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1. Introduction 
The Union Sanitary District (District) owns and operates the Alvarado Wastewater Treatment 
Plant (AWWTP), a conventional activated sludge (CAS) plant. The AWWTP has an average dry 
weather flow (ADWF) of 23-mgd and is permitted through the San Francisco Bay Regional Water 
Quality Control Board (SFBRWQCB) to discharge 33-mgd ADWF to the East Bay Dischargers 
Authority (EBDA) common outfall. Under peak flow conditions the plant may discharge an 
average of 42.9-mgd over a 24-hour period to the EBDA outfall and up to 20-mgd to the Hayward 
Marsh. 

1.1 Process Description 

Raw wastewater from the Irvington, Newark and Alvarado pump stations combines in the 
headworks building where it is measured and screened. Flow from the headworks is split by 
Control Box 1 to six square primary clarifiers (Primary Clarifiers 1-4 in the west and Primary 
Clarifiers 5 and 6 in the east). Primary Effluent (PE) is combined and distributed to the secondary 
treatment system by Control Box 2. PE from Control Box 2 is pumped by Primary Effluent Lift 
Station 1 (east) and 2 (west). Pumped PE is combined with Return Activated Sludge (RAS) just 
downstream of each lift station, and the MLSS is distributed to each aeration basin. The aeration 
effluent MLSS from the Aeration Basins 1-4 (east) and Aeration Basins 5-7 (west) are combined 
at Control Box 4 and subsequently split for distribution to the six square secondary clarifiers. 
Secondary Clarifiers 1-4 (west) are 90-ft in (inscribed) diameter and Secondary Clarifiers 5 and 6 
are 120-ft in (inscribed) diameter. Effluent from the clarifiers is combined and disinfected in the 
chlorine contact tanks. Chlorinated effluent passes through polishing screens and is pumped via 
the EBDA pump station.  

Effluent from the EBDA pump station is conveyed through the EBDA force main. A valve box on 
site allows pumped flow to be diverted to Old Alameda Creek (OAC) in certain discharge 
situations. The District discharges to Old Alameda Creek during annual testing of the emergency 
system but has not discharged in an emergency capacity since the 1990’s. Downstream of the 
valve box, flow can be diverted from the EBDA force main at a location off-site to the Hayward 
Marsh. Flow to Hayward Marsh is dechlorinated in the line to the Marsh. Flow conveyed to the 
EBDA outfall is dechlorinated at EBDA facilities. 

1.2 Drivers for Project   

The District has initiated the Enhanced Treatment and Site Upgrade Program to address several 
issues at the plant. The drivers for the project include:  

1. Capacity Improvements 

2. Wet Weather Effluent Discharge  

3. Aging Infrastructure 

4. Synergy with Future Nutrient Removal 
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1.2.1 Capacity Improvements  

In 2017, the District performed a capacity analysis of the existing liquid treatment system to 
determine if the Alvarado WWTP has capacity to treat the permitted flow of 33-mgd. It was 
concluded that the WWTP is at capacity at current ADWF and cannot reliably treat peak hour 
flows due to poor settling of the activated sludge.  

1.2.2 Wet Weather Effluent Discharge 

The Hayward Marsh, owned and operated by the East Bay Regional Park District (EBRPD), 
receives and further polishes, AWWTP plant effluent that is not discharged to the EBDA outfall. 
During dry weather, approximately 2.6-mgd of AWWTP effluent is pumped to Hayward Marsh as 
a fresh water source for the Marsh. During wet weather, AWWTP can discharge up to 42.9-mgd, 
daily average flow total; flows greater than this are diverted to the Hayward Marsh. EBRPD has 
decided to imminently convert the Hayward Marsh to a recreational facility. As such, the District 
needs a wet weather effluent discharge alternative to the Hayward Marsh. 

1.2.3 Aging Infrastructure 

In addition to the capacity, effluent, and nutrient removal drivers, the AWWTP is also facing aging 
infrastructure drivers. While upgrades to the various systems have been completed, major 
infrastructure repairs are still required. A structural evaluation completed in 2013 noted that the 
east aeration basin covers need repair. Several of the buildings at the AWWTP need significant 
seismic repairs. The Enhanced Treatment and Site Upgrade Project affords the District the 
opportunity to address these aging infrastructure drivers while addressing the capacity and 
effluent disposal needs.  

1.2.4 Synergy with Future Nutrient Removal 

The District is currently permitted to discharge to Old Alameda Creek if flow to EBDA and the 
Hayward Marsh is maximized. With the future loss of the Hayward Marsh as a secondary 
discharge point, the District is interested in permitting the Old Alameda Creek discharge point to 
discharge effluent flows greater than 42.9-mgd. Initial discussions with SFBRWQCB indicated that 
the Board may permit more frequent discharge to Old Alameda Creek if the District achieves 
some level of nutrient removal at AWWTP. While the degree of nutrient removal required for 
discharge to Old Alameda Creek is currently being evaluated, nutrient removal has been 
accommodated for in the Enhanced Treatment and Site Upgrade Program. 

The District wishes to address the immediate drivers (capacity, effluent disposal and aging 
infrastructure), while preparing for potential future nutrient regulations such as BACWA (Bay 
Area Clean Water Association) Level 2 standards. The District understands that planning for 
future nutrient removal while developing the Enhanced Treatment and Site Upgrade Program 
will minimize stranded assets.  
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1.3 Context of other Projects 

The Secondary Treatment Process Improvements described in this report are a subset of the 
Enhanced Treatment and Site Upgrade Program. The improvements have been developed in 
context of several ongoing or recently completed studies and projects. These include the 
following: 

• The overall Enhanced Treatment and Site Upgrade Program 

• Standby Power Generation System Project 

• Primary Digester No. 7 Project 

• Odor Control Alternatives Study  

• Plant Solids System/ Capacity Assessment Report (SSCAR) 

Where appropriate this analysis utilized and or built upon the information from these reports. 

1.4 Purpose of this Document 

The purpose of this report is to document the approach, assumptions and analysis to derive the 
best value solution for the District. This report will summarize the recommended project 
elements, sequencing and AACE Class IV level estimate of probable construction cost. 
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2. Approach 
The following section describes the approach to arriving at the best-value solution for the 
Secondary Treatment Process Improvements to address the near-term and long-term drivers.  

2.1 Historical Data Analysis  

Five years of plant data were analyzed to develop the current influent flows, loads and peaking 
factors at the plant. Statistical analysis was performed to remove outliers from the calculations. 
Current flows and loads were escalated to develop design flows and loads. The current and design 
flows and loads are summarized in Section 4 – Assumptions and in Appendix 2.  

Ten years of historical data was analyzed to understand plant performance. Loads, mass 
balances, and process calculations were performed. This data is summarized in Section 3 – 
Historical Data and Special Sampling and presented in detail in Appendix 1.  

2.2 Process Modeling Tools  

A whole plant process model and two computational fluid dynamics (CFD) models of the 
secondary clarifiers were used to evaluate alternatives for the Secondary Treatment Process 
Improvements.  

2.2.1 Process Modeling 

A BioWin™ version 4.1 process model of the Alvarado Wastewater Treatment Plant was 
developed for District as part of the Plant Solids System/Capacity Assessment Report. The process 
model was updated to BioWin™ version 5.3 as part of this Secondary Treatment Process 
Improvements analysis. A calibration check was performed during the update. The calibration 
check is presented in Appendix 4.  

To support the process model calibration, special sampling was performed to supplement the 
routine process samples taken historically. This data is summarized in Section 3 – Historical Data 
and Sampling and presented in Appendix 3. Figure 2-1 shows the updated process model flow 
sheet.  
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Figure 2-1 AWWTP Process Model 

2.2.2 Computational Fluid Dynamic Modeling 

Both a two-dimensional (2Dc) model and three-dimensional (3D) CFD model were used as part 
of this analysis. The 2Dc CFD model used in this project was developed at the University of New 
Orleans (McCorquodale et al. 2005, Griborio and McCorquodale 2006) while the 3D model was 
developed by Hazen (Griborio 2017). The models were customized to the dimensions and 
characteristics of the Alvarado WWTP secondary clarifiers. The governing equations for the 
model are based on the following principals: (1) continuity or conservation of fluid volume; (2) 
conservation of momentum; (3) conservation of mass of solids; (4) conservation of thermal 
energy; (5) modified mixing length turbulence closure scheme; (6) non-Newtonian flow related 
to the solids ratio; (7) flocculation due to the rate of dissipation of turbulent kinetic energy, 
velocity gradients, differential settling and filtration; and (8) discrete, zone compression settling.  

To support model development extensive field testing, including clarifier stress testing, was 
performed at the Alvarado WWTP. This data is summarized in Section 3 – Historical Data and 
Special Sampling and presented in detail in Appendix 5. Model calibration to this field data is 
presented in Appendix 6. Note that since the AWWTP has two different types of clarifiers two 
models were developed for calibration.  

2.3 Phased Approach 

As the District is balancing near-term and long-term needs, a phased or programmatic approach 
to the Secondary Treatment Process Improvements has the potential to attenuate capital 
improvements over time.  The benefits of implementing a phased approach is that later phases 
can be implemented when needed, preventing overbuilding. This is particularly useful for the 
District as timing of near-term drivers are well-defined, but the scope and timing of long-term 
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drivers are not. Therefore, developing a trigger-based program optimizes capital expenditure for 
the District. 

Table 2-1 Timing of Near-Term and Long-Term Needs 

Need Estimated Timing 
Capacity Presently 

Aging Infrastructure Presently 
Discharge to Old Alameda Creek 1-2 Years 

Nutrient Standards (BACWA Level 2) 15-20 years 
Buildout Capacity (average annual flow = 33-mgd) ~30 years  

More Stringent Nutrient Standards (BACWA Level 3) ~30+ years 

Meeting the BACWA Level 2 nutrient standards was defined as a reasonable long-term goal for 
the program. The infrastructure to meet BACWA Level 2 standards for 2040 flows and loads is 
defined as Phase II presented in detail in Section 6 – Long-term Solution Options. 

Adequate space was also identified to address potential future needs for more stringent nutrient 
standards (i.e. BACWA Level 3) for an annual average flow of 33-mgd (buildout conditions). 
Section 6 documents, at a high level, a Phase III project to meet BACWA Level 3 standards for 
buildout conditions. This infrastructure is considered conservative place holder. It is 
recommended that as the analysis for and the definition of a Phase III project be revisited as 
technologies change, the standards become better defined, or as loading conditions warrant.  

A subset of the long-term Phase II capital project, was defined for immediate implementation to 
address near-term needs; this was defined as Phase I. The potential Phase I and Phase II projects 
are discussed in Section 7. Figure 2-2 illustrates the approach of defining a reasonable long-term 
solution (Phase II), working backwards to meet near-term goals (Phase I), and having a 
conservative place holder for potential needs in the far future (Phase III). Note that for this 
analysis costs were determined for Phase I (near-term) and Phase II (BACWA Level 2 standards 
for 2040 Loads) projects but not Phase III (BACWA Level 3 standards for buildout conditions). 
Costs are detailed in Section 8 – Estimate of Probable Costs. 

 

Figure 2-2 Trigger-Based Approach 
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3. Historical Data and Special Sampling 
Ten years of historical data was analyzed to understand plant performance. Loads, mass 
balances, and process calculations were performed. Key parameters are summarized in this 
section and presented in Appendix 1. 

Two plant specific models were developed to conduct the analysis of the AWWTP, the process 
model and the CFD models (2D and 3D). To support the process model calibration, special 
sampling was performed to supplement the routine process samples taken historically. To 
support the CFD model development extensive field testing, including clarifier stress testing, was 
performed. Key parameters are summarized in this section and presented in detail in Appendix 
3 and Appendix 5 for the process model sampling and clarifier field testing respectively. 

3.1 Historical Data Analysis  

3.1.1 Influent Flows and Loads  

Total plant flow may be calculated two ways at the AWWTP: 

1. EBDA flow meter 

2. Total influent flow as the sum of east and west partial flumes located at the headworks 

The District has the noted that the EBDA flow meter is considered to be more accurate estimate 
of total plant flow measurement. This flowmeter was used in the analysis presented in this 
report. Figure 3-1 shows the average daily EBDA Flow from 2008 to 2018.  

 

Figure 3-1 Historical Plant Flow 
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The average daily flow for this period was 24.4-mgd. Influent flows have remained relatively 
constant with a decrease from 2012 to 2014. Figure 3-2 to Figure 3-5 present unsorted historical 
influent concentration and load calculated based on the EBDA flowmeter data.  

 

Figure 3-2 Historical Influent TSS Concentration and Load 

 

Figure 3-3 Historical Influent cBOD Concentration and Load 
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Figure 3-4 Historical Influent COD Concentration and Load 

 

Figure 3-5 Historical Influent Ammonia Concentration and Load 

While the data shows a slight increase in concentration and load from 2008 to 2012 for influent 
TSS, cBOD, and COD, the data shows relatively stable loads from 2012 – present. The limited 
influent ammonia also shows relatively stable loads from 2013 – present. 
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3.1.2 Sludge Settling Characteristics and MLSS 

Due to the configuration of the aeration basins, the AWWTP typically operates with a high sludge 
volume index. Figure 3-6 shows the historical SVI at the plant and Table 3-1 summarizes the 
percentile data for SVI. The average SVI from 2008-2018 is 250 mL/g with the 90th percentile 
greater than 400 ml/g. The relatively high SVI at the plant has caused difficulties with settling at 
the plant. To address excessively high SVIs and improve settling, the plant at times applies 
hypochlorite to the RAS. 

Table 3-1 Historical Sludge Volume Index Summary (2008-2018) 

Percentile 
SVI 

(mL/g) 
50th 250 
90th 404 
95th 494 

Flows >28-mgd 270 

 

Figure 3-6 Historical Sludge Volume Index 

Recently (2013-2018) the plant has operated with an average MLSS of around 1,300 ml/g (ranging 
between 1,200 mg/L and 1,500 mg/L) to maintain an aerobic SRT ~1.2 days for carbon removal. 
Figure 3-7 shows the historical MLSS. While the MLSS results in a relatively low solids loading rate 
to the secondary clarifiers (7-10 lbs/d/sf on average), the relatively high SVI at the plant has 
caused difficulties maintaining effluent quality during storm events and effectively decreased the 
secondary capacity of the plant. 
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Figure 3-7 Historical MLSS 

Despite the high historical SVI, the plant has maintained effluent quality and met effluent 
standards. Figure 3-8 and Figure 3-9 show the AWWTP historical effluent TSS and BOD 
respectively.  

