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What is ASR?
Water 


placed for 
storage in 
an aquifer 
by well 
injection


Water is 
recovered 
from the 
same (or 
proximate) 
well as 
needed







Enhanced Recharge Terminology
ASR - Aquifer Storage and 
Recovery


AR  - Artificial Recharge


MAR - Managed Aquifer 
Recharge


MUS - Managed Underground 
Storage


Automatic Speech Recognition 
(ASR)
Alkali Silica Reaction (ASR), 
Answer Seizure Ratio (ASR)
Annual Security  Report (ASR) 
Articular Surface (hip) 
Replacement' (ASR)
Acceleration/Slip Regulation 
(ASR)
Asian Soybean Rust (ASR)
Answer Supervision Ratio (ASR),
Automotive Shredder Residue, 
(ASR)
Artificial Silicon Retina (ASR) 
Americans for Secure Retirement 
Architects for Social Responsibility 
Artificial Surf Reefs (ASR) 
The Association for the Sociology 
of Religion (ASR)
Australian Seabird Rescue (ASR) 
in 1992
Accredited Seller Representative 
(ASR)







Why? Water Availability and Economics


Water Availability: Groundwater and 
Surface Water Supplies are 
increasingly over-allocated.  


Minimum instream flows
Conjunctive use policies


ASR Can Redistribute Supply Profile 
to:


Provide Peaking Capacity
Optimize WTP Operations
Leverage Available Water
Emergency Backup Supply
Large Project Deferral







ASR Project Applications/Benefits
Resource Management


• Low-impact new supply source
• Restore GW levels
• Reduce land subsidence
• Enhance wellfield production
• Prevent saltwater intrusion
• Surface water mitigation strategies 


Water Quality Management
• Response to turbidity events
• Improve water quality (e.g. pH, 


Iron/manganese, salinity)
Economics


• Defer Capital Costs
• Low Cost Supply/Source  Alternative
• WTP Design Optimization
• Thermal Storage







An Ideal ASR Setting
A deep confined aquifer with storage capacity; 
An area experiencing rapid growth and limited 
supply options;
A utility with seasonal turbidity issues; 
An existing network of groundwater extraction 
wells and distribution infrastructure that could be 
converted for ASR;
Planned significant new capital expenditures (WTP 
expansion, storage facilities)
MDD >> ADD







ASR Project Scale
Equus Beds - $200M
SAWS (San Antonio)
CERP  (Everglades Restoration)
Lakehaven – 10BG (planned)
Umatilla
Approaching 20 PNW Projects







ASR Project Development
Source Availability*
Hydrogeology*
Water Quality*
Permitting
System Integration
Design
Well Retrofit/Installation
ASR Testing
Operations and O&M


* Typically completed as a fatal flaw analysis. 


There’s no 
one size fit –
feasibility is 


utility-
specific







Typical ASR Issues
Water Rights


Existing
New
Reservoir
Secondary


Source and Distribution of Recharge Water
surface water and/or groundwater, timing, 
availability


Infrastructure (engineering, financial)
water transmission, economic feasibility


Aquifer Suitability
capacity, yield, containment


Mixing Reactions
chemical & biological, well / aquifer clogging


Water Quality (health & regulatory)


Target Aquifer







ASR Experience Needed
Hydrogeology 


Geology/Stratigraphy
Geophysics
Well Construction
Well and Aquifer Hydraulics
Testing and Analysis
Hydrogeochemistry
Natural Attenuation
Hydrologic System 
Conceptualization
Porous Media and Fractured 
Rock Modeling
3D - Visualization Engineering and Permitting


Water System Modeling
Water Treatment
Pumping Systems
Facility Design
Instrumentation
Controls
Operations
Cost and Constructability
Water Rights
SEPA
Water Source Approvals


A Multi-
Disciplinary 
Team is 
Required….







Sulfide Oxidation and Arsenic Release


O2


FeS2


Fe SO4 H+
As?


Hydrogeologic Issues


Storage Capacity, Rates, Volumes
Hydraulic Continuity
Maintaining Well Performance
Response Projections
Recovered Water Quality







ASR Engineering 
Wellhead Design
Recharge Control
Integration with Distribution 
System
Backflushing and Discharge 
to Waste







ASR Engineering: Design Considerations
Wellhead Design:


Recharge Loop
Variable recharge rates?
Variable discharge rates? 
Bi-directional metering
Air-vent
Access tubing (2)
Sealed pedestal
Discharge to waste
Line-flushing
Chlorination and De-chlorination
Bypass filter monitoring







ASR Engineering: Recharge Control
Entrained air causes air-binding and O2


Saturation
Recharge must occur under pressure (i.e. 
full-pipe)
Sometimes accomplished through 
designed bowl/impeller assemblies
For a significant drop and/or limited 
system pressure, a down-hole flow 
control valve may be required. 


• Can be used to vary recharge rate 
according to daily demand fluctuations


• Needed to maintain well performance







Slide 14


jti3 Tabed in the last bullet to emphasize that the DHFCV can be used to vary recharge rates if installed. (to contrast with the modified 
line-shaft pump, which can't be used to fine-tune recharge rates).


May also want to include in the second-to-last bullet that a DHFCV must be used if a submersible pump is the method of extraction 
(correct?).
jiverson, 5/7/2010







Recharge Control Options
Recharge Piping Separate from 
Pumping System
Design Turbine Pump to Provide 
Back-Pressure
Down-Hole Flow Control Valves







Recharge Only Wells 
Requires Flow Control to Limit Air 


Entrainment


Requires Pumping to Maintain 
Well Performance


Vexit >> Ventrance







Regulatory Framework


Hydrogeologic Feasibility Study
Water Availability and Rights
Water Quality Evaluation
Land Use
Sampling and Analysis Plan
UIC Registration
Design
Testing
Monitoring/Reporting


Any 
project 
will have 
these 
elements:







Regulatory Framework
Oregon and Washington have ASR 
Regulations 
Idaho beginning process, current water 
quality regulations used as guidance
Primary Difference: Oregon Waiver


Some Constituents
Tied to Drinking Water Quality
Allows Alternative Concentration Limits 







Washington Regulatory Issues
Source Water Quality:
Water to be stored in an aquifer for an ASR 
project must meet water quality standards for 
ground waters of the state of Washington 
(Chapter 173-200 WAC). Beneficial use must 
be preserved (drinking water presumptive 
standard)


Anti-Degradation Policy: WAC 173-200-030 


Requires evaluation of any human activities that 
“lower” background water quality, and requires 
an AKART analysis. 


All Known, Available, and Reasonable Methods of 
Prevention, Control, and Treatment







AKART


Goal: Protection of Beneficial 
Ground water quality 
Drinking water supply
Public Interest


Process: Evaluate Feasibility of 
Compliance  


Identify pollutants of concern
Evaluate treatment options and cost
Recognize potential risks and risk 
reduction
Evaluate Alternatives
Select Compliance Strategy


Antidegradation 
policy
“… beneficial 
uses shall be 
maintained and 
protected and 
degradation … 
that would 
interfere with or 
become 
injurious to 
beneficial uses 
shall not be 
allowed.”
WAC 173-200-030







Compliance Strategies
Un-Treat and Re-Treat Treated 
Drinking Water


Public Interest Waiver. WAC 173- 157-
200(2) states that Ecology "shall give 
strong consideration to the overriding 
public interest in its evaluation of 
compliance with ground water quality 
protection standards." 


Point of Compliance Monitoring







Count Molecules or Gallons?


Southwest Hydrology May/June 2008







What’s Next
ASR Combined with River Bank 
Filtration


RBF is an accepted approach to 
surface water treatment
Lower treatment costs


RBF Now 
EPA 
Approved 
Method to 
Meet LT2
SDWA 
Filtration 
Standards







What’s Next
Thermal Storage
Store Ambient Energy:


Winter Cold
Summer Heat


Manufacturing/Power Applications
NPDES Permitting
Habitat Mitigation







What’s Next


Reclaimed 
Water?


Direct
AR to ASR







Questions


Thank you!





















































































































































































































































Peak and Ecological Flows and 
ASR Source Water  


Adam Sussman 
Senior Water Resources Consultant 


GSI Water Solutions, Inc.


May 12, 2010







Topics


ASR source water
- Legislative direction
-OWRD rules and process


Emerging directions in water allocation 
-peak and ecological flow protection


Intersection of ASR development and peak and 
ecological flow protection 







Legislature has declared ASR “a beneficial 
use inherent in all water rights”


But…you need to darken the door of 
OWRD to get a limited license for “testing” 
and a permit for “permanent” ASR


Legislature required OWRD to establish 
rules for permitting of ASR projects 


ASR Source Water







ODFW Guidance…….why?


Requests for storage of water that may 
rely on peak flow events


A consistent science-based approach 


Which peak flows ODFW considers 
important to protect and why 


Peak and Ecological Flows







Rules of engagement……
Instream water rights – public use includes 
habitat protection 
Instream Flow Rules – maintenance of 
habitat when developing instream 
requirements
Division 33 Additional Public Interest 
Rules - maintaining habitat for listed 
species 


Peak and Ecological Flows







Requires consideration of Peak and 
Ecological flows when applying for water 
development project grants and loans.
Requires consultation with ODFW
OWRD “may require that a project protect 
peak and ecological flows to the extent 
determined by the State Department of 
Fish and Wildlife to be necessary.”


HB 3369 (2009) 







Peak and Ecological Flows


Ecological Triggering Flows


Channel Maintenance
Flows







Ecological Triggering Flows 


Flushing Flows -
Elevated flows to flush 
young migrating fish 
downstream


Upstream Migration -
Elevated flows to initiate 
upstream migration of 
adults


Life Cycle Needs -
Elevated flows to complete 
life cycle dynamics of 
aquatic insects and other 
aquatic organisms.


