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Automatlc Speech Recognltlon
(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

Breosr,.

eCharge Terminology

» ASR - Aquifer Storage and
Recovery

» AR - Artificial Recharge

» MAR - Managed Aquifer
Recharge

» MUS - Managed Underground
Storage





Why’? Water Aval lability 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 Defer_r.af |





'ASR_.Projectf_'_AppIications/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 sallmty)
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ASR Project Scale

_ Captures “above-base flow
> Eq u u S B e d S $200 M frnlllnmLittle Arkansas River for
> SAWS (San Antonio) s

100 MGD capacity
15,000 acre feet / year

» CERP (Everglades Restoration) y,  SasRwa

11 basins
» Lakehaven — 10BG (planned) 18 recovery wells
» Umatilla

» Approaching 20 PNW Projects

‘% Total Project cost - $137 M
%
Phase 1 - 10 MGD
{\}9 Project cost $27M

; CHENEY WELL FIELD
? RESERVOIR

Y

Equus Beds
Aquifer Storage & Recovery Project

2

lme ITA






> Source Avallablllty
» Hydrogeology*
» Water Quality*
There’s no -
one size fit— ~ Permitting
feajtiﬁiit';t}’ IS > System Integration
specific » Design :
» Well Retrofit/Installation
» ASR Testing

» Operations and O&M

@Aﬁu * Typically completed as a fatal flaw analysis.





> Water nghts
» EXisting

» New
» Reservoir
» Secondary
» Source and Distribution of Recharge Water

» surface water and/or groundwater, timing,
availability

| > Infrastructure (engineering, financial)
- R > water transmission, economic feasibility
Aquifer Suitability
» capacity, yield, containment
» Mixing Reactions
» chemical & biological, well / aquifer clogging

@m » Water Quality (health & regulatory)

______





y
Geology/Stratigraphy

Geophysics

Well Construction

Well and Aquifer Hydraulics
Testing and Analysis
Hydrogeochemistry

Natural Attenuation

Hydrologic System
Conceptualization

Porous Media and Fractured
Rock Modeling - NN Y

3D - Visualization > Engineering and Permitin

V. V. VVVVVVYVYY

Water Rights
SEPA
Water Source Approvals

» Water System Modeling
» Water Treatment
: » Pumping Systems
A Multi- > Facility Design
Discip“nary > Instrumentation
Team is ~ gonos
- perations
ReqUIred"" » Cost and Constructability
>
>
>

s,






Hydrogeologic Issues

» Storage Capacity, Rates, Volumes
» Hydraulic Continuity

» Maintaining Well Performance

» Response Projections

» Recovered Water Quality






>R Engineering

Wellhead Design
Recharge Control

Integration with Distribution
System

Backflushing and Discharge
to Waste
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ring: 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





ring: Recharge Control

- P

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
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» Requires Flow Control to Limit Air
Entrainment

» Requires Pumping to Maintain
Well Performance
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Any
project
will have
these

elements:

» Hydrogeologic Feasibility Study
» Water Avallability and Rights

» Water Quality Evaluation

» Land Use

» Sampling and Analysis Plan

» UIC Registration
» Design

» Testing

» Monitoring/Reporting &2






egulatory Framework
> Oregon and Washington have ASR
Regulations

» ldaho beginning process, current water
guality regulations used as guidance

» Primary Difference: Oregon Waliver
» Some Constituents

» Tied to Drinking Water Quality
» Allows Alternative Concentration Limits





> 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





s -'!ﬁ- =y _‘ e -
Y TER 4 A8 e e

Antidegradation. > 0al: Protection of Beneficial

policy > Ground water quality

“... beneficial SR

Uses shall be > Drml_qng water supply

maintained and » Public Interest

protected and _ ST
seareckion .. R Proces_s. Evaluate Feasiblility of
that would Compliance

interf ith :

'g‘ei[,ﬁ,f SRS » |dentify pollutants of concern
Injurious to » Evaluate treatment options and cost
beneficial uses ; Vi .

<hall not be > Recog_nlze potential risks and risk
allowed.” reduction

WAC 175-200:050 > Evaluate Alternatives

» Select Compliance Strategy
€,
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2 & ‘Compliance Strategies

» Un-Treat and Re-Treat Treated
Drinking Water

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

» Point of Compliance Monitoring
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Violecules or Gallons?

=

What About the “R” in

Betsy Woodhouse — Southwest Hydrology, University of Arizona

\.. I "]

Southen Nevada Fffrler Amhonw ASR weﬂ'

etting water into the ground is

fairly straightforward: water drains

down from a basin or goes down
a well. But then what happens to 1t? Will
the water really be there when it’s needed?
same water 1s

When fresh water is stored i saline\or

mixing of the waters is undesirable: the
goal 1s to recover essentially the same wat®
that was recharged. When fresh water 1s

stored in fresh-water aquifers. as is typical

is less critical. The goal of such projects

i L i i 9 i

brackish aquifers. common in the SoNtheast,

in the Southwest, recovering the same water

in wells demonstrate that the volume of
water stored in an aquifer is increasing.
The Vidler Water Company has been
argifig about 30.000 acTe~feef pe
year of Central Arizona Project watel

Sometimes recovery
of an equivalent
mass matters more
than getting the same
molecules back.

in water 1&\ els has been observed. The

Southern Nevada Water Authonty stores

3 a3 -~ 1

Permeability tests. tracer experiments
(primarily using chloride), and flow

and transport models have been used to
study the behavior of recharged water in
an aquifer. In general. recharged water
usually stays in a somewhat coherent
mass in the subsurface for a period of
time after some mitial mixing at the
entry zone, How much and how quickly
the recharged water mixes with native
groundwater depends on parameters such
as regional groundwater flow velocity
and the dispersivity. transmissivity.

and heterogeneities of the aquifer.

If water is stored only briefly or the
aquifer is not highly transmissive, the
recharged water mass will likely maintain

da S i I e Fe n

Southwest Hydrology May/June 2008






What's Next

' ASR Cmbined with River Bank
Filtration

» RBF Is an accepted approach to
surface water treatment

» Lower treatment costs

Above Base
Flow Condition

Bank
Storage
Well & r

4--"" ‘

. K 1.‘\
Groundwater EffEC’[S_ of
Level Bank Pumping

Storage

Bedrock






B > 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!
































New Applications

- Combined AR and ASR

« Thermal ASR

- Watershed enhancement
and mitigation

- Down-hole electrical
generation

- Storm water and treated

wastewater ASR
















































































































































































































































































Peak and Ecological Flows and
ASR Source Water

Adam Sussman
Senior Water Resources Consultant
GSI Water Solutions, Inc.

|
May 12, 2010

Water Solutions, Inc.






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






ASR Source Water

> 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 s






Peak and Ecological Flows
» ODFW Guidance

> 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

nstream water rights — public use Includes
nabitat protection

nstream Flow Rules — maintenance of
nabitat when developing instream
requirements

> Division 33 Additional Public Interest
Rules - maintaining habitat for listed

species e






HB 3369 (2009)

» 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.”






Peak and Ecological Flows

Ecological Triggering Flows

Channel Maintenance
Flows






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

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
aguatic organisms.






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






Peak and Ecological Flows

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






Channel Maintenance Flow needs
vary with stream bed type

« Sand bed streams

o Gravel bed streams

o« Coarse bed and bedrock controlled
streams






ODFW applies Peak Flows

> Channel Maintenance Flows

o When water I1s 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?






Flow (cfs)

Example - Gravel Bed Stream

(w/ Existing Storage)

3 year Peak flow Trigger

2 year Peak Flow Trigger, all water resened instream

Times when water diverted abowe 760 cfs

Y/ ] e

0

March

/ no water

diverted

Low flow
instream
water only

11/1

11/21 12/11 12/31 1/20 2/9 2/29
Date





ASR and Peak and Ecological
Flows

> 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

> Legislative direction to OWRD seems clear and
narrow

-existing water right

-iInherent 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






ASR and Peak and Ecological
Flows

> 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 m
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... m






Peak and Ecological Flows and
ASR Source Water

> Parting thoughts

» Understand how peak and ecological flow
conditions may impact your project

> Legal analysis Is needed to understand

whether such conc
> Watch legislative ©

itioning IS a concern
evelopments closely

> Revisit the ASR ru

es adopted in 1996






Conclusion

There Is only one way to make “new”
water and it is not very predictable
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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.
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Who's coming along
for the ride?






Stakeholders Must Be Identified @'@‘@

e Look High and Low
 Don’t Forget Anyone

e Don’t Step on any TOES





Baker City
Stakeholders Included...

» 1. The Rate Payers of Baker City

» 2. The City Council

» 3. Water Resources-Local & State

> 4. GSI Water Solutions (Thanks Jeff & Jason®©)
> 5. DEQ

> 6. DHS

» 7.Ranchers/Ag Community





How Much
will the
“Journey”

WAk
Cost? ?






> 0One Well Rehab-S800K

» Daily Monitoring-
Thousands S/sample

» Legal Consult-Never ending

555
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What obstacles are in
the way?

K





 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.

— |t took months of review to develop a permit.





e Water Management & Conservation Plan Required

— The City of Baker City did NOT have a WMCP in place
prior to the ASR project.





L

v

 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






The and After

» Difficulty meeting peak demand
» Well water quality had taste and odor issues

» Only one primary water source-no emergency supply

After ASR Limited License (Feb 2005-Apr 2009)
» Limited ability to inject
» Limited ability to meet peak demand

» Additional testing/sampling costs
» Additional reporting





The and After
After ASR Permit #1

» Limited injection season » Longer injection season
» Lots of testing > Fewer restrictions
» Reduced sampling, testing
& reporting

» Improved ground water

g quality

ﬁ_ig‘
J






Here’s What the Looks Like!






Here’s What the Looks Like!

Oregon Water Resources Department
Water Rights Division
Water Kights Application
ASE Terruit #0014
Endomiement to Certificate RO491
Final Ocder

Apneal Righis

This is a Final Ornder i odher than contested casc, This order is sulgect 1o judicial review under ORS
183,434, Any petition Fur judicial review must he tilsd within the &0 day time period specified by ORS
TRAARAZ), Pursuant o QRS 536,073 wed QAT 137-004-0080 you may sither petition for judicial review
or pelition the Dinector for reeonsideration of this order. A petition Tor reconsileration may be pranted or
denicd by the Director, and i0 ne aclion 35 laken within 60 days fllowing the dete the perition waz filed,
the petitinn 2hall be deened denied,

Thiz statement of judicial review rights docs not create a right to judicial coview of this arder, it judivial
review is olherwise precluded by law, Where no changes have heen made to a Proposed Final Order on a
water 1ight application ad o prolests have been Dled during the protest period. the Final Onder 5 nat
suhject to judicial review,

Aughawity

Crepon Bevised Statues (OBS) 327 und Oregon Administealive Bules (OAR) 890-3350 establish the
proccss by which an application for an ASK permii may be submitted and evaluated by dve Depadmend.

Findings of Facy

1. On November 17, 2007, the City of Baker iy submitted an spplication to the Department for an
anuiber storame and recovery [ASR) permit.

The Thepiitiment recelved uixd censidered corupents on 1he applicatian.