 

Figure 3-8 Historical Effluent TSS 
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Figure 3-9 Historical Effluent BOD 

The plant had a few instances with high effluent TSS, greater than 30 mg/L, and high effluent 
cBOD, greater than 25 mg/L. The monthly and weekly averages during these instances met permit 
standards. As noted in Section 1 a driver for this project is to address capacity issues at the plant. 

3.2 Special Sampling for Process Modeling  

Special sampling to support the calibration of the whole plant process model was preformed 
from August 7 to August 13, 2018. The sampling included composite sampling, diurnal sampling 
and nutrient profiles (grab sampling). Key information is presented below.  

3.2.1 Wastewater Influent  

Influent composite samples were analyzed for BOD, cBOD, TSS, VSS, TKN, NH3-N, TP, and PO4-P. 
The average of the special sampling is presented in Table 3-2. Where comparisons can be made 
to historical data, the special sampling data matched well with historical averages. This indicates 
that the special sampling results are of good quality. 
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 Table 3-2 Influent Composite Sampling Results 

Percentile Sampling 
Average  

Historical 
Average 

BOD5, mg/L 262 NA 
cBOD5, mg/L 226 257 
COD, mg/L 737 721 
TSS, mg/L 332 341 
VSS, mg/L 304 NA 
TKN, mg/L 54 53 

NH3-N, mg/L 37 37 
TP, mg/L 6.9 6.9 

PO4-P, mg/L 3.1 NA1 
1 Sampling conducted in 2016 to support the HDR watershed permit reporting included soluble 
reactive phosphate. This data was not included in this average.  

The influent ammonia to TKN ratio was found to be 0.68. The COD to TP ratio was found to be 
108 (mg/L COD)/(mgP/L). These ratios were used to develop influent nutrient loads based on 
historical data COD and ammonia data.  

3.2.2 Wastewater Effluent  

Effluent composite samples were analyzed for cBOD, COD, TSS, TKN, NH3-N, and TP. Table 3-3 
shows the effluent composite special sampling results.  

Table 3-3 Effluent Composite Sampling Results 

Percentile Sampling 
Average  

Historical 
Average 

COD, mg/L 48 51 
TSS, mg/L 13 16 

NH3-N, mgN/L 40 39 
TKN, mgN/L 44 46 
TP, mgP/L 3.2 2.6 

The special sampling results showed excellent agreement with historical average. The data shows 
there is not nitrification at the plant.  
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3.3 Clarifier Field Testing for Development of CFD Models 

Clarifier field testing to support the calibration CFD model development was conducted from 
August 20 to August 24, 2018. The conditions of the testing are summarized in Table 3-4. On Day 
3 and 4 of testing, clarifiers were gradually taken out of service to increase the surface overflow 
rate (SOR). On Day 3 a peak hour SOR of 1,350 gpd/sf was achieved by isolating east clarifiers. On 
Day 4 a peak hour SOR of 1,100 gpd/sf was achieved by isolating west clarifiers. Throughout 
testing the sludge volume index was between 250 and 400 mL/g. 

Table 3-4 Clarifier Stress Testing Conditions  

Parameter Units Day 1 Day 2 Day 3 Day 4 Avg. 
MLSS mg/L 1,030 1,100 940 900 1,000 

SVI mL/g 285 255 300 380 305 
SLR ppd/ft2 6.9 7.2 9.7 8.5 8.0 

RAS Rate % 38% 37% 37% 37% 37% 
Avg. SOR gpd/ft2 610 590 1,000 870 -- 
Max. SOR  gpd/ft2   1,350 1,100  

A summary of clarifier performance during testing is presented in Table 3-5. Testing showed that 
the east clarifiers preformed more poorly than the west clarifiers. Clarifier 6 was pushed to failure 
on Day 4 causing the test to end at noon. The dynamic performance of the clarifiers during the 
testing was used for calibration and validation of the CFD models. Figure 3-10 shows Clarifier 6 
during stress testing.  

Table 3-5 Clarifier Stress Testing Results 

Parameter Units Day 1 Day 2 Day 3 Day 4 Avg. 
C1 mg/L 13 11 11  12 
C2 mg/L 11 11 11 15 12 
C3 mg/L 9 10 12 17 12 
C4 mg/L 11 10 12  11 

ESS West mg/L 11 11 11 16 12 
C5 mg/L 15 12 14 17 15 
C6 mg/L 16 14 18 31 22 

ESS East mg/L 16 16 16 24 18 
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Figure 3-10 Observed Loss of Solids at Clarifier 6 During Stress Testing 

During testing it was found that Clarifiers 5 and 6 had leaking RAS seals. The amount of leakage 
during testing is not known. The clarifier RAS seals were fixed subsequent to testing in September 
and October of 2018.  
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4. Assumptions 
The following section describes the assumptions used to frame analysis of the Secondary 
Treatment Process Improvements analysis.  

4.1 Current Flows and Loads 

A statistical analysis was performed on five years of plant historical data (June 2013 – May 2018) 
to determine flow and load peaking factors. For annual average (AA) peaking factors, data greater 
than two standard deviations were excluded from the calculation. For minimum day, maximum 
month, maximum 30-day (MM), maximum 7-day (MW), and maximum day (MD) values, data 
greater than three standard deviations were excluded from the calculations. Where appropriate, 
peaking factors were adjusted to account for drought years.  

1. Current peaking factors for the daily effluent flow for the Alvarado WWTP are 
presented in Table 4-1. 

Table 4-1 AWWTP Flows and Flow Peaking Factors 

Flow Criteria 
Historical 

Flow    
(mgd) 

Peaking 
Factor 

Minimum Day 20.6 0.88 
Average Annual 23.4 1.00 

Maximum Month 25.8 1.10 
Maximum 30-Day 25.9 1.11 
Maximum 7-Day 28.5 1.22 
Maximum Day 33.9 1.45 

Annual average and maximum 30-day flows were used in this analysis. The maximum 
30-day flow peaking factor was adjusted to 1.15 after excluding drought years from the 
average. This results in a more conservative maximum 30-day influent flow.  

2. Current peaking factors derived from historical data for influent cBOD, TSS, COD, NH3-
N flow for the Alvarado WWTP are presented in Table 4-2. 
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Table 4-2 AWWTP Historical Average Load and Peaking Factors 

Criteria 
cBOD TSS COD NH3-N 

Load 
(lbs/d) 

PF Load 
(lbs/d) PF Load 

(lbs/d) PF Load 
(lbs/d) PF 

Minimum Day 38,700 0.73 53,200 0.75 111,000 0.76 5,560 0.77 
Average Annual 52,600 1.00 70,500 1.00 146,000 1.00 7,240 1.00 

Maximum Month 59,200 1.13 76,800 1.09 159,000 1.09 7,920 1.09 
Maximum 30-Day 60,500 1.15 78,900 1.12 166,000 1.13 8,190 1.13 
Maximum 7-Day 66,900 1.27 89,100 1.26 166,000 1.13 7,670 1.06 
Maximum Day 75,400 1.43 107,000 1.51 181,000 1.24 9,230 1.27 

While the table shows the peaking factors derived from historical data, for this analysis, a 1.15 
maximum 30-day peaking factor was used for cBOD, TSS, COD and NH3-N. 

4.2 Influent Nutrient Loads 

The District is not required to and therefore does not typically sample influent Total Kjeldahl 
Nitrogen (TKN) or total phosphorus (TP). To estimate these influent loads, ratios observed during 
special sampling were used to develop influent loads. Note that while sampling for TKN was 
conducted in 2016 to support the HDR watershed permit, the ammonia to TKN ratio from special 
sampling was used to estimate TKN loads. Table 4-3 summarized the estimated influent loads 
and ratios observed in special sampling. 

Table 4-3 AWWTP Estimated Influent Nutrient Loads 

 
Load 

(lbs/d) 
Note 

Influent TKN 10,650 Special Sampling NH3-N/TKN ratio= 0.68 
Influent TP 1,350 Special Sampling COD/TP ratio= 108 

4.3 Growth Assumptions 

For consistency with other planning studies (AWWTP Master Plan and Plant Solids 
System/Capacity Assessment Report), the following assumptions were used for growth.  

• Assumption on growth for loads: 1% per year up to the design horizon per the master 
plan. 

• Assumption on growth for flows: 1% per year up to the design horizon.  
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4.4 Influent Hydrograph  

The hydrograph used for modeling was based on observed hourly influent flow during the 
February 20, 2017 storm event. The hydrograph has been modified by the District to estimate 
actual plant flows if storage in the upstream sewers and discharge to Old Alameda Creek are not 
available. The adjusted peak hour (PH) flow during this storm was 64.7-mgd. Figure 4-1 shows 
the adjusted hydrograph. The base flow of this hydrograph will be escalated by 1% per year 
according to the assumed flow increase. Table 4-4 summarizes the peak hour flows for the two 
chosen design horizons and buildout conditions. When the average annual flow is 33-mgd, the 
peak hour flow will be 74.4-mgd. The Capacity Testing Program noted a hydraulic capacity of 85-
mgd; however, this did not account for safety factors or process standards. The Plant Solids 
System/Capacity Assessment Report estimates a similar future peak hour flow for the plant of 
72.3-mgd. 

Table 4-4 AWWTP Peak Hour Flow 

 
Peak Hour 

(mgd) 
Current  64.7 

2028 67.1 
2040 70.4 

Buildout (AA flow = 33-mgd)  74.4 

 

 

Figure 4-1 Influent Flow if Old Alameda Creek and Collection System Storage 
Eliminated 
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4.5 Design Horizons 

As described in Section 2 a trigger-based approach will be used to define the capital improvement 
program, split into Phase I and Phase II. A 2028 design horizon will be used to define Phase I. A 
2040 design horizon will be used to define Phase II. The annual average and maximum month 
flows and loads for the 2028 and 2040 design horizon are presented in Table 4-5. 

Table 4-5 Design Flows and Loads 

  Current 2028 2040 
 Unit AA MM AA MM AA MM 

Flow mgd 23.4 26.9 25.8 29.7 29.1 33.5 
Peak 
Flow 

mgd 64.7 64.7 67.1 67.1 70.4 70.4 

COD lbs/d 146,000 167,900 161,300 185,500 181,700 209,000 
BOD lbs/d 52,600 60,500 58,100 66,800 65,500 75,300 
TSS lbs/d 70,500 81,100 77,900 89,600 87,800 100,900 
TKN lbs/d 10,650 12,240 11,800 13,500 13,250 15,240 

NH3-H lbs/d 7,200 8,300 8,000 9,200 9,010 10,360 
TP lbs/d 1,350 1,560 1,490 1,720 1,680 1,940 

4.6 Temperature 

The District is not required to and therefore does not typically monitor wastewater temperature. 
Temperature from monthly grab samples from 2010 – 2015 showed the lowest recorded 
temperature was 16⁰C. For this analysis the minimum week temperature is assumed to be 16⁰C. 
The District has recently (as of October 2018) been recording plant influent temperature with an 
in-situ probe. The minimum temperature observed was 19⁰C. If the minimum temperature is 
greater than the assumed minimum week temperature, effluent water quality will be better than 
the modeled water quality.  

4.7 Effluent Standards 

The plant currently has secondary standards for cBOD and TSS. These standards are summarized 
in Table 4-6.  

4.7.1 Current Secondary Standards 

Table 4-6 Current Effluent Standards 

 Monthly Weekly 
cBOD, mg/L 25 40 
TSS, mg/L 30 45 
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4.7.2 Potential Standards Negotiated for Old Alameda Creek Discharge 

With the expected elimination of the AWWTP second discharge option, the Hayward Marsh, the 
District is currently discussing an alternative of discharging flows greater than 42.9-mgd to the 
Old Alameda Creek. While standards for Old Alameda Creek discharge are not yet defined, an 
average 15% TN removal over the year was used as an initial target for analysis. Table 4-7 
summarizes the assumed standards required for Old Alameda Creek. 

Table 4-7 Assumed Old Almeda Creek Effluent Standards 

Discharge point 
Old 

Alameda 
Creek 

Comment 

Flows, mgd 0-22 mgd > 43-mgd; year-round discharge 
cBOD, mg/L 10  
TSS, mg/L 15  

TN, % removal 15 Annual load reduction 

Ammonia, mg/L 2 Assuming no daily / weekly limit. 
BACWA monthly limit was assumed. 

4.7.3 Potential Year-round Nutrient Standards  

Nutrient limitations are not currently required for discharge to San Francisco Bay but are 
expected to be in place within the next two permit cycles. The draft administrative watershed 
permit that will be effective July 2019, requires dischargers to the San Francisco Bay to monitor 
and report nutrient levels in plant effluent. It is expected that the next permit cycle will introduce 
effluent nutrient load caps (capped at current loads plus an additional 10% to account for growth) 
with reductions in the following permit cycle.  

Currently the level of nutrient removal that will be required when the limits are in place is not 
known. The Bay Area Clean Water Agency (BACWA) defined two levels of nutrient removal that 
were assumed for the Nutrient Reduction Study (June 2018) these are presented in Table 4-8. 
For this study, it is assumed that the District will need to comply with Level 2 nutrient standards 
by 2040. While Level 3 standards are not expected to be in place for many years, and are not the 
focus of this study, layouts and sizing were developed for these standards to ensure that space 
was available within the plant footprint to accommodate processes to meet these standards.  

Table 4-8 BACWA Nutrient Reduction Study Effluent Standards 

 
NH3-N  

mgN/L 
TN 

mgN/L 
TP 

mgP/L 
Level 2 2 15 1 
Level 3 2 6 0.3 
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These standards might be applied as a total maximum daily limit (TMDL), seasonally or monthly. 
For this analysis, the Level 2 standard was assumed to be a monthly average standard. Facilities 
were sized to meet this standard during the coldest month.  

4.8 Wet Weather and Redundancy Operation 

The District currently operates all secondary clarifiers during wet weather, but not all aeration 
basins. For future conditions, to maintain required aerobic solids retention times (SRTs) and 
reduce solids loading rates (SLRs) to the secondary clarifiers, it is assumed that all aeration basins 
and secondary clarifiers will be online during storm events.  

