the capacity of the primary treatment system from 160 MGD to 
200 MGD by adding a HRT unit to operate in conjunction with the existing primary 
clarifiers.  However, this will also mean that plant staff will have to operate two different 
primary treatment processes during wet weather: the existing primary clarifiers and the new 
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HRT unit.  As discussed in Section 5.1, HRT processes typically involve a lot of equipment 
that must be operated and maintained, leading to relatively high O&M costs as compared to 
other alternatives.   

As with Alternative B2, the addition of an HRT unit to operate is more difficult to design 
from a hydraulic standpoint than replacing the primary treatment process.  Flow will need to 
be balanced at the primary clarifier bypass chamber to ensure that flow is equally distributed 
between the existing clarifiers and the HRT unit.  Construction of the single HRT unit, 
however, would be simplified because of its smaller footprint, allowing the primary 
clarifiers to stay in operation for the duration of construction. 

The installation of a high-rate disinfection tank would allow for post-disinfection of primary 
effluent from the existing primary clarifiers and new HRT unit in partial treatment mode and 
the existing practice of feeding chlorine upstream of the primary clarifiers would be 
discontinued.  As such, disinfection performance may be enhanced over the current 
operation as most of the solids would have been removed before disinfection, thereby 
decreasing chlorine demand. 

5.2.2.4.4 Cost Estimate 

The engineer’s estimate of probable total project cost for the HRT process and associated 
facilities as described in Alternative B3 is $31.7 million. The estimated annual O&M costs 
are based on an estimated operation of approximately 262 hours for a typical year when 
plant flows exceed 360 MGD. The estimated annual O&M cost of the HRT unit is 
$720,000.  The existing primary clarifiers would continue to be maintained as they are. 

5.2.2.5 Alternative B4 - Additional Storage  

5.2.2.5.1 Description 

This alternative involves the construction of a new storage facility at the WWTP that would 
store flow in excess of 520 MGD (after treating 160 MGD in the existing primary clarifiers 
and up to 360 MGD in the secondary treatment process).Thirteen million gallons of storage 
would be required, as detailed in Section 5.1.2.5 of this report.  A process flow schematic is 
presented in Figure 5-15 and the proposed layout is shown in Figure 5-16.  

 

 

 

 

 



 

Buffalo Sewer Authority 5-29 

No Feasible Alternative Evaluation 
In association with 

 

 

 

 

 

 

 

 

Figure 5-15: Process Flow Diagram for Alternative B4 

 

 

 

 

 

 

 

 

 

Figure 5-16: Process Flow Diagram for Alternative B4 
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5.2.2.5.2 Proposed Operation 

The proposed operation for the storage alternative would be as follows. 

· Flows below 160 MGD - The plant would operate in “normal” mode using the 
existing primary clarifiers.  Primary effluent would subsequently be conveyed to the 
secondary treatment process and the main plant chlorine contact tanks and 
discharged through plant Outfall 002.   

· Flows from 160 MGD to 360 MGD - When the plant influent exceeds 160 MGD 
(the capacity of the existing primary clarifiers), the plant would transition to full 
“primary bypass” mode with increasing plant influent conveyed directly through 
secondary treatment and processed along with primary effluent.  All flow would be 
disinfected in the main plant’s CCT and discharged through Outfall 002. 

· Flows Over 360 MGD up to 520 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would bypass the primary treatment process entirely and be conveyed 
directly to secondary treatment and disinfection prior to discharge through Outfall 
002.  The remainder of the influent flow, up to 160 MGD, would be treated in the 
existing primary clarifiers and followed by disinfection in a new CCT prior to 
discharge through existing Outfall 001. 

· Flows Over 520 MGD up to 560 MGD - When the plant influent exceeds 520 MGD, 
any flows over that amount would be pumped to a new storage tank on the north end 
of the treatment plant site, until the peak flows through the WWTP subside.   The 
stored flows would then be conveyed back to the settled wastewater pump station 
via gravity for subsequent treatment and disinfection and then discharged through 
Outfall 002. 

5.2.2.5.3 Benefits and Implementation Feasibility 

This alternative was originally conceived to locate the required storage tank near the 
primary clarifiers to minimize the amount of piping required to convey flows to and from 
the storage tank.  Figure 5-16 shows the 13 million gallon tank as a storage shaft.  Flow in 
excess of the secondary and primary treatment capacities (360 MGD and 160 MGD) would 
be conveyed by gravity to the storage shaft.  Following the wet weather event, the storage 
shaft would be dewatered to the settled wastewater pump station using a storage shaft pump 
station that would convey the contents to the WWTP for treatment following the wet 
weather event. 

However, this initial concept was dismissed as being extremely difficult, due to the depth 
and footprint required for the storage shaft, the existing soils, the presence of rock, and 
groundwater levels at the WWTP. An alternate storage configuration was subsequently 
evaluated which involved building a 13 million gallon storage tank in the area of the former 
ash lagoons at the north end of the WWTP site.  However, this location would require 
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pumping of primary flow from the primary bypass chamber to the storage tank during 
partial treatment mode, requiring larger pumps than those required for the storage shaft 
option.  In addition, this alternate configuration would require extensively more pipe to 
convey flow to and from the storage tank. 

5.2.2.5.4 Cost Estimate 

The engineer’s estimate of probable total construction cost for a storage tank and associated 
pumping facilities is $121.6 million.  The estimated annual O&M costs are based on a use of 
the storage tank for approximately 64 hours for a typical year when plant flows exceed 520 
MGD. The estimated annual O&M cost of the pumping facility associated with the storage 
tank is $270,000.  The primary clarifiers would continue to be maintained as they currently 
are. 

5.2.2.6 Alternative B5 - CEPT to Replace Existing Primary Clarifiers 

5.2.2.6.1 Description 

This alternative is similar to Alternative A1, except in this case, the CEPT facilities with a 
capacity of up to 200 MGD would be required.  With a secondary treatment capacity of up 
to 360 MGD, more flow can be processed through the secondary treatment processes, 
decreasing the size of the CEPT units for the primary treatment process, as opposed to the 
CEPT unit proposed under Alternative A1.  The process flow diagram for this alternative is 
shown in Figure 5-17. 

The CEPT facility would consist of five new tanks that provide 50,000 sf of tank surface 
area to operate at a target SOR of 4,000 gpd/sf at 200 MGD. The CEPT tanks would operate 
as conventional primary clarifiers, with no chemical addition, during average flow 
conditions. As wet weather flows increase, chemical addition would only commence as 
influent flows approach the secondary treatment capacity. This approach allows sufficient 
time to initiate the chemical feed and mixing facilities before influent flows exceed the 
secondary treatment capacity at which time the CEPT effluent would discharge to Outfall 
001.  Figure 5-18 shows the layout of the new CEPT system under this alternative. 

New high-rate disinfection facilities would be required for this alternative and similar to the 
CEPT and HRT alternatives discussed previously, additional solids generation will 
potentially be a concern and therefore a new sludge pumping system will likely be required.  
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Figure 5-17: Process Flow Diagram for Alternative B5 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5-18: Preliminary Site Layout of Alternative B5 
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5.2.2.6.2 Proposed Operation 

The proposed operation of the improvements in this alternative is as follows: 

· Flows below 200 MGD - The plant would operate in “normal” mode with the new 
CEPT tanks acting as conventional primary clarifiers with no chemical addition.  
Primary effluent would subsequently be conveyed to the secondary treatment 
process and the chlorine contact tanks and discharged through plant Outfall 002.   

· Flows from 200 MGD to 360 MGD - When the plant influent exceeds 200 MGD, 
the plant would begin to transition to “primary bypass” mode with increasing plant 
influent conveyed directly through secondary treatment and processed along with 
primary effluent.  CEPT operation in the primary clarifiers would be initiated at an 
influent flow of 440 MGD in anticipation of influent flows further increasing above 
360 MGD.  All flow would be disinfected in the effluent CCT and discharged 
through Outfall 002. 

· Flows Over 360 MGD up to 560 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would bypass the primary treatment process and be conveyed directly to 
secondary treatment and disinfection prior to discharge through Outfall 002.  The 
remainder of the influent flow, up to 200 MGD, would be treated in the CEPT units, 
followed by disinfection in a new CCT prior to discharge through existing Outfall 
001.  

5.2.2.6.3 Benefits and Feasibility of Implementation 

This CEPT system would involve the same advantages and disadvantages as discussed for 
Alternative A1, but would be sized for 200 MGD (i.e., 40 MGD smaller than the CEPT 
system proposed under Alternative A1).  As with most of the other alternatives, it would be 
followed by a high-rate disinfection chlorine contact tank, which would eliminate the 
current practice of pre-chlorination of primary influent during partial treatment. 

