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Threemile Canyon Farms, LLC (TMCF) is considering use of basalt aquifer recharge (AR) to
mitigate for basalt aquifer static water level declines observed in the five Inland Area irrigation
wells (Figure 1). Mitigation, for the purpose of this Limited License (LL) application is defined
as slowing, stopping, and/or reversing the late winter/early spring static water level declines seen
in the five Inland wells in recent years. EA Engineering, Science, and Technology Inc., PBC

- (EA) on behalf of TMCEF, is submitting a Limited License Application for this AR Project,
henceforth referred to as the Inland AR Project to make continued use of the aquifer in the Inland
Farms area sustainable. The proposed Limited License testing period for the Inland AR project
will be for a period of 5 years from 2018 through 2023. It will focus on a year-to-year phased
approach that builds on the results of previous work.

INTRODUCTION

To mitigate for the observed static water level declines, filtered surface water will be injected
into one or more wells in the Inland Area at rates up to 2,500 gallons per minute (gpm). Work to
be conducted under the LL will be implemented in phases. The initial phase will start with a
source water treatability evaluation followed by injection testing at one Inland well in calendar
year 2018 and/or 2019. In subsequent years the project will expand to include additional wells as
needed based on previous results to achieve the desired outcome of slowing, stabilizing, or
reversing water level declines observed in Inland Area irrigation wells. At full potential build out
a maximum instantaneous injection rate of 12,500 gpm and a maximum annual volume of up to a
maximum of approximately 10,000 acre-feet is possible.

Source water for the proposed Inland AR project would be diverted from the Columbia River-
John Day Pool at the TMCF Willow Creek pump station. Source water will be delivered to the
Inland Area project via the existing irrigation system using existing conveyance infrastructure. It
is anticpated that source water will be available under a new appropriation for the periods of
November 1 through Aprll 15 in any given water year.

TMCF IRRIGATION SYSTEM

The TMCEF irrigation system delivers Columbia River water to over 30,000 acres of agricultural
ground (Figure 2). The withdrawal point for this water is the TMCF pump station located in
Willow Creek bay at approximately Columbia River Mile 253.5. The pump station is comprised
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currently of two lineups of vertical turbine pumps that deliver water at two different heads
(pressures). The river pump station has a current total discharge capacity of approximately
164,500 gpm. The pumps are suspended inside individual woven wire box intake screens. The
screens were installed when the farm was developed in the mid 1970’s. National Marine
Fisheries Service standards at the time required the screens have a maximum opening of 0.125
inches. Farm managers have indicated the screens meet current fisheries standards which require
a maximum opening size of 0.094 inches for square openings measured diagonally. All river
water entering the irrigation system passes through the intake screens.

The river pump station discharges into two, parallel 72-inch diameter pipes that extend south
approximately 13,000 feet to the RDO and Inland Area booster pump stations. The Inland
booster pump station supplies water to the Inland Area where the AR project is proposed. The
Inland booster pump station has a total discharge capacity of approximately 65,000 gpm and it
discharges to a pipeline that extends roughly 40,000 feet east to the Inland Area. The pipeline
includes some segments with a single 54-inch pipe, areas with parallel 48-inch and 30-inch pipes
and some 51-inch pipe. There is very limited use of water, a total of seven irrigated circles,
between the pump station and the Inland Project area. TMCF generally operates the Inland
booster pump station to thaintain 65 psi at an elevation of approximately 610 feet above mean
sea level (amsl), where the pipeline enters the Inland Area. There is one booster pump station .
located in the Inland Area that boosts pressure to some of the circles. It contains four 150 horse
power pumps that have a capacity of about 18,000 gpm while boosting pressure about 35 psi.

The Inland Area consists of 2 subdivisions, 71 irrigated circles on the Inland Farm and 23
irrigated circles on the Radar Range. The total water requirement for the Inland Area is
-approximately 82,700 gpm. The Inland booster pump station, with its maximum capacity of
approximately 65,000 gpm, is sufficient to irrigate approximately 79% of the 94 combined
Inland Farm and Radar Range circles simultaneously. The balance of the required irrigation
water is supplied by the 5 Inland irrigation wells.

INLAND AR PROJECT

Initial work will focus on source water treatment, source water-groundwater geochemical
compatibility, and antidegradation evalution done prior to injection. If the results of these
evaluations are favorable to the proposed AR project the next phase of the project will foucs on
injection testing at one Inland well. It is anticipated that approximately 2,500 gpm would be
delivered to each Inland Area well at a pressure of about 60 psi, filtered as necessary, and
injected down the AR well. As noted above, the total number of Inland wells used in the
proposed project will be based on the observed water level changes in the basalt aquifer system.

Depending on the static groundwater levels in the wells, a Baski valve may be required in each
AR well to hold back-pressure in the well and prevent air entrapment during' source water
injection. At this time, we anticipate that initial AR work will be done at Inland Well #1 (MORR
52037), with potential expansion to Inland Well #2 (MORR 52045) the following year. Use of
additional Inland wells will be contingent on the results of work at Inland Wells 1 and 2.
However, the actual wells to be used, and in what order thay are used, will be based on

~ infrastructure conditions and TMCF operations. Given that, the project team will consult with
OWRD and DEQ to identify specific wells to be used in the project at any given time.

The characteristics of the Inland wells are summarized below and illustrated on Figures 3
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through 7:

o Of'the five Inland wells, Wells 1 and 2 are closest to existing mainlines, fa01l1tat1ng water
delivery with only minor modifications for injection.

e The hydraulic characteristics of thése wells generally include pumping rates greater than
2500 gpm, with drawdown on the order of 30 to 40 feet, and spring season statlcs of
approximately 240 to 260 feet below ground surface (bgs).

e These wells all contain 20-inch casing set and sealed to approximately 750 feet bgs
Below casing they are 19-inch open-hole completlons

e Each well is equipped with a line shaft turbine pump set somewhere between
approximately 450 and 550 feet bgs.

* The existing wells will require some modifications for AR including interties to main pipelines
to allow delivery of water to the wells, normal pumping operations, and AR inj ect1on controls.
These modifications are discussed further in the application.

ATTACHMENTS

Individual components required for the Limited License application are included as attachments
to this document, and include the following:

e Attachment A Limited License Application (OWRD form)

e Attachment B - Water Availability Statement

e Attachment C - Conceptual AR Pilot Testing Plan ‘ %E@ E?VE
e Attachment D - Preliminary Conceptual Hydrogeologic Model

e Attachment E - Water Quality Pre-Assessment DEC 27 2017
e Attachment F - Quality Assurance and Quality Control Plan . @ W R D

CONCLUSIONS AND CONTACTS

TMCEF is looking forward to developing an AR program that will help them improve and
mitigate for declining water levels in basalt aquifer wells used to supply the Inland Area. We

- hope you find this information sufficient to issue a conditional LL to begin AR development.
TMCF will update OWRD and DEQ in a timely matter of data obtained as the project continues
through its various phases.

If you have any questions, please do not hesitate to contact one or more of the following
individuals:

e Greg Harris, Manager, Threemile Canyon Farms, LLC, 75906 Threemile Road,
- Boardman, Oregon 97818, 541-481-9274, GHarris@rdoffutt.com.
o Kevin Lindsey, Project Manager, EA Engineering, Science, and Technology, Inc., PBC,
- 8019 West Quinault Avenue, Suite 201, Kennewick, Washington, 99336, 509-947-5729,
khndsey@eaest com.
e Phil Brown, Principal Hydrogeologist and AR Technical Lead EA Engineering, Science,
- and Technology, Inc., PBC, 205 SE Spokane Street, Suite 300, Portland Oregon 97202,
971-202-4743, pbrown@eaest com.
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o Gary Weatherly, Irrigation Infrastructure, J-U-B Engmeers Inc., 2810 West Clearwater
Avenue, Suite 201, Kennewick, Washington, 99336, 509-783- 2144
gweatherly@JUB.com.

* Molly Reid, Water Rights Specialist, EA Engineering, Science, and Technology, Inc.,
PBC, 8019 West Quinault Avenue, Suite 201, Kennewick, Washington, 99336, 541- 310-
7264, mreid@eaest.com.
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Figure 3. Geologic and Construction Log for Inland Well #1

Geologic Log of: Inland Well #1

Project: TMCF Inland Wells

Logged By: Jon Travis R.G.

