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How does the state continue to grow…
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…and reduce nutrient impacts so that we



• Why did we commission the study?

• Scope of the Study

• Evaluation Approach

• Modeling Overview

• Process Upgrade Examples

• Cost Evaluation

• Statewide Impacts
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Presentation Framework
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Why Did We Conduct the Study?

Benefits Costs
 
    
 
 
 
 
 

Low DO,  
Diurnal Swings in pH,  
Algae Blooms, 
Fish and Wildlife,  
Aesthetics,  
Recreation and navigation, 
Human & Animal Health, 
Permitting and TMDL 
PCPP, Hormones/Steroids, Vol 
Organics 

$$     ??



• Evaluate technologies for significant loading reductions of N and P

• Determine capital and O&M Costs

• Evaluate seasonal vs. year round nutrient removal 

• Consider differences between marine and freshwater discharges

• Nexus of nutrient removal and reclaimed water generation

• Excludes some ancillary costs (land, biosolids disposal, etc.)
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Study Scope
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Evaluation Approach
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Treatment Objectives

• Effluent Total Inorganic Nitrogen (TIN) [NH4
+ + NO3

‐ + NO2
‐2] 

 Objective A: 8 mg/L as N
 Objective B: 3 mg/L as N

• Effluent Total Phosphorus (TP)
 Objective C: 1 mg/L as P
 Objective D: 0.1 mg/L as P

• Effluent TIN and TP
 Objective E: 8 mg/L as N & 1 mg/L as P
 Objective F: 3 mg/L as N & 0.1 mg/L as P
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Other Considerations

• Assumed representative wastewater characteristics and design 
criteria

• 3 sizes representing WA treatment plants
• Other factors:

• Recycled Loads
• Sludge Production
• Energy Consumption
• Chemical Usage
• Footprint Requirements

• Reclaimed Water
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Reclaimed Water Evaluation

• Costs evaluated for Class A production with groundwater recharge
• Year round & Seasonally for existing plants at their capacity

• Assumed the following: 
• Meet Objective A
• Upgrade/Replace Disinfection to UV process
• Post‐Chlorination sodium hypochlorite for minimum residual of 0.5 mg/L
• New filtration process with coagulation/flocculation for plants w/o MBRs
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Design Assumptions

Constituent Design Criteria 

Annual Average Flow ......................................... 100 gallons per capita per day (gpcd) 
Average Wet-Weather Flow ............................... 120 gpcd 
Maximum-Month Wet-Weather Flow ................ 160 gpcd 
Average Dry-Weather Flow ................................ 80 gpcd 
Maximum-Month Dry-Weather Flow ................ 110 gpcd 
Peak-Day Flow ................................................... 275 gpcd 
BOD5  ................................................................. 0.22 pounds per capita per day (ppcd)a 

TSS ..................................................................... 0.25 ppcd a 
Total Kjeldahl Nitrogen (TKN) as N .................. 0.032 ppcd a 
Organic Nitrogen as N ........................................ 0.013 ppcd a 
Ammonia as N .................................................... 0.019 ppcd a 
Total Phosphorus as P ......................................... 0.0076 ppcd a 
Organic Phosphorus as P .................................... 0.0028 ppcd a 
Inorganic Phosphorus as P .................................. 0.0048 ppcd a 

  

a. Values are from Table 3-12 Metcalf &Eddy 2003 



• Extended aeration (EA)

• Conventional activated sludge (CAS)

• Sequencing batch reactors (SBR)

• Fixed film systems (FF)

• Membrane biorectors (MBR)

• High-purity oxygen activated sludge (HPO)

• Lagoons

• Septic treatment (SPT)
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Treatment Processes Evaluated
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What was Investigated?

• Overall feasibility
• General nature and extent of necessary process modifications
• Capital and O&M costs associated with upgrades
• Year Round vs. Seasonal for all 6 Objectives
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What about the Modeling?

• BioWin used in all evaluations
• Established existing performance
• Evaluated each nutrient objective
• Generic, hypothetical WWTPs

• Modeling Assumptions
• 1‐MGD base case + upgrade scenarios
• All size/process parameters from
the “Orange Book”
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1 MGD Design Criteria
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Cost Evaluation

• Cost curves generated for capital and O&M costs 
• Includes 3 treatment capacities for existing processes
• Covers full range of existing plants utilizing that specific process
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Cost Estimation Basis

• CapdetWorks 2.5 for capital and O&M estimation
• ENR Cost Index – 8860 (January, 2010)
• Marshall and Swift Index – 1448 (January, 2010)
• Pipe Cost Index – 794.5 (January, 2010)
• Capital Costs included the following adjustment:

