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BACWA Workshop: Nutrient 
Reduction by Treatment 
Optimization and Upgrades Update



 Watershed Permit Background

 Project Approach/Status

 Assumptions

 Case Studies

 Report Feedback

 Summary of Preliminary Wave 1 Load 
Reductions and Cost Estimates

 Additional Data Requests

 Group Annual Report

 Next Steps

 Q/A

Agenda



Watershed Permit Background



Watershed Permit



 Increase Understanding for each 
Plant and Subembayment
 Understand the Possible Cost and 

Load Reductions for:
o Optimization
o Sidestream Treatment
o Plant Upgrades
o Nutrient Load Reduction By Other 

Means
 Assist with making an informed 

decision for nutrient load reduction 
(if supported by sound science)

Project Purpose



Issued April 9, 2014 – Regional Water Board Order No. R2-2014-0014 
Requirements:
 Scoping and Evaluation Plan (Accepted first quarter of 2015)
 July 2018: Task 1 - Conduct treatment plant optimization and 

sidestream treatment evaluation for nutrient load reductions 
(Submittal deadline is July 2018)
 July 2018: Task 2 - Conduct treatment plant upgrades and analysis of 

removal by other means for nutrient load reductions (Submittal 
deadline is July 2018)
 Annual Reporting (Annual submittal in October from 2015 through 

2018)

Watershed Permit Requirements



37 Participating 
Agencies



Project Approach and Status

Marketing is putting together 
different pics for dividers



Overview / Status of Study

Scoping
Plan

Evaluation
Plan

Data 
Collection 
& Analysis

Plant
Optimization

Sidestream
Treatment

Facility 
Upgrades

By Other 
Means

Nutrient
Reduction Plan

Synthesis

Completed In progress Upcoming

Reports are being prepared in 4 Waves.
Draft Wave 1 reports are complete and results will be shared today.



 Presented the approach to the 
Regional Board in December 2014

 Submitted in February 2015

 Accepted in February 2015

Scoping and Evaluation Plan - Timeline



Treatment Levels

Level Study Ammonia TN TP

Level 1 * Optimization -- -- --

Level 2 * Upgrades 2 mg N/L 15 mg N/L 1.0 mg P/L

Level 3 * Upgrades 2 mg N/L 6 mg N/L 0.3 mg P/L

* The seasonal impacts will be considered for all three treatment levels:
- Dry Season = May 1 to September 30
- Wet Season = October 1 to April 30



Data Review and Site Visits



 Use offline tankage
 Operate in split treatment mode
 Modify operational mode (e.g., raise 

SRT)
 Modify blower set points
 Add chemicals 

o P removal 
o To unlock downstream capacity

 Shut down aeration to create anoxic 
zones

 Process control instrumentation
 Add internal recycle for denitrification

Optimization Concepts



 Are you a candidate?
 Which Technology?

o Deammonification 
(i.e., Anammox)

o Conventional Nitrification

Sidestream Nutrient Load Contributions
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 Evaluate Master Plan and 
CIP for future upgrades

 Identify strategies to meet 
Level 2 and Level 3

 Select appropriate technology

 Determine cost, 
implementation 
requirements & plant impacts

 Consider innovative 
technologies

 Discuss ideas with plant staff 
and get feedback

Overview of Plant Upgrades

Adapted from Tetra Tech (2013) and Parker et al. (2011)

Emerging Status

Innovative Status

Conv Nit and/or Denite (SBR, conventional, etc.)

Sidestream Deammonification – Suspended 
Growth (DEMON®, CANON, Cleargreen, etc.)

Zeolite/Anammox

Nitritation/Denitritation 
(SHARON®)

Sidestream Deammonification – Attached Growth 
(AnitaMox®, DeAmmon®, OLAND®, etc.)

