Pilot Testing Supports ASR Decision Making
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ASR Water Quality Issues




Aquifer Storage and Recovery (ASR) WQ Issues

Arsenic Release Microbial Fate
and Transport
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Regulatory Framework

Comparison
State Washington Oregon
GW Quality Ecology WAC 173-200 Water Resource Dept,
Protection Antidegradation, Criteria OAR 690-350, Standards,

Drinking Water
Treatment

ASR Permitting

DOH Office of DW Regs

Underground Artificial
Storage and Recovery
Reservoir Permit,

DOH Treatment Approval

Treatment Requirements

OHA Drinking Water
Services Regs

Limited License for ASR
Testing, Water Right,
ASR permit




New Water Supplies Being Used for ASR

Stormwater Industrial and Municipal Reuse

Stormwater Runoff
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ater
. Stormwater runoff ends up in

local creeks, streams, lakes,
Gttrone rivers, and /or the ocean.




Pilot Testing Case Studies

Beaverton ASR Pilot Testing

BEAVERTON PURPLE PIPE

Connecting the right water with the right uses.
Ve 5

Beaverton
OREGON
>
CleanWater Services E“En'& sn"s

CONSTRUCTION GROUF, LLC

[rGSI e 7 consor é FICV(V)

Water Solutions, Inc. A Geo-Lagic Conpany

Othello ASR Demonstration Project
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Source Water Treatment System
City of Othello, Washington
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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
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JWC Water Supply System: 75% of summer water

Aquifer Storage and Recovery (ASR): 25% summer water
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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

SUMMER

RECOVERING STORMWATER
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Project Permitting, Stormwater Quality &

Quantity

State Regulatory Agencies

Oregon Water Resources
Department (OVWRD) OHA

e \/erifies that AR meets
requirements for drinking
water systems, if applicable

Oregon Health Authority
(OHA)

(OAR 333-061)

Oregon Department of
Environmental Quality
(DEQ)

OWRD

¢ | eads permit issuance
process

e \/erifies that water use is

allowed under OWRD rules,
sets conditions on use (OAR
690-350)

Limited
License for
Artificial

Recharge
(AR)

DEQ

¢ \erifies 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)




Stormwater Quality — Bacteriological, General Chemistry, and Metals
COl’s

Concentrations

Analyte Class

Total Coliform MPIr\ln/ LlOO 25 >2420 <1
Turbidity NTU 25 9.6 ND
Nitrate + Nitrite mg/L 20 0.27 ND
Sulfate mg/L 7 2.99 1.6
Manganese ug/L 8 126 48
lron ug/L 11 810 110
Aluminum ug/L 12 215 ND

Zinc ug/L 28 322 22



Stormwater Quality — Anthropogenic Compound COlI’s

Concentrations

Analyte Class

Di-n-octylphthalate ug/L 20 0.85 ND
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

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

Toluene ug/L 23 0.88 ND



Stormwater Treatment Pilot/Bench

Testing
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Water Quality — Bacteriological, General Chemistry, and Metals

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

Concentrations

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

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



Water Quality — Anthropogenic Compounds

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

Concentrations

Analyte Class
Di-n-octylphthalate ug/L ND-0.85 0.14 ND ND ND
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
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
Toluene ug/L ND-0.88 ND ND ND ND

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



Sterling Park
Stormwater Treatment
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Rendering of Sterling Park ASR 3 Pump Station and Stormwater Treatment Facility
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Slow Sand Filter O&M - Sterling Park ASR 3 Pump Station and Stormwater Treatment Facility

AQUIP Filter
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« 3-6 Years - Replace Media

GAC
 Backwash
 Annual Media Replacement
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City of Othello
& Regional Water Supply:
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Regional Water Supply Needs
» 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

100
Othello Water

—~ 200 Levels
]
m ________________________________________________
- *
j”_; 300
o
]
g 400 >250 ft
-E M
£ 500 ||
a LY e .
a

600

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020



New Source to Augment Groundwater




Irrigation Canals Have Seasonal Capacity

EL-68
(250 cfs)

= 8,500 afy of M&l water available
= Either canal could supply up to 12 MGD (May — Oct)
= \Water i1s High Quality

= ASR Extends Benefits to Year-round
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Pilot Testing Results

Table 1. Calculation Variables (P;..;)

Item Description Unit Value
fast Test pressure for required resolution fosi 17.47
Le Shape correction factor dimensionless 1
o Surface tension of water @ 5 °C dynes/cm 74.97
7] Water contact angle of membrane medium fdegree 0.00
BP ax Sum of backpressure and static head Josid 3.00

Since the testing pressure to be used is 25 psi or above and the pressure decay
is anficipated lower than 1 psi during the duration of the test for Pall MF system,
the resolufion criterion is satisfied.