State Well ID: MORR 52037

Location: NE, SE, sec. 2, T3N, R24E

Borehole Diameter: 24", 19", 10"

EA Engineering, Science,
and Technology, Inc., PBC
8019 W. Quinault Ave, Suite 201

Kennewick, WA 99336
Phone: 509.591.0264

2
0
— | Lithology Lithol ai D ipti 3 3 .g o - Well Construction
) Symbol ithologic Description % g 82 ell Cons
i s |35
g nE lon
- B -7 e . o8
10 Flood Deposit
20 fine sand | s
silty fine sand .
30
40 2
50 Alkali Canyon Formation
60 tan clay
70
80 /
2 ’ -
- sy N = =
120 Elephant Mountain Member - Saddle Mountains Basalt :
130 red weathered flow top
dense interior
140
150 ;
160 . o
170 Rattlesnake Ridge Member - Ellensburg Formation =
180 gray clay i L
190 gray clay with invasive basalt lobes 3
200 ' ’ . k
210 3;
220 . . -
230 Pomona Member - Saddle Mountains Basalt =]
240 red weathered flow top
250 dense interior
260
270
280
290
300
310
320
330
340 — 263
350 Selah Member - Ellensburg Formation =
360 green claystone
370
380
3%0 210
400 Umatilla Member - Saddle Mountains Basalt X
410 flow top :
420 dense interior
430
440 1
450 &
460 3;
470
480
490
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Date Completed: 1/23/2013
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Static Water Level: 190.97 ft bgs (1-29
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Figure 3. Geologic and Construction Log for Inland Well #1

Geologlc Log of: Inland WeII #1
. Project: TMCF Inland Wells State Well ID: MORR 52037
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Figure 3. Geologic and Construction Log fér Inland Well #1

Geologic Log of: Inland Well #1

Project: TMCF Inland Wells State Well ID: MORR 52037 . EA Engineering, Science, ‘
and Technology, Inc., PBC
8019 W. Quinault Ave, Suite 201

 Kennewick, WA 99336
Phone: 509.591.0264
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) ' Figu;é 4. Geologic and Construction Log for Inland Well #2
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Geologic Log of: Inland Well 2 .
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Figure 4. Geologic and Construction Log for Inland Well #2
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Geologic Log of: Inland Well 2
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Figure 4. Geologic and Construction Log for Inland Well #2

Geologic Log of: Inland Well 2

Project: TMéF Inland Wells

Logged By: Jon Travis R.G.

Location: SE, SW, sec. 1, T3N, R24E
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Figure 5. Geologic and Construction Log for Inland Well #3
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Geologic Log of: Inland Well 3
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Figure 5. Geologic and Construction Log for Inland Well #3

Geologic Log of: Inland Well 3

Location: NE, NW, sec. 13, T3N, R24E
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Figure 6. Geologic and Construction Log for Inland Well #4

Geologic Log of: Inland Well 4

Project: TMCF Inland Wells | State Well ID: MORR 52131 EA Engineering, Science,
Logged. By: Jon Travis R.G. ‘ Borehole Diameter: 30", 24", 19" and Technology, Inc., PBC
’ _ 8019 W. Quinault Ave, Suite 201

Location: NW, SE, sec. 14, T3N R24E

Kennewick, WA 99336
Phone: 509.591.0264 ,'

2
2
—| Lithology : - 5= |E .
B Symbol Lithologic Description = g £ %’_ Well Coqstructlon
as 2% |eE
8& nE 63
— - i, s o
Flood Deposit
silty fine sand o g
Alkali Canyon | s | [ 3
caliche 5,;
““““ . grayish red brown clay - oxidized - - e ;
’ Elephant Mountain Member - Saddle Mountains Basalt —%— -
very weathered dense interior . ) '
weathered dense interior
\
/
Ty - - : &
Rattlesnake Ridge Member - Ellensburg Formation 8
blue-green clay s
unstable - i g i
Pomona Member - Saddle Mountains Basalt ‘ N
vesicular flow top . : | {
rafted baked sedimenT in flow top —— I !ﬁl
dense interior — |

g
vesicular flow bottom - 8
Selah Member - Ellensburg Formation [ .
green claystone - - o
Umatilla Member - Saddle Mountains Basalt — ]
vesicular flow top
dense interior : .
217
vesicular flow bottom - Py
Mabton Member - Ellensburg Formation ' 108
green claystone — S
Priest Rapids Member - Wanapum Basalt — ]
vesicular flow top -
_dense interior
'_ - 130
Quincy/Squaw Creek Member - Ellensburg Formation - ?_;'. .
green claystone / v

Drilled By: Person Pump and Drilling RECEIVED
Drilling Method: Air/Mud Rotary
Date Completed: 5-19-2013 DEC 27 2011,

Total Depth: 966 ft.
Static Water Level: 204.5 - 5-28-2013 (¥
- Page: 1 o0f2

LdVRD



Figure 6. Geologic and Construction Log for Inland Well #4
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Geologic Log of: Inland Well 4
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Figure 7. Geologic and Construction Log for Inland Well #5

Geologic Log of: inland Well #5

Project: TMCF Inland Wells State Well ID: MORR 52130

Logged By: Jon Travis R.G.

-Location: SE, NW, sec. 11, T3N, R24E

- Borehole Diameter: 30", 24“, 19"

EA Engineering, Science,
and Technology, Inc., PBC
8019 W. Quinault Ave, Suite 201

Kennewick, WA 99336
Phone: 508.591.0264
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‘ Drilled By: Person Pump and Drilling
Drilling Method: mud/air rotary/reverse circ.
Date Completed: 5-16-2013

Total Depth: 1020 ft.
Static Water Level: 198.8' (5-16-2013)

Page:10f 3




Figure 7. Geologic and Construction Log for Inland Well #5

Geologic Log of: Inland Well #5
Project: TMCF Inland Wells

Logged By: Jon Travis R.G.
Location: SE, NW, sec. 11, T3N, R24E

State Well ID: MORR 52130
Borehole Diameter: 30", 24", 19"

EA Engineering, Science,
and Technology, Inc., PBC
8019 W. Quinault Ave, Suite 201

Kennewick, WA 99336
Phone: 509.591.0264

Date Completed: 5-16-2013
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Dritled By: Person Pump and Drilling 7 ' . - Total Depth: 1020 ft. _
Drilling Method: mud/air rotary/reverse circ. RE@ EVE " Static Water Level: 198.8' (5-16-2013)
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Drilled By: Person-Pump and Drilling ‘ Total Depth: 1020 ft.
_ Static Water Level: 198.8' (5-16-2013)

Drilling Method: mud/air rotary/reverse circ.
Date Completed: 5-16-2013 . Page: 3 0of 3
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 ATTACHMENTA

" Threemile Canyon Farms — Inland Project |
Limited License Application for Aquifer Recharge
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Project Description:

At its potential full build-out the Inland AR Project could involve the injection of 2,500 gallons per
minute (gpm) per well into one or more of the five TMCF Inland Area irrigation wells. At full potential
build out a maximum instantaneous injection rate of 12,500 gpm and a maximum annual volume of
approximately 10,000 acre-feet is possible. Given that, the work to be conducted under the proposed
Limited License will be implemented incrementally, or in phases, starting with a source water treatability
phase and pilot testing at one Inland well in calendar year 2018. In subsequent years the project will
expand to include additional wells as needed to achieve the mitigation target and based on previous
results. ' '

The water soufce for the proposed Inland AR project would be diverted from Willow Creek (Columbia
River-John Day Pool) between November 1 and April 15 under the LL. Source water would be pumped to
the project area using the existing irrigation system.

The Inland Area consists of 2 subdivisions, 71 irrigated circles on the Inland Farm and 23 irrigated circles
on the Radar Range. The total water requirement for the Inland Area is approximately 82,700 gpm. The
Inland booster pump station, with its maximum capacity of approximately 65,000 gpm, is sufficient to
irrigate approximately 79% of the 94 combined Inland Farm and Radar Range circles simultaneously.
The balance of the required irrigation water is supplied by the 5 Inland irrigation wells.

As noted above, the project will focus on a phased approach. Initial AR work is currently planned to be
will be done at Inland Well #1 (MORR 52037), with potential expansion to Inland Well #2 (MORR
52045) the following year. Given that, before injection testing begins the targeted well may change based
on TMCEF infrastructure contraints. In the even that such a change becomes necessary, TMCF will disucss
those changes, and the need for them, with OWRD and DEQ staff before finalizing any plans. Use of
additional Inland wells will be contingent on the results of work at Inland Wells 1 and 2. ‘The existing
wells will require some modifications for AR including interties to main pipelines to allow delivery of
water to the wells. These modifications are discussed further in the attachments.

RECEIVED
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Oregon Water Resources Department

725 Summer Street NE, Suite A Application fOl’

Salem Oregon 97301-1271

O i oons Limited Water Use License

License No.:

Applicant Information
NAME PHONE (HM)
Greg Harris, Manager, Threemile Canyon Farms, Inc.
PHONE (WK) CELL FAX
(541) 481-9274
ADDRESS
75906 Threemile Road
CITY STATE | ZIP E-MALL *

Boardman OR 07818 gharris@rdoffut.com

Agent Information

NAME PHONE FAX
Kevin Lindsey, Ph.D. EA Engineering, Science, & Technology,
ADDRESS CELL

8019 W. Quinault Avenue, Suite 201 (509) 947-5729
CITY STATE ZIp E-MAIL *

Kennewick WA 99336 | klindsey@eaest.com

I (We) make application for a Limited License to use or store the following described surface waters or
" groundwater — not otherwise exempt, or to use stored water of for a use of a short-term or fixed-duration:

1. SOURCE(S) OF WATER: Columbia River a tributary of _ Pacific Ocean

2. AMOUNT OF WATER to be diverted; Maximum and instantaneous rate (cubic feet or gallons per
minute): 27.85 cfs

3. Total volume (gallons or acre-feet): 10,000 acre feet
If water is to be used from more than one source, give the quantity from each: N/A - Water to be injected

in up to 5 wells at 2500 gpm each for a tota] maximum injection of 12,500 gpm.
4. INTENDED USE(S) OF WATER: (check all that apply)
O Road construction or maintenance D EC Py zﬂ”

General construction

O
O Forestland and rangeland management; or @ %\N H D
O Other: Aquifer Recharge

4. DESCRIPTION OF PROPOSED PROJECT: Include a description of the place of use as shown on the
accompanying site map, the method of water diversion, the type of equipment to be used (including pump
horsepower, if applicable), length and dimensions of supply ditches and pipelines: See Attachment A

5. PROJECT SCHEDULE: (List day, month, and year)
Date water use will begin: as soon as limited license is
issued if prior to April 14, 2018

6. Date water use will be completed: December 31, 2023

Months of the year water would be diverted and used: Diverting water from October 1 thru April 14

annually for recharge injection. Water will remain in underground storage for the duration of the limited

license.