*These flow needs are usually 
species,  lifestage, site and/or 
stream specific







Channel Maintenance Flows
Moves Bedload 


“cleans” gravels 
improves spawning habitat 
improves food source habitat 
providing higher quality macro 
invertebrate habitat 


Scours and fills against 
encroaching riparian 
vegetation;
Retains formation of riffle and 
pool habitats
Create conditions for the 
replenishment of streamside 
vegetation and riparian 
functions 
Connects stream to its flood 
plain







According to ODFW, Channel 
Maintenance Peak Flows do most of 


the work in shaping a stream
and 


are the focus of 
ODFW’s 


Peak Flow Guidance


Peak and Ecological Flows







Channel Maintenance Flow needs 
vary with stream bed type


Sand bed streams


Gravel bed streams


Coarse bed and bedrock controlled 
streams







ODFW applies Peak Flows


Channel Maintenance Flows
when water is not available at the 50% 
exceedance flow level
Important flows have been greatly reduced or 
eliminated 


Ecological Flows
Species specific needs exist


ASR Limited License or Permit?







Example - Gravel Bed Stream
(w/ Existing Storage)
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Can peak and ecological flow protection 
conditions be placed on an ASR limited 
license and permit?


Has not happened yet, nor has ODFW 
expressed much interest in ASR limited 
licenses


A confusing set of laws and rules….the 
on-ramp or result is not clear


ASR and Peak and Ecological 
Flows







ASR and Peak and Ecological 
Flows


Legislative direction to OWRD seems clear and 
narrow


-existing water right
-inherent beneficial use
-DEQ and ODHS may recommend conditions
-protect existing groundwater rights
-do not cause “injury” to existing water rights
-withdrawal of water from storage can be 
conditioned







OWRDs rules appear to give broad 
conditioning authority 


-OAR 690-350-0020(4)(d) Limited License
-OAR 690-350-030(5)(d) ASR permit


Issue with proper conditions upon finding that 
the proposed ASR project/ testing will not 
impair or be detrimental to the public 
interest…..


ASR and Peak and Ecological 
Flows







One last ambiguity……..


Additional Public Interest Standards, 
Division 33 Statewide rules applies to 
“requests for limited licenses”
-no loss of essential habitat (T) & (E)
-no net loss of essential habitat (S)


What about a permit – ask Baker City…


ASR and Peak and Ecological 
Flows







Parting thoughts……


Understand how peak and ecological flow 
conditions may impact your project
Legal analysis is needed to understand 
whether such conditioning is a concern
Watch legislative developments closely
Revisit the ASR rules adopted in 1996


Peak and Ecological Flows and 
ASR Source Water  







Conclusion


There is only one way to make “new” 
water and it is not very predictable








AWWA Conference – Tacoma, WA May 2010
Michelle Owen


Director of Public Works
Baker City, Oregon







Where are you 
going with this?







The “Journey” has a 
beginning and an end.


The “Journey” should 
provide information.


The “Journey” should help 
to resolve a problem.


The “Journey” should take 
you to a better place.







Who’s coming along 
for the ride?







• Look High and Low


• Don’t Forget Anyone


• Don’t Step on any TOES







¾1. The Rate Payers of Baker City 


¾2. The City Council


¾3. Water Resources‐Local & State


¾4. GSI Water Solutions (Thanks Jeff & Jason☺)


¾5. DEQ


¾6. DHS


¾7.Ranchers/Ag Community


Baker City 
Stakeholders Included…











¾One Well Rehab‐$800K
¾Daily Monitoring‐
Thousands $/sample
¾Legal Consult‐Never ending 
$$$







¾200MG of drinking water on reserve 
‐ PRICELESS


200MG of drinking water on reserve ‐
PRICELESS







What obstacles are in 
the way?







Obstacles included…


• No application form or process in place with 
the state‐Baker City is the guinea pig!


– The Oregon Administrative Rules were in place, 
but they needed to be interpreted and agreed to 
by the parties involved.


– It took months of review to develop a permit.







Obstacles included…


• Water Management & Conservation Plan Required
– The City of Baker City did NOT have a WMCP in place 
prior to the ASR project.







Obstacles included…


• Personnel Changes
– City Councilors


– City Attorneys


– City Managers


– Public Works Directors


– OWRD 


– Department of Human Services







Legal Interpretations


≠
Attorney


General Opinion       
Baker City 
Opinion







Legal Interpretations


What is beneficial use?
Isn’t ASR an inherent beneficial use?
What is protection for existing users?  
Aren’t we an existing user too?
What is the timeframe of the water right?  It’s 
365 days/year, right???







The Before 
and After







Before ASR (Before 2005)
¾Difficulty meeting peak demand


¾Well water quality had taste and odor issues


¾Only one primary water source‐no emergency supply


After ASR Limited License (Feb 2005‐Apr 2009)


¾ Limited ability to inject


¾ Limited ability to meet peak demand


¾Additional testing/sampling costs


¾Additional reporting


The Before and After







¾ Limited injection season


¾ Lots of testing
¾ Longer injection season


¾ Fewer restrictions


¾ Reduced sampling, testing 
& reporting


¾ Improved ground water 
quality


Before ASR Permit #1 


The Before and After
After ASR Permit #1







Here’s What the Data Looks Like!







Here’s What the Permit Looks Like!
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RECHARGE APPLICATIONS IN IDAHO
PNWS - AWWA – Pre Conference Seminar, May 12, 2010


BILL QUINN, P.E., IDAHO DEPARTMENT OF WATER RESOURCES







IDAHO RECHARGE SITES / AREAS


Capitol


United Water


Eastern Snake Plain
managed passive recharge 


Boise


Micron







Micron Technology, Inc.
• purpose – used to mitigate groundwater withdrawals and for cost benefits 


• water source - treated Boise River water


• injection into confined aquifer, UIC permit issued by IDWR


• treatment  - ultra-filtration to drinking water standards
- avg. TDS in 2009, 23 mg/L


• injection well - 16-in. diam., 1,215-ft. TD
multiple screened zones from 630 to 1,203 fbls
swl approx. 490-ft. bls
Baski control valve
200 hp submersible pump for periodic development 


• recovery wells – several recovery wells within 0.5 mile


• operations:   1,160 a-f injected in 2009
7,201 a-f total 2001- 2009
1,504 a-f remaining in storage (injected- recovered-10% annual loss) 







Micron Recharge Process







United Water


• serves most of Boise with ~ 81,000 connections


• six active injection wells


• purpose - mitigate locally high manganese concentrations 
- allows efficient use of all wells


• injection into confined-semi confined aquifers, permits issued by IDWR


• average injection rate ~200 gpm, average recovery rate ~700 gpm


• average drilled depth ~500 ft.


• source water – Boise River/ground water mix from system


• injection occurs between November and May each year


• ~40 – 60 MG/yr injected, ~90% recovered







Capitol Water Corp.


• small local water company (2,700 connections) – 7 wells 
including 1 ASR well (500 ft TD)


• purpose – mitigate local high iron concentrations


• source water – ground water from system


• injection into confined aquifer, UIC permit issued by IDWR


• injection rate ~ 300 gpm, recovery rate ~ 350 gpm, avg. ~43.2 mg/yr


• injection occurs between November and April


• 2004 – 2010 through April, ~929 a-f injected, 668 a-f recovered







•
Eastern Snake Plain Managed Recharge


• low cost, passive process


• allows use of recharge rights before (after) senior irrigation rights are used


• extends the time water is in canals


• sponsored by the Idaho Water Resource Board


• cash incentive paid to encourage canal companies to participate







Sources of Recharge Water


• Snake & Big/Little Wood Rivers – generally good quality, low TDS, turbidity


• Idaho Water Resource Board recharge rights
-1980 priority, 1,200 cfs diversion from the Snake River
-1980 priority, 800 cfs diversion from the Big/Little Wood Rivers







Recharge Timing
• Before, after and on shoulders of irrigation season (generally 15 April – 15 October)


• Losses that occur during irrigation, “incidental losses”, are considered normal   
operating losses and are not counted as recharge (even though recharge is 
occurring)







Eastern Snake Plain Aquifer


• unconfined, fractured basalt


• area approximately 11,000 square miles (~ 200 miles long by ~60 miles wide)


• total storage in the upper 500 ft. estimated at 200-300 maf, roughly equivalent to Lake 
Erie (116 mi3 , 392 maf)


• flow contacts are rubbly and have high porosities & hydraulic conductivities


• columnar jointing & other fracture systems provide vertical conductivity 


• well yields above 3,000 gallons per minute are common: high transmissivities: between 
6.9x105 to 1.1x106 ft2/day


• hydraulic gradient is southwest


• primary discharge area is “Thousand Springs”







Eastern Snake Plain Canals and Leakage


• ~ 2 million acres irrigated: ~ half surface and half ground water 


• region accounts for ~21 % of all goods and services in Idaho


• ~ $10 billion annually 


• constructed between 1900 and 1935


• most canals are unlined and leak ~ 30 %


• one canal diverting 1 Maf/season looses ~ 300 kaf (~1,700 af/day)


• annual average (1980-2002) leakage (incidental recharge) ~ 3.4 maf







So what good are these !##*#!! canals if they leak so much ??











1902 discharge ~ 4,200 cfs, 3 Maf/yr
1950 peak discharge ~ 6,800 cfs, 4.9 Maf/yr
2007 discharge ~ 5,350 cfs, 3.9 Maf/yr


Thousand Springs discharge


canal construction
1900 - 1935


flood irrigation 
more efficient irrigation + ground water pumping


+ winter water saving







Thousand Springs Area







Thousand Springs Area







2009 Recharge Program
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2009 ESPA Recharge Diversions
March 20 – December 4


late season recharge


max. recharge flow
1,742 cfs







0


10,000


20,000


30,000


40,000


50,000


60,000


24-Feb 3-Mar 10-Mar 17-Mar 24-Mar 31-Mar 7-Apr 14-Apr


A
cr


e-
Fe


et


Date


2010 Cumulative Recharge Volume
Early Season, February 24 - April 15


total above  American Falls


total below American Falls


total acre-feet


Total Recharge
55,815 a-f







0


200


400


600


800


1,000


1,200


1,400


24-Feb 3-Mar 10-Mar 17-Mar 24-Mar 31-Mar 7-Apr 14-Apr


C
ub


ic
 fe


et
 p


er
 s


ec
on


d


Date


2010 ESPA Recharge Diversions
Early Season February 24 - April 15


SWID 


SRVID 


FMID


AFRD2


ASCC







Recharge north of Shoshone, Idaho from Milner-Gooding Canal
April 28, 2009. Flow is approximately 230 c.f.s.







