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ASR Water Quality Issues



Aquifer Storage and Recovery (ASR) WQ Issues
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Regulatory Framework
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State Washington Oregon

GW Quality 

Protection

Ecology WAC 173-200 

Antidegradation, Criteria

Water Resource Dept, 

OAR 690-350, Standards, 

Treatment Requirements

Drinking Water 

Treatment

DOH Office of DW Regs OHA Drinking Water 

Services Regs

ASR Permitting Underground Artificial 

Storage and Recovery 

Reservoir Permit,  

DOH Treatment Approval

Limited License for ASR 

Testing, Water Right, 

ASR permit



New Water Supplies Being Used for ASR
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Stormwater Industrial and Municipal Reuse
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Pilot Testing Case Studies
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Beaverton ASR Pilot Testing Othello ASR Demonstration Project
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South Cooper Mountain
Annexed in 2013: 544 acres, 3,500 new homes, 
2,200-student high school and future elementary school; approximately 
9,000 population



JWC Water Supply System: 75% of summer water 
Aquifer Storage and Recovery (ASR): 25% summer water



Stormwater to Augment Non-potable Supply 
• City partnered with Clean Water Services to conduct a feasibility study with OWRD grant in 2016-2017

• Benefits of the concept:

– Enhanced groundwater supply   -- Mitigate flow and temperature issues to local streams

– Reduced stormwater runoff   -- Reduce surface water demand

– Increase capacity to stormwater infrastructure



Project Permitting, Stormwater Quality & 
Quantity

State Regulatory Agencies

Oregon Water Resources 

Department (OWRD)

Oregon Health Authority 

(OHA)

Oregon Department of 

Environmental Quality 

(DEQ)
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Limited 
License for 

Artificial 
Recharge 

(AR)

OHA

• Verifies that AR meets 
requirements for drinking 
water systems, if applicable 
(OAR 333-061)

OWRD

• Leads permit issuance 
process

• Verifies that water use is 
allowed under OWRD rules, 
sets conditions on use (OAR 
690-350)

DEQ

• Verifies that AR well is 
authorized by DEQ (1200-U 
permit)           OAR 340-044

• Verifies that Limited License 
meets water quality 
requirements  (anti-
degradation, MCLs, protect  
human health)                            
OAR 340-040, 340-044



Stormwater Quality – Bacteriological, General Chemistry, and Metals 
COI’s

Analyte Class Analyte Units

Concentrations

n-=
Sterling Park Stormwater  

Average Concentration 

Background 

Groundwater

Bacteriological Total Coliform
MPN/100 

mL
25 >2420 < 1

Gen. Chem.

Turbidity NTU 25 9.6 ND

Nitrate + Nitrite mg/L 20 0.27 ND

Sulfate mg/L 7 2.99 1.6

Metals

Manganese ug/L 8 126 48

Iron ug/L 11 810 110

Aluminum ug/L 12 215 ND

Zinc ug/L 28 322 22



Stormwater Quality – Anthropogenic Compound COI’s 

Analyte Class Analyte Units

Concentrations

n=
Sterling Park Stormwater  

Average Concentration 

Background 

Groundwater

PAHs Di-n-octylphthalate ug/L 20 0.85 ND

Pesticides

2,4-D ug/L 9 1.32 ND

Paraquat ug/L 7 2.6 ND

MCPP-p ug/L 2 0.26 ND

Diuron ug/L 7 0.08 ND

Triclopyr ug/L 7 0.11 ND

PFAS/PFOA

PFHxA ug/L 2 0.0035 ND

PFOA ug/L 2 0.0048 ND

Perfluorononanoic acid ug/L 2 0.0010 ND

Perfluorodecanoic acid ug/L 2 0.0012 ND

PFOS ug/L 2 0.0064 ND

Petroleum Hydro Toluene ug/L 23 0.88 ND



Stormwater Treatment Pilot/Bench 
Testing

Mixed media 

filter

Mixed media 

filter

GAC Filter

GAC Filter

UV 

Reactor

UV 

Reactor

UV 

Reactor

1 micron 

filter

Ultrafiltration 0.04 micron 

filter

Coagulant and 

Pressure Sand 

Filter

Slow Sand Filter

Raw Stormwater

• Turbidity/TSS

• Microbiological

• Metals

• Synthetic 

Pesticides

• PAH’s

• Petroleum 

Hydrocarbons

• PFAS/PFOA

Treated Effluent

• Turbidity/TSS

• Synthetic Pesticides

• PFAS/PFOA

Treated Effluent

• PAH’s

• Pesticides

• PFAS

• Metals

Treated Effluent

• PFAS/PFOA

Treated Effluent

• Below background  

B

A

C



Water Quality – Bacteriological, General Chemistry, and Metals

NOTE: Table only shows analytes with concentrations in raw stormwater above background in native basalt groundwater

BLUE = Treatment reduces analyte concentration to below background

ORANGE = Treatment reduces analyte concentration, but not to below background

BLACK = Treatment raises analyte concentration, or analyte not significantly affected by treatment 

Analyte Class Analyte Units

Concentrations

Raw Stormwater  

Pilot Testing

Treated Stormwater            

Package System

A

Treated Stormwater 

Coagulant/Pressure 

Filter/GAC

B

Treated Stormwater 

SS/Package/GAC

C

Background 

Groundwater

Bacteriological Fecal Coliform MPN/100 mL > 2,420 < 1 < 1 < 1 < 1

Gen. Chem.