[

3 The Deparncnt issued a Praposed Final Order on January 20, 2008, The protest perind elosed
March &, 2004, and no proteses weee filed.

4. Comments reveived dunng the protest pered sought cerlain cliaci fcations and chages i the diaft
ASR pennil in the Proposed Fimal Order.  Although clarfications are provided here and the
changes considered, no changes were made io the attashed permit.

5. The Uig’s eompliance with its currently approved waler manogemend s conservation plan is a
regquiternenl {eandilion 33 of the uioched ASR permit. Mon-cemplipnee could result in regulation
of ASR activitics,

b In condition $A), the City"s cooperstivn with a Deparimend cequest for diversion mdoenation
oy regquire ad bou Qow oesswreinsents antil Dowmcters are installcd pursuant to the scheduls in
the watcr mANAZS nEnt ard eomgcrvation |_>Is:1.

7. T condition 904 and (D). existing users arc users ol water rights that exizted prior to izsuance of
the ASE permit.

A In condition 3T, the lunpuspe “conllicls with an existing appropriater’s Tawtul right 1o use
WATEPT pertaing 10 iy te existing rights.
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IDAHO

Water Resource Board

RECHARGE APPLICATIONS IN IDAHO
PNWS - AWWA — Pre Conference Seminar, May 12, 2010

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






IDAHO

Water Resource Board

Micron

Eastern Snake Plain

Capitol managed passive recharge

United Water

. TwWinFals
. i

IDAHO RECHARGE SITES / AREAS






IDAHO

Water Resource Board

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 l0ss)






IDAHO

Water Resource Board

Suprise Valley
Landscape

Micron

—— Surface Water
4.5 Mile Pipeline Treatment Plant

Columbia Village (300 ft Ilﬂ)
Landscape - L
Micron - B
Landscape o

Direct Micron ,‘(
Industrial Use v

Micron e
Manufacturing Use 7

Recovery Wells Micron Recharge Process






IDAHO

Water Resource Board

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 MGlyr injected, ~90% recovered





IDAHO

Water Resource Board

Capitol Water Corp.

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

e 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

e 2004 — 2010 through April, ~929 a-f injected, 668 a-f recovered





IDAHO

Water Resource Board

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





IDAHO

Water Resource Board

Sources of Recharge Water

« Snake & Big/Little Wood Rivers — generally good quality, low TDS, turbidity

« |daho 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





IDAHO

Water Resource Board

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)





IDAHO

Water Resource Board

Eastern Snake Plain Aquifer

» unconfined, fractured basalt
e 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
6.9x10° to 1.1x10° ft?/day

hydraulic gradient is southwest

 primary discharge area is “Thousand Springs”





IDAHO

Water Resource Board

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





IDAHO

Water Resource Board

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

Upper Snake River Basin Irrigation

- Irrigated Land

(C3 ESPA Boundary

Miles

sbt - 4/2010 - ESPA_Trrigated_Pogez mxd
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8,000
7 000 more efficient irrigation + ground water pumping
’ canal construction flood irrigation + winter water saving
1900 - 1935
6,000
2 5,000 ' L NG & TERH B SO0 (% M e T
@
2 4,000
©
=
2 3,000
E ’
2,000
1,000
0 ] n n n
N 00 & © © N 00 T O O N 00 T o O N o0 «¢
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Water Year

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 Maflyr
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IDAHO

Water Resource Board

Thousand Springs Area






IDAHO

Water Resource Board

AT
AL

2009 Recharge Program

Recharge Canals
(::_7) ESPA Boundary

Miles

sbr - 1/2010 -

chorgeArrowsJan2010.mxd
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Water Resource Board

140,000
2009 ESPA Cumulative Recharge Volume 2009 total
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o0 - Cumulative Recharge Volume above
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—a == Total Recharge Volume
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Water Resource Board

2,000

2009 ESPA Recharge Diversions
Hee _ March 20 — December 4 i

max. recharge flow
1,742 cfs
1,600
1,400 H
OAberdeen-Springfield
1,200
- OFremont - Madison
%) 'H
© BGreat Feeder
= _
S 1,000 |
= ' irrigation deliveries begin Oldaho I.D.
)
o . )
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=
] 800 -
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BSouthwest
600

400

200

rﬂ late season recharge
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2010 Cumulative Recharge Volume
Early Season, February 24 - April 15

60,000
Total Recharge
55,815 a-f /
/7
50,000 77
V4
. P
—==total above American Falls /4./
40,000 . . W
===total below American Falls 27
77
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2010 ESPA Recharge Diversions
Early Season February 24 - April 15

1,400

1,200

SWID

1,000
SRVID
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600
400
200 II
0_ 1
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Cubic feet per second






IDAHO

Water Resource Board

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






IDAHO

Water Resource Board

Recharge and Water Resource Management

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

water quality mitigation

water supply mitigation

* inthe 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
Injectlon Water

L=

" | BryanBlack

. HDR Engineering - Portland
| PNWS AWWA Conference
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Presentation Overview

njection water quality needs
Raw water sources / quality issues
mpact of treatment on finished water quality

Regulatory environments and issues
¢ Oregon
¢ Washington

Case studies






Typical injection water quality
requirements WeE |

= Turbidity < 0.5 ntu

= Noncorrosive

= Geochemical compatibility
= Redox compatibility __

m Others '
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Typical source water quality iIssues

Surface water Groundwater
= Protozoa, Viruses, = [ron
Bacteria a Manganese

= Natural organics = Nitrate

= Turbidity Wastewater
= Lake = Microbial pathogens
¢ Algae = NDMA

¢ Iron :
= Micro pollutants
¢ Manganese






Water Treatment Key Objective:
Removal / Inactivation of Microbial Pathogens

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

Bacteria Viruses Protozoa

(E.coli) (Hepatitis, Polio) (Giardia) (Cryptosporidium)

———————rr—r— —— ,
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Water treatment techniques /
regquirements

SDWA (1990) “Dual Barrier” treatment techniques
= Filtration:

¢ Removes some microbes (larger ones)
a Disinfection:

¢ Inactivates remaining microbes

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






Classes of Microorganisms:
The Microbial World

Viruses: smallest (0.02-0.3 um diameter)

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

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

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

~5um






Conventional treatment relies on
chemical additives

Poly

Pre-ox
Coag

Intake  Rapid Mix Floc/Sed Basins

=

_-..-_-..-_-..-_-..-_-..-_-..-_-..-_-..-_-..-_-..-_:..-_:..'

Finished Water Chlorine Contact Basin

Pumping Wet Well Ozone or UV? Dual Media

Filters






Water treatment techniques and
chemical addition

Pre-nxidation: a

| N__rIN
/- fluoride - Google Search - Microsoft Internet Explorer provided by HDR Inc.

*§ http: /fwww. google.com fsearchiPhl=engsource =hpgg=fluorideg ag=fRagi=Rag=Rogq=8gs_rfai=

File Edit View Favorites Tools Help & Convert v [ Select

T:? 'f.}:'? *q fluoride - Google Search ]

Web Images Videos Maps MNews Shopping Gmail more ¥

Goc 18 l€ fluoride

About 570,000 rezultz (0.34 =econdz)

Search

Advanced search
*§ Everything Fluoride is Poison
® Images www.douglassreport.com/fluoride
W Books Recommend Fluoride.

Sponzored link

Dr. Bill Douglass Explains Why He Does NOT






Disinfection creates chemical
byproducts

Chemical
" Precursor = DBPs
Disinfectant _ -

' Trihalomethanes
Chlorine

Chl - Natural Oraanics Haloacetic Acids
b % - : = Bromate
Ozone Bromide

Chlorine Dioxid Chlorite / ate
S Haloacetonitriles

Haloketones
Aldehydes

and many more






Disinfection: No Silver Bullet

Chlorine

UV

Chloramine

Gilardia

Fair (slow)

Excellent
(fast)

Poor

Crypto

Ineffective

Excellent

|neffective

VIrus

Excellent

Poor to Fair

(adenovirus
resistance)

Poor

Yes (THMs,
HAAS)

NO






Chemical-free treatment opportunities

# Membrane filtration

¢ Chemical free solids removal,
Including protozoa

¢ \Viruses may pass through

¢ Dissolved substances like natural
organics pass through

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






Approaches to Disinfection Byproduct
Regulation — Broad / Narrow

THMs | HAAs Oregon similar to EPA

60 prglL s Maximum Contaminant Levels
(MCLs)

= Groups of contaminants
s SDWA treatment technigues
Washington

a Maximum Contaminant Level
Goals (MCLGs)

a Specific contaminants
s No SDWA treatment techniques

> 8 pall

Unregulated DBPs






Chlorination / Viral Disinfection
Not Feasible in Washington?

Allowable TTHM (ug/L)

Bromodichloromethane = 0.3 ug/L ?!?

Oregon (MCL) Washington (MCLG)






Disinfection / BP balance in
Washington

Disinfection
Byproducts






Washington antidegradation clause
can set lower limits

Inject Water Concentration

GW Quiality Criteria GW Actual
Concentration
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California injection program

Prevent Seawater
Intrusion

Started 1n 1953 with Los Angeles

surface water County

Now 153 wells, 9 miles g -
: i Earriarj—r
Recycled wastewater | qu,.,1.»_~~L~ Orange

Injection started 1995






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

- awil

Injection

Micro Reverse
filtration Osmosis

UV Goals

— 4-log MS2 virus kill
— 1.3-log NDMA destruction

— Advanced oxidation with
hydrogen peroxide






-
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===
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Wastewater Effluent
Source

Submerged Microfilter
Basins






Reverse
OsSmosIs































Conclusions / Recommendations

m 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
= |[mplementation hurdles exist in Washington

= A regulatory summit and re-evaluation of Washington
ASR regulations would be useful

m |S 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

Turn dissolved into particle:
Turn dissolved into particle:
Make particles bigger:
Remove particles:
Inactivate microbes:

Protect finished water:
Prevent tooth decay:

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






State Regulatory Comparison

Oregon

Washington

Compliance
w/SDWA?

Yes

NO

Allowance for
DBP
Formation

MCL

<< MCL

Contaminants

< 50%
MCL

Groundwater

OIEUY
Criteria

Ne)

Yes
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| ‘ PACIFIC NORTHWEST SECTION

IDAHO » OREGON » WASHINGTOM

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

Aquifer Storage and Recovery
Implementation in Washington — City of
Walla Walla Experience
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| Presentation Outline

S

DA Teb
m Introduction

m ASR Regulations in Washington
m History of ASR in Walla Walla

m ASR Implementation in Walla Walla

{ Mill Creek Diversion
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¥ “'J'f‘ ,":;_’ _ "j":\.%.,&;‘?lf b, -
& = .| Why Did Walla Walla Start ASR?

B SR Y i
B L&‘.’-ﬁ:’: =z 'k == |

m Historic declining groundwater levels in Columbia River Basalt aquifer —
used by City wells

m Concerns about long-term water availability for growth
m State designated Critical Water Source Supply Area (CWSSA)
m Vulnerabllity of surface water source
m Fire in watershed
m Drought — climate change

May 28, 2010 4
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rﬁﬁ"y SN T
@& 9. 'fjl‘ﬁ'{?,;jzéf Al . . .