Permitting & Water Quality Monitoring


• recharge from canal losses is a consequence of canal operations
as such no permit or water quality monitoring is required


• recharge at designated off-canal recharge sites requires IDEQ approval and 
water quality monitoring  


• recharge by injection requires a UIC permit issued by IDWR 







ESPA Model


• collaboration between IDWR, USGS, USBOR, U of Idaho, Idaho National Lab, 
USF&W, Idaho Power Co., consultants, and managed by IDWR


• over 1,000 head observation points (monitoring wells)


• over 2,500 computed reach gains/losses in 11 Snake River reaches 


• among other outputs, models benefits of recharge by steady state and transient 
responses from recharge







Recharge and Water Resource Management


…………..  helps improve management of Idaho’s water resources through


• water quality mitigation


• water supply mitigation


• in the ESPA, a major component of the Comprehensive Aquifer Management Plan
- water budget change of 600 kaf annually by 2030
- by stabilizing and improving spring flows, ground water levels and river flows 


• a potential component of future CAMP programs in the Boise, Spokane-Rathdrum 
Prairie and Moscow-Pullman areas to address both supply and timing issues


• ASR in Idaho
- no legal framework to accommodate ownership and recovery of recharged water


- ESPA is a dynamic, unconfined aquifer with many users
- recharged water is considered a public resource 








Water Quality and Treatment for ASR 
Injection Water


Bryan Black
HDR Engineering - Portland
PNWS AWWA Conference
May 12, 2010
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Presentation Overview


Injection water quality needs
Raw water sources / quality issues
Impact of treatment on finished water quality
Regulatory environments and issues


Oregon
Washington


Case studies







Typical injection water quality 
requirements


Turbidity < 0.5 ntu
Noncorrosive
Geochemical compatibility
Redox compatibility
Others







Potential injection water sources


Surface water
River
Lake


Ground water
Alluvial aquifer
Adjacent aquifer


Wastewater effluent







Typical source water quality issues


Surface water
Protozoa, Viruses, 
Bacteria
Natural organics
Turbidity
Lake


Algae
Iron
Manganese


Groundwater
Iron
Manganese
Nitrate


Wastewater
Microbial pathogens
NDMA
Micro pollutants







Water Treatment Key Objective: 
Removal / Inactivation of Microbial Pathogens


Pathogenic bacteria, viruses and protozoa in water and 
wastewater represent potential risks to public health.


(Giardia) (Cryptosporidium)
Viruses


(Hepatitis, Polio)


Bacteria
(E.coli)


Protozoa







Water treatment techniques / 
requirements
SDWA (1990) “Dual Barrier” treatment techniques


Filtration: 
Removes some microbes (larger ones)


Disinfection: 
Inactivates remaining microbes


Disinfectants / Disinfection Byproducts Rule
Regulated trihalomethanes, haloacetic acids, others
Enhanced coagulation: remove natural organics







Viruses:  smallest (0.02-0.3 µm diameter)


Bacteria:  0.5-2.0 µm diameter (e.g. E. coli)


Protozoa:  most >2 µm - 2 mm; 
(hardy cysts and oocysts)


(e.g. Giardia, Cryptosporidium)
C. parvum oocyst 


~5 um


Classes of Microorganisms:
The Microbial World







Conventional treatment relies on 
chemical additives


Rapid Mix Floc/Sed Basins


Dual Media
Filters


Finished Water 
Pumping Wet Well


Intake


Chlorine Contact Basin
Ozone or UV?


Pre-ox
Coag


Poly
Poly


Cl2NH3


Fl


Cl2







Water treatment techniques and 
chemical addition


Pre-oxidation:
Coagulation: 
Flocculation:


Sedimentation/Filtration:
Primary disinfection:


Secondary disinfection: 
Additives:


KMnO4, Cl2, O3, ClO2
Al2SO4, FeCl3, Polymers
Polymers
Polymers
Cl2, UV, O3, ClO2, NH3
Cl2
Fluoride







Disinfection creates chemical 
byproducts


Chlorine
Chloramines
Ozone
Chlorine Dioxide


Natural Organics
Bromide+


Trihalomethanes
Haloacetic Acids
Bromate
Chlorite / ate
Haloacetonitriles
Haloketones
Aldehydes
and many more


=


Chemical
Disinfectant


Precursor+ DBPs=







Disinfection: No Silver Bullet


Chlorine UV Chloramine
Giardia Fair (slow) Excellent 


(fast)
Poor


Crypto Ineffective Excellent Ineffective


Virus Excellent Poor to Fair
(adenovirus 
resistance)


Poor


DBPs? Yes (THMs, 
HAAs)


No No







Chemical-free treatment opportunities


Membrane filtration
Chemical free solids removal, 
including protozoa
Viruses may pass through
Dissolved substances like natural 
organics pass through


Ultraviolet light disinfection
Chemical free disinfection
Certain viruses resistant
Need for secondary disinfection?







Approaches to Disinfection Byproduct 
Regulation – Broad / Narrow


Oregon similar to EPA
Maximum Contaminant Levels
(MCLs)
Groups of contaminants
SDWA treatment techniques


Washington
Maximum Contaminant Level 
Goals (MCLGs)
Specific contaminants
No SDWA treatment techniques







Chlorination / Viral Disinfection 
Not Feasible in Washington?


0
10
20
30
40
50
60
70
80


Oregon (MCL) Washington (MCLG)


Allowable TTHM (ug/L)


Bromodichloromethane = 0.3 ug/L ?!?







Disinfection / DBP balance in 
Washington


Viral 
Disinfection


Disinfection 
Byproducts







Washington antidegradation clause 
can set lower limits


0


20


40


60


80


100


GW Quality Criteria GW Actual 
Concentration


Inject Water Concentration


Trouble – Violates Criteria


Trouble with 
Antidegradation







Some ASR Projects Underway


Oregon
Beaverton / Tigard / JWC
Salem


Baker City


Umatilla


Washington
Kennewick


Walla Walla


Boise White Paper, 
LLC (Wallula, WA)







California injection program


Prevent Seawater 
Intrusion
Started in 1953 with 
surface water
Now 153 wells, 9 miles
Recycled wastewater 
injection started 1995







West Basin CA Flow Schematic
(when CA still had $)


~
Micro


filtration
Reverse 
Osmosis


UV


H2O2


Storage
Injection


Hyperion WW 
Effluent


UV Goals
– 4-log MS2 virus kill


– 1.3-log NDMA destruction
– Advanced oxidation with 


hydrogen peroxide







Wastewater Effluent 
Source


Submerged Microfilter 
Basins







Reverse 
Osmosis



























Conclusions / Recommendations


ASR is a great / necessary water management tool
Oregon has ASR regulatory framework more 
consistent with EPA drinking water rules
Oregon has more successful ASR program
Implementation hurdles exist in Washington
A regulatory summit and re-evaluation of Washington 
ASR regulations would be useful
Is a wastewater effluent source on the horizon?







Questions?


Bryan Black, PE
HDR Engineering - Portland
Bryan.Black@hdrinc.com


(503) 423-3718







Water treatment objectives and 
techniques


Pre-oxidation
Coagulation
Flocculation
Sedimentation/Filtration
Primary disinfection
Secondary disinfection
Additives like fluoride


Turn dissolved into particle:
Turn dissolved into particle:


Make particles bigger:
Remove particles:


Inactivate microbes:
Protect finished water:


Prevent tooth decay:







State Regulatory Comparison


Oregon Washington
Compliance 
w/SDWA?


Yes No


Allowance for 
DBP 
Formation


MCL << MCL


Contaminants < 50% 
MCL


Groundwater 
Quality 
Criteria


AKART No Yes








Aquifer Storage and Recovery 
Implementation in Washington – City of 
Walla Walla Experience


David Banton, L.Hg.
Golder Associates Inc., Redmond, Washington







Presentation Outline


Introduction
ASR Regulations in Washington
History of ASR in Walla Walla
ASR Implementation in Walla Walla
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Mill Creek Diversion


Well No. 6 (ASR)







Introduction
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Why Did Walla Walla Start ASR?
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Historic declining groundwater levels in Columbia River Basalt aquifer –
used by City wells


Concerns about long-term water availability for growth
State designated Critical Water Source Supply Area (CWSSA)
Vulnerability of surface water source


Fire in watershed
Drought – climate change







ASR Regulations in Washington State


Primary Regulation:


WAC 173-157: Underground Artificial Storage and Recovery 


Other Applicable Regulations:


WAC 173-200: Water Quality Standards for Ground Waters of the State 
of Washington 


WAC 173-162: Minimum Standards for Construction and Maintenance of 
Wells


WAC 173-218: Underground Injection Control Program


WAC 246-290: Group A Public Water Supplies 
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ASR Permits and Authorizations Required


Ecology 
Water Rights for recharge source water
Reservoir Permit to store water
Secondary Permit


Required if beneficial use(s) of stored water is for different beneficial 
use(s) than beneficial use(s) authorized for recharge source water


Underground Injection Control Program Registration for ASR 
Wells


Class V Injection Wells
NPDES Permit


Discharges to surface water such as flushing or pump-to-waste
Start Card and Well Logs


ASR Well modifications below ground (seals, new casings, etc.)
New ASR Wells
New monitoring wells
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ASR Permits and Authorizations Required


Local Jurisdiction
SEPA Checklist


Construction of ASR facilities


Department of Health
Wellhead piping modifications
Recovered water quality
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Walla Walla Well 6







WAC 173-157: Underground Artificial Storage 
and Recovery 
Components of ASR Reservoir Permit 
Application Package


Hydrogeologic System 
Description Operations PlanLegal Framework


Environmental 
Assessment Mitigation Plan Monitoring Plan


Effective February 23, 2003
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WAC 173-157: Hydrogeologic System


Describes Hydrogeologic Components of Site and Surrounding Area


Aquifer Description and Hydraulic Properties


Surface Water, Springs, and other Wells in Project Area


Groundwater and Recharge Water Quality and Compatibility


Estimated Storage Volume and Area Affected by ASR
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Well Recharge