Redundancy conditions were defined as one aeration basin or one secondary clarifier out of 
service during dry weather operation. The water quality for these redundancy scenarios was 
checked for each design horizon, 2028 and 2040 as well as current conditions. These scenarios 
are defined in Table 4-9. 

Table 4-9 Wet Weather and Redundancy Operation 

 
Secondary 

Clarifier 
Redundancy  

Aeration Basin 
Redundancy  Wet Weather 

Flow, mgd AA AA Design 
Hydrograph 

Load, lbs/d MM MM MM 

Aeration Basin All in service Largest unit 
out of service All in service 

Secondary 
Clarifier 

Largest unit 
out of 
service 

All in service All in service 
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5. Model Scenarios 
The District considered two technologies for the Secondary Treatment Process Improvements a 
membrane bioreactor (MBR) system and a conventional activated sludge (CAS) system. The 
calibrated process model and CFD models were used to size the secondary treatment process to 
meet BACWA Level 2 standards for 2040 loads. This Section 5 summarizes the key modeling 
results for the MBR and CAS options under several conditions as listed in Table 5-1. 

Infrastructure upgrades to achieve this effluent quality and conceptual layouts are described in 
Section 6. The infrastructure for the CAS option can be phased as a function of future design 
requirements and these phasing options are described in Section 7. Section 7 also describes the 
predicted performance of these interim conditions.  

Table 5-1 Model Flow and Load Scenarios 

Parameter Abbreviation Load 
Condition 

Flow 
Condition 

Average Annual  AA AA AA 
Maximum Month  MM MM MM 
Maximum Load, Annual Average Flow MML-AAF MM AA 
Aeration Basin Redundancy  1AB OOS AA AA 
Secondary Clarifier Redundancy1 1SC OOS AA AA 
1CAS option only    

Table 5-2 summarizes the concentration and loads for each of the scenarios listed in Table 5-1.  

Table 5-2 2040 Model Influent Flow, Loads and Concentrations 

Parameter AA MM MML-AAF Redundancy  
- 1 AB OOS 

Redundancy  
- 1 SC OOS1 

Flow, mgd 29 33 29 29 29 
Temp., oC  16 16 16 16 16 

 lbs/d mg/L lbs/d mg/L lbs/d mg/L lbs/d mg/L lbs/d mg/L 
cBOD2 77,000 270 88,500 270 88,500 310 77,000 270 77,000 270 
COD 182,000 749 209,000 749 209,000 861 182,000 749 182,000 749 
TSS3 85,500 362 98,000 362 98,000 416 85,500 362 85,500 362 
TKN 13,300 55 15,300 55 15,300 63 13,300 55 13,300 55 
NH3 9,000 37 10,400 37 10,400 43 9,000 37 9,000 37 
TP 1,690 6.9 1,940 6.9 1,940 8.0 1,690 6.9 1,690 6.9 

1CAS option only 
2Note that the model prediction for cBOD was 8% greater than the escalated historical “true BOD” (cBOD/0.84). This is 
considered acceptable given the COD match. 
3Note that the model prediction for TSS is 2% higher than the escalated historical TSS load. This is considered acceptable.  
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5.1 MBR BACWA Level 2 2040 Modeling Results  

The BACWA Nutrient Reduction Study (June 2018) recommended that the District adopt an MBR 
technology to achieve the BACWA Level 2 standards. The MBR would replace the clarifiers as 
solids separation technology. A process flow diagram of how the MBR would fit at the AWWTP is 
presented in Figure 5-1. Flow from the existing primary clarifiers would be combined into one 
primary effluent line that would lead to a central PE pump station where it is pumped up to fine 
screens. After the PE is screened it is distributed to the east (4.1 MG) and west aeration basins 
(proposed 4 basins totaling 4.4 MG) operated in an anoxic – oxic configuration (specific details 
on the aeration basin configurations is provided in Section 6). RAS from the MBR facility is 
delivered to each aeration basin by a RAS force main. MLSS from both basins is combined in a 
central MLSS junction box where it is conveyed to the new MBR facility. Permeate from the MBR 
facility is disinfected at the new effluent facilities that can accommodate flows to EBDA and OAC.  

During wet weather PE can be equalized in the new PE equalization basin. The PE EQ pump 
station will drain the 2.5 MG PE EQ tank back to the fine screens for screening and distribution 
to the aeration basins.  

Figure 5-2 shows the process model flow sheet. The process modeling for MBR sizing is 
summarized in Table 5-3. Key features include MBR tanks, increased RAS flow, and a RAS 
deoxygenation zone. 
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Figure 5-1 MBR BACWA Level 2 Process Flow Diagram 
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Figure 5-2 MBR Process Model 
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Table 5-3 MBR 2040 Load Model Results 

 Parameter Units AA MM MML-
AAF 

Redundancy  
- 1 AB OOS 

Aeration AB in service # 8 8 8 7 
MLSS  mg/L 7,300 7,700 7,700 8,000 
SRT d 13 13 13 13 

Aerobic SRT d 8 8 8 8 
MBR Tanks Trains in Service # 9 9 9 8 

Total Cassettes # 162 162 162 144 
Surface Area Msf 3.10 3.1 3.1 2.7 
Design Flux gsf 12.5 14.5 12.5 12.5 
Actual Flux gsf 9.3 10.7 9.3 10.5 
RAS Ratio % 400 400 400 400 

WAS WAS flow mgd 0.47 0.48 0.48 0.43 
WAS conc mg/L 9,200 9,000 9,800 10,100 
WAS Load lbs/d 36,000 39,200 39,300 36,200 

Secondary  
Effluent1 

cBOD mg/L 1 1 1 <1 
TSS mg/L 0 0 0 <1 
TN mgN/L ~11-12 ~11-12 ~12 ~11-12 

NH3 mgN/L <0.5 <0.5 <0.5 <0.5 
NO3 mgN/L ~9-10 ~9-10 ~9-10 ~9-10 
NO2 mgN/L ~0 ~0 ~0 ~0 
TIN mgN/L ~9-10 ~9-10 ~9-10 ~9-10 
TP mgP/L <1 <1 <1 <1 

PO4-P mgP/L <1 <1 <1 <1 
1 Average of Dynamic Modeling Results 
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5.2 CAS BACWA Level 2 2040 Modeling Results 

The CAS option utilizes the same technology that exists at the AWWTP but converts the process 
from carbon removal to biological nutrient removal. Figure 5-3 shows the proposed process flow 
diagram. To do this, additional aeration basin volume is proposed, and increased clarifier capacity 
is required. Similar to the MBR option, primary effluent is combined in one primary effluent line 
that leads to a central PE pump station. Pumped PE is distributed to three sets of aeration basins, 
AB 1-4 (4.1 MG), AB 5-8 (4.4 MG) and AB 9-12 (4.4 MG) operated in a Modified Ludzack Ettinger 
(MLE) configuration (specific details on the aeration basin configurations are provided in Section 
6). PE is further distributed to the individual tanks by a common channel. RAS from the central 
RAS pump station is delivered to each aeration basin by a RAS force main. MLSS from all basins 
is combined in a central MLSS junction box where it is conveyed to the new MLSS splitter box. 
The splitter box feeds the four new circular clarifiers. Effluent is disinfected at the new effluent 
facilities that can accommodate flows to EBDA and OAC.  

For the CAS option, there are two wet weather strategies that will help the AWWTP maintain 
BNR operation during wet weather, PE equalization and step-feed operation. During wet weather 
PE can be equalized in the new PE equalization basin. The PE EQ pump station will drain the 2.5 
MG PE EQ tank back to the PE pump station for distribution to the aeration basins. The second 
strategy, step-feed operation, can be triggered when influent flow exceeds a trigger point (i.e. 
45-mgd). In this mode, most (i.e. 100 – 75%) of the PE flow is diverted half way down the aeration 
basins to reduce solids loading to the secondary clarifiers and preserve the nitrifier population in 
the upfront zones. Section 6 shows the step feed point for each aeration basin configuration. 
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Figure 5-3 CAS BACWA Level 2 Process Flow Diagram 
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The CAS option process model results are presented in Table 5-4 for 2040 AA, MM, MML-AAF, 
and redundancy scenarios. Loads and redundancy assumptions are documented in a 
memorandum attached in the Appendix 2. While wet weather simulations were dynamic, the 
conditions during step feed operation are presented in the Table 5-4.  

Table 5-4 CAS 2040 Model Results 

 Parameter Units AA MM MML-
AAF 

WW-
MM1 

Redundancy  
- 1 AB OOS 

Redundancy  
- 1 SC OOS 

Aeration AB in 
service # 10 10 10 10 9 10 

MLSS zone 2 mg/L 3,100 3,600 3,600 5,000 3,600 3,100 
MLSS zone 4 mg/L 3,100 3,600 3,600 2,700 3,600 3,100 

SRT d ~10 ~10 ~10 ~10-13 ~8 ~10 
Aerobic SRT d ~6.5 ~6.5 ~6.5 ~6.5-8 ~5.6 ~6.5 

Secondary 
Clarification 

Number # 4 4 4 4 4 3 
Surface 

Area sf 75,500 75,500 75,500 75,500 75,500 56,600 
Volume MG 10 10 10 10 10 8 

SOR gpd/sf 415 475 415 810 415 550 

SLR 
lbs/d/s

f 18 23 18 18 20 24 
SVI mL/g 110 110 110 110 110 110 

RAS Ratio % 64 64 64 64 64 64 
WAS WAS flow mgd 0.55 0.55 0.55 0.55 0.55 0.55 

WAS conc mg/L 8,000 9,100 9,100 9,000 9,100 8,000 
WAS Load lbs/d 38,000 43,000 43,000 43,000 35,000 34,000 

Secondary  
Effluent 

cBOD mg/L <10 <10 <10 <10 <10 <10 
TSS mg/L <15 <15 <15 <15 <15 <15 
TN mgN/L ~12 ~13-14 ~13-14 ~14 ~13 ~12 

NH3 mgN/L ~1 ~1 ~1 <2 ~2 ~1 
NO3 mgN/L ~9 ~9-10 ~9-10 ~7-10 ~9 ~9 
NO2 mgN/L <0.5 <0.5 <0.5 <1 <0.5 <0.5 
TIN mgN/L ~9 ~9-10 ~9-10 ~7-10 ~9 ~9 
TP mgP/L <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

PO4-P mgP/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
1 MLSS during step feed operation 

Figure 5-4 shows the CAS option process model flow sheet. Key features include step-feed 
operation, flexible selector zones and nitrified recycle (NRCY). 
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Figure 5-4 CAS Process Model 
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5.2.1 New Circular Secondary Clarifier Sizing 

Based on process modeling, the clarifiers will need to pass 2,700 mg/L when the plant is operating 
in step-feed operation during a storm event (70.4-mgd for a 2040 storm and 61-mgd for an 
equalized 2040 storm). Surface overflow rate (SOR) and solids loading rate (SLR) were checked at 
critical clarifier loading conditions. Based on these conditions and the availability of space, 
clarifier diameter was maximized to a diameter of 155 ft. These conditions are summarized in 
Table 5-5.  

Table 5-5 Clarifier Loading Conditions  

Parameter 
Effluent 

Flow 
RAS 
Flow MLSS SVI 

Clari-
fiers 

online 
Surface 

Area SOR SLR 
mgd mgd mg/L  mL/g  # sf gpd/sf lb/d/sf 

AA 29.1 14.6 3,100 110 4 75,500 390 15 
AA – SC Redundancy 29.1 14.6 3,100 110 3 56,600 510 20 
MM 33.5 16.8 3,600 110 4 75,500 440 20 
MM – SC Redundancy 33.5 16.8 3,600 110 3 56,600 590 27 
Max Day 42.2 21.1 3,600 110 4 75,500 560 25 
WW – PH EQ1 61 30.5 2,700 110 4 75,500 810 - 
1Note that step-feed and PE equalization triggers may be optimized. 
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5.3 Summary of Process Volumes 

The process volume required to achieve BACWA Level 2 standards for both MBR and CAS for 
2040 loads were developed using the calibrated process model. These volumes are summarized 
in Table 5-6 for the MBR, and Table 5-7 for the CAS option. CFD modeling was used to size the 
secondary clarifiers and ensure the ability to pass site-specific conditions as defined in Table 5-5.  

Table 5-6 MBR Option Process Volume Requirements  

Zone MBR Process Volume, 
mg 

Total Volume 8.5 
Existing Volume 7.4 
Total New Volume 1.1 
Total Ras Deoxygenation Volume 0.5 
Total Anoxic Volume 2.8 
Total Aerobic Volume  5.2 

Table 5-7 CAS Option Process Volumes Requirements 

Zone CAS Process Volume, mg 
Total Volume 12.9 
Existing Volume 7.4 
Total New Volume 5.5 
Flex Zone Volume 0.5 
Total Anoxic volume 3.1 
Total Aerobic Volume  9.3 
Secondary Clarifier, sf 75,500 
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6. Long-term Solution Options 
As detailed in Section 5 – Model Scenarios, the District is considering a CAS and MBR option for 
the Secondary Treatment Process Improvements. This Section 6 – Long-term Solution Options 
details the infrastructure to meet the BACWA Level 2 standards for 2040 flows and loads for both 
the CAS and MBR Options. As noted in Section 2 – Approach, a high-level description of a Phase 
III project to meet BACWA Level 3 standards for buildout conditions was also defined; this is also 
described in this section. Infrastructure common to both MBR and CAS long-term solutions is 
detailed in this section and includes effluent facilities, sidestream treatment, and metal salt 
addition for chemical phosphorus removal. This section presents the long-term scope as listed 
below: 

6.1. MBR Long-term Options  

6.1.1. MBR Phase II Option 

6.1.2. MBR Phase III Option 

6.2. CAS Long-term Options 

6.1.3. CAS Phase II Option 

6.1.4. CAS Phase III Option 

6.3. Effluent Facilities 

6.4. Sidestream Treatment 

6.5. Chemical Phosphorus Removal 

6.1 Membrane Bioreactor Long-term Options 

6.1.1 MBR Option Phase II Scope 

This section details the infrastructure required to implement BACWA Level 2 standards for the 
2040 flows and loads conditions with MBR technology.  