Ammonia Recovery Process (ARP)

Sidestream Seeding Liquid Stream  
(BAR, AT-3,  MAUREEN, etc.)
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Established Status

Pilot

First 
Demonstration

Research Status

Sidestream Deammonification – Granular 
Growth (Paques®)



Basic Assumptions



 Planning Periods and Load Projections
oOptimization: through year 2025 

(default: 0% change in flow; 15% increase in loads)
oUpgrades/Sidestream: plant permitted capacity

 Economic factors: 

Assumptions



Common Cost Estimating 
Factors
oEnergy: $0.17/kWh
oLabor: $150/hr
oChemicals: Bay Area Chemical 

Consortium costs
Greenhouse Gas Emissions

oEnergy: Bay Wide Assumption 
on Energy Type (eGrid EPA 
Value)

oChemicals: Unit Value for 
Mining/Manufacturing

Assumptions



 Estimate Capital, O&M, and Net Present Value Costs
o Dry and Wet Season
o N&P, N, and P removal 
oExclude current operating cost
Compare results by plant for unit cost for nutrient removal

o $/gpd capital
o $ Net Present Value
o $/lb N removed – cost for processes removing N
o $/lb P removed – cost for processes removing P

Cost Calculations



 Case 1
o High unit capital cost
o Modest unit removal cost
 Case 2

o Tweak plant already removing nutrient
o Low capital cost 
o Very high unit removal cost
 Case 3

o Easy to convert (existing tankage)
o Low operation cost
o Efficient overall nutrient reduction

Example Outcome

Case 1 Case 2 Case 3
Flow mgd 10 10 10
PV Cap $mil 7.0 1.0 4.0
PV total $mil 10.0 5.0 5.0
N removal mil lb 5.0 0.5 3.0
Investment $/gpd 0.7 0.1 0.4
Efficiency $/lb N 2.0 10.0 0.6

Unit Capital Cost ($/gpd capital)       Investment required to implement
Unit Nutrient Reduction Cost ($/lb)   Efficiency of removal



Case Studies
Oro Loma Sanitary District
City of Benicia
Delta Diablo



Oro Loma



 Introduce each concept considered and rationale on whether to carry forward in the 
analysis

Optimization Details – Concepts Analysis



 Describe the capital and operating elements for concepts carried forward

Optimization Details – Concepts Analysis



Oro Loma - Optimization

1

2

3

4

1. Chemical to primaries

2. Raise SRT, extend aeration 
tank, operate in SNDN 

3. Increase RAS return rate

4. Chemical to dewatering



Optimization
(A) Chemical to Primary
(C) Raise SRT, Operated ANX/AER
(E) Chemical to dewatering

Blower 
Building

A

E
E

.9

C



Optimization - Load Reduction

 Provide the projected ammonia, nitrogen and phosphorus discharge loads for the optimization 
concepts carried forward in the analysis



Optimization - Costs



Optimization - Ancillary and Adverse Impacts



Oro Loma – Sidestream Treatment

Return Sidestream 
Laden w/Nutrients

1. Nitrogen Removal Options:

a) Deammonification 
(i.e., anammox type) 
(default)

b) Conventional nitrification

2. Phosphorus Removal:
Chemical Precipitation
(Not Applicable for OLSD)



Sidestream - Facilities

Report will provide a list of the key capital elements for Sidestream Treatment of Ammonia/TN and TP



Sidestream – Costs

Deammonification Technology Recommended (Anticipate a 21% TN Load Reduction)



Upgrade Details – Facilities

Report will provide a list of the key capital elements for throughout the plant for Levels 2 and 3
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Oro Loma – Level 2

1. Chemical to primaries

2. Raise SRT, extend aeration 
tank, operate in SNDN 

3. Increase RAS return rate

4. Chemical to dewatering

5. Expand flow equalization

6. Replace mechanical aeration 
with fine-bubble diffusers and a 
blower building 

7. Sidestream treatment 
(Deammonication)



Level 2
(1) Chemical to primaries
(2) Raise SRT, extend aeration tank, operate as SNDN 
(3) Increase RAS return rate
(4) Chemical to dewatering
(5) Expand flow equalization
(6) Replace mechanical aeration with fine-bubble diffusers 

and a blower building (shown)
(7) Sidestream treatment (Deammonication)
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Oro Loma – Level 3

1
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4
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1. Chemical to primaries

2. Raise SRT, extend aeration 
tank, operate as SNDN 

3. Increase RAS return rate

4. Chemical to dewatering

5. Expand flow equalization

6. Replace mechanical aeration 
with fine-bubble diffusers and a 
blower building 

7. Sidestream treatment 
(Deammonication)

8. Filtration and chemical feed 
facilities



7

Polishing 
Filters

F

Flow 
Equalization

G

Level 3
(1) Chemical to primaries
(2) Raise SRT, extend aeration tank, operate as SNDN 
(3) Increase RAS return rate
(4) Chemical to dewatering
(5) Expand flow equalization
(6) Replace mechanical aeration with fine-bubble diffusers 

and a blower building (shown)
(7) Sidestream treatment (Deammonication)
(8) Filtration and chemical feed facilities
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Upgrade Details – Cost