WAC 173-157: Legal Framework


Describes Project Water Rights and Permits


Recharge source water rights


Other water rights in project area


Instream flows


Ownership and control of ASR project facilities
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WAC 173-157: Environmental Assessment


Describes Environmental Components of Application Package


Land Uses


Surface Water, Springs, Wetlands, and other Wells in Project Area


Proximity to Hazardous Sites


Potential impacts to surface water, wetlands, and springs, slopes, and 
ground deformation.  
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WAC 173-157: Operations Plan


Describes Operation of ASR System


Recharge water rates, quantities, and availability


Recharge, storage, and recovery durations


ASR facility details


Water treatment details
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WAC 173-157: Project Mitigation Plan


Describes Mitigation for Adverse Impacts


Necessary only if Adverse Impacts Identified


Mitigation Measures


Means to Measure Effectiveness of Mitigation
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WAC 173-157: Project Monitoring Plan


Describes Monitoring Plan to Verify and Update Conceptual Model


Measurement locations, frequency, methods


Water Quality – Recharge Water, Recovered Water


Recharge and Recovered Water Rates and Quantities


Groundwater Levels


Provide Data for Evaluation of Percentage of Recoverable Water with 
Time
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Washington State ASR  - Supporting 
Regulations
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WAC 173-200: 
Water quality 


standards for ground 
waters of the state of 


Washington 


WAC 173-162: 
Minimum standards 
for construction and 


maintenance of 
wells


WAC 246-290: 
Group A Public 
Water Supplies 


WAC 173-218: 
Underground 


Injection Control 
Program







Walla Walla ASR Timeline
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Well No. 1 
Pilot Testing


Well No. 6 
Pilot Testing


Groundwater
Flow Model


ASR 
Permit


Future 
Build-out


USGS – Well 
No. 3 Testing 
– No Further 


Action


Construction of 
Mill Creek WTP –
Renewed Interest 


in ASR


Well No. 1 
in Service  


Processing 
Timeframe 
Uncertain 


Well No. 6 
in Service


1957 1999 2002 - 2003 2004 - 2007 2006 -
2009 2010 - ?? 


Well No. 3 Well No. 1 Well No. 6


1990’s 







Walla Walla ASR Timeline: 1950’s


USGS Well No. 3 Testing – 1957
Several short recharge tests
ASR was feasible, but some clogging issues
No further action until late 1990’s
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Walla Walla ASR Timeline: 1990’s


Mill Creek WTP Constructed in late 1990’s
Availability of High-Quality Recharge Water - Ozone


Well No. 1 ASR Pilot Testing - 1999
Several test cycles demonstrated success
Well No. 1 placed into service as ASR well
1,300 gpm recharge capacity
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Mill Creek WTP 


Well No. 1







Walla Walla ASR Timeline: 2002 to 2003


Well No. 6 Pilot Testing
Pilot testing successful
Placed intro service as ASR well
1,600 gpm recharge capacity
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Simplified Hydrogeology


Confining Unit


30 to 120 m thick


Aquitard


Aquifer 


30 to 120 m thick
Sand and Gravel


Geology Hydrogeology


Silt and Clay


Columbia River Basalt 
(Wanapum Basalt)


Columbia River Basalt 
(Grande Ronde Basalt)


Aquitard


Aquitard


Aquifer


Aquifer


Aquifer


Aquitard


Interflow







Simplified Groundwater Model Representation


Confined Silt 
Aquitard 


Confined Basalt Aquifer 
with Interflow Zones


ASR RESERVOIR 


Layer 3
2.8 x 10-8 m/s


Layers 1 & 2
1.8 x 10-4 to 3.5 x 10-4 m/s


Layers 4 & 5
1.2 x 10-5 to 7.1 x 10-5 m/s


Unconfined 
Aquifer


(sand and gravel)


Minor Vertical 
Leakage from 
Basalt







Walla Walla ASR Timeline: 2004  - 2007
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ASR
No ASR
Net Benefit From ASR
Start of Pumping


Water into Storage


Water out of Storage


Groundwater Flow Model
Hydraulics of Basalt Aquifer System
Support ASR Permitting


Evaluate storage capacity of basalt aquifer
Evaluate ASR water balance 
Evaluate ASR recovery quantity efficiency
Evaluate ASR effects on surface water 


Change in Storage


Blocks I and II (ASR Blocks)







Walla Walla ASR Timeline: 2006 to Present


ASR Reservoir Permit Application submitted in 2006
6,200 AF (2,020 MGal)
First ASR reservoir permit application in Ecology 


Eastern Regional Office and one of first in State
Revised application submitted in 2009 following 


additional modeling
11,750 AF (3,830 MGal)


Application currently being processed by Eastern 
Regional Office


Processing timeframe uncertain because of staffing 
issues and technical factors
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Water Source:  Diversion on Mill Creek in Oregon
Oregon and Washington Water Right Permits


Mill Creek Water Treatment Plant
24 MGD capacity
Ozonation
Chlorination
May be upgraded to meet LT2SWTR


Two ASR Wells
Well No. 1 
Well No. 6
Combined recharge capacity 2,900 gpm
Combined pumping capacity of 5,500 gpm
Over 6 Billion gallons stored since 1999


Walla Walla ASR System
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Walla Walla ASR System
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Pump to Waste
Recharge Water
Recovered Water


Chlorination


Distribution System


Well No. 1


Pump to
 Waste


Chlorination


Mill Creek
 (recharge water)


Chlorination


Ozonation


Twin Reservoirs
 (raw water storage)


Diversion and Pipeline


Finished Water Storage 
(2 storage tanks)


Well No. 6


Infiltration 
Pond


Pump to
 WasteChlorination







ASR Permitting/Implementation Issues


Disinfection 
Byproducts in 


Recharge Water 
(anti-degradation)


Recoverable 
Water under ASR 


Permit (Water 
Balance Neutral)


Water Rights
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Recharge Water Quality – Anti-degradation


Issue:  Anti-Degradation Criteria for Recharge Water 
are Lower than Drinking Water Criteria


Drinking water is defined as the beneficial use generally requiring the highest 


quality of ground water – but anti-degradation criteria are more stringent for 


several constituents – including DBP’s 


May 28, 2010 27







Recharge Water Quality – Anti-Degradation


Issue:  Anti-Degradation Criteria for Recharge Water 
are Lower than Drinking Water Criteria


Recharge water is high-quality drinking water


Evaluation of treatment – AKART


Pre-treatment to meet anti-degradation criteria prior to recharge would add 


significant costs


Approach – technical, cost and risk based evaluation and operational 


monitoring 


Uncertainty over waivers and treatment might affect ASR feasibility


WAC 173-200 Allows 5-Year Variance
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Water Quality – Well 6 Pilot Testing


Chloroform only DBP present - degraded during storage and recovery to below anti-degradation criteria


Recovered water meets drinking water criteria
May 28, 2010 29


Test Phase Sample Date


Percent of 
Recharge Volume 


Recharged or 
(Recovered)


Chloroform 
(mg/L)


Bromoform
(mg/L)


Bromodichloro-
methane 
(mg/L)


Dibromochloro-
methane       
(mg/L)


Total 
Trihalomethanes


(mg/L)
MCL nc nc nc nc 80


Anti-Degradation Standard 7 5 5 nc nc


Native 
Groundwater October 31, 2002 Pre-ASR <0.20 <0.20 <0.20 <0.20 <0.20


Recharge
May 5, 2003 15 na na na na na


June 4, 2003 76 na na na na na


June 16, 2003 100 na na na na na


Storage
June 23, 2003 na na na na na na


July 16, 2003 na na na na na na


July 28, 2003 na 8.9 <0.5 <0.5 <0.5 <0.5


Recovery


August 4, 2003 (28) 6.6 <0.5 <0.5 <0.5 <0.5


August 11, 2003 (59) 3.9 <0.5 <0.5 <0.5 <0.5


August 19, 2003 (93) 2.6 <0.5 <0.5 <0.5 <0.5


September 10, 2003 (181) 1.0 <0.5 <0.5 <0.5 <0.5







Recoverable Water


Issue:  How Much Water can be Recovered?
Excellent in-situ, recharge, and recovered water quality means water 
quality recovery efficiency not an issue in Walla Walla


Water quality recovery efficiency is only relevant in poor quality aquifers 
– such as brackish aquifers.  Is operational decision, not permit quantity
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Recoverable Water


Issue:  How Much Water 
can be Recovered?


Water Balance provides best tool 
to assess water quantity 
recovery.  Supported by 
data/analysis from:


Monitoring Well(s), Pumping 
Tests, ASR Operations
Conceptual Hydrogeological 
Model
Numerical Groundwater Flow 
Model


Recovery varies with storage 
duration because of losses
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Basalt Aquifer 
Blocks I and II


36%


Remainder of 
Basalt Aquifer


4%


Aquitard
53%


Sand and Gravel 
Aquifer


3%


Surface Water
4%


Change in Storage at end of Recharge







Water Rights


Issue:  What Water Rights are Required for ASR?
Water rights for source waters for recharge


Washington and Oregon Permits for Mill Creek
Underlying rights specify beneficial use


Reservoir Permit
For underground storage
Processing in progress


Secondary Permit
Required if beneficial use of recovered water is different than 
specified for source water
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Is ASR a Good Idea for Walla Walla and 
Washington?