If for other than irrigation from stored water, how and where will water be discharged after use:
No withdrawal of stored water. This application is for artificial groundwater recharge only.

/ //?h%& ,é ¢y [TErrrl /%//«%M;ﬂ /) 2//?9/?—

me;?ﬁt Sigﬂtﬁrﬁ! v ame and fitle if applicable Daté
Updated#3/29/2017 - MA S:\groups\wr\forms 1




Land Use

Information Form

Vs T

i

,v‘};‘;)licant(s): Threemile Canyon Farms, (Greg -Harris - Farm Manager)

Mailing Address: 75906 Threemile Road

City: Boardman

A. Land and Location

State: %

Zip Code: 97818.

<

Oregon Water Resources Departinent—-
725 Summer Street NE, Suite A ’
Salem, Oregon 97301-1266

(503) 986-0900

www.wrd.state.or.us

Daytime Phone: (541) 481-9274

. Please include the following mformatlon for all tax lots where water will be diverted (taken from its source), conveyed (transported),

and/or used or developed. Applicants for municipal use, or irrigation uses within irrigation districts may substitute existing and
proposed service-area boundaries for the tax-lot information requested below.

Township Range

Section

Ya'Vs

Tax Lot #

Plan Designation (e.g.,
_Rural Residential/RR-5)

Water to be:

Proposed Land
Use:

4-N 22-E

36

1

o

EFU

X Diverted

[ Conveyed

[ Used

Aquifer
Recharge

3-N 24-E

N =

1

<

EFV

B4 Diverted

X Conveyed

X Used

Aquifer
Recharge

—
[

EFD

B Diverted

B Conveyed

X Used

Aquifer -
Recharge

13

14

NENW
NWSE

—
(=

1 31VA

X Diverted

B Conveyed

[ Used

Agquifer
Recharge

List all counties and cities where water is proposed to be diverted, conveyed, and/or used or developed:

~.

Morrow - conveyed and stored; Gilliam - diverted

B. Description of Proposed Use

Type of application to be filed with the Water Resources Department:

] Permit to Use or Store Water
- Limited Water-Use License - - -[—] Allocation-of Conserved Water

Source of water: [ ] Reservoir/Pond

[] Water Right Transfer

Estimated quantity of water needed: 5.57

Intended use of water:

Briefly describe:

il Irrigation '

[1 Municipal

-[[] Ground Water
& cubic feet per second

] commercial

] Permit Amendment or Ground Water Reglstratlon Modification

X Surface Water (name) Columbia River

[ industrial

D Quasij-Municipal D Instream

- [2] Exchange-of Water—-

[] gallons per minute

‘ D Domestic for
X other Aquifer Recharge

[ acre-feet

household(s)

Applicant proposes to divert 5.57 cfs from their Columbia River point of diversion in the months of

November through mid-April for the purpose of aquifer recharge. ‘The applicant will inject the water into

one to five basalt wells (Inland wells) to build up a reservoir underground to offset groundwater declines in

the basalt aquifer. The Columbia River water will be piped directly from the surface water diversion using

2 existing infrastructure. to the wells. Water will be cleaned to drinking water standards prior to injecting

. into the wells.

RECEIVED

Revised 2/8/2010

Land Use Information Form - Page 2 of 4

DEC 27 2017
OWRD

" WR/FS




\ ¥

Oregon Water Resources Department.
725 Summer Street NE, Suite A

Salem, Oregon 97301-1266

(503) 986-0900

www.wrd.state.or.us -

' Land Use
Information Form

NOTE TO APPLICANTS

In order for your application to be processed by the Water Resources Department (WRD), this Land Use
Information Form must be completed by a local government planning official in the jurisdiction(s) where
your water right will be used and developed. The planning officidl may choose to complete the form while
you wait, or return the receipt stub to you. Applications received by WRD without the Land Use Form or
the receipt stub will be returned to you. Please be aware that your application will not be approved
without land use approval.

This form is NOT required if:
1) - Water is to be diverted, conveyed, and/or used only on federal lands; OR

2) The apphcatlon is for a water right transfer, allocation of conserved water, exchange, pemnt amendment, or ground water -

registration modification, and all of the following apply: = "' .-

a) The existing and proposed water use is located entlrely w1th1n lands zoned for exclusive farm-use or within an
irrigation district;

b) The application mvolves‘ a change in place of use only;

c) The change does not involve the placement or modification of structures, including but not limited to water diversion,
impoundment, distribution facilities, water wells and well houses; and ‘

d) The application involves irrigation water uses only. ‘ ' o

NOTE TO LOCAL GOVERNMENTS |

The person presenting the attached Land Use Information Form is applying for or modifying a water
right. The Water Resources Department (WRD) requires its applicants to obtain land-use information to
be sure the water rights do not result in land uses that are incompatible with your comprehensive plan.
Please complete the form or detach the receipt stub and return it to the applicant for inclusion in their
water right application. You will receive notice once the applicant formally submits his or her request to -
the WRD. The notice will give more information about WRD's water rights process and provide
additional comment opportunities. You will have 30 days from the date of the notice to complete the
land-use form and réturn it to the WRD. If no land-use information is received from you within that
30-day period, the WRD may presume the land use associated with the proposed water right is
compatible with your comprehensive plan. Your attention to this request for information is greatly .
appreciated by the Water Resources Department. If you have any questions concerning this form; please
contact the WRD's Customer Service Group at 503-986-0801.

RECEIVED

Revised 2/8/2010 o Land Use Information Form - Page 1 of 4 DEC 2 7 201? . WR/F§ : '?:.

OWRD
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__Signature:

Sawd L _fg

For Local Government Use Only

A ' .

. following section must be completed by a planning official from each county and city listed unless the project will be located
entirely within the city limits. In that case, only the city planning agency must complete this form. This deals only with the local
land-use plan. Do not include approval for activities such as building or grading permits.

Please check the appropriate box below and provide the requested information

ELand uses to be served by the proposed water uses (including proposed co uctlon) are allowed outright or are not regulated by
'your comprehensive plan. Cite applicable ordinance section(s): MpyvoW i‘loun Ddirance 3.010 -

[] Land uses to be served by the proposed water uses (including proposed construction) involve discretionary land-use approvals as
listed in the table below. (Please attach documentation of applicable land-use approvals which have already been obtained.
Record of Action/land-use decision and accompanying findings are sufficient.) If approvals have been obtained but all appeal
periods have not ended, check ""Being pursued."

lepe of Lz:ind Lthe Approval Ngetded al Cite Most Significant, Applicable Plan Policies & Land-Use Approval: j
(e g, plan amendmers, rezones, conditiona-use Ordinance Section References . .
permits, €fc.) : . .

[ Obtained [ Being Pursued
[ Denied - [ Not Being Pursued
[ Obtained [ Being Pursued
[ Denied [ Not Being Pursued
[ Obtained [ Being Pursued
[ Denied [ Not Being Pursued
[ Obtained [ Being Pursued
[ Denied [ Not Being Pursued
[J Obtained [ Being Pursued
[ Denied [ Not Being Pursued

Local governments are invited to express special land-use concerns or make recommendations to the Water Resources Department
regarding this proposed use of water below, or on a separate sheet.

Namo:

Government Entity:

Note to local government representative: Please complete this form or sign the receipt below and return it to the applicant. If you
sign the receipt, you will have 30 days from the Water Resources Department's notice date to return the completed Land Use Information
Form or WRD may presume the land use associated with the proposed use of water is compatible with local comprehensive plans.

-

Receipt for Request for Land Use Information

Applicant name:
City or County: Staff contact:
_,;‘laturez Phone: Date
M‘BQQ mmz‘%};%@
Revised 2/8/2010 . . Land Use Information Form - Page 4 of 4 DEC 2 7 201? . WR/FS
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-2

Note to applicant: If the Land Use Information Form cannot be completed while you wait, please have a local government

representative sign the receipt at the bottom of the next page and include it with the application filed with the Water Resources L
Department.

e

See bottom of Page 3. —

RECEWED |
DEC 27 2011
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Oregon Water Resources Department
725 Summer Street NE, Suite A

Salem, Oregon 97301-1266

(503) 986-0900

www.wrd.state.or.us

“Land Use
Information Form

Apyplicant(s): Threemile Canyon Farms, (Greg Harris - Farm Manager)

Mailing Address: 75906 Threemile Road

City: Boardman State: OR Zip Code: 97818 Daytime Phone: (541) 481-9274

A. Land and Location

Please include the following information for all tax lots where water will be diverted (taken from its source), conveyed (transported),
and/or used or developed. Applicants for municipal use, or irrigation uses within irrigation districts may substitute existing and
proposed service-area boundaries for the tax-lot information requested below.