• 12% increase for instrumentation and controls
• 7% increase for general site, structural, and electrical modifications 
• 10% increase of estimated unit construction costs for demolition
• New processes (e.g., MBRs) used manufacturer and state supplied data

• Class 5 Planning Estimate  ‐50% to 100% accurate
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Unit Cost Examples



• Modified Ludzack Ettinger for denitrification 

• Membrane bioreactors for denitrification 

• Sequencing batch reactors for denitrification

• Four Stage Bardenpho for denitrification

• Denitrification Filters

• Methanol addition for denitrification 
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Upgrades Evaluated – N Removal



• Chemical addition: alum for P removal, Mg(OH)2 for pH control

• Tertiary Filters

• Operational changes only (both N and P)
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Upgrades Evaluated – P Removal
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Process Upgrade Examples
Typical CAS Process 

          Return Activated Sludge

Aerobic1o Clarifier  2o Clarifier  Eff luent                                        
(TIN ~ 20‐30 mg/L & TP~6‐8 mg/LInfluent                    

(TKN ~ 32‐48 mg/L)                
(TP~6‐8 mg/L)

Typical Modified Ludzack‐Ettinger (MLE) Process (Upgrade for TIN < 8 mg/L)

Influent Effluent  (TIN <8 mg/

Nitrate Recycle

          Return Activated Sludge

Anoxic 2o Clarifier 1o Clarifier  Aerobic
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Process Upgrade Examples
4‐Stage Bardenpho Process (4‐BDP) Upgrade for TIN < 3 mg/L

Influent

Nitrate Recycle

          Return Activated Sludge

Eff luent (TIN<3mg/L

Aerobic Aerobic
MeOH

Anoxic Anoxic 2o Clarifier 
1o Clarifier 

CAS Process Upgrade for TP < 0.1 by Chemical Precipitation and Filtration

Influent

          Return Activated Sludge

Aerobic1o Clarifier  2o Clarifier 
Alum Mg(OH)2

Eff luent (TP < 0.1 mg/L

Alum

FiltterFilter
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Existing CAS Evaluation
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CAS Upgrade for Obj. A -YR



• Recycled Loads
• Decrease TN ~33% in recycle; Decrease TP ~28%

• Sludge Production
• 168 ton/year (0.74 dry tons/ MG) – Existing

• 174 ton/year (0.76 dry tons/MG) – Upgrade

• Energy Consumption
• 150% increase process air; 2,088 kW-hour/ MG increase overall

• Chemical Usage
• Minimal, for MBR maintenance

• Footprint Requirements
• Need 2,000 SF

25

Other Design Considerations
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CAS Upgrade for Obj. A - Seasonal



• Recycled Loads
• Decrease TN ~12% in recycle; Decrease TP ~4%

• Sludge Production
• 168 ton/year (0.74 dry tons/ MG) – Existing

• 167 ton/year (0.73 dry tons/MG) – Upgrade

• Energy Consumption
• 17% increase process air; 754 kW-hour/ MG increase 

• Chemical Usage
• None

• Footprint Requirements
• Need 1,000 SF
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Other Design Considerations
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Capital Cost Curve
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O&M Cost Curve
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CAS Upgrade for Obj. D 



• Recycled Loads
• No significant effect

• Sludge Production
• 168 ton/year (0.74 dry tons/ MG) – Existing

• 229 ton/year (1.0 dry tons/MG) – Upgrade

• Energy Consumption
• 21% increase; 192 kW-hour/ MG increase 

• Chemical Usage
• 256 gal alum/MG ; 128 gal Mg(OH)2 /MG

• Footprint Requirements
• Need 1,200 SF
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Other Design Considerations
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Capital Cost Curve
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O & M Cost Curve

y = 0.2648x‐0.123
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State Wide Cost Impacts

• Cost models from each objective applied to all POTWs
• Used treatment types, max month capacity with models for estimation of costs for 

specific plants

• All costs totaled by treatment type
• Capital costs, Annual O&M and 20-year annualized total cost

• Includes estimating statewide rate impact
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State Wide Costs – Capital/Year Round

 
ESTIMATED CAPITAL COSTS FOR YEAR AROUND NUTRIENT REMOVAL UPGRADES OF 

ALL TREATMENT PLANTS IN WASHINGTON 

 Obj. A Obj. B Obj. C Obj. D Obj. E Obj. F 
Effluent TIN Limit (mg/L): <8 <3 — — <8 <3 

Effluent TP Limit (mg/L): — — <1 <0.1 <1 <0.1 
Existing Plant Type Estimated Capital Cost ($ millions, 2010) 