Yes, because ASR provides:


Safe, secure storage in the event of a watershed fire or during 
drought (summer) or from climate change
Conjunctive use of surface and groundwater
Use of compartmented, high-permeability confined basalt aquifer 
with limited effects on surface water
Restoration of declining groundwater levels in basalt aquifer
Benefits to other water users – decreased pumping lifts
Streamflow increase in low flow periods from losses


Key Issues remaining:
Anti-degradation
Recoverable water
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Thank You
For more information:
Frank Nicholson – fnicholson@ci.walla-walla.wa.us
David Banton – dbanton@golder.com
Michael Klisch – mklisch@golder.com








City of Pendleton
Permitting for ASR Hydro-Electric 


Production







General Concept 


• Generate energy from existing 
infrastructure:
– No adverse environmental impacts
– Works in conjunction with Aquifer 


Storage & Recovery (ASR)
– Works in conjunction with 


distribution system pressure zones
– Works with wastewater outfall 


piping







Pendleton ASR


• ASR Project began in December 2003
• 7 ASR “cycles” have been completed
• Native groundwater decline reduced


– From 3.4-feet per year to 1.5-feet per year
– Hydraulically connected to west county declines







Lost Energy at Wellhead


• Distribution system pressure varies from about 
100 psi to 125 psi at the ASR wells


• During storage, wellhead pressure is maintained at 
about 40 psi using a pressure reducing valve 
(PRV) for controlling injection flow rate


• About 60 psi to 85 psi of head loss is dissipated 
through PRV – lost energy to be recovered







Energy Generation Options


• Hydro generation 
micro-turbines
– PRV pressure drop


• Regenerative drives 
using VFDs
– Total dynamic head


• Turbine motor 
generator w/governor
– Total dynamic head


Micro-turbine







Phase I – Current ASR Wells







Phase I Energy Analysis Report


• Cascade Energy Engineering (ETO Study) estimated total annual 
energy production at 154,891 kWh/yr for Phase I


• $9,295: Annual energy payback @ $0.06 per kWh
• Based on micro-turbines
• Regenerative drive option: estimates to be developed







Phase II – Future ASR Wells







Phase II Energy Analysis Report


• Total annual energy for Phase II production was estimated at 192,240 
kWh/yr


• $11,535: Annual energy payback @ $0.06 per kWh
• Based on micro-turbines
• Regenerative drive option: estimates to be developed







What are the Challenges?


• Oregon Water Resources Department (OWRD) requires an 
Application to Develop Hydroelectric Use
– $500 fee
– Water rights must be certificated


• 1885 – 2.0 cfs – 900 gpm – 1.3 MGD
• 1890 – 0.5 cfs – 224 gpm – 0.3 MGD
• 1910 – 7.2 cfs – 3,225 gpm – 4.6 MGD – Completed in 2010
• 1929 – 3.8 cfs – 1,700 gpm – 2.5 MGD – Completed in 2009
• 1941 – All water of the North Fork Umatilla River


– Legislative (not certificated) right
– Process is very doable
– OWRD staff are very helpful







What are the Challenges?


• Pacific Power requires a net metering agreement
– $50 base fee plus $1 per every kW per site
– Process is very doable
– Net metering installed at City’s third-party solar installations
– Pacific Power staff are very helpful







What are the Challenges?


• Federal Energy Regulatory 
Commission (FERC) requires 
an application for exemption 
of a small conduit hydro-
electric facility, i.e. a conduit 
exemption


• Requires perseverance







FERC Process


• Detailed instructions 
located in Schedule A 
of 18 CFR § 4.92


• Enjoy the read







FERC Environmental Report


• Vegetative Cover
• Fish & Wildlife Resources
• Water Quality & Quantity
• Land & Water Uses
• Recreational Uses
• Socio-Economic Uses
• Threatened & Endangered 


Species







Cover ALL Your Bases


• SHPO—Section 106 Documentation and Level of Effect 
Forms filed with SHPO; No effect determination


• Consultation with any affected Indian tribes is required
• ETO guidance document for FERC process: Guide Book 


for Obtaining FERC Conduit Exemption (draft form)
• Discussion with Senator Wyden / Senator Merkley local 


staff







FERC Drawings


• Detailed guidance provided in Managing Hydropower 
Project Exhibits, a guidance document


• Requires at least 2 views of each facility with dimensions 
& scale; and


• Final drawings must have a 5” X 7” title block in the lower 
right corner, the bottom half of which is blank







FERC Map Requirements


• Refer to guidance document
• Project boundary geo-referenced with at 


least 3 points shown
• Initial map may be 11” X 17”; final map 


must be larger
• If approved by FERC, map must be 


converted to aperture card (microfilm) 
and electronic card (TIFF) format







FERC Additional Requirements


• Stage 1 Consultation—includes mailings to all local, state, 
and federal pertinent agencies;


• Request waiver of Stage 2 Consultation;
• Public Hearing with option to tour facilities required;
• 60-day comment period after the public hearing;
• Mail completed packets to FERC—allow 2-6 months for 


their review







FERC Timeline Overview


• May 2008: Initiated ETO Study
• June 2008: Initial FERC Contact (Robert Bell) / OWRD
• December 2008: Draft ETO Study
• February 2009: Conduit Exemption Packages Delivered to FERC
• March 2009: Final ETO Study
• March 2009: FERC Letter: “Patently Deficient” Application
• April 2009: Oregon Department of Energy
• June 2009: New FERC Contact (Jeremy Jessup) 


– Phase I (Existing) and Phase II (Future)
• October 2009: Begin Consultation with CTUIR
• December 2009: Initial Presentation to CTUIR Water Commission
• March 2010: CTUIR Board of Trustees – Letter of Support
• April 2010: City Council Support – Resolution #2406
• May 2010: Meet with US Senators Local Staff







FERC Timeline Overview


Future:
• Additional Energy Evaluation for Regenerative Drives (?)


– Higher head, lower efficiency
– Potential for 2 to 4 times the power production of micro-turbines installed 


at wellhead
– Other benefits


• Congressional Change (?)
• Mail Packages to Agencies
• 30-Days: Public Meeting / Optional Tour of Facilities
• 60-Days: Reply by Public Agencies and Citizens
• Final Completed Packages to FERC for Approval







It’s Not a Good Fit!!


• The FERC process is not 
designed for small hydro 
projects within existing 
distribution system


• Cumbersome, time-
consuming & expensive


• Locally renamed FERC to 
“Ferking” FERC







Conclusion


• Legislative changes must occur to make this green energy 
concept truly cost effective, appealing, and reasonable:
– Federal level: allow State determination for small hydro generation 


projects under 1 megaWatt (?) in size, using existing conduits within 
existing distribution system; and


– State: in addition to certificated water rights, allow permitted and 
legislative water rights to be used


– State: revise partial perfection requirements from 25% increments to a 
much lower percentage


• Questions (?)
• Contacts: Karen King, Regulatory Specialist, 541.966.0249


Tim Smith, Control Systems Manager, 541.966.4518
Bob Patterson, Public Works Director, 541.966.0241


www.pendleton.or.us








Aquifer Storage and Recovery (ASR)
Engineering Considerations


Wednesday May 12, 2010


Presented by:
Chris Uber, P.E., Senior Vice President, 
Murray, Smith & Associates, Inc.


Water Resources Committee and Engineering Committee 
Preconference Seminar 1 (PC1)







Presentation Overview
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Wellhead/Wellhouse Site Layout 
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Typical Groundwater Production Well Design Elements
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Conclusion
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System Planning and Well Siting


Master Planning and Supply 
Source Planning


Siting a typical production well 
constrained by a number of 
factors:


o Hydrogeology
o Water rights/availability
o Property
o Proximity to demand centers


Siting an ASR well includes 
considering additional factors


o Proximity to injection/source water piping 
system


o Configuration, capacity and pressure of 
injection water delivery system piping


WATER SYSTEM MASTER PLAN


LOCAL HYDROGEOLOGIC SETTINGWELL DRILLING IN A NEIGHBORHOOD SETTING







Engineering/Design Elements


Production Capacity
Flow Control
o Production
o Injection
Water Quality
o Treatment/Disinfection
Operational Needs
o Production Cycle
o Injection Cycle


• Rate/Flow control
• Water Quality
• Reporting/Monitoring needs







Well Design and Drilling


Realm of the 
Hydrogeologists


Piping design capacities 
are tied to the 
production yield of the 
wells


The typical injection rate 
is less than the 
production, so the 
production rate controls


WELL DRILLING LOG TEST PUMPING


WELL CASING







Wellhead/Well House Site Layout


WATER QUALITY 
SWALE/RETENTION POND


WELLHOUSE







Wellhouse Designs


Larger Building Footprint
Neighborhood Aesthetics/Integration







Typical Groundwater Production Well Design 
Elements 


Design overview 







ASR Well Design Features


Design overview 


BYPASS PIPING


TURBIDIMETER AND WATER QUALITY INSTRUMENTATION PANEL


PUMP TO WASTE


DOWNHOLE VALVE CONTROL 
PANEL AND NITROGEN GAS
SUPPLY


DECHLORINATION OF 
PUMP TO WASTE







DOWNHOLE 
CONTROL VALVE


FOOT VALVE


CASING ACCESS
PORTS 


ASR Well Design Features







Downhole Control Valves


DOWNHOLE ASR CONTROL VALVES
Two primary types
Three manufacturers
Same basic functionality


• “in‐hole” flow control
• cascading flow/air entrainment 


prevention
• non‐cavitating


“BASKI” TYPE VALVE
Operation ‐ pneumatic
Flow Control ‐ via rubber 
bladder
Cavitation Control –
roughness
Fail Position ‐ open







ORIFICE TYPE VALVE
Operation ‐ hydraulic
Flow Control ‐ sliding sleeve
Cavitation Control – orifices
Fail Position – Last position
Two manufactures – sleeve 
orientation


3R DOWNHOLE VALVE


VOV DOWNHOLE VALVE


Downhole Control Valves







TWO-WAY FLOW METER 


AIR RELIEF VALVE


Project Construction







PUMP BOWLS AND FOOT VALVE


Project Construction


DOWNHOLE CONTROL VALVE







DOWNHOLE CONTROL VALVE FITTED OVER LINE SHAFT


Project Construction


LINE SHAFT SPIDERS AT TOP OF DOWNHOLE VALVE







PUMP COLUMN AND LINE SHAFT


Project Construction


DOWNHOLE VALVE CONTROL LINES


INSTALLED PUMP 
MOTOR ASSEMBLY







DOWNHOLE VALVE 
CONTROL PANEL


Project Construction


WELLHEAD ACCESS/CONTROL 
LINE AND MONITORING PORTS


ONSITE CHLORINE 
GENERATION


WATER QUALITY
MONITORING/CONTROL PANEL


ONSITE DECHLORINATION







DECHLORINATED PUMP TO WASTE


WATER QUALITY/RETENTION SWALE


Project Construction







Conclusion


Engineering/Design Element is one of many parts of successful 
ASR programs


Planning and studies are essential
o Hydrogeologic setting


o Legal/water rights/permitting


o System planning/engineering/design 


Expect and understand risks


Specialized engineering/design approaches and features are 
needed


Successful ASR programs rely on the success of many disciplines







Question and Answer Forum








Integration of ASR Into Water 
Systems Operations 


Joel A. Cary | TVWD







Presentation Overview 
Background
Overview of Tualatin Valley Water District’s (TVWD) system and pressure zones


surrounding ASR Site 


Establishing ASR – Factors Considered 
Why TVWD began ASR and what factors influenced integration into system