& ¥ . | ASR Regulations in Washington State
AR el o5

Primary Regulation:
m WAC 173-157: Underground Artificial Storage and Recovery
Other Applicable Regulations:

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

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

m WAC 173-218: Underground Injection Control Program
B WAC 246-290: Group A Public Water Supplies

May 28, 2010 5

.i Golder
L7 Associates





7 AN A
A “"Ff,f ¢ ¥ *‘;ﬁ &4;}':, t,uﬂg‘,g

& W | ASR Permits and Authorizations Required

9 -’ ok g U
S Y S

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

m 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

m Underground Injection Control Program Registration for ASR

Wells
> Class V Injection Wells

m NPDES Permit
> Discharges to surface water such as flushing or pump-to-waste

m Start Card and Well Logs
> ASR Well modifications below ground (seals, new casings, etc.)
> New ASR Wells
> New monitoring wells

May 28, 2010 6

==
A

1 Golder
Associates





m Local Jurisdiction
m SEPA Checklist

» Construction of ASR facilities

m Department of Health
> Wellhead piping modifications
> Recovered water quality

Walla Walla Well 6

May 28, 2010 7

‘i Golder
L7 Associates





"7“5: N \WAC 173-157: Underground Artificial Storage

& : ‘
w’ b Iﬂ_&‘, g‘ "ﬁgﬁ”

9 & X | and Recovery _ _
Components of ASR Reservoir Permit
Application Package

Hydrogeologic System

Description Legal Framework Operations Plan

Environmental

Assessment Mitigation Plan Monitoring Plan

Effective February 23, 2003

May 28, 2010 8

.1 Golder
L7 Associates





; g"’ﬁ» 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

-------
i

Walla Walla e
Valley e sk

3 Inberfiow Zone
s (High Parmaability )

Basal Fiow

(Low Parmeabity)

=T

. oldeli
SOClales
Well Recharge






WAC 173-157: Legal Framework

Describes Project Water Rights and Permits
m Recharge source water rights

m Other water rights in project area

m Instream flows

m Ownership and control of ASR project facilities
RN T N

May 28, 2010

F Golder
L7 Associates





v 'Em"""«a-
|

ggﬁ& » WAC173-157: Environmental Assessment

Describes Environmental Components of Application Package

m Land Uses
m Surface Water, Springs, Wetlands, and other Wells in Project Area

m Proximity to Hazardous Sites

m Potential impacts to surface water, wetlands, and springs, slopes, and
ground deformation.






@ e | WAC 173-157: Operations Plan

Describes Operation of ASR System

m Recharge water rates, quantities, and availability
m Recharge, storage, and recovery durations

m ASR facility details

m \Water treatment details

May 28, 2010 12

= ' Golder
Associates
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1' {| WAC 173-157: Project Mitigation Plan

Describes Mitigation for Adverse Impacts
m Necessary only if Adverse Impacts Identified
m Mitigation Measures

m Means to Measure Effectiveness of Mitigation

May 28, 2010

.1 Golder
L7 Associates






'@ W . | WAC 173-157: Project Monitoring Plan

:L»‘-iu(
WA s
kﬁl&:« s i -]

i oY
L‘;}\,\?— . g h‘

Describes Monitoring Plan to Verify and Update Conceptual Model
m Measurement locations, frequency, methods

> Water Quality — Recharge Water, Recovered Water

> Recharge and Recovered Water Rates and Quantities

> Groundwater Levels

m Provide Data for Evaluation of Percentage of Recoverable Water with
Time o AT —

14

=T

15 Golder
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i | Washington State ASR - Supporting
2% & | Regulations

WAC 173-200:
Water quality
standards for ground
waters of the state of
Washington

WAC 246-290:
Group A Public
Water Supplies

WAC 173-162:
Minimum standards
for construction and

maintenance of

WEHES

WAC 173-218:
Underground
Injection Control
Program

May 28, 2010 15






Walla Walla ASR Timeline

Construction of

. Processing
Mill Creek WTP — Well No. 1 Well No. 6 U Eirzms
FEREEE MiEEst in Service in Service Uncertain
in ASR A Yy A
USGS - Well
No. 3 Testing Well No. 1 Well No. 6 Groundwater ASR Future
—No Eurther Pilot Testing Pilot Testing Flow Model Permit Build-out
Action >
] 2006 -
1957 1990’s 1999 2002 - 2003 2004 - 2007 2009 2010 - ??

Well No. 3

May 28, 2010

Well No. 1

Well No. 6

16
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> Several short recharge tests

> ASR was feasible, but some clogging issues
> No further action until late 1990’s

May 28, 2010

A
15 Golder

Associates





Walla Walla ASR Timeline: 1990’s

N M|II Creek WTP Constructed in late 1990’s
> Avalilability of High-Quality Recharge Water - Ozone
m 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

WELL HEAD
PROTECTION

May 28, 2010






T WaIIa Walla ASR Timeline: 2002 to 2003

0 WeII No 6 Pilot Testing
> Pilot testing successful
> Placed intro service as ASR well
> 1,600 gpm recharge capacity

May 28, 2010 19

.1 Golder
L7 Associates





Simplified Hydrogeology

Geology Hydrogeology

Aquifer
30to 120 m thick

Sand and Gravel

Confining Unit

Silt and Clay 30 to 120 m thick

Columbia River Basalt

(Wanapum Basalt) Aquitard

& 2 ~ o B N R 2 i & 2 ~ o B N R 2 i a2 2 ~ o B N R 2 i & 2

T o TR o T " i o AC!Uifer
Aquitard

& 2 ~ o B N R = I =T a2 2 ~ o B N R = & 2 .

C R Interflow A gatal g OB N AR gt Aquifer
Aquitard

~ ColumbiaRiver Basalt ~ ™ _

S (Grande Ronde Basalt)  pum Aguifer

F=INP ~ x

Aquitard &





L e RS RS eEE |
Unconfined | o £ E i Layers 1 & 2

Aquiter | e » 1.8 x 10 to 3.5 x 10* m/s
(sand and gravel) f{ [ T o
TR ; S

Confined Silt
Aquitard

Minor Vertical
Leakage from
Basalt

Confined Basalt Aquifer - Layers 4 & 5
with Interflow Zones - 1.2 x 105to 7.1 X 10°° m/s

ASR RESERVOIR

T

=" Golder
L7 Associates






s W .| Walla Walla ASR Timeline: 2004 - 2007
;»,_—_:JL;; f_gwii )

m Groundwater Flow Model
> Hydraulics of Basalt Aquifer System

> Support ASR Permitting
> Evaluate storage capacity of basalt aquifer
> Evaluate ASR water balance
> Evaluate ASR recovery gquantity efficiency
»Evaluate ASR effects on surface water

1,500,000
1,000,000 /
| /— -
_ soo0m0 | = [waterinto Storage] Change in Storage
3 ; g I
[}
(o)}
s | ; Blocks I and Il (ASR Blocks)
g i :
(6] :
200,000 7 |Water out of Storage| ¢ \\
i | E
| |—@ASR :
-1,000,000 ———No ASR \\
| |— —Net Benefit From ASR : _——
1 Start of Pumping Golder
-1,500,000 +—————— ‘ T ‘ R T e . ~ Associates
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B 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

m Revised application submitted in 2009 following
additional modeling

> 11,750 AF (3,830 MGal)

m Application currently being processed by Eastern
Regional Office

m Processing timeframe uncertain because of staffing
Issues and technical factors | T,
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B Water Source: Diversion on Mill Creek in Oregon
> Oregon and Washington Water Right Permits
m Mill Creek Water Treatment Plant
> 24 MGD capacity
» Ozonation
> Chlorination
> May be upgraded to meet LT2SWTR
m 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
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Walla Walla ASR System

Pump to Waste ——————»
Recharge Water =——» I

Recovered Water >

Mill Creek
(recharge water)

Twin Reservoirs
(raw water storage)

— |Diversion and Pipeline
Infiltration ._>
P
ond A Pump to (
Well No. 6 Waste -

Chlorination |—» -
® +—{Ozonation]

A Pump to

Chlorination Waste

\ 4

Finished Water Storage
(2 storage tanks) v

< | Distribution System |

Chlorination
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48 w"’é ASR Permitting/Implementation Issues

Disinfection Recoverable

Byproducts in Water under ASR
Recharge Water Permit (Water
(anti-degradation) Balance Neutral)

Water Rights

= = Golder
Associates
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>_ o v **"‘“"*‘_ Recharge Water Quality — Anti-degradation
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Issue: Anti-Degradation Criteria for Recharge Water
are Lower than Drinking Water Criteria

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

guality of ground water — but anti-degradation criteria are more stringent for

several constituents — including DBP’s

Total Trihalomethane
Chloroform

Bromoform
Bromdichloromethane
Dibromochloromethane

May 28, 2010

80 ug/L

No Criteria
No Criteria
No Criteria
No Criteria

27

No criteria
7 png/L

S ug/L

0.3 ug/L
0.5 ng/L
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Issue: Anti-Degradation Criteria for Recharge Water
are Lower than Drinking Water Criteria

m Recharge water is high-quality drinking water

mEvaluation 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

May 28, 2010 28
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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
May 5, 2003 15 na na na na na
Recharge June 4, 2003 76 na na na na na
June 16, 2003 100 na na na na na
June 23, 2003 na na na na na na
Storage July 16, 2003 na na na na na na
July 28, 2003 na 8.9 <0.5 <0.5 <0.5 <0.5
August 4, 2003 (28) 6.6 <0.5 <0.5 <0.5 <0.5
Recovery 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

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

» Recovered water meets drinking water criteria

May 28, 2010 29
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Issue: How Much Water can be Recovered?

m Excellent in-situ, recharge, and recovered water quality means water
guality recovery efficiency not an issue in Walla Walla

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

. 40% I 45% 49%
Recor Y R very R v
500
400
5 300
I
£
17
=
=
200 |
5 o
100 1l e gt -
et
0
May 28, 2010 . . - - | BQ 32 | | \ \
y o o = w0 o & EX 3 £ : :

Volume Recovered (gal) GO]dﬁl'
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Issue: How Much Water
can be Recovered?

m Water Balance provides best tool Surface Water
to assess water guantity 0
Sand and Gravel
recovery. Supported by fier
data/analysis from: 3%
» Monitoring Well(s), Pumping
Tests, ASR Operations

> Conceptual Hydrogeological

Basalt Aquifer
Blocks I and Il
36%

Model
. Aquitard
> Numerical Groundwater Flow 30,
Remainder of
Model

Basalt Aquifer

m Recovery varies with storage 4%

duration because of losses Change in Storage at end of Recharge

May 28, 2010 31 =
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Issue: What Water Rights are Required for ASR?

m Water rights for source waters for recharge
> Washington and Oregon Permits for Mill Creek
> Underlying rights specify beneficial use
m Reservoir Permit
> For underground storage
> Processing in progress
m Secondary Permit

> Required if beneficial use of recovered water is different than
specified for source water

May 28, 2010 32
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::“"E:';; »Is ASR a Good Idea for Walla Walla and
9 A ¥ | Washington?

m 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

m Key Issues remaining:
m Anti-degradation
m Recoverable water

May 28, 2010 33
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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

(B soer,.,






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
e 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

e Regenerative drives
using VFDs

— Total dynamic head

* Turbine motor
generator W/governor Micro-turbine
— Total dynamic head






Phase | — Current ASR Wells






Phase | Energy Analysis Report

Well #1 Well # 5 Well # 14
Estunated Recharge Time (days) 150 70 145
Annual Operating Hours 3,600 1,680 3,480
Estunated Turbine Output (KW) 26 30 7
Estimated Generator Efficiency 92% 92% 92%
Estunated Generated Power (KW) 239 27.6 6.4
Estimated Annual Energy 86,112 46,368 22,411

(kWh/year)

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

$9,295: Annual energy payback @ $0.06 per KwWh

Based on micro-turbines

Regenerative drive option: estimates to be developed






Phase Il — Future ASR Wells






Phase Il Energy Analysis Report

Well # 2 Well # 4 Well # 8
Estunated Recharge Time (days) 150 150 150
Annual Operating Hours 3,600 3,600 3,600
Estumated Turbine Output (kW) 32 8 18
Estumated Generator Efficiency 92% 92% 92%
Estimated Generated Power (KW) 29 4 7.4 16.6
Estimated Annual Energy 105,840 26,640 59,760

(kWh/vear)

Total annual energy for Phase Il 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
e 1885-2.0cfs— 900 gpm-1.3 MGD
1890 -0.5cfs— 224 gom -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?