PITCH DECK TITLE

Membrane Removal LRV
>4 for 3- micron and Larger
In Dally Calculations

Direct Integrity Test — All
Passed
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Summary Water Quality Sampling

Table 1 - Water Quality Results for Groundwater, Treated Recharge, and Storage
Project #140207 - City of Othello ASR Phase 2 Pilot Testing

mbient Well 8 | 1 reated Recharge] Storage
- — MCL / Groundwater
Analyte SMCL (ws;:gr;c;g-rgom
Group Parameter (unit) 5/10/2021 10/19/2021 4/5/2022
Aluminum (ug/L) 4.5 4.2 7.6 200 -
Antimony (ug/L) <0.050 0.118 0.066 6 -
Arsenic (ug/L) 0.61 0.74 <0.50 10 0.05
Barium (ug/L) 21.5 32.8 27.1 2000 1000
Beryllium (ug/L) <0.020 <0.020 <0.020 4 -
Cadmium (ug/L) <0.020 <0.020 <0.020 5 10
Calcium (mg/l) 2.49 20.0 7.7 - -
» Chromium (ug/L) <0.20 <0.20 0.2 100 50
I Copper (ug/L) 51.50 3.01 1.20 1300 1000
Q Iron (ug/L) 57 3.5 30.4 300 300
= Lead (ug/L) 1.970 0.167 0.793 15 50
© Magnesium (mg/l) 0.86 4.66 2.31 - -
(o] Manganese (ug/L) 10.6 0.78 7.37 50 50
= Mercury (ug/L) <0.20 <0.20 <0.20 2 2
Nickel (ug/L) <0.20 <0.20 <0.20 - -
Potassium (mg/l) 13.1 0.83 10.50 - -
Selenium (ug/L) <1.0 <1.0 <1.0 50 10
Silica (mg/l as SiO2) 61.1 4.6 41.6 - -
Silver (ug/L) <0.020 <0.020 <0.020 100 50
Sodium (mg/l) 75.5 2.19 54.10 - -
Thallium (ug;’L) <0.020 <0.020 <0.020 2 -




Summary of Water Quality

Table 1 - Water Quality Results for Groundwater, Treated Recharge, and Storage
Project #140207 - City of Othello ASR Phase 2 Pilot Testing

mbient Well 8 | reated Recharge] storage
- — MCL / Groundwater
Anaiye
Group Parameter (unit) 5/10/2021 10/19/2021 4/5/2022
Alkalinity (mg/l CaC03) 138 64.2 116 - -
Bicarbonate (mg/l) 132 64 113’ - -
K0} Bromide (mg/L) 0.15 <0.10 <0.10' - -
© Chloride (mg/l) 12.300 1.00 9.83' 250 250
o Fluoride (mg/l) 2.54 <0.20 1.3 4 4
c Nitrate/Nitrite (mg/l as N) <0.050 <0.050 <0.050' 10 10
o Phosphorus (mg/l as P) 0.047 <0.020 0.027' - -
5 Sulfate (mg/l) 29.00 9.79 241" 250 250
o Total Organic Carbon (mg/L) 0.60 1.30 0.6' - --
Total Suspended Solids (mg/L 36 <5.0 7.5 - —
Total dissolved solids (mg/l) 271 77.3 209’ 500 ~
Dissolved Oxygen ] 6.49 10.74 2.41 -- -
Field pH (std units) 8.09 7.45 8.32 -- --
Specific conductance (uS/cm @25C) 556 243 .1 160 700 -
Parameters 5o crature, water (deg C) 244 11.7 20.7 - -
Turbidity (NTU) 3.73 1.03 =
. Roli ABSENT ABSENT ABSENT 1
Bacteria - 5
Total Coliform ABSENT ABSENT PRESENT-I -- 1
Notes:

mg/l = milligrams per liter

ug/L = micrograms per liter

MCL = maximum contaminant level

SMCL = secondary maximum contaminant level

Results reported to Reporting Detection Limit (RDL)

Bold font indicates results exceeding MCL/SMCL

Iltalic font indicates results exceeding WAC 273-200 Groundwater Standard

1 Results from most recent sample not yet available. Those shown are from 3/8/2022

“ Bacteria not reanalyzed since 11/17 at beginning of storage. City will resample for coliforms before well startup
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Sampling Results

VOC Analyte List

No SVOCs,VOCs,
Herbicides, or Pesticides
Detected During Pilot Test

Table 2. Summary of Bacteria Monitoring Results DRAFT
Project #140207 - City of Othello Phase 2 Pilot Testing

City of Othello ASR Demonstration-Scale Test: Summary of Bacteria Monitoring

Raw Water Treated Water Well 8
Sample Date | Total Coliform|  E.Coli | Total Coliform |  E. Cali Total Coliform | E.Coli
Fre-Recharge (bockgrownd)
5/10/2021 — | —- - | - Present |  Absent
Facharge

5/12/2021" Present Present Absent Abszent - -
5/17/2021 <1 MPH/100mL | <1 BMPN/100mL