Implementation & Intergration
Cycle 1 through Cycle 4, implementing a full scale ASR project


Customer Service
The importance of customer relations before, during, and after integration 


Q & A 







TVWD Background







TVWD at a Glance:
~200,000 customers served in Washington County, Oregon;


Approximate elevation between 200 and 900 amsl; 


38 pressure zones; 


Three water supplies – Joint Water Commission (JWC), Portland


Water Bureau (PWB), and ASR since 2008;


25 Reservoirs and 12 pump stations; and


Average daily consumption of 21 MG, peak daily consumption of 


44 MG (08‐09 fiscal year). 
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Establishing ASR – Factors 
Considered 







Why ASR and What Factors Considered
ASR additional strategy to meet peaking demands:


• Two sources, contractual agreements with both PWB and JWC; and


• Capturing excess winter water for summer usage is cost effective.  
Existing municipal well, native water rights (3.91 cfs, 16” to 400’).  


Geographic location of site: 


• Adequate water for injection from existing system infrastructure; and  


• Distribution and storage system able to accommodate recovery operations.
High quality water for injection.


Geology of aquifer conducive to ASR:


• Geochemical compatibility and good aquifer transmissivity.  
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Implementation & Integration 







Cycle 1, May, 2008
Small scale pilot test (1.5 MG injection volume), positive results.


Cycle 2, May – August, 2008
Larger scale injection volume (48 MG) and recovery period (22


days) which allowed TVWD first opportunity to integrate ASR


water into distribution system, positive outcome:


• First run of re‐chlorination and fluoridation systems;


• Water potability confirmation, WQ Monitoring; and  


• Tracking within distribution system.  
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Full Scale ASR Program (Cycle 3) Began in December,
2008, After Positive Results of Previous Cycles
Cycle 3 target volume was 311 MG based on an estimated recharge


rate of 1200 gpm over the course of 6 months: 


Initial water quality from both sources was considered and due to


complexities of pressure zones in Cooper Mtn. service area, a


blend of both was used for injection.   


After Six Days of Injection, Water Level Response
Indicated an Abrupt Increase in Rate of Buildup… 
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What Happened During Injection?
Likely scenario – a quantity of high turbidity water was injected:  


• PWB source unfiltered, predominant WQ at time of occurrence.


Several aggressive backflushing events were performed to


recapture lost well performance: 


• Outcome successful, specific capacity restored; and 
• Backflush volumes integrated into accounting data. 


Moving Forward, What Would Our Operational
Strategy be to Control This Potential Risk? 
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Began Looking at Solutions to Control Incoming Water
to Cooper Mtn. Service Area
Complex, one supply point serves upper pressure zones: 


• Solution: Re‐valve distribution system, allow more JWC water to 


enter Cooper Mtn. service area through 189th Pump Station; and 


• Isolation would not impact fire protection through extensive 


fire flow testing. 


Was It Successful?
Yes, but not as a long term solution. 
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Goal: One Source for ASR
Initial delivery of water relied on pumping water to higher


elevation to supply Grabhorn ASR:


• Reduce pumping = reduced operational costs. 


Direct supply line proposed from entry point of JWC water:


• Short Term – Isolation during recharge; and
• Long Term – Reduce pumping by installing additional main to


directly supply ASR from Joint Water Treatment Plant (Fern Hill 


Reservoir). 


Engineering/planning underway while injection completed and 


recovery operations began for Cycle 3. 
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Integration of Recovery Operations
Recovered at a rate of 1000 – 2000 gpm, or up to 2.88 MGD


into system or storage reservoir, depending on fill/draw cycle: 


• Implications for compliance with GW Rule;
a) Sample at ASR source when TC+; and


b) Review CT time in storage reservoir. 


Re‐chlorination and re‐fluoridation:


• Sodium Hypochlorite, delivered as needed;


• Re‐flouridation a more dynamic process (Cycle 2 data); and 


• Flow meter placement in relation to injection point(s). 
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How Was This Water Used In Overall Supply
Strategy?
Relatively consistent recovery rate (1600 gpm average) to act as 


buffer for peak demand days:


• Recovered 94% of total injection volume (243 MG);


• Accurate accounting for projections necessary;


• Small amount of carryover for 2010 supply season; and


• Flexibility with available use of GW as defined in Limited License
not employed during Cycle 3. 
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Direct Supply Highly Successful, Completed Early 2010, 
Start of Cycle 4
Dramatic reduction of pumping costs:


• Payback estimate less than three years, sooner with ETO credit.


Incoming water quality preferable:


• Very low turbidity (0.021 – 0.023); and 


• Consistent in regards to WQ monitoring and reporting.  


Specific capacity and build up rate indicating long term favorable


trends in operating ASR:


• Less frequent routine backflush events 
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Aquifer Response 
Local network of observation wells monitored since inception of 


program:


• Began with six, presently monitoring ten due to several wells
becoming artesian during injection phase 


High level of hydraulic response across fault line. 


Active response to landowners:


• Seal wells with continued monitoring and interaction with
landowners.   
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Long Term Monitoring 
In order to meet need of continued monitoring while addressing 


time constraints, permanent water‐level indicators installed in


wells with significant depth or access challenges. 
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Customer Service 







The Importance of Customer Service
Intergration of ASR water into annual system operations can


create opportunity for communication with large users:


• Users with high quality water needs first to notice; 
• Prompted plant tour for better understanding of WQ needs; and 


• Length of recovery phase greatly influences geographic extent 


of recovered water into system (Cycle 2 vs. Cycle 3).  


Positive results with local well owners crucial to long term success


of project. 
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Integration Has Been Successful Thus Far – What
Is Happening for Cycle 4 Recovery?
Target goal of 311 MG storage volume.


Increase flexibility during Cycle 4 operations (summer 2010) to 


better utilize ASR within TVWD’s supply schematic:


• Possible carryover for next year to reduce water quality impacts;


Continue to actively address any aquifer response.


Implementing SCADA improvements for accounting.  
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Q & A


Thank You








ASR System Operations and 
Maintenance Requirements


PNWS‐AWWA 2010 Annual Conference
Tacoma, Washington


May 12, 2010
www.beavertonoregon.gov







Overview of City’s Water System


ASR Infrastructure


Operations and Maintenance


Lessons Learned


Q & A 











City of Beaverton
Potable Water Mains
Entire System


Total Length:  263 miles
Total Customer Meters: 16,986
Population Served: 67,000







From 1960 to 1979, 
Beaverton was supplied with 
drinking water primarily by 
the City of Portland, and by 
groundwater from the Hanson 
Road well (1966‐1983).


Beaverton used groundwater supply 
from the inception of its water system 
in the 1920s until the early 1980s.







Joint Water Commission
Tualatin & Trask Rivers


Portland Water Bureau
Bull Run


Clackamas System


Willamette River Source







Average Daily Demand = 8 – 9 mgd
Peak Day Demand = 17 mgd 


** 14 mgd capacity in JWC South
Transmission Line















** Aerial extent of injected water based on annual storage target of 400 million gallons.
Storage area radius is approximately 2,700 feet.


ASR Footprint 







Local Observation Wells







ASR #1 (1 mgd)







ASR #2 (2 mgd)







ASR #4 (4 mgd)























Lessons Learned







ASR No. 4


The Importance of a
Downhole Valve


•Better control of injection flow rate
•Minimize risk of air plugging











Questions?







City of Beaverton
Public Works Department


www.beavertonoregon.gov








A Bridge for the Future
Aquifer Storage and Recovery


PNWS  AWWA 
May 12, 2010


CH2M Hill







Joint Water Commission
Hillsboro, Forest Grove, TVWD, Beaverton


Population Served: 400,000







Joint Water Commission
Tualatin/Trask


Portland Water Bureau
Bull Run


Clackamas System


Willamette River Source







Cities of Hillsboro, Forest Grove, Beaverton, 
and Tualatin Valley Water District


The Joint Water Commission
(JWC)







Historical Tualatin River Issues:  Low Streamflow & Over Use


Before Scoggins Dam







Fern Hill 20 MG Reservoir
Nos. 1 & 2 


Southside Transmission Line
NorthsideTransmission Line


US Bureau of Reclamation Hagg 
Lake/ Scoggins ReservoirBarney Reservoir


JWC Water 
Treatment Plant


USBR Springhill Pumping Plant







US Bureau of Reclamation Hagg 
Lake/ Scoggins Reservoir


USBR Springhill Pumping Plant


Sustaining Our Economy, Watershed and Community
Tualatin Basin


Water Supply Project


Federal Facilities –
Tualatin Basin Project


• Tualatin Project  Facilities includes: 


• Scoggins Dam 
• 151 foot-high zoned earthfill structure


• Spillway, Intake structure and outlet works


• Hagg Lake and Adjoining property
• Reservoir (1132 acres) 


• Surrounding federal lands (~1500 acres)


• Recreational Facilities (6 sites) 


• Perimeter Road (11 miles)


Tualatin Basin Water Supply Project







GSI Water Solutions, Inc.







JWC  ASR Program







Cooper Mountain, Washington County –
Columbia River Basalt Group







GSI Water Solutions, Inc.


Pacific Northwest - ASR


TVWD/Beaverton  - ASR Limited License No. 2







Cooper-Bull Mountain Critical 
Groundwater Area, Washington County
Declared by WRC May 17, 1974







Cooper-Bull Mountain Critical 
Groundwater Area, Washington County  


Critical GW Area: 25,930 acres, 40.5 sq. miles







JWC  ASR Program


GSI Water Solutions











JWC ASR - Scope of Work 


Review Existing Technical Resources


Complete a hydrogeologic assessment of the Cooper Mt. 
target area.