However, this alternative has the advantage that more of the flow is redirected to the 
secondary treatment process, which averages approximately 90 percent TSS removal, as 
compared to the 70 percent average removal in the CEPT unit.  Therefore the amount of 
solids captured in this alternative is estimated to be greater than the previous alternatives. 
However, over the ten to eleven days the system is expected to operate, this additional 
treatment removal will not be significant from a water quality perspective. 

5.2.2.6.4 Cost Estimate 

The engineer’s estimate of probable total construction cost for the new 200-MGD CEPT 
tanks and associated facilities is $61.5 million. The estimated annual O&M costs are based 
on a CEPT operation of approximately 262 hours for a typical year when plant flows exceed 
320 MGD, with the CEPT tanks in conventional primary clarifier operation the remainder of 
the time. The estimated annual O&M cost is $460,000.  
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5.2.2.7 Alternative B6 - HRT to Replace Existing Primary Clarifiers 

5.2.2.7.1 Description 

In this alternative, an HRT system would replace the existing primary clarifiers to treat dry 
weather and wet weather flows up to 200 MGD.  The process flow diagram is shown in 
Figure 5-19 and the layout of the processes at the site is shown on Figure 5-20. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-19: Process Flow Diagram for Alternative B6 

Figure 5-20: Preliminary Site Layout of Alternative B6 
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The modifications required for this alternative are as follows:  

· Construction of a new, primary influent conduit from the existing Grit Building to 
the new HRT tanks.  

· Installation of one new fine screen immediately upstream of the HRT units (Actiflo 
only). 

· Construction of a new Chemical Storage Building for ferric chloride and polymer. 

· Installation of five new HRT (Actiflo/Densadeg ® Type) Units.  The design of the 
system would depend on the manufacturer of the equipment as follows: 

o Actiflo ® - each HRT train includes four process tanks: coagulation, 
injection, maturation, and settling.  Each train also includes three sets of 
sludge/sand recirculation pumps and three sets of hydrocyclones to separate 
sludge from microsand.   

o Densadeg ® - each HRT train includes three process tanks:  rapid mix, 
reaction, and settling/thickening.  Each train includes two sludge 
recirculation pumps and one sludge waste pump.   

· Installation of new slide gates upstream and downstream of each HRT unit. 

· Construction of a new building for the HRT equipment. 

· Installation of a new high-rate chlorine contact tank (CCT) and new sodium 
hypochlorite feed equipment and mixers to disinfect up to 200 MGD. 

· Construction of two effluent conduits: one to the secondary treatment processes and 
a second to Outfall 001 to be used during partial treatment mode. 

Up to three of the five HRT units (with associated chemical addition) are required to be in 
operation under average flow conditions to maintain the HRTs in good working condition, 
so that additional ones can be put into operation as the flows increase. 

5.2.2.7.2 Operation  

The proposed operation of the improvements described in Alternative B6 would depend on 
the influent flows to the plant, as follows: 

· Flows below 200 MGD - The plant would operate in “normal” mode with three of 
the five HRT units operating under normal flow conditions and providing primary 
treatment with additional units placed into operation up to the full 200-MGD 
capacity of the primary treatment system. Effluent from the HRT units would 
subsequently be conveyed to the secondary treatment process and the chlorine 
contact tanks and discharged through plant Outfall 002.   
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· Flows from 200 MGD to 360 MGD - When the plant influent exceeds 200 MGD, 
the plant would begin to transition to “primary bypass” mode with increasing plant 
influent conveyed directly to secondary treatment and processed along with primary 
effluent.  All flow would be disinfected in the effluent CCT and discharged through 
Outfall 002. 

· Flows Over 360 MGD up to 560 MGD - When the plant influent exceeds 360 MGD, 
360 MGD would bypass the primary treatment process and be conveyed directly to 
secondary treatment and disinfection prior to discharge through Outfall 002.  The 
remainder of the influent flow, up to 200 MGD, would be treated in the HRT units, 
followed by disinfection in a new CCT prior to discharge through existing Outfall 
001.  

5.2.2.7.3 Benefits and Feasibility of Implementation 

As with Alternatives A1, A2, and B5, the replacement of the primary treatment process with 
an alternate 200-MGD process would be very complex from a design and construction 
standpoint.  The existing primary clarifiers would not be able to be kept in operation for the 
duration of construction, effectively limiting the plant capacity to 360 MGD (secondary 
process capacity).  In addition, the HRT systems include a lot of tanks and equipment that 
must be maintained, as well as the use of a significant amount of chemicals.  As such, the 
O&M costs for the HRT option tends to be significantly greater than any of the other 
alternatives evaluated.  Also, capital costs for HRT system are typically more expensive 
than the other options because of the large amount of equipment required, despite the 
smaller physical footprint.  Because of the high costs associated with building and 
maintaining this type of system, it would be difficult to implement at the WWTP. 

5.2.2.7.4  Cost Estimates 

The engineer’s estimate of probable total project cost for HRT systems sized up to 200 
MGD is $69.3 million.  The estimated annual O&M costs are based on operation of the 
HRT with varying numbers of units 24 hours per day, 7 days per week.  In estimating O&M 
costs, it was assumed that up to three HRT units will be in operation for average influent 
plant flows and all units would be in operation approximately 262 hours per year when plant 
flows exceed 360 MGD. The estimated annual O&M cost is $2,690,000. 

5.2.3 Increase Secondary Treatment Capacity to 400 MGD 

5.2.3.1 Required Secondary Treatment and Disinfection System Improvements 

5.2.3.1.1 Secondary Clarifiers 

While the sixteen existing secondary clarifiers can hydraulically handle up to 400 MGD 
with the addition of forty-six 6.3-inch orifices at the peripheral influent channel to each 
clarifier; the hydraulic loading rates on each clarifier is relatively high when compared to 
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typical design loading rates.  Therefore, an additional two clarifiers (one additional clarifier 
per battery) would be required to maintain peak surface loading rates of around 1,600-1,700 
gpd/sf.  While this surface loading rate is higher than that suggested by guidelines in Ten 
States Standards, the clarifiers have been able to handle this flow, because at the same time, 
step feed operation of the aeration tanks have maintained maximum solids loading rates of 
approximately 35 lbs/d/sf to the clarifiers with fourteen of the sixteen clarifiers in operation, 
which is significantly less than the 50 lbs/d/sf maximum solids loading rate guidelines 
indicated in Ten States Standards.  With lower solids loading rates, the existing clarifiers 
have performed well, consistently removing solids and BOD to less than 10 mg/L in the 
effluent.  Two additional clarifiers are recommended under this set of alternatives, however, 
to maintain existing hydraulic surface overflow rates and provide additional operating 
flexibility. 

5.2.3.1.2 Chlorine Contact Tanks 

The existing final effluent disinfection system is sized to provide a minimum of 15 minutes 
of contact time at a peak flow of 360 MGD.  To disinfect a total flow of up to 400 MGD, a 
fifth chlorine contact tank is required.  This tank would be sized to hold 417,000 gallons to 
provide a minimum contact tank of 15 minutes at the additional peak flows of 40 MGD.   
Additional hypochlorite pumping and storage capacity may also be required to be able to 
feed the chlorine into solution for use in the fifth contact tank. 

5.2.3.2 Alternative C1 – Maintain Existing Primary Clarifiers 

5.2.3.2.1 Description 

Alternative C1 (Figures 5-21 and 5-22) assumes that the use of existing four primary 
clarifiers is continued to treat flows up to 160 MGD in normal and partial treatment modes. 
While no additional tanks are required, there will be some costs associated with upgrades 
required to keep them in reliable operating condition. Under this alternative, the current 
practice of feeding sodium hypochlorite at the primary influent and using the clarifier 
volume to achieve the required chlorine contact time is continued; however, the Agencies 
have indicated that this is not their preferred alternative.  As such, Alternative C2, described 
in Section 5.2.3.3, will include a chlorine contact tank. 
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Figure 5-21: Process Flow Diagram for Alternative C1 

 

Figure 5-22: Preliminary Site Layout of Alternative C1 
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The modifications required for this alternative, in addition to the secondary treatment 
process modifications summarized above to achieve a 400-MGD capacity in the 
secondary treatment process, are as follows:  

· Replacement of the sludge and scum collection systems in each of the primary 
clarifiers. 

· Replacement of the primary sludge pumps.   

· Miscellaneous other repairs required to keep the clarifiers in good working 
condition. 

5.2.3.2.2 Proposed Operation 

Under Alternative C1, the proposed plant operation is as follows: 

· Flows below 160 MGD - The plant operates in “normal” mode with primary and 
secondary treatment in series up to 160 MGD.   