Township Range Section VaVa Tax Lot # Plan Designation (e.g., Water to be: Proposed Land
Rural Residential/RR-5) Use:

X Diverted [ Conveyed [ Used Agu ifer
Recharge

o

4-N 22-E 36 NWSE 1

100 X Diverted X Conveyed X Used Aquifer
Recharge

3-N 24-E

|—
2
el
)
<

[N}
Z.
el
1)
ool

X Diverted [ Conveyed B4 Used Aguifer
Recharge

(v}
1
N
£
tm
192]
&
Z,
=
[

[ Diverted [ Conveyed [X] Used Aguifer
Recharge

AN
z
o
+
e
w
z
z
<
=
(=

List all counties and cities where water is proposed to be diverted, conveyed, and/or used or developed:
Gilliam - diverted; Morrow - conveyed and stored

B. Description of Proposed Use

Type of application to be filed with the Water Resources Department:
[ Permit to Use or Store Water 71 water Right Transfer 71 Permit Amendment or Ground Water Registration Modification
X Limited Water Use License ] Allocation of Conserved Water 71 Exchange of Water

Source of water: [_] Reservoir/Pond ] Ground Water X Surface Water (name) Columbia River

Estimated quantity of water needed: 5.57 Xl cubic feet per second [ gallons per minute ~ [] acre-feet

Intended use of water: [_] Irrigation [_] Commercial [] Industrial ] Domestic for household(s)
[] Municipal [] Quasi-Municipal [ Instream X other Aquifer Recharge

Briefly describe:

Applicant proposes to divert 5.57 cfs from their Columbia River point of diversion in the months of
November through mid-April for the purpose of aquifer recharge. The applicant will inject the water into
one to five basalt wells (Inland wells) to build up a reservoir underground to offset groundwater declines in

t 7 4 basalt aquifer. The Columbia River water will be piped directly from the surface water diversion using

« existing infrastructure, to the wells. Water will be cleaned to drinking water standards prior to injecting

it into the wells. | RE @ E EW E @

Revised 2/8/2010 Land Use Information Form - Page 2 of 4 DEC 2 7 Zﬂi? WR/FS

OWRD




For Local Government Use Only

following section must be completed by a planning official from each county and city listed unless the project will be located
entirely within the city limits. In that case, only the city planning agency must complete this form. This deals only with the local
land-use plan. Do not include approval for activities such as building or grading permits.

Please check the appropriate box below and provide the requested information

Land uses to be served by the proposed water uses (including proposed construction) are allowed outright or are not regulated by
your comprehensive plan. Cite applicable ordinance section(s):

[J Land uses to be served by the proposed water uses (including proposed construction) involve discretionary land-use approvals as
listed in the table below. (Please attach documentation of applicable land-use approvals which have already been obtained.
Record of Action/land-use decision and accompanying findings are sufficient.) If approvals have been obtained but all appeal
periods have not ended, check "Being pursued."

( 'Iiype of LGd-Ut:c Approval Nzc?:i_ed [ Cite Most Significant, Applicable Plan Policies & Land-Use Approval:
e.g., plan amendments, rezones, conditional-use Ordinance Section References A _
permits, etc.) . i

[ Obtained [ Being Pursued
[ Denied 1 Not Being Pursued
[ Obtained [0 Being Pursued
[0 Denied [ Not Being Pursued
[1 Obtained [0 Being Pursued
[ Denied ] Not Being Pursued
[0 Obtained [ Being Pursued
[0 Denied [0 Not Being Pursued
[d Obtained [0 Being Pursued

g [ Denied [ Not Being Pursued

Local governments are invited to express special land-use concerns or make recommendations to the Water Resources Department
regarding this proposed use of water below, or on a separate sheet.

s % S?QL (j&‘tuL\»-\ Ff/\f BN TNV EY CC\\/\J\%(/\,.\ ‘QJW\S E%E@ﬁg;ﬁg%ﬁ
DEC 27 2057

OWRD
Name: (\4\ (. \\ e \ \ 9 (\0 \\o \/\‘ Title: 9\0\\1\\’\\\\/\%\ “ e ctov

]
Phone: SHV-3 ¥ 238 | Date: l - 7 - I 7

Signature:’

Government Entity: (Q;-1 \ \ VAW C/QL,A VD SN

Note to local government representative: Please complete this form or sign the receipt below and return it to the applicant. If you
sign the receipt, you will have 30 days from the Water Resources Department's notice date to return the completed Land Use Information
Form or WRD may presume the land use associated with the proposed use of water is compatible with local comprehensive plans.

fr .»-**

Receipt for Request for Land Use Information

Applicant name:
City or County: Staff contact:
ature: Phone: Date:

Revised 2/8/2010 Land Use Information Form - Page 4 of 4 WR/FS



ATTACHMENT B

Threemile Canyon Farms — Inland Project
Limited License Application for Aquifer Recharge

- Water Availability Statement -
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Note:

Water availability form with attached maps have been submitted to regional watermaster in ‘
‘Pendleton, Oregon office.

RECEIVED
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This page to be completed by the local Watermaster.

’, WATER AVAILABILITY STATEMENT '
Name of Applicant: .é:ﬁﬂ_ﬁm_&ﬂk;‘t““t = Limited License Number: Zb—l?Z&"

Cauytn arns,
1. To your knowledge, has the stream or basin that is the source for this apphcatlon ever been regulated -
for prior rights? -

_ ‘OYes %No
Ifyes, please explain:

2. Based on your observaﬁonS would there be water available in the quantity and at the times needed to
supply the use proposed by this application?

YO Yes ONo

3. Do you observe this stream system during regular fieldwork?

OYes bNo
Ifyes, what are your observations for the, stream?

4. Ifthe source is a well and if WRD were to determine that there is-the potential for substantial
interference with nearby surface water sources, would there still be ground water and surface water
available during the time requested and in the amount requested without injury to existing water rights?

. OYes ONo - &KNA ,
What would you recommend for.conditions on a limited license that may be issued approving this

apphcatlon? ) ; ﬁ ‘T 7 P
4,.‘?:44 el e e o 47‘..,»&/ 77%«-/
5. Any other recommendations you would like to make? . /%/ | et s rdnr I A»Vé‘
) a /41..»,«‘1,2& :‘Z“‘"’"/ < Afwéz 4 ' ‘ A
A 1o et , - £ 7 o
Nl m  — w‘v 7"4/ oY i

S 1gnat% i , NN INA District#:

Application for Limited Water Use License/3

DEC 2'7 2017,
o - OWRD
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Well 1
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Well 2
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from the SW Corner of Section 1. |

+ Wall 3

NE 1/4 of the NW 1/4 of Section 13, T3N
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feet East from the NW Comer of Section 13.

Well 4
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feat West from the SE Comer of Section 14.

[
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SE 1/4 of the NW 1/4 of Section 11, T3N
R24E W.M., being 2239 feet South and 1958
feet East from the NW Comer of Section 11.

Aquifer Recharge
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"~ ATTACHMENT C
~ Threemile Canyon Farms — Inland Project Limited License
Application for Aquifer Recharge: Pilot Test Work Plan

RECEIVED
- DEC 27 2017

OWRD



m
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ATTACHMENT C
Threemile Canyon Farms — Inland AR Pilot Testing Program
Pilot Test Work Plan

- G Z‘V\;\OD |
W’

(9] 0{};‘\‘9

INTRODUCTION AND BACKGROUND

Expineg z/rr/lE

Threemile Canyon Farms (TMCF) is requesting an Aquifer Recharge (AR) Limited License to
develop a recharge program on the Inland Area portion of the TMCF facility to make continued
use of the aquifer more (or fully) sustainable. This project is referred to herein as the Inland AR
Project. The objective of the proposed Inland AR Project is to slow, stop, and/or reverse the late
winter/early spring static water level declines observed in Inland Area irrigation wells. To

support meeting that objective, the goals of this Pilot Test Work Plan are two-fold: (1) -

demonstrate the desired effects on spring static water levels and (2) collect water quality data

needed to address DEQ groundwater antidegradation requirements.

AR development is currently planned to begin with conversion to allow recharge at Inland Well

- #1 (Figure C-1). Other wells may be converted to allow récharge as, the project evolves, with up
‘to 5 wells possible. Though this workplan is developed to begin at Well #1, the first AR test
well will be selected in consultation with OWRD and DEQ. Whichever well is selected foi: initial
testing, this Pilot Test Work Plan represents the approach to testing the first well converted to

AR use.
Attachment C describes the initial testing program and 1ncludes the following:

Pilot Testing Equlpment and Infrastructure
Pilot Testing Program Overview

‘Water Level Monitoring

Water Quality Monitoring and Sampling’
‘Reporting

'RECEIVED
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. Water quality in the basalt aqu1fer intersected by Inland basalt wells is generally good, and
therefore our approach to initial testing phases does not assume that aquifer development is-
necessary. Consequently, this testing plan is developed to address the long-term hydraulic
response within the aquifer and compatibility between source water and native groundwater.