Develop and Evaluate ASR Program Alternative Strategies –
Land availability; Hydraulics/infrastructure; Water 
quality/compatibility; and Preliminary cost


Prepare ASR Well Site/Facilities Plan


Cost Analysis


Final site selection & Implementation plan 


Exploratory Well Drilling







CRBG Hydrogeology


GSI Water Solutions







CRBG Hydrogeology


GSI Water Solutions


CH2M Hill







Cooper Mtn. Geology







GSI Water Solutions







Cooper-Bull Mountain Critical 
Groundwater Area, Washington County  







GSI Water Solutions







ASR Potential Map from JWC MP
(SC x Depth to Static Water Level)


GSI Water Solutions











JWC  ASR
Up to 16 wells
Total 15.8 mgd







Cooper Mt. ASR
Estimated 


No. of 
Wells , 


Phase 1


Total 
Estimated 
Well Yield 


(mgd)


ASR Well & 
Facilities - 


Average Unit 
Capacity 


(mgd/well)


ASR Well & 
Facilities - 


Average Unit 
Cost 


(millions/well)


ASR Well & 
Facilities - 


Average Unit 
Cost/Capacity 
(millons/mgd)


Total Phase 1 
J WC ASR Cost 


(millions)


Well Nos . 1- 16 16 15.8 1.0 $2.54 $2.85 $40.71


All costs 2009 dollars - 2009 JWC Master Plan (Black & Veatch, GSI)


JWC ASR Program, Phase 1


Capital Cos t Es timate











Aerial extent of injected water based on storage of 400 million gallons.
Storage area radius is approximately 2,700 feet.  Approx. 500 acres.


ASR Footprint 







Beaverton’s  ASR No. 1 Beaverton’s  ASR No. 2


TVWD’s  Grabhorn
ASR No. 1







ASR No. 4
3 mgd


Operational February 2007







Conventional 
JWC Supply     


Cost/mgd


Utilize Existing 


Reserve Supply 


Capacity


New Supply 


Capacity


Surface Water 
Supply


ASR Well & Pump Station $973,997 $973,997


Raw Water Storage (untreated surface water) $0 $0 $5,242,214


Water Treatment Plant Capacity $0 $1,333,855 $2,704,762


Finished Water Storage $0 $338,092 $685,575


Finished Water Transmission $0 $642,464 $1,302,775


Total $973,997 $3,288,408 $9,935,326


All costs 2010 dollars


ASR Capital Cost Comparison


Utilizing Existing Reserve Capacity  vs.  New Surface Supply Capacity


Based on 5 mgd Flow Capacity


Facility


ASR Capacity              
Cost/mgd







New ASR Supply1


Total AS R  Annualized Capita l Cos t $0.569 $0.761


Total AS R  O&M $0.789 $1.055


Total $1.36 $1.82


New J WC Conventional 
Supply1


Total J WC Annualized Capita l Cos t $1.355 $1.811


Total J WC O&M $0.409 $0.547


Total $1.76 $2.358


1)  As s umes  5 mgd s upply  flow capac ity ; a ll cos ts  2010 dolla rs


0.770


OVERALL COST COMPARISON 


Beaverton ASR  v.  J WC Conventional Surface Supply


5 mgd Flow/500 mg Volume (Recovery)  Capacity


Total ASR Unit 
Cos t  ($/CCF)


Total ASR 
Unit Cos t  
($/kgal)


Benefit/Cos t 
Ratio


1.299 


Total J WC Unit 
Cos t  ($/CCF)


Total J WC 
Unit Cos t  
($/kgal)


Benefit/Cos t 
Ratio







•Water rights for injection
•WTP & transmission lines - capacity allocation to ASR
•Limited license permittee(s) - JWC, TVWD/COB?
•Partners distribution system sharing for ASR
•Water quality compatibility within partner distribution systems
•O&M responsibilities - labor delegation & cost allocation
•Capital cost allocation to partners
•Monitoring and reporting responsibilities
•Ownership of facilities
•Which partners will consume recovered water & how much?
•Fluoridation
•CCR reporting responsibility
•Future  ASR ownership & partner transactions 


Regional ASR – JWC Intergovernmental Issues







City of Beaverton
David Winship, PE, PLS, WRE
dwinship@ci.beaverton.or.us


Engineering Division
Niki J. Iverson
Water Resources Manager
City of Hillsboro
nikii@ci.hillsboro.or.us








THE UMATILLA BASIN
2050 Plan Background, Priorities and 


Next Steps!







Focus of Presentation


• Brief Background of Task Force, 2050 
Planning Process and Recommended 
Management Alternatives


• 2050 Plan – Priorities


• Plan Implementation – Where We Are and 
Why AR/ASR Not the Silver Bullet







WHY THE TASK FORCE
• 1855 Treaty with the Walla Walla, Cayuse and Umatilla Tribes 
• 1916 Adjudicated decree of water rights to use waters of Umatilla River and its 


tributaries 
• 1954  Pendleton Project Investigation by BoR.  Concluded that potential irrigable 


land far exceeded available water supply
• 1958  First reports of water table decline in Butter Creek area
• 1966  BoR reports that any significant increase in pumping from basalt aquifers 


would likely result in accelerated decline of water tables 
• 1976  OWRD designates Butter Creek a Critical Groundwater Area 


(remanded until 1986) 
• 1976  Critical Groundwater Area designated by OWRD for Ordnance 


Basalt and Gravel 
• 1977  Lost Lake/Depot well owners initiated project to artificially recharge 


shallow gravel aquifer using existing canal system 
• 1983  Umatilla County Comprehensive Plan recognizes that availability of water is 


a  key resource for economic growth 
• 1986  Critical Groundwater Area designated by OWRD for Buttercreek 


Basalt
• 1988  Umatilla Basin Project authorized and funded by Congress -- allows 


irrigators to exchange Umatilla River water for Columbia River water) 
• 1990  ODEQ declares 352,000 acres in Umatilla and Morrow counties as a 


groundwater management area (GWMA) due to nitrate contamination 
• 1991  Critical Groundwater Area designated by OWRD for Stage Gulch 


Basalt
• 2004  Umatilla County Critical Groundwater Task Force created by 


Board of Commissioners to address water limitations
• 2005  Board of Commissioners of Umatilla County adopt Exempt Well Resolution 


until 2050 plan is authorized



















2050 PLANNING PROCESS







Desired Outcome


A doable “2050 Plan” which has  
consensus support and which will 
assure adequate  groundwater for 
broad community needs through 


the year 2050  







Planning Effort


• 2004 (Exempt Well Resolution)
– Task Force gets educated, focused on periodic 


review


• 2005 (Goals and Principles)
– Task Force decides where to go!


• 2006 (Planning Concepts)
– Task Force builds off of four basic concepts


• 2007 (Plan Development)


• 2008 (Review, Adoption and Implementation)







2050 PLAN (Adopted Nov. 10, 
2008)


• Is a water management “road map” to 
pursue over the next fifty years to assure 
long term water supplies


• Is an effort by local citizens to provide the 
BOC with tools to influence water policy


• Is Not Water Law or Land Use Law
• Is Not an attempt to take over water 


management







Adopted Plan Goal: Gradual 
Recovery of Basalt Aquifer







WHY GRADUAL RECOVERY ?


• Economics 
– Improved static water levels, decreased pumping 


costs, minimized well deepening and capital outlay, 
and redundancy 


• Environment
– Improve groundwater quality (dilution and flushing), 


improve return flows to streams (ecosystem function)
• Drought Mitigation


– Assure that groundwater supply available when 
surface water supply is diminished by drought







2050 Plan Developed to Meet 
the Gradual Recovery Goal


1. Governing the Process (In Progress)
2. Meeting Current Water Demands (In Progress) 


1. Supply Projects to Replace Basalt Groundwater Irrigation 
Rights in CGA’s (Emphasis Currently on AR/ASR)


2. Meeting Other Current Water Demands
3. Preventing Additional Groundwater Declines


3. Developing a Water Budget (Quantifying Water 
Availability)


1. Quantifying Water Availability, Groundwater 
Characterization and Natural Recharge Rates


2. Involvement in Columbia River Water Policy 
4. Future Policy Updates to Address Water Budget and 


Maximize Use and Protection of Available Water







Meeting Current Water 
Demands


• Irrigation
– Irrigation from basalt aquifers (Deficit Reduction)
– Westland Irrigation District (Phase III)


• Municipal and Industrial
– Protecting municipal investment and minimizing additional impacts 
– Identifying water supply options for rural industrial needs


• CTUIR Water Rights Settlement
– Addressing and satisfying the current claims


• Rural Domestic
– Protecting investment in exempt wells and minimizing additional 


impacts
– Improving groundwater quality in the LUBGWMA
– Identifying alternative water supply options for high density areas and 


areas with increasing declines in water quality and quantity 


• Note: Meeting current water demands must not result in 
degradation of water quality or environment







Priority: CGAs
Project


– Develop storage and supply to replace existing 
groundwater rights in CGA’s  (e.g. SB 1069/HB 3369)


Policy & Regulation
– Classification of new supply for replacement of 


existing groundwater rights
– Banking/Brokerage System to optimize replacement 


water (to be developed while testing supply options)


Funding
– Debt Repayment based upon Public Vs. Private 
Benefit







Needs


‐Final Design/Build/Survey from C. 
River to CL Recharge ሺ1069 Teamሻ


Funding ‐ GRB


‐Develop Regional Authority, 
include CID as water supplier 
ሺCoalitionሻ


Funding – CTUIR, 
Morrow & Umatilla 
County


‐Water Delivery & Easement 
Agreements w/ CID and 
landowners to AR site Authorityሻ