6.1.1.1 Process Volume and Aeration Basin Configuration  

The total required process volume to treat 2040 flows and loads with the MBR technology was 
determined to be 8.5 MG. This includes RAS de-oxygenation zones, anoxic zones and aerobic 
zones. This volume can be achieved with the existing aeration volume of 7.4 MG and the 
construction of Aeration Basin 8. Table 6-1 summarizes the process volume and zone volumes 
required for the treatment of 2040 flows and loads to BACWA Level 2 standards with MBR 
system.  
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Table 6-1 MBR Option Process Volumes  

Zone Volume, 
MG 

Total Volume 8.5 
Existing Volume 7.4 

New Volume 1.1 
Total RAS Deoxygenation Volume 0.5 

Total Anoxic volume 2.8 
Total Aerobic Volume  5.2 

Figure 6-1 and Figure 6-2 show process configuration for the east and west aeration basins for 
an MBR solution. Key retrofits for the east aeration basin modifications include:  

• Combination of AB 1 and 2 into one basin 

• Combination of AB 3 and 4 into one basin  

• Reuse of the existing PE channel 

• Segregated RAS flow and a RAS de-oxygenation zone 

• Reuse of the existing east MLSS channel for a surface wasting channel  

• Reuse of the existing west MLSS channel for MLSS  

• Baffles and mixing to create the deoxygenation zones 

• Baffles and mixing to create the anoxic zones  

Key features for the west aeration basin modifications and new Aeration Basin 8 include:  

• Reuse of the existing PE channel at the west of the basin 

• Construction of Aeration Basin 8 on the south side of Aeration Basin 5 (at current 
location of Lift Station 2 and Control Box 2) 

• Flipping the configuration of Aeration Basin 6  

• Reuse of the MLSS channel  

• Baffles and mixing to create the deoxygenation zones 

• Baffles and mixing to create the anoxic zones  
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Figure 6-1 MBR East Aeration Basin Process Schematic 

 

Figure 6-2 MBR West Aeration Basin Process Schematic 
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6.1.1.2 Process Aeration  

The minimum, average and maximum diurnal airflows required for the aeration basin were 
determined for annual average, maximum 30-day, maximum 7-day, and max day loads. These 
airflows were calculated for scenarios with and without centrate treatment. Airflows without 
centrate treatment were used to size the blower facilities. Table 6-2 summarizes the required 
process airflows for these conditions. 

Table 6-2 2040 Process Air Requirements for MBR Option  

Condition Load 
Condition 

DO, 
mg/L 

Minimum 
Diurnal 

Airflow, scfm 

Average 
Diurnal 

Airflow, scfm 

Maximum 
Diurnal 

Airflow, scfm 

MBR Process air 
without Centrate 

Treatment 

AA 2 10,400 32,900 55,2001 
MM 2 11,900 38,400 61,5001 
MW 1 12,000 39,200  
MD 0.5 14,600 48,100  

MBR Process air with 
Centrate Treatment 

AA 2 8,900 31,500 52,1001 
MM 2 10,200 36,800 58,3001 
MW 1 10,300 37,600  
MD 0.5 12,600 46,300  

1 DO of 1 mg/L assumed for these conditions 

A Neuros NX700 blower can deliver approximately 13,000 scfm at maximum temperature, 
humidity and minimum inlet pressure conditions. The system will require five NX700 blowers to 
deliver maximum diurnal airflow for maximum month loads. For an n+1 redundancy six blowers 
are required. It is proposed that the new blowers be centrally located in a new facility north of 
the existing Aeration Basins 5-7. 

6.1.1.3 Intermediate Pump Station and Fine Screens 

Primary effluent fine screening will be required to prevent damage to the membranes. The head 
available between the primary clarifier weirs and the Lift Station 1 and 2 wet wells is not great 
enough to fit fine screens and screened PE distribution. It is proposed that: 

• A new centralized intermediate pump station is provided to replace existing Lift 
Station 1 and Lift Station 2  

• Pumped PE flows through new ¼-inch fine screens  

• Screened PE is split downstream of the fine screens for distribution to the aeration 
basins. 

The fine screen and intermediate pump station will be located in the area immediately north of 
Aeration Basins 5 – 7, in the footprint future Aeration Basin 8 as proposed by the 1993 upgrade. 
(Under this project, Aeration Basin 8 will be located south of Aeration Basin 5 where the existing 
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CB2 and Lift Station 2 are located; see Figure 6-4.) The area is approximately 70’ wide (N-S) and 
100’ long (E-W) with an additional 50’ of height upon demolition of the existing odor control 
towers. Primary effluent would be routed west of existing Aeration Tanks 5 - 7 and tie into the 
proposed intermediate PS wet well.  

 

Figure 6-3 Intermediate Pump Station and Fine Screens Layout 

6.1.1.4 Membrane Bioreactors Tanks 

The membrane tanks were sized for appropriate average annual, maximum month and peak flow 
flux rates. A Suez (GE-Zenon) cut sheet was used as the basis of design for the MBR facility. Table 
6-3 summarizes the design conditions for the proposed MBR facility. 

Table 6-3 MBR Facility Design Conditions 

Design Parameter Units AADF Max Month Peak Hour 
Flow mgd 29.1 33.5 60.01 

Design Flux gfd 12.5 14.5 29.0 
     

Cassettes # 144 144 144 
Resulting Membrane Tanks # 8 8 8 

Cassettes per Tank # 18 18 18 
Resulting Flux gfd 10.5 12.1 21.7 

Resulting Flux (1 OOS) gfd 12.0 13.8 24.8 
1 Assuming 2.5MG of EQ     
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6.1.1.5 MBR Option Phase II Site Layout  

Figure 6-4 shows the proposed MBR Phase II Layout. Key features include 

• Modified Aeration Basin 1-4 

• Modified Aeration Basin 5-7 

• New Aeration Basin 8 south of existing Aeration Basin 5-7 

• New 60-inch PE line to centrally located Intermediate Pump Station routed to the 
west of existing Aeration Basin 5-7 

• New intermediate pump station and fine screen facility 

• New blower facility north of existing Aeration Basin 5-7 

• PE distribution piping to the east and west aeration basins 

• New 2.5 MG equalization basin 

• New MLSS junction box and reuse of the existing 60-inch line to the MBR tanks 

• New MBR facility that includes: 

o 9 Membrane tanks (cassettes installed in 8 tanks) 
o Clean in place chemicals 
o Scour blowers  
o Permeate pumps 
o Note that the location of the MBR tanks was agreed upon in the December 

2018 Charrette. The option to phase MBR construction over the existing 
Secondary Clarifier location was eliminated due to concerns over plant 
operation during construction.  

• New effluent facility  

6.1.2 MBR Option Phase III Infrastructure and Layout  

As noted in Section 2 – Approach, this analysis identified place holder process volumes and 
facilities to meet BACWA Level 3 standards for buildout conditions. For the MBR option this Phase 
III project has been identified as: 

• New Aeration Basin 9 and 10 (2.2 MG) 

• Carbon addition facilities for further denitrification 

• Additional membrane cassettes to meet increased flows 

It is recommended that as the analysis for and the definition of this Phase III project be revisited 
as technologies change, the standards are become more defined, or as loading conditions 
warrant. Figure 6-5 shows the MBR option Phase III Layout.  
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Figure 6-4 MBR Option Phase II Layout
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Figure 6-5 MBR Option Phase III Conceptual Layout 
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6.2 Conventional Activated Sludge Long-term Option  

6.2.1 CAS Option Phase II Scope 

6.2.1.1 CAS Option Process Volume and Aeration Basin Configuration  

The total required process volume to treat 2040 flows and loads with the CAS technology was 
determined to be 12.9 MG. This includes flexible zones for RAS conditioning, anoxic zones, and 
aerobic zones. This volume can be achieved with the existing volume and the construction of new 
Aeration Basin 8 adjacent to the existing west aeration basins and new Aeration Basins 9-12. 
Table 6-4 summarizes the process volume and zone volumes required for the treatment of 2040 
flows and loads to BACWA Level 2 standards with a conventional activated sludge system. 

Table 6-4 CAS Option Process Volumes 

Zone Volume, 
MG 

Total Volume 12.9 
Existing Volume 7.4 

New Volume 5.5 
Flex Zone  0.5 

Total Anoxic Volume 3.1 
Total Aerobic Volume  9.3 

Figure 6-6 and Figure 6-7 show the process configuration for the east and west aeration basins 
for a CAS solution. Key retrofits for the east aeration basin modifications include:  

• Combination of AB 1 and 2 into one basin 

• Combination of AB 3 and 4 into one basin  

• Reuse of the existing PE channel 

• Segregated RAS into the RAS de-oxygenation zone 

• Reuse of the existing east MLSS channel for a surface wasting channel  

• Reuse of the existing west MLSS channel for MLSS  

• Baffles and mixing to create the deoxygenation zones 

• Baffles and mixing to create the anoxic zones  
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Figure 6-6 CAS East Aeration Basin Process Schematic  

 

Figure 6-7 CAS West Aeration Basin Process Schematic 
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Key features for the west aeration basin modifications and new Aeration Basins 8-12 include:  

• Reuse of the existing PE channel at the west of the basin 

• Construction of Aeration Basin 8 on the south side of Aeration Basin 5 

• Flipping the configuration of Aeration Basin 6  

• Reuse of the MLSS channel  

• Baffles and mixing to create the deoxygenation zones 

• Baffles and mixing to create the anoxic zones  

6.2.1.2 Process Aeration  

The minimum, average and maximum diurnal airflows required for the aeration basin were 
determined for annual average, maximum 30-day, maximum 7-day and max day loads. These 
airflows were calculated for scenarios with and without centrate treatment. Airflows without 
centrate treatment were used to size the blower facilities. Table 6-5 summarizes the required 
process airflows for these conditions. 

Table 6-5 2040 Process Air Requirements for CAS Option  

Condition Load 
Condition 

DO, 
mg/L 

Minimum 
Diurnal 

Airflow, scfm 

Average 
Diurnal 
Airflow, 

scfm 

Maximum 
Diurnal 
Airflow, 

scfm 

CAS Process air 
without Centrate 

Treatment 

AA 2 7,100 23,900 40,0001 
MM 2 8,100 28,000 44,7001 
MW 1 8,200 28,500  
MD 0.5 9,900 34,900  

CAS Process air 
with Centrate 

Treatment 

AA 2 6,500 22,900 37,5001 
MM 2 7,400 26,700 41,9001 
MW 1 7,500 27,400  
MD 0.5 9,200 33,700  

1 DO of 1mg/L assumed for these conditions 

A Neuros NX700 blower can deliver approximately 13,000 scfm at maximum temperature, 
humidity and minimum inlet pressure conditions. The system will require four NX700 blowers to 
deliver maximum diurnal airflow for maximum month loads. For an n+1 redundancy five blowers 
are required. It is proposed that the new blowers be centrally located in a new facility north of 
the existing Aeration Basins 5-7. 
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6.2.1.3 Intermediate Pump Station  

To accommodate the 5.5 MG of new aeration basin volume additional primary effluent 
distribution lines and a new lift station will be needed. As Control Box 2 is a congested flow 
control structure, and routing of a new PE line to Aeration Basins 9-12 would be difficult, a 
centralized primary effluent intermediate pump station and splitter box is proposed.  

• A new intermediate pump station is provided to replace existing Lift Station 1 and 
2 at a central location.  

• Pumped PE is split just downstream for distribution to the aeration basins. 

The intermediate pump station will be located in the area immediately north of Aeration Basins 
5 – 7, in the footprint of the future Aeration Basin 8 as proposed in the 1993 upgrade. (Under this 
project, Aeration Basin 8 will be located south of Aeration Basin 5 where the existing CB2 and Lift 
Station 2 are located; see Figure 6-8.) The area is approximately 70’ wide (N-S) and 100’ long (E-
W) with an additional 50’ of height upon demolition of the existing odor control towers. Primary 
effluent would be routed west of existing Aeration Tanks 5 - 7 and tie into the proposed 
intermediate PS wet well.  

6.2.1.4 Secondary Clarifiers 

New clarifiers and a combination of new and modified secondary clarifiers were considered to 
provide more secondary clarification capacity for the AWWTP. Through the planning process in 
this analysis, it was decided that new clarifiers would be provided to meet the BACWA Level 2 
standards for 2040 flows and loads. Table 6-6 documents the decisions made by the District 
during the planning phases of this project.  

Table 6-6 CAS Clarifier Layout Options  

CAS Clarifier Layout Option  Decision  Reasoning 

Split Plant Option: 
Existing plant and separate new 
plant  

Eliminated Increases operational complexity too 
significantly 

New and Modified Clarifiers: 
Combined MLSS sent to modified 
and new clarifiers  

Eliminated 
Provides the most redundancy but is most 
difficult to construct and operationally 
complex  

All New Clarifiers: 
All new clarifiers where the existing 
administration buildings is currently 
located 

Selected This will be the simplest to operate and 
most reliable technology 
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Four new circular clarifiers will be planned for in the location north of the existing clarifiers where 
the administration building is currently located. The clarifier characteristics are summarized in 
Table 6-7.  

Table 6-7 New Clarifier Characteristics  

Parameter Unit Value 

Number - 4 
Diameter, ft ft 155 

Sidewater Depth ft 18 
Center well ft 38 

Center well depth ft 7.5 
Energy Dissipating 

Inlet - Yes 

Sludge collection  Towbro 

6.2.1.5 Return Activated Sludge 

A new centralized RAS pump station will have the following features: 

• One pump per clarifier connected directly to the RAS line 

• A flow meter on each RAS line will control the RAS pump speed for the 
corresponding pump 

• One redundant pump per pair of clarifiers 

• The RAS pumps will have the capacity to pump 100% of forward flow at maximum 
month conditions with all secondary clarifiers in service. This will also provide a 
50% RAS rate during wet weather. 