PILOT TESTING EQUIPMENT AND INFRASTRUCTURE

This section provides a conceptual design for the AR testing infrastructure that will be used to

. treat source water and inject that water into the first well to test. Treatment, injection control, and .
related infrastructure will need to be built, and the first well to test retrofitted, prior to injection.
Descnptlons of this infrastructure will be submitted to OWRD and DEQ for review and approval

prior to AR operations.

Source Water Treatment

" The goal of source water treatment is two-fold: (1) to remove/reduce biological, geochemical,
and particulate constituents to the extent necessary to not negatively affect well operations and
(2) do the same to meet groundwater antidegradation requirements. At a minimum, proposed

Attachment C ' Inland AR Project: Pilot Test Work Plan
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treatment will include a filtration system and a disinfection system. The first phase of work to be
done for the proposed project is to field test the effectiveness of various filtration and
disinfection systems and evaluate the feasibility of meeting water quality goals. The results of
these field tests will be provided to OWRD and DEQ prior to any AR injection. The project team
will identify the preferred treatment system to 1nsta11 prior to any injection in consultatlon with
these agencies. : :

Wellhead and In-Well Modification _ :

The first well to be tested currently operates as an irrigation water supply well that is outfitted -
with a line shaft turbine pump. Wellhead and in-well modifications to be potentially
implemented as part of the well retrofit for AR are summarized below.

Treated surface water will be conveyed to the AR wellhead using the existing piping/distribution:

system. The in-well injection control system will consist of either: (1) a separate injection drop-

pipe fit with a designed orifice plate engineered to provide back-pressure sufficient to prevent

cascading water at the anticipated system pressures, water levels, and injection rates or (2) a new -

. down-hole control valve installed on the pump column. In either case, the wellhead will have

appropriate flow control valve(s), pump-to-waste control valve(s), bi-directional flow meter,

water level access tube(s), pressure relief valve, pressure gauge, and transducer access tube and

sampling port. TMCF may also conduct an engineering analysis to evaluate the potential for the

line-shaft turbine to spin backwards and generate electricity during injection. Final wellhead and

in-well infrastructure designs will be submitted to OWRD/DEQ for approval/concurrence prior _
to construction for injection testmg -

PILOT TESTING PROGRAM OVERVIEW .

 The goal of pilot testing is to confirm AR feasibility at TMCF and provide data to inform DEQ,
OWRD, and TMCF of water quality and hydraulic response to support potential system
expansion planning. Initial work will focus on field testing of the source treatment system(s).
Upon successful completion of that testing, AR injection tests will be conducted. The objectives
of the first AR test cycles include:

¢ Evaluating aquifer response to injection and assessmg the long term hydraulic properties
of the aquifer;

* Assessing the response of other Inland wells to AR at the first well tested;

e Evaluating the short and long-term water level response in all Inland wells to AR;

» Assessing geochemical compatibility between the source water and native groundwater;

o Demonstrating how the project can meet groundwater protection goals.

The data collected during initial testing cycles will be used to inform longer term AR operation
plans and operations.

Pilot Testing Program
The Pilot Testing Program is described below. Inj ection portlons of it also are summarized in
" Table C-1:

o Treatment System Testing — The first phase of the pilot testing program will be to field
test the effectiveness of various filtration and disinfection systems in achieving project
goals. Water quality samples collected during this phase of the project will be analyzed to
measure the effectiveness of the treatment system(s). Testing and sampling will be done

Attachment C ‘ . Inland AR Project: Pilot Test Work Plan
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in the Inland Area near the Inland wells, at a location that complements future project
activities, and is compatible with farming operations. The results of this testing will be
provided to OWRD and DEQ prior to any AR injection. In consultation with these
_agencies the project team will identify the preferred treatment system to install prior to
any injection.

e Baseline Monitoring — Baseline monitoring will begin a minimum of two weeks before
the start of AR injection testing. Baseline monitoring will include measurmg background
water level trends, source water quality, and native groundwater quality prior to injection
testing. Water levels will be measured using the transducers installed in the Inland wells
as part of their normal operations. In addition, manual measurements will be collected
weekly during the baseline phase to verify transducer data. Baseline water quality -
samples will be collected for analysis from the first well to be tested, the nearest up
gradient and down gradient Inland wells, and the source water delivery system. If the
upgradient and downgradient wells are off-line at the time of baseline sampling, the
Inland observation well will be sampled.

e (Cycle I —-Cycle 1 is a short duration test that will inject, store, and recover approxnnately
16.2 million gallons (MG) over an approximately two-week period. The goal of this cycle
is to assess the mixing effects of source water on native groundwater. The injection
period will be approximately 4.5 days long and be at approximately 2,500 gpm. '

“Following injection, source water will be left in the aquifer for approximately 3 days.
After that, the aquifer will be pumped at approximately 3,000 gpm to recover the full
16.2 MG and obtain water quality samples. These samples will be analyzed to evaluate
the effects of AR on background aquifer water quality. Throughout Cycle 1 water level.
data will be collected from all Inland wells to assess the effects of AR injection on
aquifer water levels. _

e Cycle 2— Cycle 2 will approximate planned operational-scale AR. It will consist of a

~ recharge phase lasting approximately 30 to 45 days at approximately 2,500 gpm. During
and following the Cycle 2 injection period water quality will be collected at the AR well
and at the nearest two Inland wells, one up gradient and one down gradient. The timing of
sampling will depend on when Cycle 2 recharge is completed. If recharge is done in the
late winter or early spring, sampling will occur in designated Inland wells monthly during
normal irrigation operations. If done in the autumn, samples will be collected monthly in
the Inland observation well only as the Inland irrigation wells are offline and winterized
during the winter months. Throughout Cycle 2 water level data will be collected from all
Inland wells to assess the effects of AR injection on aquifer water levels, and in the case
of the 1rr1gat10n season, the persistence of any recharge water level effects during
1rr1gat10n pumping: Water level measurement methods and frequency are described later
in this attachment. .

- Cycle 3— Cycle 3 will begin as soon as water is available for recharge after Cycle 2.
Cycle 3 will repeat Cycle 2 in rates, duration, monitoring, testing, and analyses.

e Cycle 4 (TBD)- — Additional cycles, if needed, will consist of recharge in the spring
window followed by normal irrigation season pumping throughout the summer using
existing valid TMCF groundwater rights, and recharge in the fall followed by normal
winter non-pumping static conditions. The decision to conduct additional cycles will be
made in consultat10n with OWRD and DEQ

Attachment C : Inland AR Project: Pilot Test Work Plan
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e Additional Wells — Conversion and recharge at additional wells to expand the AR
program will be determined based on the aquifer response to recharge at the first well.
This will be addressed in consultation with OWRD and DEQ later in the project, and
plans will be modified as appropriate based on these consultations. '

Monitoring Well Network '

Wells from which monitoring data will be collected throughout the project include the five
Inland wells, the Inland observation well, and Well 7 in the dairy area (referred to hereafter as
Dairy Well 7). These wells are equipped with pressure transducers. Their locations are shown in
Figure C-1 and Table C-2 describes these wells, their distance from Inland Well #1 (under the
assumption that this well is the first well tested, if it is not, this table will be modified prior to
injection testing), and their well construction lnformatron Designations for these wells are as
follows:

Inland Well #1 (MORR 52307)
Inland Well #2 (MORR 52045)
Inland Well #3-(MORR 52132)
Inland Well #4 (MORR 52131)
Inland Well #5 (MORR 52130)
Inland OBS Well (MORR 52279)
Darry Well 7 (MORR ID pending)

. WATER LEVEL MONITORING : -

Water levels will be monitored manually and electronically to assess buildup during AR

~ injection, drawdown during normal irrigation pumping, to evaluate the presence of potential
aquifer boundary conditions, and the ability of the AR project to mitigate for the observed water
level declines (as assessed by tracking spring static water level trends). The project team will
monitor each well with pressure transducers verified with periodic manual measurements. Data
will be tracked through the TMCF supervisory control and data acquisition system (SCADA).
Pressure transducers will be factory calibrated prior to use and pressure ratings will be selected

. based on the potential anticipated water level changes at each monitoring location. Manual water
levels will be used to confirm transducer data and will be used as backup should a transducer
fail. Barometric pressure will also be recorded with a dedicated barometric sensor and the
barometric efficiency of monitored wells will be evaluated and corrections will be made as
needed to facilitate response assessments.