Year-Around Nutrient Removal 
Extended Aeration (Mechanical Aeration) 204 239 29 133 221 360 
Extended Aeration (Diffused Aeration) 4 7 3 11 5 16 
Extended Aeration (with Biological Nutrient Removal) 29 128 75 328 94 414 
Conventional Activated Sludge 1625 1773 142 559 1725 2253 
Sequencing Batch Reactor 7 28 18 54 18 76 
Trickling Filter 177 195 15 58 186 246 
Rotating Biological Contactor 140 155 13 47 148 197 
Trickling Filter/Solids Contact 193 207 15 59 193 252 
Membrane Bioreactor 0 0 11 10 11 11 
Lagoons (Aerated) 773 797 163 234 836 931 
Lagoons (Facultative) 170 182 40 62 184 218 
High Purity Oxygen 942 1134 N/A N/A 942(1) 1134(1)

Statewide Total $4,264 $4,844 $522 $1,555 $4,564 $6,107

Note: (1) costs are for nitrogen removal only       
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State Wide Costs – Capital/Seasonal

 
ESTIMATED CAPITAL COSTS FOR YEAR AROUND NUTRIENT REMOVAL UPGRADES OF 

ALL TREATMENT PLANTS IN WASHINGTON 

 Obj. A Obj. B Obj. C Obj. D Obj. E Obj. F 
Effluent TIN Limit (mg/L): <8 <3 — — <8 <3 

Effluent TP Limit (mg/L): — — <1 <0.1 <1 <0.1 
Existing Plant Type Estimated Capital Cost ($ millions, 2010) 
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State Wide Costs – O&M/ Year Round 

ESTIMATED ANNUAL O&M COSTS FOR YEAR AROUND NUTRIENT REMOVAL UPGRADES 
OF ALL TREATMENT PLANTS IN WASHINGTON 

 Obj. A Obj. B Obj. C Obj. D Obj. E Obj. F 
Effluent TIN Limit (mg/L): <8 <3 — — <8 <3 

Effluent TP Limit (mg/L): — — <1 <0.1 <1 <0.1 
Existing Plant Type Estimated Annual O&M Cost ($ millions, 2010) 

Year-Round Nutrient Removal 
Extended Aeration (Mechanical Aeration) 0 13 9 14 16 26 
Extended Aeration (Diffused Aeration) 0 0 0 1 1 1 
Extended Aeration (with Biological Nutrient Removal) 0 0 16 33 11 38 
Conventional Activated Sludge 45 57 55 69 90 122 
Sequencing Batch Reactor 0 9 1 3 0 12 
Trickling Filter 5 7 4 6 9 12 
Rotating Biological Contactor 5 6 4 4 8 11 
Trickling Filter/Solids Contact 4 6 6 7 9 12 
Membrane Bioreactor 0 0 1 2 1 2 
Lagoons (Aerated) 24 28 10 12 31 37 
Lagoons (Facultative) 7 8 2 2 10 12 
High Purity Oxygen 44 53 N/A N/A 44(1) 53(1) 

Statewide Total $135 $187 $108 $152 $230 $338 

Note: (1) costs are for nitrogen removal only       
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Impact to Sewer Rates -YR
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Impact to Sewer Rates - Seasonal
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Water Resource Inventory Area
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Year Round Capital and O&M Costs
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Critical Season Capital and O&M Costs



43

Puget Sound Area Example
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Puget Sound Area Example
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Reclaimed Water Needs

• MBR Treatment Upgrades

• Need UV process to meet virus reduction and disinfection standards

• Post chlorination systems for maintenance of residual in distribution system

• Non-MBR

• Need UV process to meet virus reduction and disinfection standards

• Post chlorination systems for maintenance of residual in distribution system

• New filtration process with coagulation/flocculation
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Reclaimed Water Costs – Non MBR
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Reclaimed Water Costs –MBR
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Conclusions for Nitrogen Removal 

Seasonal removal more cost effective (per lb. N removed)

Year round – higher capital investment but removes 40% more/year

Reductions to 3mg/L produces additional sludge

8 mg/L uses 2-3x more electrical energy

Energy recovery from methane gas production through digestion 

produces 5-10% less
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Conclusions for TP Removal 

Seasonal removal less cost effective (per lb. P removed)

Similar capital investments seasonal or year round

Year round – removes 40% more/year

Chemical precipitation produces 20-35% more sludge

TP <1 mg/L increases energy consumption by 15-20% 

statewide
49



Questions?

Contact:
Eleanor Key, Permitting Policy Lead
WA Department of Ecology, Water Quality Program
(360) 407-6433
ekey461@ecy.wa.gov
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