· Flows Over 160 MGD up to 400 MGD - When the plant influent exceeds 160 
MGD, the plant operates in “primary bypass” mode with up to 240 MGD of 
screened plant influent conveyed directly to the secondary treatment process, 
with the remainder of the flow (up to 160 MGD) treated in series through 
primary and secondary treatment.  

· Flows Over 400 MGD up to 560 MGD - When the plant influent exceeds 400 
MGD, partial treatment mode is activated where screened plant influent up to 
400 MGD is conveyed to and treated in the secondary treatment process and 
the remaining flow (up to 160 MGD) receives primary treatment in the 
existing primary clarifiers, as is current practice. 

5.2.3.2.3 Benefits and Implementation Feasibility 

The “C” alternatives promote the expansion of the secondary treatment process 
capacity to optimize treatment of flows in normal, primary bypass, and partial 
treatment modes.  Under Alternative C1, up to 400 MGD would be conveyed to the 
secondary treatment process and be conveyed through the main plant chlorine contact 
tanks prior to discharge.  As discussed previously, TSS removals of up to 90 percent 
can be achieved in the secondary system.  With a reduced flow of 160 MGD going to 
the primary clarifiers, primary performance is expected to improve with the lower 
hydraulic loading rates applied. 

In addition, this alternative is very favorable in the maintenance of plant operations 
during construction.  Because most of the construction deals with secondary system 
improvements of adding two clarifiers and extending the existing chlorine contact 
tank, the plant can continue to run in its current operational modes for the duration of 



 

Buffalo Sewer Authority 5-40 

No Feasible Alternative Evaluation 
In association with 

construction. Construction should also not severely impede normal operation and 
maintenance activities due to the greater amount of space available at the north end of 
the site, as opposed to the area around the primary clarifiers. 

However, this option does not include the chlorine contact tank at the primary 
clarifiers.  Under Alternative C1, the current practice of adding chlorine upstream of 
the primary clarifiers and using the volume of the primary clarifiers to achieve the 
required contact time would be continued. 

5.2.3.2.4 Cost Estimate 

The estimate of probable project cost is approximately $30.4 million. Estimated 
annual O&M cost is $280,000. 

5.2.3.3 Alternative C2 – Maintain Existing Primary Clarifiers and Add Primary 
Effluent Disinfection 

5.2.3.3.1 Description 

Alternative C2 (Figures 5-23 and 5-24) also retains the existing four primary clarifiers 
to handle up to 160 MGD through the primary treatment process in partial treatment 
mode, however, it does include the additional provision of a high-rate disinfection 
chlorine contact tank and associated sodium hypochlorite storage and feed systems for 
the disinfection of primary effluent prior to discharge through Outfall 001. Under this 
alternative, the existing primary clarifiers would not be used in achieving the required 
disinfectant contact time as is current practice; but instead, sodium hypochlorite would 
be injected at the head of a new chlorine contact tank, sized to provide a contact time 
of 5 minutes at the peak flow of 160 MGD, to be located adjacent to the existing 
primary clarifiers.  

5.2.3.3.2 Proposed Operation 

The operation of this alternative is identical to the operation of Alternative C1, except 
that flows passing through the primary clarifiers during partial treatment would not 
receive disinfection within the clarifiers, but downstream of the clarifiers in a new 
chlorine contact tank prior to discharge through Outfall 001. 

5.2.3.3.3 Benefits and Implementation Feasibility 

As with Alternative C1, Alternative C2 involves the expansion of the secondary 
treatment process capacity to 400 MGD to optimize treatment of flows in normal, 
primary bypass, and partial treatment modes.  This greater secondary treatment 
capacity will result in higher TSS capture and more efficient disinfection of flows up 
to 400 MGD in the main plant chlorine contact tank. Design and construction is 
further simplified for the reasons given in the narrative for Alternative C1. 
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However, this alternative improves upon Alternative C1 by including a high-rate 
disinfection chlorine contact tank at the primary clarifiers for more effective 
disinfection of flows during partial treatment mode. 

5.2.3.3.4 Cost Estimate 

The capital cost for Alternative C2 is approximately $40.5 million.  Annual O&M is 
estimated at $340,000. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-23: Process Flow Diagram for Alternative C2 
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5.3 Comparison and Evaluation of Alternatives 

Table 5-2 presents the summary of projected project, annual O&M, and 20-year life cycle 
costs for the alternatives.  As can be observed, Alternative C1 has the lowest life cycle cost, 
followed by Alternatives B2 and B1.  The HRT alternatives (A2, B3, and B6) tended to 
have the highest O&M costs, which had a significant impact on the overall 20-year life 
cycle cost.  

Figure 5-24: Preliminary Site Layout of Alternative C2 
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Table 5-2: Summary of Estimated Project Costs, Annual O&M Costs, and 20-year 
life cycle costs (LCC) 

Alternative 

New 
Process 
Sizing 

(MGD) 

CCT 
Sizing 

(MGD) 

Prob 
Proj 
Cost, 
$M 

Annual 
O&M, 

$M 

20-
year 
LCC,  
$M 

A1 Primary CEPT 240 240 $    64.9 $ 0.55 $72.3 
A2 Primary HRT 240 240 $    81.9 $ 2.75 $119.3 
B1 Add 1 Primary Clar 40 200 $    23.2 $ 0.29 $27.2 
B2 Increm CEPT 40 200 $    32.2 $ 0.40 $37.6 
B3 Increm HRT 40 200 $    31.7 $ 0.72 $41.6 
B4 Storage 200 N/A $  121.6 $ 0.27 $125.3 
B5 Primary CEPT 200 200 $    60.6 $ 0.46 $66.9 
B6 Primary HRT 200 200 $    69.3 $ 2.69 $105.9 

C1 Current + Sec. Treatment 
Improvements 160 N/A $    30.4 $ 0.28 $34.2 

C2 Current + Sec. Treatment 
Improvements 160 160 $    40.5 $ 0.34 $45.1 

 

While not a water quality consideration, for alternative performance comparison only, 
evaluations considered estimated TSS removals for the estimated typical year volume 
discharged through Outfall 001. The projected TSS removals estimated for each alternative 
are based on: 

· the average WWTP TSS influent concentration; 

· estimated volume distribution between the primary and secondary treatment systems 
as well as the volume distribution between various primary treatment technologies 
within the same alternative (e.g. B2 and B3) ; 

· an assumed TSS removal corresponding to the type of treatment used in each 
alternative 

o CEPT – Assumed 70 percent TSS removal 

o HRT – Assumed 85 percent TSS removal 

o Primary clarification – Assumed 60 percent TSS removal  

· Secondary treatment process during partial treatment mode – Assumed 90 percent 
TSS removal 

The expected removal of TSS is specific to each alternative.  Table 5-1 presents TSS 
removal performance for each alternative during the typical year including: 
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· Estimated total annual lbs of TSS removed for the estimated volume of wet weather 
flows currently discharged through outfall 001 (1,040 MG).  Note that as the 
secondary treatment capacity increases, the volume discharged through outfall 001 
decreases (as summarized in Table 5-1).  

· Estimated total annual lbs of TSS removed by the WWTP for everyday operations 
and secondary system bypass events (sum of Outfalls 001 and 002) 

· Estimated 20-year life cycle costs for each alternatives per 1 lb of TSS removed 
from the       

· Estimated volume of wet weather flows currently discharged through outfall 001 
(1,040 MG). 

Table 5-3: Summary of TSS Removed in Partial Treatment Mode for All 
Alternatives 

Alternative 
Primary 
Volume 
(MG) 

TSS 
Removal in 

Primary 
Treatment 

(tpy) 

TSS 
Removal in 
Secondary 
Treatment 

(tpy) 

Total TSS 
Removed in 

Partial 
Treatment 
Mode (tpy) 

A1 CEPT 1040.2 279 0 279 
A2 HRT 1040.2 339 0 339 
B1 Add 1 Clar 716.0 165 112 277 
B2 Increm CEPT 716.0 170 112 282 
B3 Increm HRT 716.0 179 112 290 
B4 Increm Stor 716.0 165 112 277 
B5 CEPT 716.0 192 112 304 
B6 HRT 716.0 233 112 345 
C1 Current 463.7 107 199 306 
C2 Current+CCT 463.7 107 199 306 

 

As can be seen from this summary, the relative performance of each alternative is very 
similar and the annual lbs of TSS removed during the partial treatment events are negligible 
to the overall plant removals, as shown in Figure 5-25.  
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Figure 5-25: Summary of Solids Removed in Primary and Secondary Treatment 

Processes 

To incorporate this information as well as other discussions presented in each alternative 
discussion, each alternative was scored on a number of non-economic criteria.  Each 
criterion was weighted according to importance.  As seen in the list below, TSS 
Removal/Process Performance was weighted most heavily, following by Maintenance of 
Plant Operations during construction. The evaluated criteria included: 

· Process Performance (Relative weight of 25 out of 100) - ability of the alternative to 
achieve a higher level of treatment performance than what is received currently 
under partial treatment flow conditions 

· Capital Cost (Relative weight of 15 out of 100) – total project cost as shown above 
in Table 5-2 

· Operations & Maintenance (O&M) Costs (Relative weight of 10 out of 100) – 
estimated annual O&M costs as shown above in Table 5-2 

· Design Complexity & Constructability (Relative weight of 15 out of 100) – the 
relative difficulty in siting (both hydraulically and physically) and constructing a 
specific alternative 
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· Maintenance of Plant Operations (MOPO) (Relative weight of 20 out of 100)- the 
ability to maintain existing plant treatment processes and modes in operation during 
construction 

· Operability (Relative weight of 15 out of 100) – Relative complexity of operation of 
the proposed alternative in conjunction with the existing treatment processes on-site. 