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

 Requires perseverance

2N

7,
&






FERC Process

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

e Enjoy the read






FERC Environmental Report

* Vegetative Cover

o Fish & Wildlife Resources
o Water Quality & Quantity
 Land & Water Uses

* Recreational Uses

e 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

 [nitial map may be 11” X 177; final map
must be larger

 |fapproved 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

e June 2008: Initial FERC Contact (Robert Bell) / OWRD

* December 2008: Draft ETO Study

* February 2009: Conduit Exemption Packages Delivered to FERC
e March 2009: Final ETO Study

* March 2009: FERC Letter: “Patently Deficient” Application

» April 2009: Oregon Department of Energy

e June 2009: New FERC Contact (Jeremy Jessup)
— Phase I (Existing) and Phase Il (Future)

» October 2009: Begin Consultation with CTUIR

o December 2009: Initial Presentation to CTUIR Water Commission
 March 2010: CTUIR Board of Trustees — Letter of Support

. April 2010: City Council Support — Resolution #2406

_. “\M% 201q: Meet |\/_\{ith US Senators Local Staff
ol il L 0N 1) L0 )N

—

ZREGOYS






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 iIs not
designed for small hydro
projects within existing
distribution system

e Cumbersome, time-
consuming & expensive

e 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

e Questions (?)
e 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







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

Aquifer Storage and Recovery (ASR)
Engineering Considerations

Wednesday May 12, 2010

Presented by:
Chris Uber, P.E., Senior Vice President,
Murray, Smith & Associates, Inc.
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System Planning and Well Siting

Engineering/Design Elements

Well Design and Drilling

Wellhead/Wellhouse Site Layout

Wellhouse Designs

Typical Groundwater Production Well Design Elements
ASR Well Design Features

Downhole Control Valve

Project Construction and Assembly Photos

Conclusion
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Sys

QO Master Planning and Supply
Source Planning

Q Siting a typical production well
constrained by a number of

factors:
0 Hydrogeology
0 Water rights/availability
O Property
O Proximity to demand centers

Q Siting an ASR well includes GEE T R 83 s R
considering additional factors el ey |l B e S e
O Proximity to injection/source water piping LT | \wATER SYSTEM MASTER PLAN
system
0 Configuration, capacity and pressure of
injection water delivery system piping

oKL 51'7_'?' 2 =& & . ’ =
TR BT L TR L v o 1
WELL DRILLING IN A NEIGHBORHOOD SETTING






Q Production Ca

Q Flow Control
O Production
O Injection

Q Water Quality

0 Treatment/Disinfection

Q Operational Needs

O Production Cycle
0 Injection Cycle
e Rate/Flow control
e Water Quality
e Reporting/Monitoring needs

WATER
WRRIE

ference 2010« May 12-14|
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ical Groundy on Well Design

Elements

|

PI0I, DEEF WELL OLS WERT TUREINE PUMP W/PUMP
BASE, SEE SPECS & SHT M-2 DETS

B" MAGNETIC FLOW METER, SEE SPECS

B" SILENT CHKV, FLG

B" BFV, FLG

4" BFY, FLG

FVI04, 4" EI.EC'I'RCHII:I.LL'I‘ CONTROLLED,

HYDRAULICALLY OP) GLOBE-STYLE,

PRESSURE SLET.lINING mmm VALVE

FV103, 8" ELECTROMICALLY CONTROLLED,

HYDRALL ICALLY OPERATED, GLOBE-STYLE,
PRESSURE SUSTAINING Dlwm WALVE

FVI02, B" ELECTRONICALLY CONTROLLED,

HYDRAULICALLY OPERATED, GLOBE-STYLE

DIAPHRAGM VALVE

TABLET DECHLORIMATION SYSTEM

AMMONIA FEED SYSTEM

EE®EE @

OGJ

TABLET CHLORIMATION SYSTEM

WATER QUALITY |NSTRUMENT PANEL, SEE DET 1,
SHT M-3

x" DEEF WELL VERT TURBINE PUMF AIR VALVE ON
®" WELD-O-LET W,/ BV & COP TO DRAIN

PRESSURE GALGE & SAMPLE STATION, SEE DET 3,
SHT M-3

B" STATIC MINER

PW/NPW MANIFOLD, SEE DET I, SHT M-4
PALLET JACK

B" WS SPL, FLGNPE, LENGTH AS REQ'D

RESTRAINED FCA, SIZE PER PIPE
B*xa" WS TEE, FLOXFLOXPE

B"X8" WS TEE, FLGXFLGXFLG

10 POLMD COZ FIRE EXTINGUISHER
8" WS 80" BEND, PEXPE

B" WS 50" BEND

4" WS SPL, FLGKPE, LENGTH AS REG'D

AD)

: 33 (En

4" WS 007 BEND
4" WS SPL, PEXPE, LENGTH AS REQTD
4" DI, LENGTH AS REQ'D

3
i

HOSE 1868, SEE DET 6, SHT M-3
10 POUND MPDC FIRE EXTINGUISHER

WODULAR WORKBENCH 72" 'WIDE, 4 DRAWER/I DOOR
W/MAPLE TOP, EDSAL MODEL G00-T2-M OR EQUAL

STANDON PIPE SUPPCRT, SEE NOTE 2

WOTES:

FOR HWAC AND PLUMBING FLAMN AND SU-!EULI.ES. SEE
SHEEF M=4, FOR SITE PIPING SEE SHEET C-

2. SPECIAL HANGARS AND SUPPORTS ARE SHOWN IN SOME
LOCATIONS. CONTRACTOR |5 RESPONSIBLE FOR

DETERM INING THE LOCATION AND NUMBER OF ALL
ADDITIONAL SUPPORTS TO PROPERLY SUPPORT PIPING,
WALVES AND ECAUIPMENT CONNECT IONS TO PREVENT
DEFLECT 1O AND STRESSES.

3. FOR ALL FLANGES NEAR WALL AND FLOOR
PEMETRAT |ONS FOR WHICH NO DIMENSION |5 GIVEN,
FLANGE FACE MUST BE 6" MINIMUM FROM WALL OR FLOOR.

4, MECHAN ICAL JOINT RESTRAIN REQUIRED ON ALL
UNDERGROUND PIPE AND FITTINGS,

® EEEAARRRECEREEIERE ® © PEE

3-OR—M— | _3dwg M-

R PLAN

ADY00—-0500—

134

b ot | PRELIMINARY ONLY Py
w1 | OSWE | o crussron consmecon AQUIFER STORAGE MECHANICAL FLOOR PLAN

T SANUARY 2008 AND RECOVERY AND SECTIONS M=
WELL HOUSE

X of X

OONO500Y,;

NO.|  DATE BY REVISICHN

PROEET WO 000500303 [SCAE: A5 SHdw | DATE JRNUARY 3008






MECHANICAL SCHEDULE:

(3) PI0I, DEEP WELL OLS VERT TUREINE PUMP W/PUMP
BASE, SEE SPECS & SHT M-2 DETS

TURBIDIMETER AND WATER QUALITY INSTRUMENTATION PANEL 8 SIS MRLER SIS
e T e o e e o
S pEcHoRmATONGF & g [ [T ® g oo

= o giEEe @\ 1M S ESSURE SUSTAIMING D) APHRAGM VALVE
" PUMP TO WASTE T T

------------ SEE SHT £-2 (7) FVIG3, 8* ELECTRONICALLY GONTROLLED,

L HYDRAULICALLY OPERATED, GLOBE-STYLE,
(8] PRESSLR
4 4Ol |

D, GLOBI
E SUSTAINING D APHRAGM VALVE
FV102, B" ELECTROMICALLY CONTROLLED,
HYDRAULICALLY OPERATED, GLOBE-STYLE
DIAPHRAGM VALVE
(8) TABLET DECHLORINATION SYSTEM
AMMON1A FEED SYSTEM

(T0) TABLET CHLORINATION SYSTEM

32" S0 WM, (i2) WATER QUALITY INSTRUMENT PANEL, SEE DET 1,
SEE DET X, SHT M-3
/ (13) X" DEEP WELL VERT TURBINE PUMP AIR VALVE ON
X' WELD-O-LET W/ BV & COP TO DRAIN
(14) PRESSURE GAUGE & SAMPLE STATIOM, SEE DET 3,
SHT M-3
(i 8 STATIC MIXER
PW/NPW MAMIFOLD, SEE DET 1, SHT M—4
(17 PALLET Jack
(18) 8" ws L, FLGHPE, LENGTH AS REQ'D

RESTRAINED FCA, SIZE PER FIPE
@D Bxa" WS TEE, FLGFLGHPE
l (@) 8%E" WS TEE, FLGKFLGKFLG

\Jj).\
OWN:JHOLE VALVE CONTROL (@9 10 POMD COZ FIRE EXTINGUISHER

TABLET
|| I—|C] WORKBENCH Jaauer
L1 ! @ & ws 50 BEND, PEXPE

I I [T 1 T T T T T T T [ T T i
~A— H B~ PANEL AND NITROGEN GAS @ # oo
u m SUPPLY (28 #* ws SPL, FLGWPE, LENGTH AS REGD

H H @B + ws 50" sEND
@) + ws 5L, PEXPE, LENGTH AS REQD
@8 4 D1, LENGTH AS REGD

- BYPASS PIPING

7

qCAD)
[

: 33 (En

/08

;

/
(

(28 HoSE B1BS, SEE DET 6, SHT M-3

NOTES:
(30 10 POUND MPDC FIRE EXTINGUISHER

I. FOR HVAC AND PLUMBING FLAN AND SCHEDULES, SEE
SHEET M-+, FOR SITE PIBING SEE SHEET C-1. (3) MODULAR WORKBENCH 72* WIDE, 4 DRAWER/1 DOOR
2. SPECIAL HANGARS AND SUPPORTS ARE SHOWN IN SOME W/MAPLE TOP, EDSAL WOODEL 600-72-M OR EQUAL

LOCATIONS. CONTRACTOR |5 RESPONSIBLE FOR
DETERM INING THE LOCATION AND NUMBER OF ALL (32 STANDON PIPE SUPPORT, SEE NOTE 2

ADDITIONAL SUPPORTS TO PROPERLY SUPPORT PIPING,
WALVES AND ECAUIPMENT CONNECT IONS TO PREVENT
DEFLECT 1O AND STRESSES.