Upgrade Details – Ancillary and Adverse Impacts



 Introduce two technologies 
specific for each plant

 Advantages and disadvantages 
for each technology

 Potential next steps for each 
technology

Upgrades – Emerging Technologies



Executive Summary



Benicia

Swap out aerial of Benicia



Optimization Strategy

1

1) Alum or Ferric Chloride Addition 
for TP Reduction



Optimization Siting



Optimization Costs



Sidestream Sidestream 
Treatment



Sidestream – Costs

Deammonification Technology Recommended (Anticipate a 11% TN Load Reduction) 
plus Chemical Precipitation for TP Removal (Anticipate a 32% TP Load Reduction)



Level 2 Upgrades

1) Construct alum storage and dosing facility, 
2) Demolition of existing RBC trains 
3) Construct 2, new aeration basins in MLE configuration, 
4) Retrofit existing aeration basins to a MLE configuration 
5) Construct caustic soda storage and metering facilities,
6) Construct 1, new secondary clarifier.



Level 2 Siting



Level 3 Upgrades

1) Alum storage and metering facilities for P removal 
2) Demolition of existing RBC trains 
3) Construction of new aeration basins in 4-stage Bardenpho configuration, 
4) Retrofit existing aeration basins to a 4-stage Bardenpho configuration 
5) Construct caustic soda storage and metering facilities, 
6) Construct methanol storage and metering facilities, 
7) Construct 1, new secondary clarifier and 
8) Construct tertiary filters



Level 3 Siting



Level 2 and 3 Upgrade Costs



Removal By Other Means

• Produce up to 2,200 AFY of Title 22 Recycled Water at the City of Benicia’s WWTP for 
use as cooling tower makeup water at the Valero Benicia Refinery and for irrigation 
water for other City customers



Executive Summary



Delta Diablo



Delta Diablo - Optimization

1
3

4

1) Optimize metal salt dosing to enhance existing P removal

3) Split treatment at the biotowers for ammonia removal

4) Add anoxic zone to aeration basin for total nitrogen removal (predicated 
on implementation of (3)) 



Optimization - Costs



Sidestream – Costs

Deammonification Technology Recommended (Anticipate a 17% TN Load Reduction)



Delta Diablo – Level 2 

1. New membrane bioreactor,

2. Convert aeration basin 
zone to anoxic zone 

3. External carbon source 
facilities

4. Alkalinity facilities

5. New BAF facilities

6. External carbon source 
facilities

7. New denitrifying filters

8. External carbon source 
facilities

9. Metal salt/polymer chemical 
facilities
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Level 2
3

2

Dry Season
Wet Season
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Delta Diablo – Level 3 

1. New membrane bioreactor,
2. Convert aeration basin 

zone to anoxic zone 
3. External carbon source 

facilities
4. Alkalinity facilities
5. New BAF facilities
6. External carbon source 

facilities
7. New denitrifying filters
8. External carbon source 

facilities
9. Metal salt/polymer chemical 

facilities
10. Rapid mix/flocculation tanks



Level 3
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Dry Season
Wet Season
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Upgrade Details – Cost



Executive Summary



Report Feedback/Comments



 Are findings consistent with the site visit recommendations?
Recommended process
 Site layouts
Cost
 Special considerations

o Recycled water
o Site constraints
o Greenhouse gas emissions constraints
o Others

We Need Your Feedback



Summary of Preliminary Cost and 
Load Reductions for Wave 1 Plants

All information presented is preliminary and subject to change. 



DRAFT Wave 1 Optimization Summary (Dry Season)