After weights were established for each criterion, each alternative was scored in regard to 
each alternative, using a score from 1 to 3.  A score of 1 indicates that the alternative did not 
meet the criteria, whereas a score of 3 indicated that the alternative met the criteria and a 
score of 2 indicated that the alternative somewhat met the criteria. 

The estimated performance results and discussions on pros and cons of each alternative 
(presented within each alternative description) were used along with the relative project and 
O&M costs in the ranking process as shown in Table 5-4. 

Table 5-4: Summary of Scoring of Alternatives 

 

Process 
Performance/ 
TSS Removal 

Capital 
Cost 

O&M 
Cost Constructability MOPO Operability SUM 

Alternative A1 50 30 20 30 40 30 200 

Alternative A2 75 15 10 45 40 15 200 

Alternative B1 01 45 30 01 60 45 180 

Alternative B2 50 45 30 30 60 15 230 

Alternative B3 50 45 20 45 60 15 235 

Alternative B4 50 15 30 15 60 15 185 

Alternative B5 75 30 30 30 40 45 250 

Alternative B6 75 30 10 45 40 15 215 

Alternative C1 50 45 30 45 60 45 275 

Alternative C2 75 45 30 45 60 45 300 

Note: 1. While the scoring system uses 1 to 3, values of 0 were assigned to two of the criteria 
under Alternative B1 as it would be impossible to construct both a new primary clarifier and 
chlorine contact tank near the existing primary clarifiers, and even if it could be constructed, 
Agency approval would be unlikely. 



 

Buffalo Sewer Authority 5-47 

No Feasible Alternative Evaluation 
In association with 

Based on the results shown in Table 5-4, Alternative C2 received the highest score, followed 
by Alternatives C1 and B5.  The advantages of Alternative C2 over other alternatives 
include: 

· Maximize secondary treatment capacity. 

· Reliable disinfection of Outfall 001 discharges. 

· Relatively low project cost per lb of TSS removed, while still removing more TSS 
than most of the other alternatives, with the exception of the HRT alternatives. 

· A moderate life-cycle cost, mainly due to the relatively low O&M cost. 

· Constructability of this alternative is relatively straightforward with the addition of 
one clarifier to each secondary process battery and the addition to the existing 
secondary effluent chlorine contact tank.  When the plant was designed, the footprint 
proposed for the new tanks were set aside for future expansion. 

· The plant will be able to remain in operation during construction as the new tanks 
can be built while still allowing plant staff access to the existing plant structures and 
equipment; thereby not compromising ability to continue compliance with the 
SPDES permit. 

· Relatively easy operability as the plant will continue operating the secondary 
treatment process, with additional tankage, and shifting the chlorine addition point 
from upstream of the primary clarifiers to a new chlorine contact tank downstream 
of the existing primary clarifiers.  Otherwise, the primary clarifiers will continue to 
be operated using the same strategies as currently practiced at the WWTP. 

5.4 Conclusions and Recommendations 

This evaluation looked at a host of alternatives, providing different “mixes” of primary and 
secondary treatment during partial treatment mode.  After an objective scoring of economic 
and non-economic criteria, Alternative C2 is the preferred WWTP alternative to the extent 
that the BSA will include a primary/secondary treatment upgrade project in the updated 
LTCP.   

Alternative C2 includes the following improvements to the primary treatment process: 

· Replacement of the sludge and scum collection systems in each of the four existing 
primary clarifiers. 

· Replacement of the primary sludge pumps.   

· Miscellaneous other repairs required to keep the clarifiers in good working 
condition. 
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· Addition of a new chlorine contact tank and associated chemical storage and feed 
equipment downstream of the existing four primary clarifiers to provide a minimum 
5-min detention time for high-rate disinfection of up to 160 MGD. 

Alternative C2 also includes the following improvements to the secondary treatment 
process: 

· Construction of two new secondary clarifiers; with one being located within each 
battery. 

· Improving hydraulics through the sixteen existing secondary clarifiers by providing 
forty-six additional orifices in the secondary clarifier peripheral influent channel. 

· Installation of a new chlorine contact tank following the secondary treatment process 
to be able to disinfect an additional 40 MGD, with a contact time of at least 15 
minutes at the peak flow of 40 MGD. 

These improvements are shown schematically in Figure 5-28 and allow the plant to operate 
consistent with current operations, according to the following operational scheme, with the 
exception that more flow is directed to the secondary treatment process as influent flows to 
the plant increase. 

· Flows below 160 MGD - The plant operates in “normal” mode with primary and 
secondary treatment in series up to 160 MGD.  All flow receives both primary and 
secondary treatment and are disinfected in the main plant chlorine contact tanks and 
discharged through Outfall 002. 

· Flows Over 160 MGD up to 400 MGD - When the plant influent exceeds 160 MGD, 
the plant operates in “primary bypass” mode with up to 240 MGD of screened plant 
influent conveyed directly to the secondary treatment process, with the remainder of 
the flow (up to 160 MGD) treated in series through primary and secondary 
treatment.   All flow is disinfected in the main plant chlorine contact tanks and 
discharged through Outfall 002. 

· Flows Over 400 MGD up to 560 MGD - When the plant influent exceeds 400 MGD, 
partial treatment mode is activated where screened plant influent up to 400 MGD is 
conveyed directly to and treated in the secondary treatment process (bypassing 
primary treatment), disinfected using the main plant chlorine contact tanks, and 
discharged through Outfall 002. The remaining flow (up to 160 MGD) is directed to 
the four existing primary clarifiers and then passed through a new chlorine contact 
tank for high-rate disinfection prior to discharge through Outfall 001. 

The estimated project cost for the implementation of Alternative C2 is approximately $40.5 
million. With annual additional O&M costs of $282,000, the 20-year life cycle cost was 
estimated at $44.3 million dollars. 
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Alternative C2 also satisfies the regulatory requirements for a No-Feasible Alternative 
analysis, as discussed in Section 2, namely, “If it is determined that flows to the POTW 
exceed the existing secondary treatment process capacity, alternatives are then identified and 
evaluated to determine the feasibility of increasing secondary treatment capacity or 
providing a higher level of primary treatment.”  This alternative involves increasing the 
capacity of the secondary treatment process to 400 MGD, providing greater levels of 
treatment to flows up to 400 MGD, while providing a higher level of primary treatment by 
purposefully limiting the flow to the existing primary clarifiers to 160 MGD, allowing for 
lower surface overflow rates to improve clarifier performance.  Finally, Alternative C2 
provides separate disinfection of partially treated flows in the primary system through a new 
high-rate chlorine contact tank, while discontinuing the practice of adding chlorine upstream 
of the primary clarifiers. 

Given a high cost of the recommended alternative, a schedule beyond that proposed in the 
2012 LTCP Update will be necessary.  

 

 

 

 

 

Figure 5-26: Process Flow Diagram of Preferred Alternative C2 
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MEMO 

To: 

Mike Quinn 
Jerry Kleyman 

Copies: 

Lisa Derrigan 
Angela Hintz 

From:  

Claire Sichko 
Laura Zima 

 

Date: ARCADIS Project No.: 

June 26, 2013 01777122.0000 

Subject:  

BSA Bird Island WWTP – Secondary System Hydraulic Analysis Summary 
 
 

1 Background 

This memo will summarize the hydraulic analysis completed to determine the feasibility of increasing the 

hydraulic capacity of the secondary treatment processes at the Buffalo Sewer Authority’s (BSA’s) Bird 

Island Wastewater Treatment Plant (WWTP) that was completed as part of the NFA evaluation. 