Nitrate + Nitrite mg/L 0.26-0.46 0.32 0.21 0.28 ND

Sulfate mg/L 2.3-3.9 48 19 59 1.6

Metals

Manganese ug/L 29-170 130 41 15 48

Iron ug/L 460-530 250 180 120 110

Aluminum ug/L 140-430 110 1100 330 ND

Zinc ug/L 130-690 29 130 ND 22



Water Quality – Anthropogenic Compounds 

NOTE: Table only shows anthropogenic compounds that were detected in stormwater

BLUE = Treatment reduces analyte concentration to below background

ORANGE = Treatment reduces analyte concentration, but not to below background

BLACK = Treatment raises analyte concentration, or analyte not significantly affected by treatment 

Analyte Class Analyte Units

Concentrations

Raw Stormwater  

Pilot Testing

Treated 

Stormwater            

Package 

System

A

Treated Stormwater 

Coagulant/Pressure 

Filter/GAC

B

Treated 

Stormwater 

SS/Package/GAC

C

Background 

Groundwater

PAHs Di-n-octylphthalate ug/L ND-0.85 0.14 ND ND ND

Pesticides

2,4-D ug/L 1.7-2 0.63 0.14 ND ND

Paraquat ug/L ND-2.6 ND ND ND ND

MCPP-p ug/L 0.11-0.6 ND ND ND ND

Diuron ug/L ND-0.08 ND ND ND ND

Triclopyr ug/L 0.094-0.13 0.087 ND ND ND

PFAS/PFOA

PFHxA ug/L 0.0027-0.0046 0.0021 0.00355 ND ND

PFOA ug/L 0.0045-0.0051 0.0031 0.0038 ND ND

Perfluorononanoic acid ug/L ND-0.002 ND ND ND ND

Perfluorodecanoic acid ug/L ND-0.0024 ND ND ND ND

PFOS ug/L 0.0044-0.0093 0.0044 0.0044 ND ND

Petroleum Hydro Toluene ug/L ND-0.88 ND ND ND ND



Sterling Park 

Stormwater Treatment 

Process Flow



Rendering of Sterling Park ASR 3 Pump Station and Stormwater Treatment Facility



O&M - Sterling Park ASR 3 Pump Station and Stormwater Treatment FacilitySlow Sand Filter
• Seasonal Schmutzdecke 

removal
• 10 Years – Replace Media

AQUIP Filter
• Seasonal Media Removal
• 3-6 Years – Replace Media

GAC
• Backwash
• Annual Media Replacement

UV
• Monitor Performance
• Bulb Replacement

Chlorination System
• Brine Tank Filling
• Monitor Performance

Water Quality & Instruments
• Monitor Performance
• Periodic Grab Samples

Wells & ASR Valves
• Monitor Performance



City of Othello 
Regional Water Supply:

Source Development & 
ASR 



▪Groundwater Declining throughout the Columbia Basin 

▪Ag and Other Users Need Surface Water for Sustainability 

▪OCR Implementing Source Exchange (Odessa GW Replacement) 

▪Municipalities Also Impacted by GW Depletion

>250 ft

Regional Water Supply Needs

Othello Water 
Levels



New Source to Augment Groundwater



Irrigation Canals Have Seasonal Capacity

Potholes 
(1,200 cfs)

EL-68 
(250 cfs)

◼ 8,500 afy of M&I water available

◼ Either canal could supply up to 12 MGD (May – Oct)

◼ Water is High Quality

◼ ASR Extends Benefits to Year-round



EL-68 Canal

Neutralization Skid

Pond

Hydrant

Treatment Trailer

Treated Water Pipeline

Well 8

Raw Water Feed Tank

Raw Water Influent Line
(buried)

Diversion Pump



Pilot Testing Results

Membrane Removal LRV 

>4 for 3- micron and Larger 

in Daily Calculations

Direct Integrity Test – All 

Passed
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P I T C H  D E C K  T I T L E



Summary Water Quality Sampling
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Summary of Water Quality 
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Sampling Results
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Othello Water Quality Challenges
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DATE AND TIME

OTHELLO RAW WATER TURBIDITY, NTU

• Wind Causes Large 
Turbidity Spikes

• Potential Algae in 
Canals

• Potential for Spills

100 NTU



Predesign - 2024
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Thank
you

Lee Odell, PE

Lee.odell@consoreng.com

mailto:Lee.odell@consoreng.com


ASR Arsenic Release

32

Arsenic release occurred in Cycle 1 in ASR well, subsequent cycles did not show release.  

Arsenic concentrations in 1,100’ monitoring well showed attenuation during storage period

Attenuation trends occurred in Cycles 3 and 4

Kissimmee River ASR Cycle Testing, US COE, 2009 – 2013

June Mirecki, PhD, Jacksonville District



ASR Microbial Fate and Transport  
(Joan B. Rose and David E. Johns, University of South Florida, 2002)
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ASR Disinfection By-Products
Water Research Foundation, Aquifer Storage and Recovery of Treated Drinking Water, 
1996  Results shown for  Centennial Water and Sewer District, CO

Early studies showed 

attenuation of DBPs

Reduction of THMs may take 

significant amounts of time and 

certainly varies from place to 

place

More of a concern for single 

injection/recovery systems with 

Short Storage periods
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ASR Disinfection By Products -
Jason Pulley, City of Salem, THM Concentrations and Cumulative Storage Volume
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ASR – Disinfection By Products
City of Yakima ASR Project – Chris Pitrie,, 2013 PNWS AWWA Conference
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ASR Mixing Zone Requirements
Larry Eaton & Jason Melady,, City of Cornelius ASR Project, 2015
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