3. FOR ALL FLANGES NEAR WALL AND FLOOR
PEMETRAT |ONS FOR WHICH NO DIMENSION |5 GIVEN,
FLANGE FACE MUST BE 6" MINIMUM FROM WALL OR FLOOR.

4, MECHAN ICAL JOINT RESTRAIN REQUIRED ON ALL
UNDERGROUND PIPE AND FITTINGS,

W H F R PLAN
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8" FLG DISCHARGE —,

SEE DET 3. THIS SHT-

STUFF ING BOX DRAIM CONNECT|ON

MECH SEAL AIR RELEASE {IF REQ'D)

PRE—LUBE COMNECTIOM
PUWP WR'S STD PUMP BASE

RECOMMEMDAT | ON—SEE NOTES

FILLET WELD ALL ARCAND

I" STL BASE PLATE (36" 5Q)
L}

SHR MK OEDUT

TOP OF EXIST CASING

AT EL=, CUT OFF AS

REQ'D

3-§4 30

EXIST WELL SEAL
REMOVE & REFLA:E_\\
AS REQD

EXIST 14' COuR.75" —

WALL STL CASING
HOTES

Vv

B \\*—s—ﬂ—l'—wms REQ'D
PREMOLDED JOINT
FILLER

‘o= NEW PUMP COLLMM=8" DIA

Y WITH ALL RECAUIREMENTS OF OREGON WATER RESOURCES DEPARTMENT FOR WORK

COMPL
ON EXISTING WELL.

2, FURNISH AND |NSTALL BRASS OR COPFER FITTINGS, PIPING P.NU ‘I'N..VINC AS
REQUIRED TO PR!WIII AR RELEASE AND ACH PUMP,

3. ROUTE AIR RELEASE AND DRAIN PIPING TO TRENCH DRAIN. HOLD OUTLET PIPING

6= INCHES OFF FLOOR.

4. ANCHOR BOLTS TO BE " MINIMUM GALVANMIZED STEEL WITH HEX NUTS (8 REQUIRED).

CRAIN. TYPICAL E

LENGTH AND EMBED PER WANUFACTURER REQUIREMENTS.

5. PUMP BASE BOLTS TO BE HEX HEAD BOLTS WITH LOCK WASHER, LENGTH AS RECQUIRED.

B. WELL WENT AND WELL ACCESS PORTS NOT SHOWM FOR CLARITY. SEE PLAN VIEW OF
PUMP BASE, DETAIL 2 THIS SHEET,

DEEP WELL VERTICAL TURBINE

;
f—— DOWNHOLE
CONTROL VALVE

FF EL=344.0

LINER OMITED FOR CLARITY
BELOW THIS POINT

— 3' "ELL w:m w,r’mg:cr

D5 AS REQD,
ANCHDR BOLTS, TrP7 EE SEC‘IIBN B THIS SHT
‘/—GMIIPER ALL EDGES
CUT 3" HOLE & WELD
3" STL PIFE TO
CASING (WELL VENT)

WELL ACCESS BOX,
SEE DET 4, THIS SHT

T w 7" CUTOUT IN
BASE PLATE

WELL ACCESS LID
MOT SHOWN — SEE
DET 4, THIS SHT

BOLTS PER WFR'S
RECOMMEMDAT | O
”‘"F nuscmnu: ANCHOR BOLT W/AHEX NUT
LENGTH & EMBED FER
FUNP BASE W REQUI REMENTS
STL BASE PLATE
NON-SHRIMNK GROUT
WELL cASllu:J

CASING ACCESS

EXIST 16" WELL—
CAS ING !

ST, BASE—,
E

K" 5TL B" » 8" COVER

W/i=1" 8 HOLE
SECURED TO BASE
PLATE W/4-K' #
HEX BOLTS

T T euTouT
f B SASE PLATE

o~ FAB k" STL BOX &

WELD T CASING

B

B

1

I
—
MEW 8" FUMP COLUMN —

HETES:

I. HEAT PVC AND FORM LONG RADIUS CURVES CAPABLE OF PASSING
LEVEL TRAMSMITTING AND LEVEL SENSING PROBES.

2. PROVIDE AND INSTALL 1™ CAP OM SPARE HOLE IN COVER

3. INSTALL GROMMET AND TRAMNSDUCER CABLE SUPPORT OM 1" HOLE IN
COVER PER TRANSDUCER SUPPLIER REQUIREMENTS.

4. GRIND ALL INTERIOR EDGES OF ACCESS BOX, BASE PLATE OPENING
AND COVER PLATE SWOOTH AND ROUND,

M CUT AWAY EXIST

T NEW 1 SCH 40 PVC THRD

16" CASING A% REQT)

COLLWN,
EXTEND 0 TOP OF HIGHEST
Pus" gOWL. 5EE SPECS

I o |
i E"“--JI— DOWNBIOLE ASR + - 3
7 | | CONTROL VALVE f {
= I
: TER WELL WSTRW Pigl
5 Llceyse RealireD ror \. :
4 ’ : 10/2003
5 | HOTE: SEE MECHAN ICAL SCHEDULE ONH SHT M-| FOR KEY NOTES.
=] /Jl—rom VALVE
- ON._ ) SECTION,
E ! . ) ! =] w + ==
; ' AQUIFER STORAGE MECHANICAL SECTIONS M=2
¥ s e gy AND RECOVERY AND DETAILS =
HOT WERSLRE 17
T Chans & WELL HOUSE —
REVISIGN PROJECT MO 00-0500.203 | SCALE: A5 SHOWK | DATE: MANLUARY 2008






DOWNHOLE ASR CONTRO InFlex™ Flow Control Valve (FCV™)

U8 Patents 5,316,081 and 6,273,135

Q Two pnm ary types INJECTION PUMPING
O Three manufacturers ' control ine
chamber

O Same basic functionality N e
f—,f annular b ousing —
C “il’l-hOlE” flow contrOI orifices Shutoff and Control Section

cascading flow/air entrainment
prevention

non-cavitating

liquid —|
inflation

NN

reinforced water flow area

channels

“BASKI” TYPE VALVE =" 1A% [ e

Q Operation - pneumatic

Q Flow Control - viarubber B g § 1 s i/
bladder ; ¥ 2 - e I ¢ ’ — water flow area

These drawings of the InFlex™ FCV™ show the operation of the
valve for injection at full (maximumj) and partia! flows, and for

C ‘t t H C t I — 5 i B pumping . . . note the cross sections.
a‘“ a |0 n 0 n ro ': | ¥ For infection, the annular orifices provide the tortuous path for
% J R : water that results in the desired non-cavitating pressure loss across
= u R the valve. The reinforced element stretches inte the area between
ro ug n ess the channels which further increases pressure loss in the valve.
g ¥ For pumping, the element is préssurized to provide a feak-proof
i shut-off seal against the area without channels. The valve has a

- LI e buitt-in liquid inflation chamber so that gas from the surface may be
Fail Position - open -\ bt .
I P 1586 South Robh Way « Denver, Colorado 80232 USA vww.baski.com

Phohe 1-303-789-1200 « 1-800-55-BASKI = FAX 1.303-789-0000 info@baski.com
23

T— A DAL | -
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ORIEICE TYPE VALVE , Py
Q Operation - hydraulic | et e s s
Flow Control - sliding sleeve N

Cavitation Control — orifices

Fail Position — Last position
Two manufactures — sleeve
orientation

RYDRAULIC FLUID

R L AL Tt A A Yo

__——VALVE IN OPEN POSITION
- FLO¥ CONTROL "I PORTS
T~ VAEVE IN CLOSED POSITION

E
&
i
%
z
K
4
[
i
%
g
5
-;E
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i

YALYE UrEDY
VALVE GPEN

E
STRMGRT THREADED

CONNECTION EACH END

XYER FLON
VALFEELOSED

LA G

VOV DOWNHOLE VALVE

RECHARGE FLOW PATTERNS THROUGI VoSMART (V-SMART) PORT (AT MID-
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TWO-WAY FLOW METER

",:”lie_rqﬂce 2010 » May 12-14
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PUMP BOWLS AND FOOT VALVE .3

12/08/2008 P e
WATER e
WARKS

_"T @i_er‘umm 2010 + May 12-14|
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12/08/2008

LINE SHAFT SPIDERS AT TOP OF DOWNHOLE VALVE

DOWNHOLE CONTROL VALVE FITTED OVER LINE SHAFT

WATER \ 7L
GQ@EQ M | - 12/08/2008

e nql{ rence 2000 » May 12-14)
.= tacoma






PUMP COLUMN AND LINE SHAFT

o i\

DOWNHOLE VALVE CONTROL LINES

/

ference 2010 - Ma 2y 12-14|
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ONSITE CHLORINE
GENERATION

1 =
=
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oL e WELLHEAD ACCESS/CONTROL
CONTROL PANEL LINE AND MONITORING PORTS

I e

WATER QUALITY

’l‘ EB MONITORING/CONTROL PANEL
WaRKS

— ONSITE DECHLORINATION FEEE.
~L S tacoma






~ " \ATER QUALITY/RETENTION SWALE

WATER

" 3 eanterence 2010 » May 12-14)
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Q Engineering/Design EIemen!s one of many parts of successful

ASR programs

A Planning and studies are essential
O Hydrogeologic setting
O Legal/water rights/permitting
O System planning/engineering/design

d Expect and understand risks

Q Specialized engineering/design approaches and features are
needed

Q Successful ASR programs rely on the success of many disciplines
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Integration of ASR Into Water
Systems Operations

Joel A. Cary | TVWD
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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
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TVWD Background
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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
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Why ASR and What Factors Considered

ASR additional strategy to meet peaking demands:
e Two sources, contractual agreements with both PWB and JWC; and
e 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
e 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
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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:
e 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 189" 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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800" COOPER MT

GRABHORN
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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
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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
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Presentation Outline

Overview of City’s Water System
ASR Infrastructure
Operations and Maintenance

Lessons Learned

Q&A
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City of Beaverton
Water Supply

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

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).