2 Hydraulic Model Update 

The hydraulic model of the existing secondary system previously developed as part of the BSA Wet 

Weather Operating Plan/CSO Long Term Control Plan (LTCP) was reviewed and compared to plant 

design drawings and updated as necessary.  The original Secondary System Hydraulic Capacity 

Evaluation Memo (April 30, 2004) is included as Attachment 1.   

2.1 Hydraulic Model Software 

The ARCADIS in-house computer model Profile, was used to model the existing secondary system from 

the settled wastewater pumping station to the treatment plant outfall.  In Profile, hydraulic elements that 

are part of the treatment plant are linked together in a specific sequence to represent the longest hydraulic 

flow path within a treatment plant.  The model generates energy and hydraulic grade lines for the entire 
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sequence of elements that represents segments of the treatment plant based on the following major 

equations and assumptions. 

 Headloss calculations for pipes and conduits flowing full were performed using the Darcy-

Weisbach equation.  Nikuradse’s roughness (e) was assumed as follows: 

o e = 0.005 for steel pipe 

 Headloss calculations for open channels and closed conduits not always flowing full were 

performed using the Manning equation.  Backwater curves for the open channel flows were 

computed using direct-step method.  The following n-values were used: 

o n = 0.013 for concrete channels and conduits 

 Headloss calculations for pipe and open channel minor losses were performed using the energy 

equation and corresponding minor loss coefficients (k-values). 

 Headloss calculations for control elements were performed using standard head-discharge 

equations. 

 

2.2 Hydraulic Model Assumptions 

The downstream boundary condition used for the secondary system is the maximum surface elevation for 

the Niagara River as presented on original WWTP drawings (Elevation -5.7 feet). Although this elevation 

may be higher than the current river levels, it provides a conservative estimate, as stated in the original 

Secondary System Hydraulic Capacity Evaluation Memo. The water surface elevation of the river does not 

impact capacity because it is well below the CCT effluent weirs.  

The aeration tanks were assumed to be operating in step feed mode with two tanks in series.    

The return activated sludge (RAS) flow is assumed to be 40 percent of the secondary system influent flow 

and is introduced at the head of Pass 1 In the first tank in each step feed set, and pulled of the final 

clarifiers prior to the flow exiting the tanks.  This assumption models the worst-case condition, as RAS flow 

percentages are expected to be lower (approximately 25% of forward flow) at higher secondary system 

flows such as 360 MGD and greater. 

The longest hydraulic path has been modeled and is from the aeration tank influent channel in Battery A to 

the effluent weir of Final Clarifier No. 6. The path then continues from the effluent channel of Final Clarifier 

No.1 to Chlorine Contact Tank No. 1 to the Niagara River.  For this hydraulic flow path, it was assumed 

that the influent butterfly valve to Final Clarifier No. 6 was fully open.  Based on a discussion with the 

WWTP staff, the plant currently throttles the influent butterfly valves to help balance flow between the final 

clarifiers.  It is recommended that this valve is left fully open to maximize the current hydraulic capacity of 

the secondary system.  Based on the hydraulic analysis, even if this valve is only slightly throttled, there is 

potential of reduced freeboard in the aeration tank influent channels.   
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As stated in the original Secondary System Hydraulic Capacity Evaluation Memo, both batteries cannot be 

modeled simultaneously in the Profile model; therefore the battery estimated to have the greater headloss 

was modeled, which is Battery A. Battery A is farther from the chlorine contact tanks and has a greater 

length of piping compared to Battery B.  

A pair of aeration tanks is assumed to be out of service in Battery B (one step feed set). One final clarifier 

is assumed to be out of service in each battery. All of the chlorine contact tanks are assumed to be in-

service.  

The final clarifier influent feed channel is sloped around the circumference of the tank and due to 

limitations with the Profile model, this change in elevation cannot be modeled. The width of the channel 

can be varied in the model, therefore, the channel width was modified to yield an equivalent cross-

sectional area over the length of the channel. This assumption is conservative because the wetted 

perimeter of the feed channel is higher under the modeled configuration, resulting in slightly higher head 

loss. This is how the final clarifier influent feed channel was modeled in the original model as well.  

2.3 Field Data Collection and Model Validation 

To further validate the hydraulic model, field data was collected during a wet weather event at the WWTP 

on May 28, 2013.  Depth-to-water measurements were collected at 11 locations within the secondary 

system from the aeration tank influent channel to the chlorine contact tank effluent channel.  Figures 1 and 

2 show the locations where the measurements were collected.  Water surface elevations were calculated 

by subtracting the depth to water measurements from the reference elevation where the measurement 

was taken (based on design drawing elevations).  Flow data was provided by the WWTP for the time 

period when the data collection was completed.   Information was also provided detailing any units out of 

service in the secondary system.  During the validation effort, the hydraulic models were set up to reflect 

the conditions of the plant during the data collection period.  The model was executed and the predicted 

results have been compared with the measured data. The measurements and modeled results are 

included as Attachment 2.  

The modeled results assuming fully open influent butterfly valves to the final clarifiers were not consistent 

with measurements. The modeled results showed lower values by approximately 5 feet at the upstream 

most point. The butterfly valves were throttled in the model by increasing the minor loss coefficient of the 

valve. The minor loss coefficient that shows the most comparable modeled hydraulic grade line values to 

the water surface elevation values measured was approximately 27, which correlates to a 35 percent open 

butterfly valve upstream of Final Clarifier No. 6. Therefore, this valve was assumed to have been throttled 

during the wet weather data collection.  
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It is also assumed that Point 3 and 4 (measurements inside the aeration tanks) are incorrect due to an 

incorrect reference elevation. The water surface elevation inside the aeration tanks cannot be lower than 

the downstream water surface elevation. Therefore, these points were not considered in the validation.  

Based on the field data collection, the model was validated to be accurate based on the consistency 

between the measured data and modeled results assuming the throttled butterfly valve upstream of Final 

Clarifier No. 6.  

3 Hydraulic Modeling Results 

Several scenarios were evaluated with different flows and alternatives for potentially increasing the 
secondary system capacity.  The scenarios evaluated are summarized in Table 2.   
 
Table 1: Model Scenario Configurations 

 Tanks in Service (Battery A) 

Scenario Alternative Flow RAS 
Aeration 

Tanks 
Final 

Clarifiers 
Chlorine 

Contact Tanks 

1 Existing 320 40% 8 7 4 

2 Existing 360 40% 8 7 4 

3 Existing 400 40% 8 7 4 

4 Added Final Clarifiers 400 40% 8 8 4 

5 Added Orifices 360 40% 8 7 4 

6 Added Orifices 400 40% 8 7 4 
 
A hydraulic profile showing water surface elevations throughout the secondary system is included as 

Attachment 3. 

3.1 Existing Configuration 

The existing maximum hydraulic capacity for the secondary system is 320 mgd limited by the freeboard in 

the final clarifier influent channel inside wall (wall dividing the influent channel from the effluent channel, 

elevation 9.8 feet).  At a flow of 320 mgd (Scenario 1 from Table 2-1) there are approximately 0.6 inches 

of freeboard.  Throughout the rest of the secondary system for Scenario 1, there are more than 12 inches 

of freeboard from the top of channel and tank walls, and at least a 3-inch free drop from the final clarifier 

and CCT effluent weirs.  According to the model, for the existing plant configuration and assumed RAS 

rates and tanks out of service, 360 mgd cannot pass through the plant (Scenario 2 from Table 2-1) without 

overtopping the inside wall in the final clarifiers. Based on the model results, the inside channel wall will be 

overtopped by approximately 1.8 inches.  Based on a discussion with the plant staff, this is consistent with 

actual observations at the plant when the flows are approximately 360 mgd to the secondary system.  The 

existing plant configuration cannot pass 400 mgd (Scenario 3) without overtopping the inside wall in the 
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final clarifiers.  Based on the model results, the inside channel wall will be overtopped by approximately 

4.4 inches.  Throughout the rest of the secondary system for Scenario 2 and 3, there are more than 12 

inches of freeboard from the top of channel and tank walls, and at least a 3-inch free drop from the final 

clarifier and CCT effluent weirs. 

3.2 Alternatives analysis  

Several alternatives were evaluated to increase the secondary system hydraulic capacity to flows of 360 

mgd and 400 mgd without overtopping the inside wall of the final clarifier influent channels.  The 

alternatives included adding a final clarifier to each battery, adding orifices to the final clarifier influent 

channel, or raising the inside channel wall of the final clarifier influent channel. 