6.2.1.6 CAS Option Site Layout  

Figure 6-8 shows the proposed CAS layout. Key features include 

• Modified Aeration Basin 1-4 

• Modified Aeration Basin 5-7 

• New Aeration Basin 8 south of existing Aeration Basin 5-7 

• New Aeration Basins 9-12 north of existing East Aeration Basins 

• New 60-inch PE line to centrally located intermediate pump station routed to the 
west of existing Aeration Basin 5-7 

• New intermediate pump station  

• New blower facility North of existing Aeration Basin 5-7 
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• PE distribution piping to the existing and new aeration basins  

• New 2.5 MG PE equalization basin 

• New MLSS junction box and reuse of the existing 60-inch line to the new MLSS 
distribution box 

• New MLSS distribution box 

• Four new circular clarifiers with sludge suction header  

• Centralized RAS station  

• New RAS force main 

• New individual RAS line (with flow meter and control valve) from force main to 
each aeration basin 

• New 72-inch effluent line to new effluent facility  

• New effluent facility. 

6.2.2 CAS Option Phase III Infrastructure and Layout  

As noted in Section 2 – Approach, this analysis identified place holder process volumes and 
facilities to meet BACWA Level 3 standards for buildout conditions. For the CAS option this Phase 
III project has been identified as: 

• Demolition of PE EQ installed in Phase I 

• New Aeration Basin 13-16, 4.9 MG (at location of Phase I PE EQ)  

• Carbon addition facilities for further denitrification  

• Disk filters to meet low TP requirements  

Figure 6-9 shows the CAS option Phase III Layout. It is recommended that the District secure 
offsite PE equalization basin to replace the onsite PE EQ that will be eliminated as part of Phase 
III prior to its elimination. This potential offsite PE equalization tank is not shown on the site plan 
in Figure 6-9, but the District has identified a potential location adjacent to the AWWTP. It is 
recommended that as the analysis for and the definition of this Phase III project be revisited as 
technologies change, the standards become more defined, or as loading conditions warrant.  
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Figure 6-8 CAS Option Phase II Layout
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Figure 6-9 CAS Option Phase III Conceptual Layout 
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6.3 Effluent Facilities  

The District currently has the ability to discharge to Old Alameda Creek for emergency purposes 
only. Unlike normal flow conditions, when flow is discharged to the EBDA force main and 
dechlorinated offsite, the District is responsible for dechlorinating any flow that goes to Old 
Alameda Creek to a TRC of 0.0 mg/L. The District does not currently have efficient dechlorination 
facilities and must recirculate flow to the head of the plant until it is confirmed that the TRC 
requirement is met. The process is very cumbersome and operationally complex and reduces 
capacity during wet weather. New dechlorination facilities are therefore included in the upgrade 
of the plant.  

The existing plant has a hydraulic bottleneck between the final clarifiers and the chlorine contact 
tanks. This hydraulic bottleneck is caused by a shallow free surface port in the existing flash mix 
basin that accounts for significant head loss during peak events, limiting final clarifier effluent 
prior to submergence of final clarifier weirs. Plant staff have also noted that the existing chlorine 
contact tanks are in poor condition with gates that are inoperable, reducing operational 
flexibility. A condition assessment of the existing chlorine contact tanks was not performed as 
part of this analysis; however, visual observations confirm the District’s experience. To address 
the hydraulic bottleneck and to provide a more reliable facility, a new chlorination facility was 
assumed for both the MBR and CAS options.  

The EBDA pump station located at the AWWTP is owned by EBDA and operated by the District. 
The EBDA pump station is at the end of its useful life. The District wishes to include a new EBDA 
pump station as part of the effluent facilities upgrade.  

The new effluent facility configuration is shown in Figure 6-10 and will include the following 
features:  

• New flash mixing for chlorination  

• New CCT that can be configured in direct or in a serpentine layout 

• New EBDA Pump station  

• New flash mixing for dechlorination  

• New dechlorination contact basin (sized for either thiosulfate or sodium bisulfite) 

• New Old Alameda Creek pump station 

• New elevated discharge box to limit tidal impacts to pumping  

• New sample location for TRC confirmation 
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Figure 6-10 New Effluent Facility 

6.4 Sidestream Treatment Facility 

As summarized in Section 5 – Modeling Scenarios, sidestream deammonification is required to 
meet BACWA Level 2 standards for the for 2040 loads. The District recently piloted an ANITA™ 
mox system. The system was considered in sizing the facility. The sidestream facility has the 
following features and would be located near the dewatering building in the southwest corner of 
the plant: 

• Centrate equalization  

• A 0.37 MG reactor 

• Electrical room  

• Chemical room  

6.5 Chemical Phosphorus Removal  

The BACWA Level 2 standards includes a total phosphorus limit (TP < 1 mg/L) for discharge to the 
San Francisco Bay. While the volume required for biological phosphorus removal was 
determined, the District decided that chemical phosphorus removal should be assumed for this 
analysis. Chemical phosphorus removal would be accomplished by metal salt addition to centrate 
and MLSS. Two small dosing stations were included in the scope for both the CAS and MBR 
options. Chemical phosphorus removal will require approximately 1,000 gpd/d of metal salt 
addition. 
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7. CAS Phasing Options 
As described in Section 2 – Approach, once the long-term layout was developed, there are 
opportunities to phase the project and spread out capital investment over time. This is mainly a 
feature of the CAS solution where a trigger based on the future requirements can be developed.  

There are three main CAS phasing options have the same nutrient removal infrastructure in 2040 
but are packaged into near-term (Phase I) and long-term (Phase II) solutions differently; the 
Phase I and Phase II is presented in Figure 7-1. 

 

Figure 7-1 Trigger-Based Phasing of Near-term and Long-term Solutions  

The three CAS phasing options were developed to achieve a specific objective in the near-term 
with Phase I. The differences in Phase I objectives are summarized in Table 7-1. These options 
result in the same long-term nutrient removal infrastructure (at the end of Phase II) as presented 
in Section 6. However, there are different intermediate projects to help achieve near-term 
objectives.  

Table 7-1 CAS Phasing Options  

Phase 
CAS Option 1 – 

Clarifier Modifications and 
Limited Seasonal BNR 

CAS Option 2 – 
New Clarifiers Early and 

Year-round BNR 

CAS Option 3 – 
No Old Alameda 
Creek Discharge 

Phase I: Near-
term Objectives  

• Increase capacity 
• Earliest creek discharge 

with limited BNR 

• Increase capacity  
• Potential discharge to 

Old Alameda Creek 
through year-round 
nutrient removal 

• Increase 
capacity 

• Avoid creek 
discharge 

Additional 
intermediate 

scope over CAS 
Option presented 

in Section 6.2 

• Near-term Clarifier 
Modifications 

• Disk Filters  
 

• Secondary 
Effluent 
Equalization 
Basin 
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For each phasing option, the following is described in this Section 7- CAS Phasing Options: 

1. Phase I Scope 

2. Phase I Effluent Water Quality  

3. Phase II Remaining Scope  

4. Phase I and Phase II Layouts 

5. Option Summary - Benefits and Considerations 

For each of the three phasing options, the intermediate design horizon of 2028 was used to 
determine the water quality after Phase I. These flows and loads are presented in Table 7-2. The 
wet weather hydrograph was escalated to 2028 conditions and resulted in a peak hour flow of 
67.1-mgd. 

Table 7-2 2028 Model Influent Flow, Loads and Concentrations 

Parameter AA MM MML-AAF Redundancy  
- 1 AB OOS 

Redundancy  
- 1 SC OOS1 

Flow, mgd 26 30 26 26 26 

 lbs/d 
mg/L 

lbs/d 
mg/

L lbs/d 
mg/

L lbs/d 
mg/

L lbs/d 
mg/

L 
cBOD 68,300 270 78,500 270 78,500 310 68,300 270 68,300 270 
COD 161,400 749 185,600 749 185,600 861 161,400 749 161,400 749 
TSS 75,900 362 87,300 362 87,300 416 75,900 362 75,900 362 
TKN 11,800 55 13,500 55 13,500 63 11,800 55 11,800 55 
NH3 8,000 37 9,200 37 9,200 43 8,000 37 8,000 37 
TP 1,500 6.9 1,700 6.9 1,700 8.0 1,500 6.9 1,500 6.9 

1CAS option only 

7.1 CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR 

7.1.1 CAS Option 1 – Phase I Scope and Process Flow Diagram 

As noted in Table 7-1, CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR Phase I 
achieves the objectives of increasing plant capacity and provides limited seasonal BNR for 
discharge to Old Alameda Creek. Table 7-3 summarizes the scope for CAS Option 1 - Clarifier 
Modifications and Limited Seasonal BNR for Phase I and Phase II. 
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Table 7-3 CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR Scope  

 
CAS Option 1 – 

Clarifier Modifications and 
Limited Seasonal BNR 

Note 

Phase I – 
Capacity 

Scope 

Aeration Basin Modifications No new AB volume. Layouts as 
described in Section 6.2.1.1 

Secondary Clarifier Modifications New as described in Section 7.1.1.1 

Phase I – 
Creek 

Discharge 
Scope 

Sidestream Treatment  As described in Section 6.4 
Disk Filters New as described in Section 7.1.1.2 
Chlorination/Dechlorination Facilities  As described in Section 6.3 
EBDA and OAC Pump Station  As described in Section 6.3 
EBDA FM re-route As described in Section 6.3 

Phase II 
Scope  

Intermediate Pump Station  As described in Section 6.2 
2.5 MG of PE equalization As described in Section 6.2 
New Aeration Basin Volume (5.5 MG) As described in Section 6.2 
Blowers and Blower Building As described in Section 6.2 
New Secondary Clarifiers As described in Section 6.2.1.3 
Chemical P Removal  As described in Section 6.5 
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Figure 7-2 CAS Option 1 Phase 1 PFD 
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7.1.1.1 Secondary Clarifier Modifications  

CAS Option 1 increases plant capacity in Phase I through aeration basin modifications as 
described in Section 6.2.1 and secondary clarifier modifications. Secondary clarifier field testing 
identified modifications to clarifier internals that could improve existing Secondary Clarifiers 5 
and 6 performance. Secondary Clarifiers 1-4 performed well during field testing and 
modifications to improve performance are not recommended. Subsequent to clarifier field 
testing, the RAS seals for Clarifiers 5 and 6 were replaced in September and October of 2018. 
Additional modifications to Secondary Clarifier 5 and 6 include the following and are illustrated 
in Figure 7-3. 

• Corner fillets 

• Energy dissipating inlet 

• Replacement of existing daft tube mechanism with sludge suction header  

 

Figure 7-3 CAS Option 1 – Secondary Clarifier 5 and 6 Modifications 

• Enhancement: The plant currently does not have effective RAS control from 
Secondary Clarifier 5 and 6 and has poor RAS control for Secondary Clarifiers 1-4. An 
enhancement to CAS Option 1 Phase I would be to provide either RAS control for 
Secondary Clarifier 5 and 6 or improved RAS control for all clarifiers via expansion of 
the existing RAS pump station or a new RAS pump station. 

7.1.1.2 Phase I Creek Discharge  

Old Alameda Creek discharge may have more stringent TSS and cBOD standards in the future. 
Per Section 4 it was assumed that discharge to Old Alameda Creek would require a TSS less 
than15 mg/L. Disk filters were chosen to further treat flow that is discharged to the Creek. This 
results in two effluent qualities, normal effluent water quality discharged through the EBDA force 
main and improved effluent quality discharged to the Old Alameda Creek.  
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To optimize disk filter performance, it is proposed that some flow always be sent through the 
disk filters. During dry weather these two flows, filtered through disk filters and not treated with 
disk filters, will be combined and discharged through the EBDA force main. Once the plant 
effluent flows are greater than 42.9-mgd, the better effluent quality will be segregated through 
a passive system, dechlorinated and discharged to Old Alameda Creek. 

7.1.2 CAS Option 1 – Effluent Water Quality  

While TN reduction to achieve creek discharge is currently being discussed with the regional 
board, Phase I can achieve around 15% annual TN removal through sidestream treatment and 
seasonal BNR:  

• Sidestream treatment will reduce centrate nitrogen load by 80-90%. This is 
approximately a 10% effluent TN load reduction.  

• Seasonal BNR provides additional TN load reduction during the warmest months, June 
– August. Averaging three months of BNR operation with SST and nine months of just 
SST with carbon removal operation results in a total TN reduction of around 15%.  

7.1.2.1 Process Modeling Results 

Process modeling was conducted to determine nutrient removal after the completion of CAS 
Option 1 Clarifier Modifications and Limited Seasonal BNR - Phase I. These results are presented 
in Table 7-4. 
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Table 7-4 CAS Option 1 – Phase I Summer BNR Operation Modeling Results  

 Parameter Units AA MM MML-AAF 

Influent Temperature oC 20 20 20 

Aeration 

AB in service # 5 5 5 
MLSS zone 2 mg/L 2,700 3,000 3,000 

SRT d 5.3 5.3 5.3 
Aerobic SRT d 3.5 3.5 3.5 

Secondary 
Clarification 

Number # 6 6 6 
Surface Area sf 48,000 48,000 48,000 

Volume MG 5 5 5 
SOR gpd/sf 540 625 540 
SLR lbs/d/sf 18 24 20 
SVI mL/g 110 110 110 

RAS Ratio % 50% 50% 50% 

WAS 
WAS flow mgd 0.4 0.5 0.5 
WAS conc mg/L 9,200 10,000 10,000 
WAS Load lbs/d 35,000 39,000 39,000 

Secondary  
Effluent1 

cBOD mg/L <10 <10 <10 
TSS mg/L <15 <15 <15 
TN mgN/L <15 <15 <16 

NH3 mgN/L ~1-2 ~1-2 ~1-2 
NO3 mgN/L ~10-11 ~10-11 ~10-12 
NO2 mgN/L <0.5 <0.5 <0.5 
TIN mgN/L ~10-12 ~10-12 ~10-12 
TP mgP/L ~3 ~3 ~3 

PO4-P mgP/L ~2.5 ~2.5 ~2.5 

Process modeling shows that with these Phase I improvements, nutrient removal can be achieved 
during the summer months for annual average loads. With modified clarifiers and improved SVI, 
the clarifiers can sustain a MLSS of 2,700 mg/L during dry weather. This allows the facility to 
operate in BNR mode during the warmer months. It is not recommended that the plant operate 
in BNR mode during cold weather as the modified clarifiers will not be able to sustain higher MLSS 
required for nitrification in cold weather. A comparison of effluent qualities for BNR operation 
and carbon removal operation is presented in Table 7-5.  
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Table 7-5 CAS Option 1 – Phase I BNR and CAS Effluent Quality Comparison 

Operation Units BNR 
Carbon 

Removal 
Conditions - MML-AAF MML-AAF 

Temperature oC >20 16 
Aerobic SRT D 3.5 1.5 

cBOD mg/L <10 <10 
TSS mg/L <15 <15 
TN mgN/L <16 ~47 

NH3 mgN/L ~1-2 ~45 
TP mgP/L ~3 ~2 

With these Phase I improvements, the plant should operate in carbon removal mode during wet 
weather as the modified clarifiers will not be able to sustain peak flows at MLSS required for BNR 
operation (even with step feed operation). Figure 7-4 shows effluent water quality during wet 
weather after CAS Option 1 Phase I is completed. Note that with the disk filters installed in Phase 
I, effluent TSS is below 15 mg/L throughout the storm event.  