Regional Water Supply Sources

Sources for
the Portland
Metro Area

Water Sources
Alder Creek

Bull Run Retail
L

ur/lrask-Tualatin

Clackamas
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= 2
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Note: Map shows primary s
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each service area. Actual
water supplies for some
service areas include one
or more other supplemental
sources not listed in the key.
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Beaverton’s
Treated Surface

Water Supply

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

** 14 mgd capacity in JWC South
Transmission Line

Morth
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=" West Slope
Water District

Tigard
Water Service Area
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§ Tualatin Valley
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P Beaverton Water Service Area
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Tigard Water Service Area
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ASR Footprint
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** Aerial extent of injected water based on annual'storage target of: 400 million gallons.
Storage area radius is approximately 2,700 feet.






ocal Observation Wells

% ASR Well
® Observation Well
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Beaverton ASR Wells

ASR #1 (1 mgd)

75 hp LST Pump
[I i

I:I:I: M Q

\‘ J 16-Inch Diameter Casing

0
Clay, Siltand Sand

«— 16-Inch Open
Borehole Massive interior flow

zones with columnar
jointing

Massive interior flow
zones with columnar

e [ (IO
1| i ———— Pump Intake,
1 I h 337 I .
Interflow zones
Massive interior flow
zones with columnar jointing

§
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3
w
o
c
3
0
1=
)
3
o
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-
0
0
w
S
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e
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Interflow zones

Massive interior flow
zones with columnar
jointing

«—— 12-Inch Open
Borehole

700’ total depth






Beaverton ASR Wells

ASR #2 (2 mgd)

250 hp LST Pump

20" 4 | |«—Surface seal

nominal /
borehole 7 | .

v I 16” nominal
steel casing

Clay, Silt and Sand

100 —

Massive interior flow
zones with columnar
jointing

14" nominal
diameter 250-slot
., stainless steel
16 screen

H Biainle: . . . N
nominal Stes! | ——14” nominal Massive interior flow

borehole diameter low zones with columnar

carbon steel or jointing

Pump stainless steel

intake, : casing _ W1 350°
337 ——14" nominal Interflow zones

ha

o

o
|

{ Interflow zones

[

=
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v
g
t
=
0
T
=
3
2
0
3
L
Q
m
-
Q
Q
L.
£
prer]
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[
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Carbon
Steel

Carbon
Steel

diameter 250-slot
stainless steel
screen

—14” nominal
diameter 250-slot
stainless steel

screen

485 total depth

365

Massive interior flow zone
with columnar jointing
420"

Interflow zones

- - - 460"
Massive interior flow

zones with columnar
jointing






Beaverton ASR Wells

ASR #4 (4 mgd)

300hp Submersible Pump

Unsupported Liner

0 «—— Low Carb Casing
= =
1T E
= =z Clay ar
- = — Altered
Surface —»é — 24-Inch
Seal sarst==] Borehole v
3 asa
100 — e 16-nch
Stainless
_ Steel Liner Basalt
170 — 16-Inch 250-
200 e Dec 2002 Slot Stainless [=*= g | Intaiow
] Steel Screen
= 8o Basalt
300 — _ 20-Inch — 16-nch 250-
Borehole Slot Stainless
335’ Steel Screen
- 50" Niemio
16-Inch Low
Career Carbon Steel Basalt
400— Pump—/—— Liner
Intake,
386’ Interflo
- 445' 16-Inch 250-
Carb Slot Stainless Basalt
O 482 (otal depth f_j I___}E\) Steel Screen





: Injection

2 Notification to Water Viaster

1 Backflush and sample distribution system

= Process and routing

2 Well conditioning/cleaning column

= Flow rate, “white bucket” test






Typical ASR Injection Cycle
(cont.)

1 Wellhead sample at start of injection

1 Seasonal considerations

= Reservoir turnover/water quality






uality Testin

Table 6

YEAR 2009 —COB ASR No, 1, 2 and 4: (i‘:]rl:le 12 (Year 12)

[inpaut valuss ir Yallow calls

Estimated

AVERAGE Cambined Injeclian Rate; 2000 iaprmi} —
AVERAGE Combinad Recovery Rate: 2400 (gpm) pallons 100,000,000
Injecfion Start Date Monday 1212212008
Injection Erd Dabe Thursday 4723709
Elapsed Injection Days 121.5 deys
Elapsed Injection Haurs 217 hours
Target 350,000 000 pallons injected af injection rate
Tatal Planned |rjection Valume (WM& 450,000,000 |MG Talal with Carryover
Starage Start Date Thursday 423103
Slarape End Date Monday Bi1/09
Elapsed Storage Days 350
Elapsed Storage Hours 938
Taotal Plannad Recovery Volume 427,500,000 Azsume]  95% Recoverad
Racovery Start Date Monday 6108
Drays Required o Recover 100% of Injection Valume Friday 10/9/09 130.2
Crays Required lo Recover Plarned Valume Friday 10/2/0% 1237 Asgurmes single=halch recovery

Water Quality Monitoring Program
‘Water

Type Dats Collacted | Verified? |Bottls Order Cods
oW [ - ] Monday 12122108 [ - ] FP.DEF. GC. & Radon HNSN-C12GW | |  [AnalteListA
Manday 12/22/08 FF. GC, DBF. & EOWA, HNSH-C125W-1
Source | B0% Saturday 221108 61 FF anly FHSNC125M2 Mo Analyie List |
Bpurce | 100% Thursday /2308 122 TP EGC FNER-CT25W-1 Fralyte sl C

FP, DEP, & Radon

HNSMN=C12T=1

Reacovened 0% Maonday 81408 0 PP, BT, DEP, S0WA, & , Radon HNEMC 1 301 Analyte List E

Hecoverad 50% Wednesday 8/5/08 65 FIP, GC & DEP HWEMC Zimg Analyte List F

Recoversd T5% Sunday WE09 98 FF & GC HNEMNC 1 2R3 Analyte List C

Racovered B5% Friday 10M2109 124 =P, GC, DBF & Radon HMEMN-C1 254 Analyte List &
Hotes: * Siorage parod may nol be sufficient length 1o wollect esmples, F sho or no storsgs panod, disrsgard storsges samples and begin recovery samplng afer pumping Degine

FP = Fidd Parametes
GG = Geochemical Parameters
DEF = Disinfacion By-Praucs

S0 = Bale Dirinking Water Acl Paramatars (Deegon Dapl of Healh, EPA and DEQ recscl walar qually paramater s}

Radon = Radan in drinking water analsis. SM 7500 or BRA 513,0
* Inehidies carmpoaer from grevious year





Notification to Water Viaster
= Approx. start 2-3 days after regulated off river

Backflush & sample at wellhead

= Weekly Bac-T testing (not reguired)

Final water sampling

Annual ASR Report






Lessons Learned

Know your system

Collect data

Establish system baseline
Monitor system & water levels

Operator training






Distribution System

ASR No. 4

Native
Ground
Water






Figure 8
ASR No. 4 Groundwater Elevation

City of Beaverton ASRE Program
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Questions?






City of Beaverton
Public Works Department

www.beavertonoregon.gov







Conceptual Supply and Demand Summary with ASR Use
Peak Water Use Period
12.0 4 : *; — Supply from ASR Source
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Regional Water Supply Sources
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Sources for
the Portland
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Water Sources
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Note: Map shows primary
municipal water sourca for
each service area. Actual
water supplies for some
service areas include one
or more other supplemental
sources not listed in the key.
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Joint Waber Commission

The Joint Water Commission
(JWC)

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






Historical Tualatin River Issues: Low Streamflow & Over Use

Before Scoggins Dam






Barney Reservoir

8 b W IR JWC Water
Treatment Plant

Fern Hill 20 MG Reservoir

Nos. | &2

Northside Transmission Line
Southside Transmission Line






Tualatin Basin Water Supply Project

Tualatin Project
Title Transfer

Washington County, Oregeon

poy
Tualatin Basin
Water Supply Project






JWC POPULATION PROJECTIONS JWC PEAK DAY DEMAND PROJECTIONS

New Supply Projact Completad,

i
L
TVWD Switches Supply Source "'
\ '
]
100
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Pacific Northwest - ASR

Geologic Suitability
For Underground Storage
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|___] City Boundary

- Precipitation ~ 1,000 mm
Precipilation ~ 380 mm

@  ASR Project Locations

[ ] ASR Project Presented in
this Publication





Cooper-Bull Mountain Critical
Groundwater Area, Washington County

Declared by WRC May 17, 1974

OREGON WATER RESOURCES DEPARTMENT

‘% GROUND WATER RESTRICTED AREAS

0 o 0 W 3 4
Ordnance

[ m— m—

P Basah

Cooper,Min- - 3 - —~
BullMtn ; = Milvra
2

= . i AL D\ _Un
?‘7 Sber\n{o;)d-"} i p:
. wilsonville] ' »
ek : Gl B /
3 ‘Camtan -~ L AN ST hergs J=. ]
PAS i T i A AR AT I
R il | "\ Dundeg .~“A —Parrett]
K mil A Bt o B\ G A R ]
R (T | - J 2= AJdNountan

OREGOM MR TERL T SOURCES DR RITWENT
GROUND WATER RESTRICTED AREAS






JWC WATER SOURCES AND SERVICE AREASI
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Cooper-Bull Mountain Critical

B  Water Treatment Plant
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JWCASR - Scope of Work

m 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

CRBG intraflow structures & their relevance to groundwater occurrence

CRBG intraflow zones typically host groundwater (aquifers) while the dense interiors of the
flows are usually confining layers (aquitards). In their undisturbed state, the layered CRBG
can consist of a series of confined aquifers.

SHEET FLOWS

SIMPLE VESICULAR FLOW TOP

K: 107to 10 " mis (10 * to 10 * ft/d)
effective porosity: 310 6 %

DENSE INTERIOR BLOCKY-COLUMNAR JOINTING
K: 107 to 10 ** m/s (10 ? to 10 fi/d)
effective porosity: 0 o <1 %
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ZONE  base of flow
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GSI Water Solutions

Joint Water Commission
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Cooper Mtn. Geology
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Hydrogeologic Factors That Limit
Ground Water Supply in the Willamette Basin, Oregon

WASHINGTON COUNTY
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ASR Potential Map from JWC MP

(SC x Depth to Static Water Level)

Joint Water Commission
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Capital Cost Estimate

JWC ASR Program, Phase 1

Cooper Mt. ASR

W\ell Nos. |- 16

Estimated
No. of
Wells,

Phase |

Joint Water Commission

Capital Improvement

Joint Water Commission

§ - - %.."
° !!!a!-ul,’ :

JOINT WATER COMMISSION |

Master Planning Services

Total
Estimated
Well Yield

(mgd)

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

ASR Well &
Facilities -
Average Unit
Capacity
(mgd/well)

ASR Well &
Facilities -
Average Unit
Cost
(millions/well)

$2.54

ASR Well &
Facilities -
Average Unit
Cost/Capacity
(millons/mgd)

$2.85

Total Phase |
JWC ASR Cost
(millions)

$40.71
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ASR Footprint
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mme b Aerial extent of injected water based on storage of 400 million gallons.
Storage area radius is approximately 2,700 feet. Approx. 500 acres.