3.2.1 Additional Final Clarifiers 

Adding additional final clarifiers was evaluated as an alternative to the existing configuration. Two final 

clarifiers were added, one to each battery. The addition of these final clarifiers does not provide sufficient 

hydraulic capacity for 400 mgd, still limited by the freeboard in the final clarifier influent channel inside 

wall. Based on the model results, the inside channel wall will continue to be overtopped by approximately 

1.1 inches. Throughout the rest of the secondary system for Scenario 4, there are more than 12 inches of 

freeboard from the top of channel and tank walls, and at least a 3-inch free drop from the final clarifier and 

CCT effluent weirs. Please note that an additional clarifier for each battery was still considered for the 400 

mgd scenario due to process capacity considerations.  

3.2.2 Additional Influent Orifices 

Additional influent orifices in the final clarifier influent channels was evaluated as an alternative to 

additional final clarifiers to help reduce the water surface elevation in the final clarifier influent channel.  A 

total of 47 additional influent orifices (increase of 75%) spaced evenly around the perimeter of the final 

clarifier influent channel will provide 5.8 inches of freeboard for a flow of 360 mgd. A total of 62 additional 

influent orifices (increase of 100%) spaced evenly around the perimeter of the final clarifier influent 

channel will provide 5.4 inches of freeboard for a flow of 400 mgd, assuming no new clarifiers are added.  

Forty-six additional orifices will be required in each clarifier if two additional clarifiers are added to maintain 

sufficient process capacity, as opposed to just hydraulic capacity.Throughout the rest of the secondary 

system for Scenario 5 and 6, there are more than 12 inches of freeboard from the top of channel and tank 

walls, and at least a 3-inch free drop from the final clarifier and CCT effluent weirs. 

3.2.3 Raise Inside Channel Wall of Final Clarifier Influent Channel 

As discussed in Section 3.1, for the existing configuration with 400 mgd, the Final Clarifier Influent 

Channel inside channel wall would have to be raised 10.4 inches to an elevation of 10.7 ft to provide 6 
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inches of freeboard for a flow of 400 mgd, if no new clarifiers are provided; however, it is projected that up 

to two additional secondary clarifiers will be required from a process standpoint if flows up to 400 MGD are 

passed through the secondary system.  This will provide 8.7 inches of freeboard for a flow of 360 mgd.  

This modification will not change the water surface elevations for these two flow conditions, it will just 

provide additional freeboard by raising the inside wall elevation.  Therefore, the water surface elevations 

for Scenarios 2 and 3 are representative of the water surface elevations for the final clarifier inside 

channel wall modification.   

4 Summary and Recommendations 

The current maximum hydraulic capacity for the secondary treatment system at the WWTP is 320 mgd 

limited by the freeboard in the final clarifier influent channel.  It is possible to pass 360 mgd under current 

conditions for a short period of time, but there is a potential for short circuiting in the final clarifiers where 

the influent channel inside channel wall may overtop and the influent mixed liquor flow would pass directly 

into the final clarifier effluent channel.  .  The secondary system hydraulic capacity can be increased to 

360 mgd by either adding 46 additional orifices to each of the final clarifier influent channels, or raising the 

elevation of the top of the final clarifier influent channel inside wall to 10.7 ft. In addition to considering two 

additional final clarifiers (one for each battery) to address the process capacity considerations, the 

secondary system hydraulic capacity can be increased to 400 mgd by adding 62 additional orifices to each 

of the existing sixteen final clarifier influent channels, adding two new clarifiers and adding 46 additional 

orifices to each of the existing sixteen final clarifier influent channels, or raising the elevation of the top of 

the final clarifier influent channel inside wall to 10.7 ft.   

The only other potential hydraulic restriction that could potentially create issues in the secondary system is 

the final clarifier influent butterfly valves that are used to help distribute flow between the final clarifiers.  It 

is recommended that the butterfly valves to the farthest clarifier in each battery are left fully open during 

high flows as to not create unnecessary headloss.  If the final clarifier influent valves are throttled too 

much, there is a potential for significantly reduced freeboard in the aeration tank influent channels.   

 



Project Name: Secondary System Hydraulic Analysis Summary 
Project Location: BSA Bird Island WWTP 
Project Number:01777122.0000 

9.5” wide x 5.75” high 

Figure 1 
Title: Aeration Tank and Final Clarifier Field Measurement Locations 

N 

Site 



Project Name: Secondary System Hydraulic Analysis Summary 
Project Location: BSA Bird Island WWTP 
Project Number:01777122.0000 

Figure 2 
Title: Chlorine Contact Tank Field Measurement Locations 

N 

Site 



 
 

 
TECHNICAL

MEMORANDUM NO. 5
 

  
 
To: Buffalo Sewer Authority Date: December 16, 2002 
 
Copy: File: 1777-086, CC              FINAL: April 30, 2004 
 
From: Malcolm Pirnie, Inc. 
 
Re: Buffalo Sewer Authority (BSA) Wet Weather Operating Plan/CSO Long Term 

Control Plan (LTCP) 
 Bird Island Wastewater Treatment Plant (WWTP) Wet Weather Capacity 

Evaluation  
 Secondary System Hydraulic Capacity Evaluation (Task 4.2) 
 
 
The BSA is currently developing an LTCP for CSO control that will map a course of 
action to achieve compliance with the Federal and State CSO Policy.  The overall goal of 
the Wet Weather Capacity Study is to evaluate potential operating and/or capital 
improvements that will enable the WWTP to handle wet weather flows of up to 600 
MGD.  The recommendations of this study will then feed into the overall list of 
compliance alternatives developed and evaluated in the LTCP.  The goal for the 
secondary system evaluation is to optimize the secondary system performance at flows up 
to 360 MGD.  As part of this study, Malcolm Pirnie evaluated maximizing the secondary 
system process capacity in conjunction with different operating modes of the secondary 
activated sludge process (Technical Memorandum No. 3, April 30, 2004).  In addition to 
evaluating process capacity, the physical hydraulic capacity of the secondary system must 
be evaluated to verify the maximum flow that the secondary system is capable of 
processing.  The objective is to verify that the secondary system has sufficient hydraulic 
capacity to process 360 MGD and to evaluate the maximum hydraulic capacity of the 
secondary system.  Both current and future potential operating modes (as identified in 
Technical Memorandum No. 3) were modeled to estimate the water surface elevations 
under peak flows of 360 MGD.  This memorandum presents the results of our hydraulic 
capacity evaluation of the secondary system at the Bird Island WWTP. 
 
 
1.0  APPROACH  
 
Malcolm Pirnie’s in-house computer program, “Profile” was used to develop a hydraulic 
profile of the existing secondary system from the settled wastewater pumping station to 
the treatment plant outfall.  In the Profile model, hydraulic elements that are part of the 
treatment plant are linked together in a specific sequence.  The model generates energy 
and hydraulic grade lines for the entire sequence of elements that represent segments of 
the treatment plant based on the following major equations and assumptions:   
 
� Head loss calculations for pipes and conduits flowing full were performed using 

the Hazen-Williams equation.  Hazen-Williams coefficients (C-factors) for piping 
were assumed as follows: 
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o Steel Pipe 
- 48-inch diameter pipe (30 years old) - C=100 

 
� Head loss calculations for open channels were performed using the Manning 

Equation.  Backwater curves for the open channel flows were computed using 
direct-step method.  The following n-values were used: 

 
o Concrete Channels 

- All – n = 0.013 
 
� Head loss calculations for pipe and open channel minor losses were performed 

using the energy equation and corresponding minor loss coefficients (k-values). 
 
� Head loss calculations for control elements were performed using standard head-

discharge equations.    
 
The downstream boundary condition used for the secondary system is the maximum 
water surface elevation data for the Niagara River as presented on original WWTP 
drawings (Elevation -5.7 feet).  Although this elevation may be higher than the current 
river levels, it provides a conservative estimate. 
 
The process capacity evaluations identified two feasible future operating modes: 
continued plug flow operation with lower MLSS concentrations and step feed mode with 
two tanks in series (flow distribution 50%/0/50%/0).  The Profile model was configured 
to run the following scenarios at a secondary system influent flow of 360 MGD (not 
including recycle flow): 
 

1. Existing plug flow mode with 15 aeration tanks and 15 final clarifiers. 
2. Existing plug flow mode with 12 aeration tanks and 15 final clarifiers. 
3. Step feed mode (two tanks in series) with 7 pairs of aeration tanks (four pairs on 

Battery A and three pairs on Battery B) and 15 final clarifiers. 
4. Step feed mode (two tanks in series) with 6 pairs of aeration tanks (three pairs on 

each side) and 15 final clarifiers. 
 
Based on the process capacity evaluation of the secondary system, the major limiting 
factor is the capacity of the final clarifiers.  Therefore, all scenarios considered included a 
maximum number of clarifiers with only one unit out of service.    
 