 

Figure 7-4 CAS Option 1 – Phase I Wet Weather Effluent Nitrogen 
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7.1.3 CAS Option 1 – Phase II Scope 

The remaining scope items not constructed in Phase I will be constructed as part of Phase II as 
listed in Table 7-3. Phase II will be triggered when the facility expects to meet BACWA Level 2 
standards.  

7.1.4 CAS Option 1 – Phase I and II Layouts 

A site plan showing the AWWTP after CAS Option 1 – Clarifier Modifications and Limited Seasonal 
BNR Phase I is completed is shown in Figure 7-5.  

A site plan showing the AWWTP after CAS Option 1 – Clarifier Modifications and Limited Seasonal 
BNR Phase II is completed is shown in Figure 7-6. Note that only the blue shaded infrastructure 
is constructed under Phase II, grey shaded infrastructure is installed as part of Phase I.  

Both site plans show the location of the proposed new building campus facility. Campus details 
have been developed in parallel to this study as part of the AWWTP Master Plan. 
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Figure 7-5 CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR Phase I 
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Figure 7-6 CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR Phase II 

*Note that Phase I scope is shown in grey and Phase II scope is shown in blue. 
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7.1.5 CAS Option 1 – Benefits and Considerations 

There are several benefits to the phasing in CAS Option 1 – Clarifier Modifications and Limited 
Seasonal BNR.  

1. Improved clarification over current operation  

2. Achieves creek discharge  

• Limited seasonal BNR can be achieved with aeration basin modifications and 
clarifier modifications 

• Sidestream treatment can be constructed simultaneously  

• Effluent facility can be constructed simultaneously 

3. This option delays most capital expenditures to Phase II 

There are several considerations to the phasing in CAS Option 1 – Clarifier Modifications and 
Limited Seasonal BNR. These are: 

1. Only achieves limited seasonal BNR 

2. Invests in disk filters that will be of limited benefit once the new clarifiers are 
constructed 

3. Invests in clarifier modifications that will not be needed after the new clarifiers are 
constructed 

4. Less reliable clarifier performance in the interim period (after Phase I is completed but 
before Phase II is completed) 

5. Needs sidestream treatment in Phase I 

6. Operational complexity with two water qualities 
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7.2 CAS Option 2 – New Clarifiers Early and Year-round BNR 

7.2.1 CAS Option 2 – Phase I Scope and Process Flow Diagram  

As noted in Table 7-1, CAS Option 2 – New Clarifiers Early and Year-round BNR Phase I achieves 
the objectives of increasing plant capacity and potential discharge to Old Alameda Creek through 
year-round nutrient removal. Table 7-6 summarizes the scope for CAS Option 2 - New Clarifiers 
Early and Year-round BNR for Phase I and Phase II. Figure 7-7 shows the process flow diagram for 
this configuration. 

Table 7-6 CAS Option 2 – New Clarifiers Early and Year-round BNR Scope  

Phase 
CAS Option 2 – 

New Clarifiers Early and 
 Year-round BNR 

Note 

Phase I – 
Capacity 

Scope 

Aeration Basin Modifications No new AB volume. Layouts as 
described in Section 6.2.1.1 

New Secondary Clarifiers As described in Section 6.2.1.4 

Phase I – 
Creek 

Discharge 
Scope 

PE Equalization (2.5 MG) As described in Section 6.2 
Chlorination/Dechlorination Facilities  As described in Section 6.3 
EBDA Pump Station  As described in Section 6.3 
EBDA FM re-route As described in Section 6.3 

Phase II 
Scope  

Intermediate Pump Station  As described in Section 6.2 
New Aeration Basin Volume (5.5 MG) As described in Section 6.2 
Blower and Blower Building As described in Section 6.2 
Chemical P Removal  As described in Section 6.5 
New Sidestream Treatment As described in Section 6.4 
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Figure 7-7 CAS Option 2 Phase I PFD 
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7.2.2 CAS Option 2 – Effluent Water Quality 

Phase I accomplishes improved effluent quality through year-round BNR. The aeration basin 
modifications described in Section 6.2.1.1 coupled with the new modern clarifiers will provide 
the District with the capability to operate in BNR mode year-round because: 

• The RAS system associated with the new modern clarifiers allows for step feed 
operation during wet weather.  

• The PE equalization shaves peaks during wet weather.  

• The new clarifiers can handle wet weather at the higher solids loading required for 
BNR 

• Year -round BNR operation can achieve approximately 50% effluent TN load 
reduction for the year. It also achieves significant ammonia removal in wet 
weather. 

To meet the stringent TSS standards (TSS<15 mg/L) for creek discharge during wet weather while 
maintaining solids inventory for BNR, the District will utilize several features in CAS Option 2 
Phase I:  

• PE equalization to shave off peak flow during storm events 

• Step feed operation to off load solids loading to the secondary clarifiers 

• Modern clarifiers with more total surface area and improved RAS control.  

7.2.2.1 CAS Option 2 – New Clarifiers Early and Year-round BNR – Nutrient Removal 

Process modeling was conducted to determine nutrient removal after the completion of CAS 
Option 2 Phase I. These results are presented in Table 7-7. 
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Table 7-7 CAS Option 2 – Phase I BNR Operation Modeling Results 

 Parameter Units AA MM MML-
AAF 

Redundancy  
- 1 AB OOS1 

Redundancy  
- 1 SC OOS 

Influent Temperature ⁰C 16 16 16 20 16 

Aeration 

AB in service  # 5 5 5 4 5 
MLSS mg/L 3,400 3,800 3,800 3,800 3,400 
SRT d 5.3 5.3 5.3 4.5 5.3 

Aerobic SRT d 4.5 4.5 4.5 4.0 4.5 

New 
Secondary 
Clarifiers 

Number # 4 4 4 4 3 
Surface Area sf 75,500 75,500 75,500 75,500 56,600 

Volume MG 10 10 10 10 8 
SOR gpd/sf 378 430 379 372 504 
SLR lbs/d/sf 18 21 19 20 23 
SVI mL/g 110 110 110 110 110 

RAS Ratio % 50% 50% 50% 50% 50% 

WAS 
WAS flow mgd 0.4 0.4 0.4 0.4 0.4 
WAS conc mg/L 10,500 11,400 11,400 12,000 10,200 
WAS Load lbs/d 33,000 38,000 38,000 37,000 33,000 

Secondary 
Effluent 

cBOD mg/L <10 <10 <10 <10 <10 
TSS mg/L <15 <15 <15 <15 <15 
TN mgN/L <18 <18 ~19 <18 <18 

NH3-N mgN/L <2 ~2.5 ~3 ~3.5 <2 

NO3-N mgN/L 
~11-
12 ~12 ~14.5 ~11 ~11-12 

NO2-N mgN/L ~0.5 ~0.5 ~0.5 ~1 ~0.5 

TIN mgN/L 
~12-
13 

~12-
13 ~15 ~12 ~12-13 

TP mgP/L ~3-4 ~3-4 ~3-4 ~3-4 ~3-4 
PO4-P mgP/L ~3 ~3 ~3.5 ~3 ~3 

1Largest AB out of service 

If BNR operation is needed it is not recommended to take an aeration basin out of service during 
colder months as it will reduce the aerobic SRT significantly. Also note that these models were 
run without diurnal PE equalization as a conservative assumption. Note that modeling results 
presented in Table 7-7 for AA, MM and MML-AAF are for worst case conditions, coldest 
temperatures. These models show ammonia breakthrough for the coldest month. During the 
coldest months there is a potential to optimize the system by using the swing zone aerobically to 
increase the aerobic SRT and reduce ammonia breakthrough.  
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Table 7-8 shows the expected effluent quality for other temperatures and Figure 7-8 shows the 
TN reduction over the year. These model results show up to 50 % TN load reduction over a typical 
year.  

Table 7-8 CAS Option 2 – Phase I BNR Operation Modeling Results Throughout the 
Year 

Parameter Units 
Temperature, ⁰C 

16 18 20 22 24 
Load Condition - MM MM MM MM MM 
Flow Condition  - AA AA AA AA AA 

Flow mgd 26 26 26 26 26 
AB Volume in service mg 7.4 7.4 7.4 7.4 7.4 

Swing Volume  -  Aerobic Aerobic Anoxic Anoxic Anoxic 
New Secondary Clarifier 

SA sf 75,500 75,500 75,500 75,500 75,500 
SVI mL/g 110 110 110 110 110 
SRT d 4.8 4.8 4 4 4 

MLSS mg/L 3,800 3,800 3,600 3,600 3,550 
TN mgN/L ~19 <19 <16 ~15 ~15 

NH3-N mgN/L ~3 <2 <2 <1 <1 
NO3-N mgN/L ~14.5 ~15 ~9-11 ~10-12 ~10-12 
NO2-N mgN/L ~0.5 ~0.5 ~0.5 <0.5 <0.5 

TIN mgN/L ~15 <15.5 ~10-11 ~10-12 ~10-12 

 

Figure 7-8 CAS Option 2 – Phase I TN Reduction 
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During storm events, step feed operation reduces the MLSS from 3,600 mg/L to 2,700 mg/L. This 
solids loading rate reduction, PE equalization, and the modern clarifier technology allow the 
facility to achieve effluent TSS less than 15 mg/L during storm events. Figure 7-9 and Figure 7-10 
show the simulated effluent TSS and effluent nitrogen during the design storm after CAS 2 Phase 
I is completed, respectively. Note that the SOR in Figure 7-10 is based on the clarifier effluent 
flow after equalization.  

 

Figure 7-9 CAS Option 2 – Phase I Wet Weather Effluent TSS 

 

Figure 7-10 CAS Option 2 – Phase I Wet Weather Effluent Nitrogen 
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7.2.3 CAS Option 2 – Phase II Scope 

The remaining scope items not constructed in Phase I will be constructed as part of Phase II as 
listed in Table 7-6. Phase II will be triggered when the facility expects to be required to meet 
BACWA Level 2 standards year-round or if loading increases such that ammonia breakthrough 
occurs in cold weather. 

7.2.4 CAS Option 2 – Phase I and II Layouts 

A site plan showing the AWWTP after CAS Option 2 – New Clarifiers Early and Year-round BNR 
Phase I is completed is shown in Figure 7-11. A site plan showing the AWWTP after CAS Option 2 
– New Clarifiers Early and Year-round BNR Phase II is completed is shown in Figure 7-12. Only the 
blue shaded infrastructure is constructed under Phase II, grey shaded infrastructure is installed 
as part of Phase I.  

7.2.5 CAS Option 2 – Benefits and Considerations 

There are several benefits to the phasing in CAS Option 2 – New Clarifiers Early and Year-round 
BNR. These are: 

1. Achieves Year-round BNR (Note: Not BACWA Level 2 standards)  

2. Sidestream treatment is not required in Phase I, saving capital expenditures 

3. Achieves greatest yearly mass TN removal (approximately 50%) 

4. Does not have stranded assets associated with disk filters 

5. Does not have stranded assets associated with clarifier modifications  

6. New RAS control after Phase I is completed 

7. Frees up 2.5 MG of volume for PE EQ in Phase I 

One important consideration to the phasing of CAS Option 2, is the requirement to relocate the 
administrative and control building. For other options (CAS Option 1 and CAS Option 3) this 
activity must occur before Phase II, affording the District more flexibility in design and 
construction of the new building campus. For this option the buildings must be done in Phase I 
to accommodate the new clarifiers.  
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Figure 7-11 CAS Option 2 – New Clarifiers Early and Year-round BNR Phase I 
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Figure 7-12 CAS Option 2 – New Clarifiers Early and Year-round BNR Phase II 

*Note that Phase I scope is shown in grey and Phase II scope is shown in blue. 
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7.3 CAS Option 3 – No Old Alameda Creek Discharge 

7.3.1 CAS Option 3 – Phase I Scope and Process Flow Diagram  

As noted in Table 7-1, CAS Option 3 – No Old Alameda Creek Discharge Phase I achieves the 
objectives of increasing plant capacity and avoiding discharge to Old Alameda Creek. Table 7-9 
summarizes the scope for CAS Option 3 - No Old Alameda Creek Discharge for Phase I and Phase 
II. Figure 7-13 shows the process flow diagram for this configuration.  