TVWD’s Grabhorn
ASR No. |

Joint Water Commission

M Beaverton’s ASR No. | Beaverton’s ASR No. 2






r"|| i

i |F.ff...n

NEEARIANENN |

2o
w’ ' l:! .' I h“””l

ASR No. 4
3 mgd
Operational February 2007






ASR Capital Cost Comparison

Utilizing Existing Reserve Capacity vs. New Surface Supply Capacity

Based on 5 mgd Flow Capacity

Conventional

WC Suppl
Cost/mgd J A

Facility condlit
Utilize Existing

ASR Capacity

New Supply Surface Water

Reserve Supply :
Capacity Supply

Capacity

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

Joint Water Commission

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

All costs 2010 dollars






OVERALL COST COMPARISON

Beaverton ASR v. | WC Conventional Surface Supply

5 mgd Flow/500 mg Volume (Recovery) Capacity

Total ASR
Total ASR Unit X Benefit/Cost
New ASR Supply; Cost (/ICCF)  UnitCost Ratio
($/kgal)
Total ASR Annualized Capital Cost $0.569 $0.761
Total ASR O&M $0.789 $1.055
Total $1.36 $1.82 1.299
New ] WC Conventional Total ] WC Unit -[‘,’:i'(j::: Benefit/Cost
Supply, Cost ($/CCF) S/kgal) Ratio
Total ] WC Annualized Capital Cost $1.355 $1.811
Total ] WC O&M $0.409 $0.547
Joint Water Commission
Total $1.76 $2.358 0.770

1) Assumes 5 mgd supply flow capacity; all costs 2010 dollars





Regional ASR — JWC Intergovernmental Issues

*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

eFuture ASR ownership & partner transactions
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Focus of Presentation
2 Brjaf Backgrund of Task Forc;, 2050

RIBNNINg Process and Recommended
N_ anagement Alternatives

g
- -_—

5—35 2050 Plan — Priorities

* Plan Implementation — Where We Are and
Why AR/ASR Not the Silver Bullet






=
VHY THE TASK FORCER

18550 reaty/ with the Walla\WallasGayuse and Umatilla Tribes

1OHIAdjudicated decree ofiwater nghtsitoruseweaters oft Umatilla  River and' its
AbUEAIES

1954 Papellaton Projadt Invasiidtion 0y SoR. Coneltielel thire seftaniiiall 1rrlellolle

hmj arexceeted availablenvate rsupply

195

198 ‘-BoR Feports that any significant increase in pumping from basalt aquifers
WL)U ] dikelyfresultiiniaccelerated decline of water tables

* _.

3 & 1077 Lost lake/Depot well owners initiated project to artificially recharge
-shallow gravel aquifer using existing canal system

+1988" Umatilla County Comprehensive Plan recognizes that availability of water is
a key resource for economic growth

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

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
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Oregon Water Resources Department

WATER RIGHTS IN THE UMATILLA BASIN s
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weee PHase | & 1 water exChANDE TACHITIEE # i b 508 s st s | s s
Umatilla Indian Reservation






Omatilla Area Representatives:

Larry Chaeas
Sam Nobles
Eim Puzey
Lyle Smith
* i -
thnarila Hermiston Area Bepresentalives:
Rick Colzan "
£ Darvid Hadley Lot
Harmiston Tvler S, Hapsell
. Jim Ehakleert .
Ray Eopacz
s'“ﬂ": Chuck Miller A
Echa
Echo Area Representafive: e
Eent Madiscn - Chatrpersen "
Pendlefon Area Representafives:

Betty Elepper
Bob Patterson

Walla Walla Basin Representafives:
ko E‘m EBob Bower
Jaime Clark=
] L
Azhens Waston
(TR Representatives:
Eill Burk=

Stage Guich Critical Groundwater Arsa
Butter Creek Critical Groundwater Area
Ordnance Basalt Critical Groundwater Area
Ordnance Gravel Critical Groundwater Area

Umatilla Basin

Confederated Tribes of the Umatilla
Indian Resarvation (CTUIFR
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D EsIredreUitcome™

dbable “2050 Plan” which has
CONSeNsUS support and which will
sasslre adeguate groundwater for

pread community needs through
the year 2050






" Phl‘“anning Effont

—

> 2004 (Exempt\VelllResolution)

SN ieSKAEorce gets edlicated  foctsed on periodic
VIV

.

-
-

2 29 ‘_%(Goals and Principles)

:fTask Force decides where to go!

i P

2006 (Planning Concepts)
— Jlask Force builds off of four basic concepts

e 2007 (Plan Development)

e 2008 (Review, Adoption and Implementation)






_—
SR AN (Adopted NOVASIND S

20)0/2)

SAISEENVale management “road map™ to
purw over the next fifty years to assure
PRERtermiwater supplies

2[5 n_ effort by local citizens to provide the

| ‘“B@C With tools to influence water policy

e |s Not Water Law or Land Use Law

® |s Not an attempt to take over water
management
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.."oted Plan Goal: Grédual '

Recovery of Basalt Aquifer
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Figure 2: Targets for groundwater resource management in ‘rationalization scenarios’ following
indiscriminate and excessive exploitation
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B E
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TEE time DEPLETION
LINPLANMED s RAT [DMALIZATION SCEMAR|C OF
MIMING 'tE E g GROUMOWATER MAMAGEMENT
rapid deplation with | & 2 E with kmowledge of contemporany rechangs rmies and
unoertain rajeciony z g availakifty of groundwaler storage






WHY GRADUAL REGOVERY 2

2 Bcoplonles
Shlimproyed static water levels, decreased pumping

BOSTES; minimized well deepening and capital outlay,
Sanadredundancy

.1.- fnvwonment

= 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






L, _f_,ning therRPrecess (In Progress)
PRV EEHNGICURTent \Water Demands (Ih Progress)

IMESSTIpPIV Projects to Replace Basalt Groundwater Irrigation
ERIGNSHNICGA'S (Emphasis Currently on AR/ASR)

=/ __fl\/leeting Other. Current Water Demands
=8t Preventing Additional Groundwater Declines

Future Policy Updates to Address Water Budget and
Maximize Use and Protection of Available Water






MEBHNY Curkent \Waten
[DEmanclSHumsss

Sl iigation frombasaltaguifersy(Deficit Redlction
= _iland Irrigation District (Phase 1)
2> Munic
SRrotecting municipal investment and minimizing additional impacts
== dentifying water supply options for rural industrial needs

~ — Protecting investment in exempt wells and minimizing additional
~ Impacts
— Improving groundwater quality in the LUBGWMA

— ldentifying 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






.
Prionty/ CEASEs

Project
= ,\'/elop storage and supply to replace existing
groundwater rights ini CGA's (e.g. SB 1069/HB 3369)

RRIIBYA& Regulation
& Classification of new supply for replacement of

_—
. —
s

B eXisting groundwater rights

— e

= — Banking/Brokerage System to optimize replacement
] ~ water (to be developed while testing supply options)

Funding

— Debt Repayment based upon Public Vs. Private
Benefit






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

Needs

-Final Design/Build/Survey from C.
River to CL Recharge (1069 Team)

-Develop Regional Authority,
include CID as water supplier
(Coalition)

-Water Delivery & Easement
Agreements w/ CID and

landowners to AR site Authority)

-Winter Water Right, POD-CID, POU
- CL, Use - AR (Authority)

r

#1B Develop and Manage Storage

Needs

-Final Design/Build of AR Infiltration Basins (UBWC)

-Monitoring/Modeling System to track water alluvial water
movement, alluvial storage capability and effect on return
flows (UBWC)

-Authority Development, including CLWID and WID as water
suppliers (Coalition forms UBWC)

-Lease/purchase/easement agreements for CL and EM
recharge locations and new conveyance infrastructure
(Authority)

-Exchange agreement (maybe water right) between CLWID
and WID for Umatilla River water - may not be necessary if
Phase Il is utilized (UBWC)

-Water Delivery Agreements w/ CLWID and WID (Authority)

-New Storage Right (Alluvial Reservoir)

Fir Locuim H GEE MAFETI 1 M L . [T ma s, Eate Crotc it

Needs

-Develop Regional Authority, include HID & CID as suppliers (Coalition)
-Develop Authority/Contract from BOR to access Phase II infrastructure
(Authority)

-Delivery and/or Exchange agreements with HID and SID: To

Forego available winter and spring Umatilla River water in exchange for
Columbia River water (Authority)

-Winter Water Right: POD - Pumping Plant, POU - HID & SID,

Use - Storage & Irrigation (Authority)

State/Commission/Authority to Incorporate Tools and
Linkages to Leverage Settlement of CTUIR Water Rights and
Construction/Optimization of Phase III

#3A Develop and Manage ASR and Distribution

Needs
-Design/build collection Well field(s) (1069 team)

-Design/build direct Distribution to Field(s) (1069
Team)

-Design/build ASR well field location(s) (1069 Team)
-Design/build distribution System to ASR well

Needs

-Assess mitigation alternatives for summertime diversions to East
Stage Gulch (State Interagency Review Team and Coalition)

-Develop Columbia/Umatilla Water Bank (State & Coalition)

-Rulemaking to task Authority with administration of Bank
(OWRD/WRC)

-Administer Water Bank (Authority)

field(s), recovery and re-distribution to fields (1069
Team)

-Lease/purchase recovery and ASR locations
(Authority)

-Secure easements for distribution infrastructure
(Authority)

-Secure water delivery agreements with public,
private and district providers (Authority)

-Administer Operation and Maintenance of storage
and conveyance system (Authority)

/






SPreventing Basin-Wide .
OVETEppropration \WhilepAssessing™
Slidlno\watezChanactenzation
oppusies tor Umatilia Basin Rules
-:\ ork 10 Form a RAC to begin negotiations

|m|t large scale basalt groundwater

_ & Jevelopment

== — Sunset the requirements either after a certain
~— time period or based on completion of
necessary groundwater studies and Tribal
water right assessment

:
= '5.
._:l.
ii—






2 Mo_’.i Benefits of Gradual Recovery

BR T e
=
— -

EROhtain Necessary Scientific Data for

roundwater characterization and availability

_"

(e g. a groundwater characterization study)

e \Work With State and other interests on
Columbia River Management
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denaeing Basin-\Wide Managemeni..