A summary of the water level monitoring program is described below:

¢ Baseline measurements: o ,
o First tested well — Continuous digital measurements will be taken every 15 -
%E@Eﬁj E@ minutes via automated pressure transducer to evaluate for antecedent trends prior
- to AR. At a minimum, manual measurements will be collected weekly over the
NEC 27 2017 baseline period to corroborate the transducer data.
o Observations wells (which are the other existing Inland Area wells) — Continuous
@W R D digital measurements will be collected at 15-minute fixed interval via automated
pressure transducer. At a minimum, manual measurements will be collected
weekly over the baseline period to corroborate the transducer data.
¢ Injection measurements:

Attachment C ’ , _Inland AR Project: Pilot Test Work Plan
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o First tested well — Continuous-digital measurements will be taken for one or more
log cycles, culminating in a 15-minute fixed frequency interval via automated
pressure transducer to evaluate water levels during injection. Manual -
measurements will be collected to corroborate the transducer data.

o Observations wells — Continuous digital measurements will be collected at.15
minute intervals via automated pressure transducer to evaluate water level
changes in the other wells. Manual measurements will be collected to corroborate
the transducer data.

e Non-pumping measurements:

o First tested well — Continuous digital measurements will be taken for one or more
log cycles, culminating in a 15-minute fixed frequency interval via automated
pressure transducer to evaluate water levels during inj ection. Manual
measurements will be collected durrng the non-pumpmg per10d to corroborate the
transducer data.

o - Observations wells — Continuous digital measurements will be taken every 15-
minutes via automated pressure transducer to evaluate water levels during non-
pumping periods. Manual measurements will be collected during the non-
pumping period to corroborate the transducer data.

e Irrigation season pumping measurements:

o First tested well — Continuous digital measurements will be taken every 15-
minutes via automated pressufe transducer to evaluate water levels during the
irrigation season. Manual measurements will be collected to corroborate the
transducer data.

o Observations wells — Continuous d1g1tal measurements will be taken every 15--
minutes via automated pressure transducer to evaluate water levels during the
irrigation season. Manual measurements will be collected to corroborate the
transducer data.

All manual measurements will be recorded in a dedicated' field notebook. '

WATER QUALITY MONITORING AND SAMPLING
Water quality monitoring will be conducted to compare source to native groundwater chemistry
and assess the ability of the project to meet groundwater quality standards. The water quality
information also will be used to assess injection and groundwater compatibility with respect to
chemical precipitation and dissolution reactions that have the potential to alter well performance.
A Quality Assurance and Quality Control (QA/QC) plan is provided in Attachment F as a
supplement to this Attachment.

The proposed water quality monitoring plan is shown in Table C-3, and the analytical suite is
detailed in Table C-4. The analytical program includes cations, anions, metals, and applicable
biological analytes. This list may be refined after initial treatability studies are completed and the
~ final treatment method for surface water is established. Water quality sampling will include the
injection well and the nearest operating downgradient well in the project area.

Field parameter measurements of the source and recovered water will be collected at the tested
‘well concurrent with all manual water level measurements and sampling events during injection

and recovery activities. Temperature, specific conductance, pH, turbidity, oxidation-reduction

potential and dissolved oxygen will be recorded electronically along with manual measurements

Attachment C Inland AR Project: Pilot Test Work Plan
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-recorded in the field notebook. Additional field parameters (i.e. total suspended solids, free
chlorine, and total chlorine) may be monitored depending on their levels observed in treated
surface water or groundwater. These parameters will be measured using a Hach™ field test kit or
other in-line sensor.

REPORTING _
The results of each phase of the testing program will be reported prior to the beginning of the
next phase, as noted above. These reports will be provided to OWRD and DEQ for review,
comment, discussion, and concurrence where decisions about the next phase are needed. These
reports will include descriptions of test operations, analytical results, hydraulic monitoring, and
interpretations of those data. Data including field measurements, laboratory reports, and
electronic transducer data files will be provided in OWRD format. .

Figures
C-1 Location Map
Tables
C-1 Phase 1 Pilot Testing Plan
C-2 = Observation Wells ‘
C3 Phase 1 Water Quality Mohitoring Plan

. C4 Full Analytical Suite
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Figure C-1.
Threemile Canyon Farm
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. Table C-1 Pilot Testing Plan

Cycle 1 Cycle 2* Cycle 3* .~ After Cycle 3 (if needed)
_ V Total ‘ Total Total Total
- Rate Duration Volume Rate Duration Volume Rate | Duration | Volume Rate | Duration| Volume
(gpm) (Days) MG) | (gpm) (Days) MG) | (gpm) | (Days) | (MG) (gpm) | (Days) | MG)
Aquifer Recharge| 2,500 4.5 16.2 2,500 45. 162 2,500 .45 162.0 2,500 45 162
(Injection) :
Non-Pumping -- 3 - - TBD - -- TBD - - TBD -
Aquifer Sampling| 3,000 3.80 16.2 ‘monthly sampling** monthly sampling** monthly sampiing**
Notes:

MG = Million Gallons

TBD = To Be Determined

* The first AR report will be completed after Cycle 2 or 3, depending on actual operations and OWRD and DEQ consultation.

** In the injection well and the nearest operating downgradient well.

Page 1 of 3
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Table C-2 - Observation Wells

o . Distance from |- Distance from .~ - .| Casing Diameter . . Open interval
- Well Well Log ID Inland Well #1- - | Inland Well #1 | Casing Depth (feet): NIRRT Total Depth (feet) NP
- - - 1 . T . (inches) - - Diameter (inches)
(feet) (miles)

Inland Well #1 MORR 52037 0 0 640 20 1450 19, 10
Inland Well #2 MORR 52045 3082 0.58 689 20 1053 ° 19
Inland Well #3 MORR 52132 8238 1.56 545 20 926 19
Inland Well #4 MORR 52131 10471 1.98 518 - 20 966 19
Inland Well #5 MORR 52130 4863 0.92 706 20 1020 19
Inland OBS Well MORR 52279 4061 0.77 731 8 _ 1081 8
Dairy Well 7 " MORR 52387 30914 - 5.85 867 12,8 1008 12 .
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Table C-3 Water Quality Monitoring Plan, Cycles 1 thréugh 3at injecfion' well and nearest operating downgradient well.

Cyclé "Cycle 1 . Cycie2 . _ Cycle 3
Recharge Day 1 - FS (within 4 hours of start of Day 1S (within 4 hours of start of Day 1-FS
. s " ‘injection)
Sampling injection) . Day 30 -FS
Day 4 - FS Day23 - TS Day 45 - FS
el Day 45 - FS v
Non-Pumping
Conditions . ) -
Day 1 - FS (within in an hour of start of | Day 1-FS (within in an hqur of start of | Day 1-FS (within in an hour of start of
. pumping) _pumping) pumping)
Aq;;fzr hwn ater Day2-FS-~ Day 23 - FS Day 23 - FS
. Samping Day 3 - FS (at 100% recovery) " Day 45 - FS Day 45 - FS
Notes:

FS = Full Suite (all p;ammeters listed in Table 4)

Page 3 of 3
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Table C-4 - Proposed Fuil Analytical Suite

Analyte 7 OHA Drinking Water Standards | DEQ Groundwater Standards
INORSANTE CHEMEALS [106E) |

Alkalinity (as CaCOj) (mg/L)
Aluminum (total) (mg/L) 0.05-0.2 (SMCL)
Antimony (total) (mg/L) o 0.006 (MCL) ) _
Arsenic (total) (mg/L) » 0.010 (MCL) 0.050 (DEQ MML)
Barium (total) (mg/L) : 2(MCL) ‘ 1 (DEQ MML)
Bicarbonate (as CaCO3) (mg/L) A ’ .
Beryllium (total) (mg/L) 0.004 (MCL)
Cadmium (total) (mg/L) : " 0.005 (MCL) 0.01 (DEQ MML)
Calcium (total) (mg/L)
Carbonate (as CaCO,) (mg/L)
Chloramine (mg/L) . ,
Chloride (total) (mg/L) - 250 (SMCL) 250 (DEQ MML)
Chromium (total) (mg/L) 0.1 (MCL) , 0.05 (DEQ MML)
l Copper (total) (mg/L) 1.3 :?;tlglcl é-i;’el) 1.0 (DEQ MML)
Cyanide (total) (mg/L) ' : ' 0.2 (MCL)
Fluoride (total) (mg/L) 4 (MCL), 2.0 (SMCL) 4 (DEQ MML)
Hardness (as CaCO3) (mg/L) ~ 250 (SMCL) )
Iron (total) (mg/L) 0.3 (SMCL) : 0.3 (DEQ MML)
Lead (total) (mg/L) 0.015 (MCL) 0.05 (DEQ MML)
Magnesium (total) (mg/L) ,
Manganese (total) (mg/L) 0.05 (SMCL) ' 0.05 (DEQ MML)
Mercury (total inorganic) (mg/L) 0.002 (MCL) 0.002 (DEQ MML) -
Nickel (total) (mg/L) 0.1 . :
Nitrate (as N) (mg/L) 10 (MCL) ’ 10 (DEQ MML)
Nitrite (mg/L) -~ 1(MCL)
Nitrate+Nitrite (total N) (mg/L) . 10 (MCL)
Perchlorate (ug/L) '
Phosphate (mg/L) _ ) »
Phosphorus (total) (mg/L) ‘ ) |
"Potassium (mg/L) ’
Selenium (total) (mg/L) ‘ : 0.05 (MCL) 0.01 (DEQ MML)
Silica (mg/L) ) ‘
Silicon (mg/L)
Silver (total) (mg/L) 0.1 (SMCL) . 0.05 (DEQ MML)
* Sodium (mg/L) )
Silfate (mg/L) : 250 (SMCL) 250 (DEQ MML)
. Sulfide (mg/L) .
Thallium (mg/L) 0.002 (MCL)
Uranium (mg/L) ' )
Zinc (total) (mg/L) : © 5(SMCL) . 5 (DEQ MML)
(weemimee® | ]
Color (color units) ‘ 15 (SMCL) _ 15 (DEQ MML)
Corrosivity' (S.U.) . ’ NON-CORROSIVE
Foaming Agents (MBAS); (mg/L) 0.5 (SMCL) 0.5 (DEQ MML) -
| REGEIVED
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Table C-4 - Proposed Full Analytical Suite

{

" Analyte

OHA Drinking Water Standards

DEQ Groundwater Standards

Odor (T.O.N.)