Facility

Permitted 
Capacity 
(ADWF)
mgd

Capital Cost
$ Mil

Total PV
$ Mil

Capital 
$/gpd

TN Cost 
$/lb N

TN Load 
Reduction 
lb N/d 

TP Cost 
$/lb P

TP Load 
Reduction 
lb P/d 

American 
Canyon 2.5 0.4 0.6 0.3 N/A N/A 3.8 45 

Benicia 4.5 0.4 0.6 0.2 N/A N/A 4.4 40 

Burlingame 5.5 1.4 1.5 0.5 0.5 540  2.3 140 

CCCSD 53.8 10.2 24.4 0.29 0.4 1,710  39 100 

Delta Diablo 19.5 5.6 6 0.4 1.4 1,150  21 20 

DSRSD 17 3.1 10.3 0.3 1.1 1,630  95 20 

Hayward 18.5 0.7 3.1 0.06 N/A N/A 1.6 530 

Livermore 8.5 N/A N/A N/A N/A N/A N/A N/A

Oro Loma 20 7.2 10.6 0.6 1.8 1,610  5.9 120 

Total / 
Flow 

Weighted 
Average

149.8 29 57.1 0.3 0.7 6,640 28.8 1,015

*Load reductions are projected to the midpoint of analysis period. 



DRAFT Wave 1 Summary of Level 2 Upgrades (Dry Season)

Facility

Level 2 Upgrades
Capital 
Cost
$ Mil

Total PV
$ Mil

Capital
$/gpd

TN Cost
$/lb N

TN Load 
Reduction
lb N/d 

TP Cost
$/lb P

TP Load 
Reduction
lb P/d 

American Canyon 16 16 6.3 164 10  1.8 50 

Benicia 24.1 27 5.4 6.6 360  2.2 60 

Burlingame 42.6 65 7.7 7.5 670  14 180 

CCCSD 180 248 3.4 3.4 5,600  N/A N/A

Delta Diablo 110 150 5.5 4.3 3,000  65 20 

DSRSD 70 120 3.9 3.8 2,200  760 10 

Hayward 174 219 9.4 13 1,500  1.3 640 

Livermore 21 23 2.2 1.9 1,100  N/A N/A

Oro Loma 28 35 1.4 1.3 2,500  14 50 

Total / FW Average 666  904  4  7  16,940  97  1,010 

*Load reductions are projected to the midpoint of analysis period. 



DRAFT Wave 1 Summary of Level 3 Upgrades (Dry Season)

Facility

Level 3 Upgrades
Capital 
Cost Total PV Capital TN Cost TN Load 

Reduction TP Cost TP Load 
Reduction

$ Mil $ Mil $/gpd $/lb N lb N/d  $/lb P lb P/d 

American Canyon 19 55 7.6 39 120  9.4 60 

Benicia 34 43 7.5 5.1 600  11 80 

Burlingame 56 85 10 6.6 980  14 210 

CCCSD 251 523 4.7 4.4 8,700  49 230 

Delta Diablo 120 160 6 4 3,600  29 60 

DSRSD 80 140 4.8 3.4 2,900  140 60 

Hayward 238 310 13 11 2,400  26 710 

Livermore 26 39 2.8 2.1 1,500  43 10 

Oro Loma 52 89 2.6 1.8 3,700  14 150 

Total / FW Average 875  1,444  6  5  24,500  46  1,570 

*Load reductions are projected to the midpoint of analysis period. 



Comparison of DRAFT Wave 1 Results (Dry Season)

Facility
Capacity 
(ADWF)
mgd

Optimization Level 2 Level 3

Capital Cost
$ Mil

Capital
$/gpd

Capital Cost
$ Mil

Capital
$/gpd

Capital Cost
$ Mil

Capital
$/gpd

American 
Canyon 2.5 0.4 0.3 16 6.3 19 7.6

Benicia 4.5 0.4 0.2 24 5.4 33 7.5

Burlingame 5.5 1.4 0.5 43 7.7 56 10

CCCSD 53.8 10.2 0.29 180 3.4 251 4.7

Delta Diablo 19.5 5.6 0.4 110 5.5 120 6

DSRSD 17 3.1 0.3 70 3.9 80 4.8

Hayward 18.5 0.7 0.06 174 9.4 238 13

Livermore 8.5 N/A N/A 21 2.2 26 2.8

Oro Loma 20 7.2 0.6 28 1.4 52 2.6

Total / 
Flow Weighted 

Average
149.8 29 0.3 666  4  875  6 



Comparison of DRAFT Wave 1 Results (Dry Season)