Table 7-9 CAS Option 3 – No Old Alameda Creek Discharge Scope 

Phase 
CAS Option 3 – 

No Old Alameda Creek 
Discharge 

Note 

Phase I – 
Capacity 

Scope 

Aeration Basin Modifications No new AB volume. Layouts as described 
in Section 6.2.1 

New Secondary Clarifiers As described in Section 6.2.1.4 
Phase I – 

Creek 
Avoidance 

New Effluent Storage As described in 7.3.1.1 

Phase II 
Scope  

Intermediate Pump Station  As described in Section 6.2 
PE EQ (2.5 MG) As described in Section 6.2 
New Aeration Basin Volume 
(5.5 MG) As described in Section 6.2 

Blower and Blower Building As described in Section 6.2 
Chemical P Removal  As described in Section 6.2 
New Sidestream Treatment As described in Section 6.4 
Chlorination Facilities  As described in Section 6.3 
EBDA Pump Station  As described in Section 6.3 
EBDA FM re-route As described in Section 6.3 
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Figure 7-13 CAS Option 3 Phase I PFD 
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7.3.1.1 Secondary Effluent Equalization Basin 

To limit effluent flows to 42.9-mgd, the maximum that can be discharged through the EBDA 
facility, an effluent storage facility is required. An initial analysis was conducted on actual plant 
effluent hourly flows from 2011 – May 2017. Hourly flows were escalated to 2040 flows (based 
on 1% per year escalation per Section 4 - Assumptions) and wet weather seasons were modeled 
to show the volume to be diverted to maintain a maximum secondary effluent flow of 42.9-mgd. 
Assuming that flows greater than 42.9-mgd are stored, this results in a minimum of 20 MG for 
2040. Assuming the existing 8-mgd of emergency creek discharge is available, and additional free 
board, a 15 MG storage facility was planned for. Per discussions with the District, the effluent 
storage facility could include the following: 

• Purchase a 17-acre land parcel adjacent to the AWWTP (east) 

• Mitigation costs are approximately $1M per acre of acquired land 

• No covers as stored flow would be secondary effluent  

• Pumping and metering 

• Extensive permitting and environmental documentation 

7.3.2 CAS Option 3 – Effluent Water Quality  

This option avoids discharge to the creek entirely and is not subject to the potential negotiations 
of a total TN load reduction of 15%. A part of this option the District will have modified aeration 
basins and modified secondary clarifiers in Phase I. The District could perform limited seasonal 
BNR similar to CAS Option 1. For process modeling results see Section 7.1.2.1. 

7.3.3 CAS Option 3 – Phase II Scope 

The remaining scope items not constructed in Phase I will be constructed as part of Phase II as 
listed in Table 7-9. Phase II will be triggered when the facility expects to be required to meet 
BACWA Level 2 standards year-round.  

7.3.4 CAS Option 3 – Phase I and II Layouts 

A site plan showing the AWWTP after CAS Option 3 – No Old Alameda Creek Discharge Phase I is 
completed is shown in Figure 7-14. A site plan showing the AWWTP after CAS Option 3 – No Old 
Alameda Creek Discharge Phase II is completed is shown in Figure 7-15. Note that only the blue 
shaded infrastructure is constructed under Phase II, the grey shaded infrastructure is constructed 
as part of Phase I.  
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7.3.5 CAS Option 3 – Benefits and Considerations 

There are several benefits to the phasing in CAS Option 3 – No Old Alameda Creek Discharge. 
These are: 

1. The secondary effluent storage system is relatively simple to operate. It would simplify 
operations during wet weather as flows greater than the EBDA capacity are passively 
diverted to the secondary effluent storage system. These flows are then drained where 
there is capacity it the EBDA system 

2. The secondary effluent storage can also be used for off spec water 

3. Can shave daily peak flow in DW to reduce effluent pumping costs (however it will 
increase daily maintenance) 

4. Potentially less cash flow required depending on remediation requirements 

5. EQ provides flexibility for future construction sequencing 

There are several considerations to the phasing in CAS Option 3 – No Old Alameda Creek 
Discharge. These are: 

1. Permitting and environmental documentation to acquire and use the adjacent land to 
construct a secondary effluent storage facility is risky and could take considerable time. 
The permitting and environmental process for this may take several years. 

2. Land acquisition may also be risky as it involves additional parties to negotiate with.  

3. This option does not provide synergy with future nutrient removal. While the basin 
modifications are required as listed in Section 6, the construction of the secondary 
effluent storage facility does not advance the ability of the plant to perform nutrient 
removal. Significant investment will need to be made as part of CAS Option 3 Phase II. 
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Figure 7-14 CAS Option 3 – No Old Alameda Creek Discharge Phase I 
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Figure 7-15 CAS Option 3 – No Old Alameda Creek Discharge Phase II 

*Note that Phase I scope is shown in grey and Phase II scope is shown in blue. 
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7.4 CAS Phasing Options Summary 

The phasing options were designed to achieve different specific objectives in Phase I as noted in 
Table 7-1. Each has benefits and considerations as summarized in Table 7-10. 

Table 7-10 Summary of Benefits and Considerations for each CAS Option 

Phase 
CAS Option 1 

Clarifier Modifications and 
Limited Seasonal BNR 

CAS Option 2 
New Early Clarifiers and 

Year-round BNR 

CAS Option 3 
No Old Alameda Creek 

Discharge  

Phase 
I 

• Aeration Basin 
Modifications 

• Secondary Clarifier 
modifications 

• Disk Filters 
• New1 Chlorine Contact 

Channels 
• New1 Dechlorination 

Facility 
• New1 Effluent Pump 

Station 
• Move EBDA Force Main 
• Sidestream Treatment 

• 2.5 MG of PE 
Equalization 

• Aeration Basin 
Modifications 

• New Secondary Clarifiers 
• New1 Chlorine Contact 

Channels 
• New1 Dechlorination 

Facility 
• New1 Effluent Pump 

Station 
• Move EBDA Force Main 

 
• Aeration Basin 

Modifications 
• Secondary Clarifier 

Modifications 
• Secondary Effluent 

Equalization 

Phase 
II 

• PE Pump Station  
• 2.5 MG of PE 

Equalization 
• New AB Vol. (5.5 MG) 
• Blowers and Blower 

Building 
• New Secondary Clarifiers 
• Chemical P Removal  

• PE Pump Station  
• New AB Vol. (5.5 MG) 
• Blowers and Blower 

Building 
• Sidestream Treatment  
• Chemical P Removal  

• PE Pump Station  
• 2.5 MG of PE Equalization 
• New AB Vol. (5.5 MG) 
• Blowers and Blower 

Building 
• New Secondary Clarifiers 
• Move EBDA Force Main  
• Sidestream Treatment 
• Chemical P Removal  
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PR
O

S 

• Achieves seasonal BNR (3 
months) quickly to get to 
creek with a gap of 2 years 

• Achieves improved 
clarification performance 
(over current) 

• Year round BNR2 
• No sidestream treatment 

required in Phase I 
• Greatest TN removal until 

more stringent standards 
imposed 

• No stranded disk filters  
• No Clarifier modifications 
• Better clarifier performance 
• New RAS control in Phase I 
• 2.5 MG available for PE EQ 

• Simplified operation 
during wet weather 

• Storage provides flexibility 
for off spec water during 
dry weather 

• Can shave daily peak flow 
in DW to reduce effluent 
pumping costs 

• Potentially cash flow 
required depending on 
remediation requirements 

• EQ provides flexibility for 
future construction MOPO 

 

CO
N

S 

• Only achieves seasonal BNR 
• Stranded assets in disk filters 
• Stranded assets in clarifier 

modifications 
• Less reliable clarifier 

performance until Phase II 
• Need sidestream treatment 
• O&M complexities due to 

two effluent qualities 

• Need to move buildings 
delays getting to the creek by 
two additional years over 
CAS Option 1  

• Permitting and 
environmental process 
poses additional risk 

• Land acquisition and 
restoration requirement 
poses additional risk 

• Option does not provide 
synergy with future 
nutrient removal 

1Conservative place holder for costs. Better use of existing infrastructure is pending condition assessment of the 
existing CCTs 
2Achieves year-round BNR but not BACWA level 2 standards during coldest months 
 
 
 

Phase 
CAS Option 1 

Clarifier Modifications and 
Limited Seasonal BNR 

CAS Option 2 
New Early Clarifiers and Year-

round BNR 

CAS Option 3 
No Old Alameda Creek 

Discharge  
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8. Estimate of Probable Costs 
An American Association of Cost Engineers (AACE) estimate of probable costs was developed to 
determine project costs for each of the secondary treatment options and the individual packages. 
These cost estimates are summarized in this section and are detailed in Appendix 11.  

The cost estimates developed for this planning phase project can be considered between a Class 
3 and Class 4 estimate given the level of detail that has been defined for the options. Table 8-1 
summarizes the cost estimate classifications and the accuracy of each classification.  

Table 8-1 AACE Cost Estimate Classifications 

Estimate Level Project Level Basis Accuracy 

Class 5 – 
Factored Estimate 

Conceptual / 
Screening Similar -50% to 

+100% 
Class 4 –  
Equipment Factored 
Estimate 

Study / 
Feasibility 

Parametric model 
/ Major 

Equipment 
-30% to + 50% 

Class 3 –  
Budgetary Cost Estimate 

Budget 
Authorization 

Semi-detailed 
Unit Costs -20% to + 30% 

Class 2 –  
Control Budget Estimate 

Budget / Bid 
Estimate 

Detailed Take- 
offs -15% to + 20% 

Class 1 – 
Detailed Estimate 

Definitive 
Estimate 

Material Take-
offs -10% to + 15% 

8.1 Assumptions 

Several assumptions were made to develop the project costs including Division 1, contractor 
overhead and profit, subcontractor mark up, escalation, bonding and insurance, contingency and 
market conditions. These values were selected based on experience and knowledge of local 
conditions. The current market conditions, a “hot” construction market, were also considered. 
These values were slightly relaxed for future construction as it was assumed that the current 
construction market will “cool down” to normal conditions. The cost assumptions are 
summarized in Table 8-2. 
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Table 8-2 Cost Assumptions for Secondary Treatment Process Improvements Project 

 Typical Values, % Assumption, % Note 

Division 1 8-20 15  

Overhead 10-20 10  
Profit 10-18 15  

Subcontractor Markup 2.5-7 5  
Escalation 2-5 4 Annual 

Bonding / Insurance 2-6 3  

Contingency 25-50 30 For study or predesign 
Market Conditions Varies  Robust market 

TOTAL  82  

8.2 Operation & Maintenance Cost Assumptions 

Operations and Maintenance costs were only calculated for processes that were affected by the 
secondary treatment options. These were: 

• Intermediate pump station (primary effluent pumping) 

• Primary effluent equalization pumping  

• Process air demand  

• Aeration mixing demand 

• Nitrified recycle pumping demand 

• Clarifier mechanism  

• RAS pumping 

• WAS pumping 

• SWAS pumping 

• Chlorination flash mixing 

• Disk filtration 

• Dechlorination flash mixing 

• EBDA pump station 

• Old Alameda Creek pump station 

• MBR facility demand and membrane replacement 

• Sidestream treatment  

• Chemical addition for phosphorus removal 

• Operation personnel  
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O&M costs were calculated as additional O&M over current O&M costs. Where appropriate if 
there was no change assumed, this was noted. For intermittent costs, i.e. pumping to Old 
Alameda Creek, a percentage of time was assumed as summarized in Table 8-3. 

Table 8-3 Intermittent Process Usage Assumptions 

Intermittent Process % of time Note 

Primary Effluent Equalization 4% Wet weather only 
SWAS pumping 17% 10 minutes an hour 

Old Alameda Creek Pump 
Station 8% Estimated % of time greater than 43-mgd 

8.3 MBR Costs 

The MBR option is estimated to have a capital cost of approximately $390M. This covers all 
project elements as detailed in Table 8-4. 

 Table 8-4 MBR Project Costs2 

Scope Item Costs, $M 

PE Pump Station/ Fine Screens and Blower Building 44 
Aeration Basin Modifications 40 
Effluent Facilities  25 
MBR Facilities 250 
Plant Equalization and Storage 15 
Sidestream Treatment 16 

Total Capital Costs 390 
Total Project Costs1 505 
Annual O&M Costs  8.5 

1 30% for Engineering, CM, Legal and Administrative  
2Excludes campus building costs  
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8.4 CAS Option 1 – Modified Clarifiers and Limited Seasonal BNR Project Costs 

The CAS Option 1 is estimated to have a capital cost of approximately $265M. This covers all 
project elements as detailed in Table 8-5. 

Table 8-5 CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR Phase I and 
II Project Costs2 

Scope Item Costs, $M 

Phase I   
Existing Aeration Basin Modifications 27 
Existing Secondary Clarifier Modifications  13 
New Effluent Facility (CCT, De-Chlor) EBDA PS, OAC PS, 
Disk filters 38 

New Sidestream Treatment  14 
Phase I Subtotal Capital Costs  92 

Phase II   
New Intermediate Pump Station and Blower Building 33 
New PE Equalization Facility  9 
New Aeration Basin 8 11 
New Aeration Basin Volume (4.4 MG) 50 
New Secondary Clarifiers  70 

Phase II Subtotal Capital Costs 173 
Total Capital Costs 265 

Total Project1 Costs  345 
Annual O&M Costs  4.6 

130% for Engineering, CM, Legal and Administrative  
2 Excludes campus building costs  
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8.5 CAS Option 2 – New Clarifiers Early and Year-round BNR Project Costs 

The CAS Option 2 is estimated to have a capital cost of approximately $250M. This covers all 
project elements as detailed in Table 8-6. 

Table 8-6 CAS Option 2 – New Clarifiers Early and Year-round BNR Phase I and II 
Project Costs2 

Scope Item Costs, $M 

Phase I   
Existing Aeration Basin Modifications 33 
New Effluent Facility (CCT, De-Chlor) EBDA PS, 
OAC PS 32 

New Secondary Clarifiers 69 
New PE Equalization Facility  11 

Phase I Subtotal Capital Costs  145 
Phase II   
New Intermediate Pump Station and Blower 
Building 31 

Aeration Basin 8 11 
New Aeration Basin Volume 9-12 (4.4 MG) 46 
Sidestream Treatment  16 

Phase II Subtotal Capital Costs 105 
Total Capital Costs 250 

Total Project1 Costs  320 
Annual O&M Costs  4.6 

130% for Engineering, CM, Legal and Administrative  
2Excludes campus building costs  
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8.6 CAS Option 3 – No Old Alameda Creek Discharge Project Costs 

The CAS Option 3 is estimated to have a capital cost of approximately $280M. This covers all 
project elements as detailed in Table 8-7. 

Table 8-7 CAS Option 3 – No Old Alameda Creek Discharge Phase I and II Project Costs2 

Scope Item Costs, $M 

Phase I   
Existing Aeration Basin Modifications 23 
Existing Secondary Clarifier Modifications  37 
Secondary Equalization  69 

Phase I Subtotal Capital Costs  98 
Phase II   
New Intermediate Pump Station and Blower 
Building 30 

New PE Equalization Facility  8 
New Aeration Basin 8  11 
New Aeration Basin Volume (4.4 MG) 46 
New Secondary Clarifiers 65 
New Effluent Facility (CCT, De-Chlor) EBDA PS, 
OAC PS 3 

Sidestream Treatment  16 
Phase II Subtotal Capital Costs 180 

Total Capital Costs 280 
Total Project1 Costs  360 
Annual O&M Costs  4.6 

130% for Engineering, CM, Legal and Administrative  
2Excludes campus building costs  
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8.7 Project Cost Comparison 

The project and O&M costs were combined to determine the net present value (NPV) of the 
options. These are summarized in Table 8-8. For all CAS Options the O&M costs per year were 
assumed to be similar. Note that the campus building costs were not included in the total project 
costs or NPV calculations. The campus building project was identified, scoped (planning level) 
and justified as part of the AWWTP Master Plan; as the project was recommended for reasons 
outside of this project, the costs are not part of this analysis. The costs are associated with this 
project and listed in Table 8-8 for reference. 