3 TON (SMCL)

3 TON (DEQ MML)

Total Dissolved Solids (mg/L)

500 (MCL)

500 (DEQ MML) -

Total Organic Carbon (mg/L)

Total Suspended Solids (mg/L) _
VO FATIEEIORGANICIEOMBEOUND SIV.OES)

1,1-Dichloroethylene (ug/L) 7 (MCL)' 7 (DEQ MML)
" 1,1,1-Trichloroethane (ug/L) 200 (MCL) 200 (DEQ MML)
" 1,2-Dichloroethane (ug/L) 5 (MCL) 5 (DEQ MML)
Benzene (ug/L) 5(MCL) 5 (DEQ MML) .
Carbon tetrachloride (ug/L) 5 (MCL) 5 (DEQ MML)
Dacthal (ug/L)
p-Dichlorobenzene (1,4-) {ug/L) 75 (MCL) 75 (DEQ MML)
Trichloroethylene (TCE) (ug/L) 5 (MCL). 5 (DEQ MML)
Vinyl chloride (ug/L) 2 (MCL) 2 (DEQ MML)

]@ﬂnﬂﬁ"'ﬁm BVEREDUSTS [EPs) & RSISIRESIDUARDISINRE CIANTS

Total Tnhalomethanes (TTHM) (ug/L) 80 (MCL)

Total Coliforms (cell count per 100 mL)

< 5% positive

I R

—_womamwn |
[ ]

<1/100mL

Fecal Coliforms (cell count per 100 mL)

Confirmed presence

Confirmed presence

E. Coli (cell count per 100 mL)

| SVTETIC CREANIE CONPOUNES (S06s)

* Confirmed presence

Confirmed presence

2,4-D (ugll) 7 (MCL) 10 (DEQ MML)
2,4,5-TP (Silvex) (ug/L) 5 (MCL) 10 (DEQ MML)
Endrin (ug/L) 2 (MCL) 0.2 (DEQ MML) .
Lindane (BHC-gamma) (mg/L) 0.0002 (MCL) 0.004 (DEQ MML)
Methoxychlor (mg/L) 0.04 (MCL) 0.100 (DEQ MML)
Toxaphene (ug/L) 3(MCL) '0.005 (DEQ MML)
Gross Alpha (pCi/L) 15 (MCL) 15 (DEQ MML)
Gross Beta (pCilL) 4 mremlyear (official) 50 pCill. (DEQ MML)

50 pCilL (trigger)

Inland AR Pilot Test Work Plan
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‘ - ATTACHMENT D _
Threemile Canyon Farms - Conceptual Hydrogeologic Model

explaeg ?/\ l/ 15
This document provides the conceptual hydrogeologic model for Threemile Canyon Farms
(TMCEF) in support of their Inland Aquifer Reccharge (AR) Limited License application.
Candidate Inland AR wells are hsted in Table D-1, which also includes their construction
information.

. _ PHYSIOGRAPHIC SETTING AND CLIMATE

TMCEF lies within the Umatilla Basin (Basin), a structural basin bounded by the Columbia Hills
on the north and the Blue Mountains on the south (Figure D-1). The Umatilla Basin is located in
northcentral Oregon. The basin supports agriculture and the dairy industry amidst rolling hills
covered with grassland vegetation and irrigated agriculture. The climate is semi-arid with an
average of 8.5 inches of rainfaill a year, of which an average of 6.7 inches of snowfall is
observed at the Western Regional Climate Center station located in Boardman, Oregon.
Temperatures peak in July at 100 degrees farenheit, or higher, with winter lows observed in
January averagmg 27 degrees farenheit. Sub zero winter temperatures can occur for several days

at a time in any give year.

'STRATIGRAPHY
A number of geolo glc mapping studies have been conducted within the Umatilla Basin
(Hogenson, 1964; Robison, 1971; Farooqui et al., 1981a,b; Swanson et al., 1981; USDOE, 1988;
Wozniak, 1995; Kahle, et al. 2011). They provide a basic understanding of the regional
hydrogeologic framework and the following summary of the stratigraphy in this portlon of the
Basin is based on these, and other reports as cited.

Columbia River Basalt Group -
The oldest exposed bedrock unit in the TMCF area, and the primary aquifer hostmg unit, is the
Columbia River Basalt Group (CRBG). The CRBG consists of a thick sequence of more than
300 continental tholeiitic flood-basalt lava flows (Tolan et al., 1989). Regional studies and
mapping of the CRBG have demonstrated that there are consistent and systematic variations in
lithology, geochemical compositions, and paleomagnetic polarity among flows and groupsof
flows. These differences have allowed for the establishment of stratigraphic units within the
.CRBG that can be reliably identified and mapped on a regional basis (e.g., see Swanson et al.,
1979, 1981; Beeson et al., 1985; Reidel et al., 1989). In the TMCF area these units include, in
descending order, the Saddle Mountains Basalt, Wanapum Basalt and the Grande Ronde Basalt.
Subdivisions of these units present in water wells that are the focus of this effort are:

¢ Saddle Mountain Basalt - This includes the Elephant Mountaln Pomona, and Umatilla
Members. These units are typically mterpreted to be cased and sealed off in TMCF wells
~ (Table D-2).

* Wanapum Basalt - This includes the Priest Rapids and the Frenchman Springs Members
Both of these units are typically interpreted to be open to Dairy wells at TMCF while
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Inland wells are only open to the Frenchman Springs Member (Table D-2).

» Grande Ronde — This includes the Sentinel Bluffs Member. Only one TMCF well being
considered for this project is interpreted to be open to this unit, and éven then only the
uppermost part of this unit is intersected (Table D-2).

Of these units, the Frenchman Springs Member of the Wanapum Basalt ie the primary focus of
the proposed AR effort. Multiple water-bearing zones in three subdivisions of the Frenchman
Springs Member, the Sentinel Gap, .Sand Hollow, and Ginkgo, are generally found in the TMCF -
area.

Columbia River Basalt Group Flow Characteristics

Regional studies have demonstrated that CRBG flows display the same basic three-part internal
arrangement of features. These features, termed intraflow structures, originated during the
emplacement and cooling of the lava flow and are referred to as the flow top, flow interior, and -
flow bottom (Figure D-2). The basic characteristics of these zones are generally as follows.

Flow Tops
Flow tops commonly consist of glassy to very fine-grained basalt that is riddled with numerous
spherical and elongate voids, or vesicles. The physical character of a flow top falls between two
basic end-members, simple vesicular flow top and flow top breccia Simple vesicular flow tops
consist of glassy to fine-grained basalt that displays a rapid increase in the density of vesicles
near the top of the flow (USDOE, 1988). Vesicles may be isolated or interconnected, resulting
respectively in lower and higher permeability and porosity (USDOE, 1988). Flow top breccia
consists of angular, scoriaceous to vesicular fragments of basaltic rubble that lie above a zone of
non-fragmented, vesicular basalt. Flow top breccias can be very thick, laterally extensive and in
some cases comprise half the entire thickness of the flow (USDOE, 1988). Laterally expansive
-flow top breccia can have a high degree of interconnected pore space resulting in formation of -
widespread, permeable, water-bearing aquifers at the tops of individual basalt flows (USDOE,
1988).

Flow Interiors _
CRBG flow interiors typically consist of dense, non-vesicular, glassy to crystalline basalt that
contains numerous contraction joints (cooling joints) that formed when the lava shrank as it
solidified. CRBG cooling joints often form regular patterns or styles, with the two most common
being termed entablature-colonnade and columnar-blocky jointing. Entablature-colonnade
jointed basalt flows display a complex pattern of numerous, rather irregular jointed small
columns to apparently random oriented joints, called the entablature and the entablature
generally overlies a thinner zone displaying well-developed columnar jointing and referred to as
the colonnade. Studies on the nature and characteristics of cooling joints (USDOE, 1988;
Lindbergh, 1989) have found that joints are typically 77 to >99 percent filled with secondary
minerals (clay, silica, zeolite) and open spaces (voids) that do occur are not well connected.
Groundwater movement through undisturbed, dense flow interiors is expected to be
inconsequential (Wozniak, 1995):

Flow Bottoms -
Flow bottom physical characteristics are largely dependent on the paleoenvironmental conditions
the molten lava encountered as it flowed across the Earth's surface. If the lava flow encountered
relatively dry ground conditions, the flow bottom typically consists of a narrow (less than 3 feet-
- thick) zone of sparsely vesicular, glassy to very fine-grained basalt. This type of flow bottom
DECEIVED

U B O e

DEC 27 2817,
OWRD

Attachment D ~Inland-AR Project: Conceptual Hydrogeologic Model



 EA Project No. 1549901
: : . "~ Attachment D, Page 3
EA Engineering, Science, and Technology, Inc., PBC ' L November 2017 .

structure is very common within the CRBG. However, if advancmg flows encountered lakes,
rivers, and areas of water-saturated, unconsolidated sediments more complex flow bottom
structures formed (Mackin, 1961; Grolier and Bingham, 1971; Swanson et al., 1979; USDOE,
1988; Beeson ¢t al., 1989). Flow bottom structures can be either highly localized or widespread.
The combination of a flow top of one flow and the flow bottom of the overlying flow is
commonly referred to as the interflow zone (Figure D-2). Individual interflow zones are laterally
extensive, extending as far as the flows that they separate.