Another future option that was considered during the process capacity evaluation was the 
construction of additional final clarifiers.  Based on the current configuration of the 
secondary system, there is space available for construction of up to three additional final 
clarifiers: two on Battery A and one on Battery B.  The above model scenarios also were 
conducted with the potential additional clarifiers as follows: 
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1A. Existing plug flow mode with 15 aeration tanks and 18 clarifiers. 
3A. Step feed mode (two tanks in series) with 7 pairs of aeration tanks (four pairs on 

Battery A and three pairs on Battery B) and 18 clarifiers. 
 
The model also was used to estimate the maximum hydraulic capacity of the secondary 
system under plug flow and step feed operations.  The maximum capacity is determined 
as the maximum flow through the secondary system that will not cause the tank and 
chamber walls to overflow.  The following scenarios were modeled to estimate the 
maximum flow: 
 

5. Existing plug flow mode with 16 aeration tanks and 16 clarifiers in service. 
6. Step feed mode (two tanks in series) with 8 pairs of aeration tanks and 16 

clarifiers. 
 
 
The following assumptions regarding secondary system operation were made to develop 
the hydraulic profile under all scenarios:  
 
� For each scenario at 360 MGD influent flow, the RAS flow was assumed to be 

40% or 144 MGD. 
� Both Batteries could not be modeled simultaneously in the Profile model; 

therefore, the battery estimated to have the greater head loss was modeled, which 
is Battery A.  Battery A is further from the chlorine contact tank and has a greater 
length of piping compared to Battery B.   

� Under scenarios with an uneven number of aeration tanks and clarifiers in 
operation, the flow split was such that Battery A received higher flow than 
Battery B and the number of tanks in service for Battery A was selected to yield a 
higher flow per tank than Battery B, which was included in the model. 

� At least one aeration tank and one final clarifier were out of service, except for the 
maximum hydraulic capacity scenario where all 16 aeration tanks and final 
clarifiers were on-line. 

� The final clarifier influent feed channel is sloped around the circumference of the 
tank and due to limitations with the Profile model, this change in elevation could 
not be modeled; however, the modeled width of the channel can be varied.  
Therefore, the channel width was modified to yield an equivalent cross-sectional 
area over the length of the channel.  This assumption is conservative because the 
wetted perimeter of the feed channel is higher under the modeled configuration, 
resulting in slightly higher head loss.   

 
 
2.0  MODEL RESULTS 
 
A hydraulic profile of the secondary treatment system showing the results from Scenarios 
1, 2, and 5 (plug flow mode) is presented on Figure 1.  The Profile model results indicate 
that under plug flow operation (Scenario 1) at 360 MGD, the secondary system has 
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sufficient capacity based on the fact that the water surface elevations are below tank and 
chamber wall elevations (i.e., no overflowing of walls), and the final clarifier weirs are 
not submerged.  Under Scenario 2, with less aeration tanks in operation (i.e, more flow 
per aeration tank) representing a more conservative approach, the water surface 
elevations in the final clarifiers are virtually identical to those under Scenario 1, but 
slightly increase in the aeration tanks upstream of the final clarifiers (approximately 0.4 
foot difference in aeration tank levels).  However, there is still sufficient capacity.   
 
The maximum hydraulic capacity of the secondary system in plug flow mode (Scenario 
5) was determined to be approximately 432 MGD.  The Profile model predicts that at 432 
MGD the water surface elevation in the final clarifier influent feed channel will start to 
exceed the elevation of the top of the common wall between the influent and effluent 
channels of the final clarifiers (i.e., mixed liquor will overflow into the final clarifier 
effluent channel).   
 
A hydraulic profile of the secondary treatment system showing the results from Scenarios 
3, 4, and 6 (step feed mode) is presented on Figure 2.  The Profile model results indicate 
that under step feed operation with seven pairs operating (Scenario 3) at 360 MGD, the 
secondary system has sufficient capacity based on the fact that the water surface 
elevations are below tank and chamber wall elevations (i.e., no overflowing of walls), 
and the final clarifier weirs are not submerged.  Under Scenario 4, with only 6 pairs in 
operation, the water surface elevations in the final clarifiers are identical to those under 
Scenario 3, but slightly increase in the aeration tanks upstream of the final clarifiers 
(approximately 0.2 foot difference in aeration tank levels).  However, there is still 
sufficient capacity. 
 
Similar to the plug flow scenario, the maximum hydraulic capacity of the secondary 
system in step feed mode (Scenario 6) was determined to be approximately 432 MGD.  
The Profile model predicts that at 432 MGD the water surface elevation in the final 
clarifier influent feed channel will start to exceed the elevation of the top of the common 
wall between the influent and effluent channels of the final clarifiers.  
 
The Profile model results for the current plug flow mode of operation were compared to 
the proposed step feed operating mode model results to examine how switching to a step 
feed mode will affect water surface elevations in the aeration tanks and final clarifiers.  
The water surface elevations in the final clarifiers are virtually identical under both plug 
flow and step feed, mostly because the flow to each clarifier is roughly the same under 
either operating mode.  The water surface elevations in the final clarifier influent feed 
channel under the two different operating modes differed by 0.1 feet or less, mostly 
because of differences in how the mixed liquor is discharged from the aeration tanks and 
how it is distributed along the influent feed channel.  The water surface elevations in the 
aeration tanks under step feed mode were approximately 0.4 to 0.7 feet higher than under 
plug flow mode due to increased head loss through the aeration tanks under step feed 
mode.  Although the model simulations were conducted under peak flow conditions, it is 
expected that the water surface elevations under average flow conditions also would 
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slightly increase under the step feed mode compared to plug flow mode.  However, the 
changes in flow routing within the aeration tanks for step feed mode do not appear to 
have a significant impact on the secondary system hydraulic capacity.  
 
The hydraulic profiles for Scenarios 1A and 3A, with additional final clarifiers are 
presented on Figure 3.  The Profile model predicts construction of additional clarifiers 
will lower the water surface elevation in the final clarifiers and in the aeration tanks.  
Under Scenario 1A (plug flow mode), reduced head losses in the clarifiers and clarifier 
influent feed channels will drop the water surface elevation in the influent feed channel 
by approximately 0.4 feet, resulting in a similar elevation drop upstream in the aeration 
tanks.  The Profile model predicted similar water surface elevation decreases for the step 
feed mode (Scenario 3A).   
 
 
3.0  SUMMARY AND CONCLUSIONS 
 
The hydraulic Profile modeling indicates that the secondary system has sufficient 
hydraulic capacity to handle flows up to 360 MGD under both plug flow and step feed 
operating modes.  At the same time, with 15 clarifiers in service and the conservative 
assumption of 40% RAS flow, there is very little freeboard in the final clarifier influent 
feed channel; therefore, 360 MGD is the maximum hydraulic capacity of the secondary 
system.  Additionally, as discussed in Technical Memorandum No. 3, Secondary 
Treatment System Capacity Evaluation (dated April 30, 2004), the process capacity of the 
secondary system also is limited to 360 MGD.   
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Measurement of Water Surface Elevations
Tuesday, May 28, 2013
When measurements were taken, Battery B, Aeration Tank 4 was out of service, all other ATs were in service.
14 out of 16 clarifiers were in service – the 2 out of service clarifiers were Clarifier 1 of Battery A and Clarifier 1 of Battery B.

Point Time
Measured 

Value (inches)
Reference 

Elevation (ft)
Ref Point WSEL

Average 
WSEL

Modeled
Modeled 

with 
Throttle

1 12:36 12 16 Platform 15.00 14.71 9.88 14.80
1 13:06 15.125 16 Platform 14.74
1 13:27 15.25 16 Platform 14.73
1 13:50 16.5 16 Platform 14.63
1 14:13 18.25 16 Platform 14.48
2 12:29 11.75 16 Platform 15.02 14.68 9.87 14.80
2 12:57 15.25 16 Platform 14.73
2 13:22 16.625 16 Platform 14.61
2 13:46 17.125 16 Platform 14.57
2 14:08 18.25 16 Platform 14.48
3 12:30 27.875 16 Platform 13.68 13.59 9.68 14.59
3 12:59 28.375 16 Platform 13.64
3 13:23 29.25 16 Platform 13.56
3 13:47 29.5 16 Platform 13.54
3 14:09 29.875 16 Platform 13.51
4 12:27 28.875 15.5 Platform 13.09 13.00 9.67 14.59
4 12:56 29.5 15.5 Platform 13.04
4 13:21 30 15.5 Platform 13.00
4 13:45 30.5 15.5 Platform 12.96
4 14:07 31.25 15.5 Platform 12.90
5 12:34 28.25 16 Platform 13.65 14.40 9.59 14.52
5 13:03 16 16 Platform 14.67
5 13:25 16.125 16 Platform 14.66
5 13:48 16.875 16 Platform 14.59
5 14:11 18.75 16 Platform 14.44
6 12:32 31.875 16 Platform 13.34 14.36 9.59 14.52
6 13:01 14.5 16 Platform 14.79
6 13:24 16.5 16 Platform 14.63
6 13:47 17.125 16 Platform 14.57
6 14:10 18.25 16 Platform 14.48
7 12:25 29.375 16 Platform 13.55 13.49 9.59 14.52
7 12:55 34.625 16 Platform 13.11
7 13:20 17 16 Platform 14.58
7 13:44 33.75 16 Platform 13.19
7 14:06 35.75 16 Platform 13.02
8 12:23 30.375 12 Outside Wall 9.47 9.46 9.16 9.16
8 12:54 30.375 12 Outside Wall 9.47
8 13:19 30.625 12 Outside Wall 9.45
8 13:43 30.625 12 Outside Wall 9.45
8 14:04 30.25 12 Outside Wall 9.48
9 12:52 31.625 12 Outside Wall 9.36 9.41 9.17 9.17
9 13:16 31 12 Outside Wall 9.42
9 13:42 32 12 Outside Wall 9.33
9 14:03 30.75 12 Outside Wall 9.44
9 14:27 30.25 12 Outside Wall 9.48