Prejects

AUl biple phases, diStrcts, jurisaictions and
WaLERUSers Involved requires formal
BeOAInation and negotiation

2\ ew water right(s) will have to be held by
an entity for specific use(s)

roject will involve a mix of public and
orivate funding, requiring accountability to
oublic as well as users benefited






UMATILLA COUNTY

REDIABEMENTORGEroUndwWaterRights
EIRSBREI0BON(Umatilla Basin Aquifer Recovery Assessment) 2008

S BESBE0PAssed in *09 Session ($2.5 Million Grant, $15 million available
o [9:s)

ERUSPAEUnded Economic Impact Study Related to Replacement Water
?j’( 20tS Gomplete for Basin (IRZ.COM)

——

= —

=& I;U:JR Water Rights Settlement
j1_ = Umatilla Basin Water Supply Study
= & Dept. of Interior Assessment Team Report

--'
e

Management
*  Umatilla Basin Coalition Formed — Basin Wide Policy Guidance

e Umatilla Basin Water Commission Formed
— Members include Umatilla County, Morrow County, CTUIR, WID and CLWID

e 2050 Plan Transition Teams to tie in 2050 Plan






Aszured, Lonz-Term Waser Supply
Feplenishment of Groundwarer Fesources for Fuure Meeds

»  Inclades FescrationMingation Bank
*  Imcludes conributions from all water inpacts, inclndme exenpt walls

Necessary Partner: to CTUIR Fulfillment of CTUTE Reserved Cosrdinated Bazin Wide Flan
Water Rights Settlement (3) Water Rights Full Phase Il Exhange | ard Management Prozram
LMoa b \ Umatilla Counry Critical
—" B, \ Groundwater Task Force
.5, Deparmuent of Interior CTUIR |t Sare of Oragon | WD
| ' -
I I |
Buraan of DCHI Insiraam Imgaton ;
Reclamstion {13,500 AF) (310500 | | (50,000 4F) Mffé"‘ Use e 1 |
Uustills Basin Water | [ Interin
. . Faderzl Warer Fighrs - - | Policy |_.| Project |‘_' :
| S“FP}'.I: Study Assessment Team F——b-i Cmantification of Tribal Water Rights | : : R'-‘!E*
Meet CTUIR - * 1 Establish Awatlability for
Water Needs Ta.b_e 1'“.]} o Futura Use
of Unatila
l Y w
Conumon Goals
Dlesired Cutcomes »  BestCase Scenzror  Col Fiver Water Use Classifications
o Fulfillment of CTUIR Feserved Indian Fighs #  Updsed and Coordimsted Bazin Fules
Mo Hann/Fulfillment of Existing Water Rights and Uses *  Caparity Optimizatdon Through Ceordinstion and Forns] Agreement
WID off of Fiver via Phese I or by Other means detenuined by Supply Stady *  Infrasructre Development Flan with dedicatad financial base

#  Fands O&NL Debt or Fedaral March Obligation. and
Momitoring and Maintenance of Water Supply and Water

Sapply Flans






E
Lassons Lerairn2ol

SHOGItEsTcaniplay aVital role n deveic?piﬁg
m.lb heneficial water plans

2 T;_'c sparent process Is necessary to build trust
|n|m|zes concern over special interests)

_;-;' f 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!






__,-&SIAYING INFORMED:
Contacts:
MIkeWWick, UBWE Chair - 5415 6672 2030

: Ema|I [re@umatliaseity erg
\ J]] SrSIET ARSI NPENTIETON; " Oregon 97801

3 TO VIEW THE PLAN:

g

sp //www co.umatilla.or.us/Groundwater.htm

e U MATILLA COUNTY

CRITICAL GROUNDWATER

T A § K F 0 R C E







Regional= Scale
Groundwaterr Recharge

Yakima River.Basin

AWWA Pacific Northwest Annual Meeting
Tacoma, Washington.

March 12, 2010

o Bob Anderson
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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
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- & & Vakima Basin ISsues

¢ Instream flows
+ Target flows mandated by Congress, instream target flows.

¢ lrrigation 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)

ﬁ # Other groundwater users in hydraulic continuity with
Ag(’l(lel‘ Yakima River
sociates





Ehetndwaterrlevels declining
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VaKifiTa Basin Storage Options

% Surface Storage
# Black Rock Reservoir
¥ Wymer Reservoir

C——— e

Artists rendition of Black Rock reservoir (USBOR, 2007)
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ficl BasinI 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

Golder

Associates





@ Aquifer Storage

@ Surface recharge in
alluvium

formations

@ Large scale ASR in
Basalts

% Municipal ASR in clastic
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' PAG Uifer: 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

2 Sty Distribution
= A0 lreatment Plant

fee=——]
Excess Wl Normal Supply
Supply -
Injection ASR Supply
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ASR Evaluations
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MunicipallASR

Volumes (AF)
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01-Saddleitn
02-Mabton_IB
03-Yanapum

04-Vantage_IB

& .

08-GrandeRonde

Yakima Geology Application Version 11
DRAFT FOR DISCUSSION PURFPOSES ONLY
Wertical Exaggeration = 20x, Explode Distance = 0 ft
Layer Thickness Limited to =10 ft
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Basalt \Water-lLevels

dle Mountain Wanapum

Grande Ronde
Tieton Roza Toppenish Tieton Roza Toppenish Kittitas Tieton 2 Toppenish
Ground Surface <0ft <0ft = > —~ <0ft e O >

{artesian) {artesian) 10 ft (artesian} ' ‘

—] aoft

] 160 ft

190 ft

240 ft

Flow top-vesicular.
scoriaceous and
broken; substantial
permeability

| High storage potential

340 ft

Flow center-dense.
fow vesicles, most
fractures are vertical;
minimal permeability

Low storage potential

Saddle Mountain

— 400 ft

Flow bottom-vesicular | A2oft 7
and broken substantisl
permeability

Minimal permeability

High storage potential

Confining Unit

Mabton

Flow top-vesicular,
scoriaceous and
broken; substantial
permeability

High storage potential

Flow center-dense,
few vesicles, most
fractures are vertical;
minimal permeability

Low storage potential

Wanapum

| 650ft
Flow bottorm-vesicular
and broken. substantial
parmeability

Minimal permeability

High storage potential

—
£ Confining Unit
= High storage potential

Low starage potential

NOT TO SCALE

Flow top-vesicular,
seoriaceous and
broken. substantial
permeability

Thesh Grande Rond
D The shaded area represents the range in depth to groundwater for each area based on the most ran e O n e

recent groundwater level measurement for the 65 wells that had more than 5 water level

measurements. R O Z a

See Appendix D for the water level hydrographs of the wells and the well logs.

Flow center-dense,
fow vesicles, most
fractures are vertical,
rminimal permeability

Grande Ronde

Flow bottom-vesicular
and broken: substantial
permeability

High storage potential
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;1.'., . B :
%_‘ & WelllCapacity

% 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

éy Golder

.’ Associates





Eonceptuali\Wellfield'Design

Q=2500gpm, 49 wells, 120 days of injection, 5000 ft well spacing
200 \ \ \
600

65,000 AF/Y
o\ N\ r

400 \ \=_ —5=10-3
\_ B

—5=10-4

300 %"&E—% Sl - Mg

100

Predicted Head Rise at Center of Wellfield (ft)

20,000 40,000 60,000 80,000

Transmissivity (ft?/day)
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¥ >60,000 AF/yr per well field
@ Replace/enhance agricultural diversions

@ Complex/costly infrastructure and

operations
<+ Water treatment

# Conveyance
¥ O&M (power, well fields)

Golder

Associates





AGUIrerrRecharge Concept

Direct : Injection & withdrawal

River/Reservoir 03] Distribution
Treatment Plant System

e
N |
Excess W Normal Supply

Supply L=
Injection ASR Supply

Iriiltration Basin
DO XIS OIS
SE OO C
00 099%

Return Flow
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Sulface Intfiltration Evaluation
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Su__rfé‘c':e 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

Conceptual Design and empirical predictions
of infiltration capacity

110,000 AF/Mo @ 20 to 60 AF/Acre/Mo = 200 to 500 acres

Central Arizona Project Facilities

Location Size (Acres) Peak Volumes | Total Capacity
(AF/Mo) (AF/Acre/Mo)

Agua Fria 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
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-

2l c= tmg Return Elow =" SDE

,
O

@ Stream Depletion Factor (SDF)

» X = effective distance from
X“S the infiltration basin to the
sdf =—— surface water source (ft)
T S = specific yield
(dimensionless)
T = transmissivity (ft?/day)

¥ Provides analytical link to geology &
aquifer properties

Golder

Associates





BEVEIOPING REChAgERProTIE

@ SDF View — Analytical tool to build
recharge & return flow profiles for

different SDF factors and recharge
timings i

Bl Chiflcnw, aref £+ ® P
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Return Flow: Profiles

Infiltration Volume [acre-feetL

.!\J
[=]
[=]
[=]

0 T T T T T !
Jan  Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec
Month

Return Flow

m Return flow from Water
Diverted in October
10,000 B Return flow from Water
Diverted in September
° B Return flow from Water
£ 8,000 Diverted in August
g BReturn flow from Water
0 Diverted in July
g 6,000 m Return flow from Water
T Diverted in June
£ B Return flow from Water
3 4,000 Diverted in May
&
2,000
D T T

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
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Spreading Concept
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Relative Comparisens

Ultimate Benefit Nexus to
Cost (Habitat + USBR
People) Program

Surface Moderate Moderate
Infiltration &

Return Flow

Municipal Low Low Low Low
ASR

Agricultural  Moderate High High High
ASR
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Pacific Northwest Section
American Water Works Association
Engineering and Water Resources Committees

PNWS- AWWA 2010 Annual Spring Conference
Pre-Conference Seminar Program

IDAHO - OREGON « WASHINGTON

PNWS AWWA Engineering and Water Resources Committees Pre-Conference Workshop Tacoma,
May 12, 2010

Aquifer Storage and Recovery
Applications and Issues in the Pacific Northwest

Presentation Topic Presenter Time/Duration

Introduction and Announcements WRC and Engineering Committee 8:30/15 minutes
Walt Burt/ GSI Water Solutions, Inc.
wburt@gsiwatersolutions.com

ASR Fundamentals
ASR Technology Overview and System Phil Brown/Golder Associates 8:45/30 minutes
Development pabrown@golder.com
New Frontiers in ASR Applications Jeff Barry/GSI Water Solutions, Inc. 9:15/30 minutes
ibarry@gsiwatersolutions.com
Break 9:45/15 minutes

Hot Topics in the Pacific Northwest

Peak Flow Guidance and ASR source water in | Adam Sussman/GSI Water Solutions, Inc. 10:00/20

Oregon asussman@gsiwatersolutions.com minutes

Baker City, Oregon Permit Application Michelle Owen - City Manager of Baker City 10:20/20

Experience mowen@bakercity.com minutes

Recharge Applications in Idaho Bill Quinn - Idaho Water Resources 10:40/20
Department minutes
Bill.Quilm@idwr.idaho.gov

ASR Implementation Issues in Washington 11:00/60
o  Water Quality Requirements for ASR minutes

Source Water in Washington - Boise
Cascade White Paper - Bryan
Black/HDR

e Bryvan.Black@hdrinc.com

o Walla Walla Project -David
Banton/Golder
David Banton@golder.com

Lunch 12:00/60
minutes






PNWS AWWA Engineering and Water Resources Committees Pre-Conference Workshop Tacoma,

May 12, 2010

Aquifer Storage and Recovery

Applications and Issues in the Pacific Northwest

Presentation Topic

Presenter

Time/Duration

ASR Project Development

Energy Production and ASR: Microturbines,

Bob Patterson, City of Pendleton

economics, and permitting. Where we are now | bob@ci.pendleton.or.us

and the target for future regulations

1:00/30 minutes

Engineering Considerations Chris Uber/MSA 1:30/30 minutes
uberc@msa-ep.com

Integration of ASR into Water System Joel Carey/TVWD 2:00/30 minutes

Operations joel@tvwd.org;

Break 2:30/15 minutes

ASR System O&M Requirements Brion Barnett - City of Beaverton: 2:45/30 minutes
bbarnett@ci.beaverton.or.us

Regional Applications 3:15/90 minutes

Joint Water Commission

Umatilla Basin

USBOR Columbia Basin Groundwater

Recharge strategies

Dave Winship/Niki Iverson
dwinship@ci.beaverto.or.us
nikii@ci.hillsboro.or.us

J.R. Cook
irc@umatlla-city.org

Bob Anderson - Golder
Bob Anderson@golder.com
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