Facility
Capacity 
(ADWF)
mgd

Optimization Level 2 Level 3

TN Cost 
$/lb N

TN Load 
Reduction 
lb N/d

TN Cost
$/lb N

TN Load 
Reduction
lb N/d 

TN Cost
$/lb N

TN Load 
Reduction
lb N/d 

American 
Canyon 2.5 N/A N/A 164 10  39 120 

Benicia 4.5 N/A N/A 6.6 360  5.1 600 

Burlingame 5.5 0.5 540  7.5 670  6.6 980 

CCCSD 53.8 0.44 1,710  3.4 5,600  4.4 8,700 

Delta Diablo 19.5 1.4 1,150  4.3 3,000  4 3,600 

DSRSD 17 1.1 1,630  3.8 2,200  3.4 2,900 

Hayward 18.5 N/A N/A 13 1,500  11 2,400 

Livermore 8.5 N/A N/A 1.9 1,100  2.1 1,500 

Oro Loma 20 1.8 1,610  1.3 2,500  1.8 3,700 

Total / 
Flow Weighted 

Average
149.8 0.7 6,640 7  16,940  5  24,500 



Candidate Plants for Sidestream Treatment

Subembayment
Initial Screen: 

Eligible for Ammonia 
Reduction

Refined Estimate
Eligible for 
Ammonia 
Reduction

Eligible for Total 
Nitrogen 

Reduction
Suisun Bay 3 1 2
San Pablo Bay 8 2 6
Central Bay 6 6 6
South Bay 13 11 11
Lower South Bay 2 0 2
Total 32 20 27



Preliminary TN Discharge Load Reduction Potential with 
Sidestream Treatment (based on Current Dry Season)

Subembayment Annual Average Daily 
Discharge, lb N/d*

Preliminary Discharge 
Reduction Potential with 

Sidestream Treatment, %**
Suisun Bay 6,620 5-10%
San Pablo Bay 1,670 15-20%
Central Bay 12,250 20-25%
South Bay 23,140 12-16%
Lower South Bay 7,570 20-25%
Total 51,250 15-20%
*    Source: 2015 Group Annual Report
**   Based on plants identified as candidates for sidestream treatment to further reduce ammonia 

discharge loads to the Bay



What Predictions Can We Make Based on Early Results?

77



Projecting Preliminary Wave 1 Total N Results for All 
Plants (Dry Season)

a) Group Annual Report 2015 dry season average values
b) Based on current loads

Parameter Units Currenta Optimizationb Sidestreamb Level 2b Level 3b

Suisun Bay kg N/d 6,622  5,600 6,200 2,900 1,100

San Pablo Bay kg N/d 1,673  1,400 1,300 900 400

Central Bay kg N/d 12,254  10,400 9,200 3,600 1,500

South Bay kg N/d 23,135  19,700 19,200 8,100 3,200

Lower South Bay kg N/d 7,567  6,400 5,400 6,200 2,500

Total kg N/d 51,250  43,600 41,300 21,700 8,700

Load Reduction kg N/d ‐‐ 7,700 10,000 29,500 42,600

Load Reduction % ‐‐ 15% 19% 58% 83%



Projecting Preliminary Wave 1 Capital Cost Results for 
All Plants (Dry Season)

Parameter Units Optimization Sidestream Level 2 Level 3

Suisun Bay $ Mil 20 20 400 600

San Pablo Bay $ Mil 5 41 250 380

Central Bay $ Mil 19 72 670 1,000

South Bay $ Mil 43 123 1,050 1,570

Lower South Bay $ Mil 33 36 940 1,410

Total $ Mil 120 291 3,310 4,960



Additional Data Requests



Recycled Water

Purpose: To provide information regarding recycled water projects 
that could have an impact on nutrient loads and/or concentrations.



Capital Improvement Project

Purpose: To provide information regarding other CIP projects that 
could have an impact on nutrient loads and/or concentrations.



Group Annual Report



Group Annual Report Workbook – Due on 7/31/2016

The workbook was updated to properly handle NDs and DNQs



CIWQS limitations: problematic as a source of data for the 
Nutrient Annual Report.
o Some agencies have different discharge points that are not accounted 

for in the CIWQS download query.
o Recycled water flows and zero discharge periods are not consistently 

reported to CIWQS.
o Agencies report different parameters for some analytes.
Reduces Back and Forth QA/QC between HDR and 

Dischargers

Basis for Group Annual Report Input Workbook



Next Steps

Marketing is putting together 
different pics for dividers



 Release Wave 2 Reports 
(July 2016)

 Release Wave 3 Reports 
(late Summer 2016)

 Release Wave 4 Reports 
(Fall 2016)

 Submit Group Annual Report
(October 1, 2016)

 Release Draft Report 
(Year End)

Next Steps



Q/A
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