10 12:44 93.25 8 Outside Wall 0.23 0.08 -0.65 -0.65
10 13:09 95.25 8 Outside Wall 0.06
10 13:35 96.25 8 Outside Wall -0.02
10 13:57 95 8 Outside Wall 0.08
10 14:20 95.5 8 Outside Wall 0.04
11 12:45 119 1.5 Lower Platform -8.42 -8.77
11 13:11 124.5 1.5 Lower Platform -8.88
11 13:36 124.75 1.5 Lower Platform -8.90
11 13:59 122.875 1.5 Lower Platform -8.74
11 14:22 125 1.5 Lower Platform -8.92

River Elev. Unknown

ATTACHMENT 2



ATTACHMENT 3


	Appendix 8-2 - NFA document.pdf
	NFA Appendix 1.pdf
	Hydraulic Analysis Summary Memo - final
	Memo Figures 1 and 2
	Figure 1�Title: Aeration Tank and Final Clarifier Field Measurement Locations
	Figure 2�Title: Chlorine Contact Tank Field Measurement Locations

	Attachment 1 - Tech Memo 5 FINAL formatted - pdf
	Attachment 2 -  2013-05-28 WSEL FINAL formatted
	Sheet1

	Attachment 3 -  Hydraulic Profile FINAL formatted

	App 8-2 NFA document -REV 4 - final (cover changes).pdf
	1. EXECUTIVE SUMMARY
	2. REGULATIONS AND POLICIES
	2.1 Review of Applicable Regulations and Policies Regarding Peak Flow Management Alternatives

	3. EXISTING FACILITIES
	3.1 Bird Island WWTP
	3.2 Wet Weather Operation
	3.3 Review of Historical Plant Influent Flow
	3.4 Model-Predicted Typical Year Flows

	4. WET WEATHER TREATMENT CAPACITY
	4.1 Flows Reaching the WWTP
	4.2 Primary Treatment
	4.2.1 Design Parameters for Primary Clarifiers
	4.2.2 Current Primary Treatment Performance
	4.2.3 Primary Treatment Performance Investigations
	4.2.4 Hydraulic Characteristics Testing
	4.2.5 Full-Scale Primary Treatment Testing
	4.2.6 Full-Scale Baffle Testing
	4.2.7 Recent Hydraulic Modeling of the Primary Bypass Chamber
	4.2.8 Existing Primary Treatment Capacity

	4.3 Primary Effluent Disinfection
	4.4 Secondary Treatment
	4.4.1 Design Parameters for Secondary Treatment Process
	4.4.1.1 Settled Wastewater Pumping Station
	4.4.1.2 Aeration Tanks
	4.4.1.3 Secondary Clarifiers
	4.4.1.4 Chlorine Contact Tanks

	4.4.2 Previous Modeling of Secondary Treatment Process (Process and Hydraulics)
	4.4.3 Secondary Treatment Improvements
	4.4.4 Current Secondary Treatment Performance
	4.4.5 Recent Update of the Secondary System Hydraulic Model
	4.4.6 Recent Review of the Secondary System Process Model
	4.4.7 Capacity of the Secondary Treatment Process


	5. WET WEATHER FLOW ALTERNATIVE EVALUATION
	5.1 Description of Technologies Considered
	5.1.1 Technologies for Increasing Secondary Treatment Capacity
	5.1.1.1 Modifications to WWTP to Get to a Sustained Secondary Treatment System Capacity of 360 MGD
	5.1.1.2 Additional Secondary Clarifiers to Achieve Higher Sustained Secondary Treatment System Capacities

	5.1.2 Technologies for Increasing Primary Treatment Capacity
	5.1.2.1 Retain Existing Primary Settling Tanks
	5.1.2.2 Additional Primary Settling Tanks
	5.1.2.3 Chemically Enhanced Primary Treatment (CEPT)
	5.1.2.4 Ballasted Flocculation (High Rate Treatment)
	5.1.2.5 Storage

	5.1.3  Disinfection Technologies
	5.1.3.1 Chlorination
	5.1.3.2 Ultraviolet Radiation (UV)
	5.1.3.3 Ozone
	5.1.3.4 Disinfection Technology Selected for Consideration


	5.2 Alternatives Development
	5.2.1 Maintain Existing Secondary Treatment Capacity of 320 MGD (Alternatives A)
	5.2.1.1 Alternative A1 – CEPT to Replace Existing Primary Clarifiers
	5.2.1.1.1 Description
	5.2.1.1.2 Proposed Operation
	5.2.1.1.3 Benefits and Implementation Feasibility
	5.2.1.1.4 Cost Estimate

	5.2.1.2 Alternative A2 – HRT to Replace Existing Primary Clarifiers
	5.2.1.2.1 Description
	5.2.1.2.2 Operation
	5.2.1.2.3 Benefits and Implementation Feasibility
	5.2.1.2.4 Cost Estimates


	5.2.2 Increase Secondary Treatment Capacity to 360 MGD (Alternative B)
	5.2.2.1 Required Secondary Treatment System Improvements
	5.2.2.1.1 Clarifiers

	5.2.2.2 Alternative B1 - Additional Primary Clarifiers with Disinfection
	5.2.2.2.1 Description

	5.2.2.3 Alternative B2 - Additional CEPT with Disinfection
	5.2.2.3.1 Description
	5.2.2.3.2 Proposed Operation
	5.2.2.3.3 Benefits and Implementation Feasibility
	5.2.2.3.4 Cost Estimate

	5.2.2.4 Alternative B3 - Additional Treatment Capacity in the Form of HRT
	5.2.2.4.1 Description
	5.2.2.4.2 Proposed Operation
	5.2.2.4.3 Benefits and Implementation Feasibility
	5.2.2.4.4 Cost Estimate

	5.2.2.5 Alternative B4 - Additional Storage
	5.2.2.5.1 Description
	5.2.2.5.2 Proposed Operation
	5.2.2.5.3 Benefits and Implementation Feasibility
	5.2.2.5.4 Cost Estimate

	5.2.2.6 Alternative B5 - CEPT to Replace Existing Primary Clarifiers
	5.2.2.6.1 Description
	5.2.2.6.2 Proposed Operation
	5.2.2.6.3 Benefits and Feasibility of Implementation
	5.2.2.6.4 Cost Estimate

	5.2.2.7 Alternative B6 - HRT to Replace Existing Primary Clarifiers
	5.2.2.7.1 Description
	5.2.2.7.2 Operation
	5.2.2.7.3 Benefits and Feasibility of Implementation
	5.2.2.7.4  Cost Estimates


	5.2.3 Increase Secondary Treatment Capacity to 400 MGD
	5.2.3.1 Required Secondary Treatment and Disinfection System Improvements
	5.2.3.1.1 Secondary Clarifiers
	5.2.3.1.2 Chlorine Contact Tanks

	5.2.3.2 Alternative C1 – Maintain Existing Primary Clarifiers
	5.2.3.2.1 Description
	5.2.3.2.2 Proposed Operation
	5.2.3.2.3 Benefits and Implementation Feasibility
	5.2.3.2.4 Cost Estimate

	5.2.3.3 Alternative C2 – Maintain Existing Primary Clarifiers and Add Primary Effluent Disinfection
	5.2.3.3.1 Description
	5.2.3.3.2 Proposed Operation
	5.2.3.3.3 Benefits and Implementation Feasibility
	5.2.3.3.4 Cost Estimate



	5.3 Comparison and Evaluation of Alternatives
	5.4 Conclusions and Recommendations