5/25/2021 -- -- Absent Abszent - -
6/10/2021 Present Present Absent Abszent - -
7/6/2021 -- - Absent Abszent - -
8/10/2021 488 MPN/100 mL* | 3.5 MPN/100 mL - - - _
8/19/2021 Present Present Absent Abszent - -
10/19/2021 Present Present Absent Abszent - -

Storage Phose
11/16/2021 - — - — Present Absent
11/29/2021 - — - - Absent Absent
2/8/2022 - — - — Absent Absent
5/3/2022 -- - -- - <1 MPN/100mL <1 MPN/100mL
7/20/2022 <1 MPN/100mL <1 MPN/100mL
Aecovery Phosa

7/13/2023 Absent Absent
7/13/2023 Absent Absent
7/13/2023 <5 MPN/100mL <5 MPN/100mL

1. Samples collected in advance of initiating full-scale recharge. Treated sample collected on 5/13/21
2. Count is for Fecal Coliform



Othello Water Quality Challenges

OTHELLO RAW WATER TURBIDITY, NTU

100 NTU * \Wind Causes Large
) Turbidity Spikes

« Potential Algae in
Canals

» Potential for Spills

24/08 00:00 26/08 00:00 28/08 00:00 30/08 00:00

29
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Predesign - 2024
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Lee Odell, PE

| ee.odell@consoreng.com
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ASR Arsenic Release

ASR WELL 1,100 FT SZMW
80
= A ASR WELL C. OKF-100U 1,100-FT SZMW
0] ® RECHARGE 8 gsg::gce;s
60 g :Tecovizv o O RECOVERY
3 i,
z " had
" B g |
Z 30 & 50 | \ K
w m 4 \
Z I e . ‘ NCL
< 204 - | |
. 49 AC.TIF :
10 i T 0| = ;
> CYCLE1 | CYCLE2 CYCLE 3 CYCLE 4 CYCLE1 CYCLE2 CYCLE3 CYCLE 4
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 |
TIME, IN DAYS TIME, IN DAYS

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

32 Kissimmee River ASR Cycle Testing, US COE, 2009 — 2013

June Mirecki, PhD, Jacksonville District
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ASR Microbial Fate and Transport
(Joan B. Rose and David E. Johns, University of South Florida, 2002)

Log reduction/day

%]

Bacterial Log Reductions in Recovered Groundwater,

(Per day by Temperature Group)

1.8

1.8

1.4

Bl Coliform bacteria
B Enterococci
O Salmenella spp.

H Shigella spp.

0.8

0.8

0.4

0-10

11-15 18 -20

Temperature Group, C

26 -30




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

Disinfection Byproduct Reduction:

Centennial WSD, Denver, CO

100

Ug/I

50

BG' RC1 RC2 RC3

34 background recharge

9 16 23 30 49 56

storage (days)

HTTHM
H HAA

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



ASR Disinfection By Products -
Jason Pulley, City of Salem, THM Concentrations and Cumulative Storage Volume

[ ] Cumulative Volume
— — THM Concentration
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ASR - Disinfection By Products

City of Yakima ASR Project — Chris Pitrie,, 2013 PNWS AWWA Conference

Drinking
water 80 Residual
: Cl gone
standard DBP.'S form "“."“"e Matural Attenuation
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25 i
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]
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Date
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ASR Mixing Zone Requirements
Larry Eaton & Jason Melady,, City of Cornelius ASR Project, 2015

Total Dissolved Solids during Mixing Analysis
Cornelius, Oregon
1000
Background Total Dissoheed Solids (Mative Groundwater Sample), TDS = 870 .
#
e
00 Predicted o
TOS = 673 s~
/ T
700 20,400 gallons w-ered Vo s end of Recovery at 12:30
75%of Injected 51,450 gallons Recoverad
" 39,100 gallons Recovered 130% of Injected
= 600 19,600 gallons Recovered 100% of Injected Th = 767
R DS = 702
2
Tﬁ 500 e
& A predicted TDS = 476
— r
- s
2 400 —
= R —~__ 5,800 gallons Recoverad
~ 25% of Injected
' TDS = 403
300 ~
A predicted TDS = 278
200
s I .
100 Awerage Source Water Total Dissolved Solids, TDS = BD
ﬁ Start of Recovery at 9:20
TDE=E1
o
2200 9:20 9:40 10000 10:20 10040 1100 11:20 11:40 1200 1220 1z:40 1300
3/25/2015
Kiote: All TDS values caiculated based on fieid conductivity neacings, with the exception
of the: Native Groundwater sample. A conversion fachor of 0.63 was uses, wihich was
W5 Wi Meter (Surface Discharge Pipelineg) — — predicted Mixing Trend Deazed on the sampie and field conductiity measured during the constant
b bask. This falls within thie consersion factor range of 053 to 073 from LSS5,
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