Table 8-8 Project Cost Comparison Summary 

Scope Item MBR Option 

CAS Option 1 
Clarifier 

Modifications 
and Limited 

Seasonal BNR 

CAS Option 2 
New Clarifiers 

Early and 
Year-round 

BNR 

CAS Option 3 
No Old 

Alameda 
Creek 

Discharge  
Phase I Project Costs1,3 505 120 190 128 
Phase II Project Costs1,3 -  225 135 233 

Total Project Cost3 505 345 320 360 
20 Year NPV O&M costs3 145 50 50 25 

NPV3 650 395 370 385 
Campus Building Costs2,3 66 66 66 66 

1Project Costs include 30% for Engineering, CM, Legal and Administrative 
2 From AWWTP Master Plan Analysis  
3Costs are in 2019 dollars. 

Table 8-8 shows that both the Project and O&M costs associated with the MBR option are 
significantly more costly than any of the CAS options that can be phased. As CAS Option 2 has the 
least stranded assets it has the most favorable net present value.  

The annual capital expenditures for each option were plotted to illustrate the lifecycle 
expenditures over time. Figure 8-1 and Figure 8-2 show the lifecycle expenditures over time for 
the MBR and CAS options, respectively. 
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Figure 8-1 MBR Option Lifecycle Expenditures Over Time 

It can be seen that the MBR project would require significant immediate investment as it cannot 
be phased. Furthermore, the overall cost of the MBR results in a cumulative total capital outlay 
(in 2040) of over $650M while the most expensive CAS option is less than $400M. 

 

Figure 8-2 CAS Options Lifecycle Expenditures Over Time 
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9. Best Value Solution  

9.1 Process Technology  

The District considered two technologies for the Secondary Treatment Process Improvements. 
The benefits, considerations, and costs of these options are summarized in Table 9-1.  

Table 9-1 MBR and CAS Technology Summary 

 MBR CAS 

Benefits 

• Excellent effluent quality  
• Compact technology 
• No settling sludge issues 
• Flexibility to produce recycled 

water  

• Lower Capital Costs 
• Lower O&M Costs  
• Phasing Options spread 

capital expenditures out over 
time 

• Flexibility for wet weather 
peaks 

• Familiar technology  

Considerations 

• High Capital Costs  
• High O&M Costs 
• No phasing options 
• Wet weather peak flow issues  
• New technology / training  

• Space requirements  
 

Total Project 
Costs1 $505M $320-345M 

1Excludes Campus Building Costs 

Due to the costs of the project and the ability to achieve the same standards with the CAS 
technology, the District decided to consider a CAS solution for the Secondary Treatment Process 
Improvements. 

9.2 CAS Phasing Options 

The District considered three CAS phasing options for the Secondary Treatment Process 
Improvements. The benefits and considerations and costs of these options are summarized in 
Table 9-2.  
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Table 9-2 CAS Phasing Options Summary 

 
CAS Option 1 – 

Clarifier Modifications 
and 

Limited Seasonal BNR 

CAS Option 2 – 
New Clarifiers Early  

Year-round BNR 

CAS Option 3 – 
No Old Alameda Creek 

Discharge  

Benefits 

• Achieves seasonal 
BNR (3 months) 
quickly to get to 
creek with a gap of 2 
years 

• Achieves improved 
clarification 
performance (over 
current) 

• Year round BNR2 
• No sidestream 

treatment required in 
Phase I 

• Greatest TN removal 
until more stringent 
standards imposed 

• No stranded disk filters  
• No clarifier 

modifications 
• Better clarifier 

performance 
• New RAS control in 

Phase I 
• 2.5 MG available for PE 

EQ 

• Simplified operation 
during wet weather 

• Storage provides 
flexibility for off spec 
water during dry 
weather 

• Can shave daily peak 
flow in DW to reduce 
effluent pumping costs 

• Potentially less cash 
flow required 
depending on 
remediation 
requirements 

• EQ provides flexibility 
for future construction 
sequencing 

Considerations 

• Only achieves 
seasonal BNR 

• Stranded assets in 
disk filters 

• Stranded assets in 
clarifier modifications 

• Less reliable clarifier 
performance until 
Phase II 

• Need sidestream 
treatment 

• O&M complexities 
due to two effluent 
qualities 

• Need to move 
buildings delays getting 
to the creek by two 
additional years over 
CAS Option 1  

• Permitting and 
environmental process 
poses additional risk 

• Land acquisition and 
restoration 
requirement poses 
additional risk 

• Option does not 
provide synergy with 
future nutrient removal 

Total Project 
Costs2 $345M $320M $360M 

1Achieves year-round BNR but not BACWA level 2 standards during coldest months 
2Excludes Building Campus Costs 
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Given the risks and time associated with permitting a secondary effluent equalization basin, the 
District decided to eliminate CAS Option 3 – No Old Alameda Creek Discharge from further 
consideration. Both CAS Option 1 – Clarifier Modifications and Limited Seasonal BNR and CAS 
Option 2 – New Clarifiers Early and Year-Round BNR achieve capacity improvements and the 
potential for creek discharge (pending discussions with SFBRWQCB). Table 9-3 summarizes the 
water quality difference between CAS Option 1 and CAS Option 2.  

Table 9-3 CAS Option 1 and Option 2 Nutrient Removal Potential Summary 

 
CAS Option 1 – 

Clarifier Modifications and 
Limited Seasonal BNR 

CAS Option 2 – 
New Clarifiers Early  

Year-round BNR 
Design  June 2019 June 2019 

Construction Start Mar 2021 Mar 2021 
Construction Completion May 2024 July 2025 

Gap between Potential Hayward Marsh 
ending and Phase I Completion  ~2 years ~4 years 

Annual Mass TN Reduction Achieved, % 20% 50% 
Years of BNR  8 years 6 Years 

Annual loads of TN removed 10 years 
after Hayward Marsh ends, %-yr 1.6 3 

Ammonia discharge to Creek  Not mitigated (seasonal 
BNR) 

BNR during wet 
weather 

Since CAS Option 2 has fewer stranded assets, better effluent quality, more reliable technology, 
and a lower cost, the preferred option is CAS Option 2.  

9.3 Preferred Alternative – Sequencing 

The District would like to execute the project quickly given the imminent closure of the Hayward 
Marsh. Figure 9-1 shows the estimated project schedule for CAS Option 2 – Phase I from the 
beginning of design, October 2019 to construction completion July 2026.  

 

Figure 9-1 CAS Option 2 - Phase I Estimated Construction Schedule 

















































































































































Historical Data Review – Yield

• Average Yield ~1 lb VSS/lb cBOD5 removed
• Typical low SRT plants 0.8 – 1.2



Historical Data Review – Secondary Process
Review

• MLSS showed slight increase over the period

• Accommodate increase in load to the secondary
system

• aSRT has been overall has been consistent over
the last 5 years

• Observed yield based on WAS VSS load is
consistent with low SRT plants

• Overall great quality data that we can use to
calibrate process model



Historical Data Review – Effluent Nutrients

Minimal to no nitrification

Effluent NH3 N= 39 mg/L (2013-2018)
Effluent NO3 = <0.5 mg/L



Historical Data Review – Effluent Summary

• On average effluent TSS well within limits

• No NH3-N removal through secondary system

• Effluent COD~50 mg/L

Final Effluent, mg/L

TSS 15

cBOD5 6.6

BOD5 14

COD 51

NH3 43

NO3 <0.5



BioWin™ Process

Model Special

Sampling

Results/Analysis
Joe Rohrbacher / Irene W. Chu



Special Sampling Diagram



Summary of Effort

Special sampling was a huge effort and a huge
thanks to District staff for the help and
hospitality

Measure Number

Days of Sampling 6

Samples Collected and Filtered 1,203

Samples Analyzed by District Lab 457

Samples Analyzed by Hazen 300

Samples Analyzed by Caltest 446



Influent Composite Sampling Results
(Unfiltered)

1Excluded from average value and fractions

Parameter 8/7/2018 8/8/2018 8/9/2018 8/10/2018 8/13/2018
Sampling
Average

Historical
Average

BOD5, mg/L 1931 297 295 264 262 262 ND

cBOD5, mg/L 201 219 223 223 265 226 257

COD, mg/L 802 724 743 676 742 737 721

TSS, mg/L 320 330 340 310 360 332 341

VSS, mg/L 300 300 310 290 320 304 ND

TKN, mg/L 53.0 54.0 57.0 52.0 54.0 54.0 52.8

NH3-N, mg/L 37.0 37.0 38.0 37.0 35.0 36.8 37

TP, mg/L 6.8 7.2 7.0 6.7 6.6 6.9 6.9

PO4-P, mg/L 2.6 4.3 2.9 3.0 2.8 3.1 ND

Consistent results that
agree with historical

data



Influent Composite Ratios

Sampling
Average

Historical Data Typical Range

COD:cBOD5 3.3 2.8 2.1 – 3.0

COD:BOD5 2.8 ND 1.8 – 2.5

cBOD5:BOD5 0.86 ND 0.8 – 0.9

Soluble COD fraction 0.38 ND 0.3 – 0.5

Particulate/Colloidal COD 0.62 ND 0.5 – 0.7

VSS:TSS 0.92 ND 0.8 – 0.9

Particulate COD:VSS 1.52 ND 1.3 – 1.9

NH3-N:TKN 0.68 0.72 0.6 – 0.8

cBOD5:TKN 4.2 5.3 4 – 8

cBOD5:TP 33 43 20 – 50

PO4-P:TP 0.45 ND 0.4 – 0.8

COD:cBOD5

slightly
higher

NH3-N:TKN
agrees

cBOD5:TKN
lower end of
typical range

COD:BOD5

slightly high



CB2 (Primary Effluent) Composite Sampling
Results (Unfiltered)

Parameter 8/7/2018 8/8/2018 8/9/2018 8/10/2018 8/13/2018
Sampling
Average

Historical
Average

BOD5, mg/L 161 158 157 173 200 170 ND

cBOD5, mg/L 141 130 126 147 174 144 150

COD, mg/L 430 379 367 398 433 401 370

TSS, mg/L 110 100 95 115 145 113 122

VSS, mg/L 99 90 90 110 115 101 ND

TKN, mg/L 54.0 56.0 57.0 55.0 59.0 56.2 ND

NH3-N, mg/L 44.0 46.0 44.0 44.0 46.0 44.8 42.4

TP, mg/L 6.7 3.3 7.1 6.9 6.8 6.2 ND

PO4-P, mg/L 3.3 3.9 4.0 4.1 3.8 3.8 ND



CB2 (Primary Effluent) Composite Ratios

Sampling
Average

Historical
Data

Typical
Range

COD:cBOD5 2.8 2.5 2.1 – 3.0

COD:BOD5 2.4 ND 1.8 – 2.5

cBOD5:BOD5 0.85 ND 0.8 – 0.9

Soluble COD fraction 0.49 ND 0.3 – 0.5

Particulate/Colloidal COD 0.45 ND 0.5 – 0.7

VSS:TSS 0.90 ND 0.8 – 0.9

Particulate COD:VSS 1.39 ND 1.3 – 1.9

NH3-N:TKN 0.80 0.84 0.6 – 0.8

cBOD5:TKN 2.6 3.1 4 – 8

cBOD5:TP 26 ND 20 – 50

PO4-P:TP 0.62 ND 0.4 – 0.8

COD:cBOD5

slightly
higher



Effluent Composite Sampling Results
(Unfiltered)

8/7 8/8 8/9 8/10 8/13
Sampling
Average

Historical
Data*

cBOD5 (mg/L) 6.1

COD (mg/L) 52 45 44 48 53 48 51

TSS (mg/L) 13 10 10 14 16 13 16

NH3-N (mgN/L) 39 40 41 40 40 40 39

TKN (mg/L) 43 45 44 45 44 44 46

TP (mgP/L) 3.1 2.8 3.3 3.6 3.2 3.2 2.6

Great
agreement



Summary of Profile Test Findings

• No nitrification in aeration
basins as expected

• P-uptake across aeration
tanks. P-release in RAS
and solids handling
processes



RECYCLE and SLUDGE Summary

Location %TS %VS
TKN

(mg/L)
TP

(mg/L)
TSS

(mg/L)
Historical %TS

Historical
TSS

(mg/L)

PS 0.3 54 ND ND

Degritted PS 0.2 48 ND ND

TPS 5.9 89 5.7

WAS 0.4 71 0.7 ND

PWAS 1.1 81 ND ND

TWAS 5.6 86 5.6 ND

Centrifuge Feed 2.2 71 ND ND

Dewatered Cake 24.1 72 24.5 ND

PS Thickener Overflow 60 9 210 ND 160

WAS Thickener Overflow 49 14 107 ND ND

GBT Filtrate 83 26 430 ND 366

Centrate 1,867 113 300 ND 200

Agreement
with

historical
values



Diurnal Sampling Findings

• Variations from pattern in
previous model

• Weekend PFs are slightly
higher than weekday and
follow a later schedule

• cBOD5 and TKN load PFs
follow similar trends

• PE peaking factors less
pronounced than influent

• Diurnal pattern important for
ammonia breakthrough
during wet weather



Summary of Influent Characteristic Findings

• Special sampling results correspond to
historical averages

• COD:BOD5 (2.8) higher than typical
(2.1 – 2.2)

• cBOD5:TKN (4.2) at lower end of
typical range (4 – 8)

• NH3-N:TKN (0.68) within typical range
(0.6 – 0.8)

• PO4-P:TP ratio (0.36) slightly below
typical range (0.4 – 0.8)



Break

10 min



BioWin Process Model

Calibration/Validation
Joe Rohrbacher
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