‐Winter Water Right, POD‐CID, POU 
– CL, Use – AR ሺAuthorityሻ


Funding – GRB, 
Authority


#1A  Delivery to Storage -
Columbia to AR Via CID


Needs
‐Develop Regional Authority, include HID & CID as suppliers ሺCoalitionሻ
‐Develop Authority/Contract from BOR to access Phase II infrastructure 
ሺAuthorityሻ
‐Delivery and/or Exchange agreements with HID and SID: To 
Forego available winter and spring Umatilla River water in exchange for
Columbia River water ሺAuthorityሻ
‐Winter Water Right: POD – Pumping Plant, POU – HID & SID, 
Use ‐ Storage & Irrigation ሺAuthorityሻ


Funding – Coalition/Authority/Stimulus


#1A Delivery to Storage: Use of Phase II Facilities


Needs


‐Assess mitigation alternatives for summertime diversions to East 
Stage Gulch  ሺState Interagency Review Team and Coalitionሻ


Funding – State/Authority partnership


‐Develop Columbia/Umatilla Water Bank ሺState & Coalitionሻ


‐Rulemaking to task Authority with administration of Bank 
ሺOWRD/WRCሻ


Funding – BOR Water Marketing and Efficiency Grants 
for the American Recovery Reinvestment Act of 2009 
utilizing GRB and local funds as match


‐Administer Water Bank ሺAuthorityሻ


#2 Secure options for South Butter Creek and East Stage 
Gulch


Needs


‐Final Design/Build of AR Infiltration Basins ሺUBWCሻ


Funding – HB 3369


‐Monitoring/Modeling System to track water alluvial water 
movement, alluvial storage capability and effect on return 
flows ሺUBWCሻ


Funding ‐ GRB


‐Authority Development, including CLWID and WID as water 
suppliers ሺCoalition forms UBWCሻ


Funding – CTUIR, Morrow & Umatilla Counties


‐Lease/purchase/easement agreements for CL and EM 
recharge locations and new conveyance infrastructure 
ሺAuthorityሻ


‐Exchange agreement ሺmaybe water rightሻ between CLWID 
and WID for Umatilla River water – may not be necessary if 
Phase II is utilized ሺUBWCሻ 


‐Water Delivery Agreements w/ CLWID and WID ሺAuthorityሻ


Funding ‐ Authority


‐New Storage Right ሺAlluvial Reservoirሻ


Funding – GRB through Authority


#1B Develop and Manage Storage


Needs


‐Design/build collection Well fieldሺsሻ ሺ1069 teamሻ


‐Design/build direct Distribution to Fieldሺsሻ ሺ1069 
Teamሻ


‐Design/build ASR well field locationሺsሻ ሺ1069 Teamሻ 


‐Design/build distribution System to ASR well 
fieldሺsሻ, recovery and re‐distribution to fields ሺ1069 
Teamሻ


Funding – GRB, Authority, Stimulus


‐Lease/purchase recovery and ASR locations  
ሺAuthorityሻ


‐Secure easements for distribution infrastructure  
ሺAuthorityሻ


‐Secure water delivery agreements with public, 
private and district providers ሺAuthorityሻ


‐Administer Operation and Maintenance of storage 
and conveyance system ሺAuthorityሻ


Funding – Authority, Grants, Stimulus


Water Supply Project Needs


#3A Develop and Manage ASR and Distribution


State/Commission/Authority to Incorporate Tools and 
Linkages to Leverage Settlement of CTUIR Water Rights and 


Construction/Optimization of Phase III







Preventing Basin-Wide 
Overappropriation While Assessing 
Groundwater Characterization


• Updates to Umatilla Basin Rules
– Work to Form a RAC to begin negotiations
– Limit large scale basalt groundwater 


development
– Sunset the requirements either after a certain 


time period or based on completion of 
necessary groundwater studies and Tribal 
water right assessment







Quantifying Water 
Availability


• Monitor Benefits of Gradual Recovery


• Obtain Necessary Scientific Data for 
groundwater characterization and availability 
(e.g. a groundwater characterization study)


• Work With State and other interests on 
Columbia River Management 







Developments outside of red 
line have minimal water supply 
options other than groundwater







Governing the Process







Managing Basin-Wide Management 
Projects


• Multiple phases, districts, jurisdictions and 
water users involved requires formal 
coordination and negotiation


• New water right(s) will have to be held by 
an entity for specific use(s)


• Project will involve a mix of public and 
private funding, requiring accountability to 
public as well as users benefited







Concepts in Motion
Replacement of Groundwater Rights
• SB 1069 (Umatilla Basin Aquifer Recovery Assessment) 2008
• HB 3369 Passed in ’09 Session ($2.5 Million Grant, $15 million available 


through loans) 
• USDA Funded Economic Impact Study Related to Replacement Water 


Projects Complete for Basin (IRZ.COM)


CTUIR Water Rights Settlement
• Umatilla Basin Water Supply Study 
• Dept. of Interior Assessment Team Report


Management
• Umatilla Basin Coalition Formed – Basin Wide Policy Guidance 
• Umatilla Basin Water Commission Formed


– Members include Umatilla County, Morrow County, CTUIR, WID and CLWID
• 2050 Plan Transition Teams to tie in 2050 Plan











Lessons Learned


• Counties can play a vital role in developing 
multi-beneficial water plans


• Transparent process is necessary to build trust 
(minimizes concern over special interests)


• If its our problem we need to take responsibility 
to fix


• There are only so many water sources (Three 
strikes and we have problems)


• AR/ASR ARE TOOLS, NOT THE SILVER BULLET!







STAYING INFORMED:
Contacts: 


Mike Wick, UBWC Chair - 541.667.2030
Email: jrc@umatilla-city.org


Mail: 216 S.E. 4th St., Pendleton, Oregon 97801


TO VIEW THE PLAN:
http://www.co.umatilla.or.us/Groundwater.htm








© Copyright 2007 Golder Associates Inc., All Rights Reserved


Regional- Scale 
Groundwater Recharge 


Yakima River Basin


Bob Anderson
Golder Associates Inc.


Redmond, WA


AWWA Pacific Northwest Annual Meeting
Tacoma, Washington.  


March 12, 2010
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Yakima River Basin, Washington
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Yakima Basin
Surface storage drives the economy and ecology
USBOR manages reservoir releases to fulfill water 
rights.  Key management location is the Parker Gage


Parker Gage
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Yakima Basin Issues
Instream flows 


Target flows mandated by Congress, instream target flows.


Irrigation demand
Over 2 million acre-feet of Irrigation Entitlements
Non-Proratable [Senior] vs Proratable [Junior] entitlements
Proratable water users did not receive all of their 
entitlement in 1992, 1993, 1994, 2001, and 2005


Municipal demand 
By 2050 municipal demand may grow to 82,000 AF/Yr


Other Demand (residential & agricultural)
Other groundwater users in hydraulic continuity with 
Yakima River
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Groundwater levels declining
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Yakima Basin Storage Options


Surface Storage
Black Rock Reservoir
Wymer Reservoir


Artists rendition of Black Rock reservoir (USBOR, 2007) 
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Yakima Basin Storage Options


USBOR Alternatives under NEPA
Black Rock Reservoir
Wymer Reservoir


Additional “State Alternatives” under SEPA
Enhanced Conservation
Enhanced surface storage 
Market based allocation
Aquifer storage


Municipal ASR
Surface Infiltration
Regional ASR







© Copyright 2007 Golder Associates Inc., All Rights Reserved


Overview


Aquifer Storage
Surface recharge in 
alluvium
Municipal ASR in clastic
formations
Large scale ASR in 
Basalts
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Aquifer Storage Concept
Divert and store water underground when it 
is available
Recover water (directly or indirectly) during 
storage control to benefit streamflows


Direct : Injection & withdrawal Indirect: Infiltration & Return Flow
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ASR Evaluations


Ellensburg Basin


Toppenish Basin
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Municipal ASR
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Regional ASR


Ellensburg


Yakima


Wapato
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Basalt Water-Levels


Grande Ronde
Roza
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Well Capacity
Predicted build-up from 2,500 gpm
injection based on reported short term 
specific capacity tests on 36 wells:


Maximum : >1,000 ft
Average :  473 ft
Median  : 171 ft
Minimum : <20 ft
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Wellfield


Conceptual Wellfield Design


65,000 AF/Yr
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Regional ASR
Deep Basalt Reservoirs


>60,000 AF/yr per well field
Replace/enhance agricultural diversions


Complex/costly infrastructure and 
operations


Water treatment
Conveyance
O&M (power, well fields)
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Aquifer Recharge Concept


Direct : Injection & withdrawal Indirect: Infiltration & Return Flow
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Surface Infiltration Evaluation


Ellensburg Basin


Toppenish Basin
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Surface Infiltration Evaluation
Infiltration basins


“Engineered” for 
desired return flow 
profile


Spreading
“Holistic” recovery of 
shallow groundwater 
system


Key evaluation criteria : 


Return flow to streams 
Delay of “storage control”
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Infiltration Basins


Location Size (Acres) Peak Volumes 
(AF/Mo)


Total Capacity
(AF/Acre/Mo)


Agua Fria 100 5,000 50
Avra Valley 10.8 850 79
Hieroglyph 38 2,800 73
Santa Cruz 30 3,977 132
Pima Mine 14 2,000 142


Central Arizona Project Facilities


10,000 AF/Mo @ 20 to 60 AF/Acre/Mo = 200 to 500 acres


Conceptual Design and empirical predictions 
of infiltration capacity 
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Calculating Return Flow - SDF
Stream Depletion Factor (SDF)


Provides analytical link to geology & 
aquifer properties


T
Sxsdf


2


=
x = effective distance from 


the infiltration basin to the  
surface water source (ft)


S = specific yield 
(dimensionless)


T = transmissivity (ft2/day)
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Developing Recharge Profile
SDF View – Analytical tool to build 
recharge & return flow profiles for 
different SDF factors and recharge 
timings







© Copyright 2007 Golder Associates Inc., All Rights Reserved


Return Flow Profiles
Diversion


Return Flow
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Spreading Concept
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Relative Comparisons


Option Study 
Scope


Ultimate 
Cost


Benefit 
(Habitat + 
People)


Nexus to 
USBR 
Program


Surface
Infiltration & 
Return Flow


High Moderate Moderate High


Municipal
ASR


Low Low Low Low


Agricultural
ASR


Moderate High High High
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Thank You


Contact : banderson@golder.com