Sedimentary-Units

A number of sedimentary units are interbedded with, and overlie, the CRBG, including

Ellensburg Formation, Alkali Canyon Formation, Plio-Pleistocene strata, Pleistocene loess,

Pleistocene cataclysmic flood deposits, and Holocene deposits. Of these, only the Ellensburg
. Formation, the unit interbedded with the CRBG, is discussed.

Ellensburg Formation strata include mudstone, siltstone, sandstone, conglomerate, diatomite, and
tuff. Ellensburg sandstone and conglomerate interbeds can serve as aquifers in portions of the
Umatilla Basin while silt- and clay-dominated interbeds can act as aquitards (e.g:, Newcomb,
1966, 1971; Wozniak, 1995). Stratigraphic relationships between the Ellensburg Formation and
the CRBG are shown in Table D-2. Individual Ellensburg Formation interbeds range from less
than 1 foot-thick too many tens of feet-thick, can extend laterally for many miles (Smith, 1988
Smith et al., 1989), and are generally referred to, in the TMCEF area, as follows:

¢ Rattlesnake Ridge Member - The interbed between the Elephant Mountam and the

Pomona Members, Saddle Mountains Basalt. '
- o Selah Member - The interbed between the Pomona Member and the Umatilla Member,

Saddle Mountains Basalt.

e Mabton Member - The interbed between the Saddle Mountams Basalt and the Wanapum
Basalt.

e Quincy/Squaw Creek Interbed - The interbed between the Priest Rapids Member and the
Frenchman Springs Member, Wanapum Basalt.

o Vantage Member - The interbed between the Frenchman Springs Member Wanapum
Basalt and the Sentinel Bluffs Member, Grande Ronde Basalt.

As noted above, Ellensburg Formation units, where present, comprise a portion of the interflow
zone interbedded between adjacent CRBG units.

: _ STRUCTURAL FEATURES :
TMCEF lies in the west-central portion of the generally east-west oriented Umatilla Basin, south
of the axis of the basin. The northern boundary of the Umatilla Basin is delineated by the
Columbia Hills and the southern Boundary of the basin is formed by the Blue Mountain uplift.
The TMCEF area is cross-cut by several faults and smaller folds, including the northwest-trending
Dalreed Butte fault zone and the northeast-trending Sixmile Creek fault (Figure D-3).

Dalreed Butte Fault Zone

The Dalreed Butte fault zone is a northwest-trending fault zone. The fault zone, with
approximately 150 feet of apparent vertical offset (dlown to the southwest) at Dalreed Butte, can
be traced from Dalreed Butte northwest to the Columbia River. Narrow, low amplitude, _
asymmetric, northwest-trending anticlinal and homoclinal folds are associated with this fault

zone.
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Upper Sixmile Creek Fault Zone '
_ A northeast-trending fault coincides with the trend of upper Sixmile Creek. The amount of
-apparent vertical stratigraphic offset across this fault is less than 40 feet. Throw on the fault
changes from down to the north at its southwest end to down to the southeast near Sixmile
Canyon. The fault offsets the Elephant Mountam basalt.

- Additional Potential Fault

A third potential northwest-trending fault may be present at Sixmile Canyon. The elevatlon of
the top of the Elephant Mountains flow increases by as much as 50 feet from the west side to the
east side of the canyon. However, there are no outcrops along, or in, the creek that can be used to
* accurately determine if this apparent offset is due to faulting, or simply a manifestation of post-
basalt erosion. Nevertheless, the northwest-trending linear orientation of Sixmile Canyon
(parallel to the Dalreed Butte fault zone), coupled with the apparent offset of the basalt surface

- across the canyon is suggestive of a fault or faults along the trace of the canyon.

Faulting in the CRBG tends to produce a roughly planer zone composed of coarsely shattered
basalt that grades into very fine rock flour. It has also been suggested that the presence of water
within intraflow zones may decrease the relative strength of the rock and may be another factor .
that contributes to deformational behavior of flow tops and flow bottoms (USDOE, 1988). Fault
zone shatter breccias often display significant degrees of alteration (clays) and/or secondary
mineralization (silica, zeolite, calcite, and pyrite). These materials can cement shatter breccias
and create a rock that is so strong that CRBG fault breccias are commonly more resistant to
erosion than unbrecciated CRBG (Myers and Price, 1981; Price, 1982; Anderson, 1987). The
types of secondary minerals present within CRBG fault zones appears to be dependant both
environmental conditions (oxidizing vs. reducing) and in situ conditions (e.g., water chemistry,
thermal regime, hydrologic regime; Myers and Price, 1981; Price, 1982 USDOE, 1988).

HYDROGEOLOGY
Succesful AR programs rely on the capability of an aquifer to rec1eve store and transmit water.
This section describes the principal hydrogeologic characteristics of the stratigraphic units within
the Umatilla Basin. This section focuses on the the Columbia River Basalt Group which is the
target aquifer for AR.

‘Numerous hydrogeologic mvestlgatlons have been conducted within the Columbia Basin to
~ develop models of how various factors (e.g., CRBG flow physical characteristic/properties,
tectonic features/properties, erosional features, climate, sediment type etc.) interact to effect the
semi-confined to confined CRBG groundwater system and the unconfined suprabasalt sediment
groundwater system (e.g., Hogenson, 1964; Newcomb, 1961, 1969; Brown, 1978; Gephart et al.,

1979; Oberlander and Miller, 1981; Drost and Whiteman, 1986; Lite and Grondin, 1988; Davies- |

Smith et al., 1988; USDOE, 1988; Johnson et al., 1993; Hansen et al., 1994; Spane and Webber,
1995; Wozniak, 1995; Steinkampf and Heam, 1996; Sabol and Downey, 1997; Tolan et al.,
2009; Kahle et al., 2011). Given the typical distribution and physical characteristics of CRBG.

" intraflow structures, groundwater primarily resides within the interflow zones (Newcomb, 1969;
Oberlander and Miller, 1981; Lite and Grondin, 1988; USDOE, 1988; Davies-Smith et al., 1988;
Wozniak, 1995). The physical properties of undisturbed, laterally extensive, dense interiors of
CRBG flows make this portion of the flow essentially impermeable (Newcomb, 1969;
Oberlander and Miller, 1981; Lite and Grondin, 1988; USDOE, 1988; Davies-Smith et al., 1988;
Llndberg, 1989; Wozniak, 1995 Tolan et al., 2009)
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Conceptual Hydrogeologic Model '
The initial candidate AR wells (Inland Well #1, within the Inland Area designated in Flgure D-3)
is open to the Wanapum and to the Grande Ronde. The water-bearing intervals intepreted for
additional candidate AR wells at TMCF can be seen in Table D-3 and a general schematic cross
section can be seen in Figure D-4 for the Inland area. For conceptual model purposes we define a
shallow Saddle Mountains groundwater system and a deeper Wanapum groundwater system in
‘the CRBG. The uppermost Grande Ronde is included in the Wanapum system.

Saddle Mountains Basalt Aquifers

- Generally, the Saddle Mountains Basalt- aqulfer system, which includes 1nterbedded Ellensburg
Formation sediments, is a confined to semi-confined aquifer system (Wozniak, 1995).
Groundwater in the Saddle Mountains aquifer generally flows north towards the Columbia River
(Oberlander and Miller, 1981; Wozniak, 1995). The shallowest part of the Saddle Mountains
aquifer in the Umatilla Basin is recharged by large-scale irrigated agriculture and leakage from
water storage and conveyance systems and in many areas it is an artificial system (Wozniak,
1995). Historical information (Wozniak, 1995) indicates that the uppermost parts of the Saddle
Mountains' aquifer in the western Umatilla Basin (near the Farm) was unsaturated (or contained
- only insignificant quantltles of water) prior to the 1970s, and since then water levels in this
aquifer system have risen several tens of feet (Oberlander and Miller, 1981; Wozniak, 1995). In
the western Umatilla Basin, the source of artificial recharge that lead to increased water levels in
the upper portions of the Saddle Mountains aquifer system has been identified as leakage from

- Carty Reservoir (after it was filled in 1977) and, to a lesser extent, water from large-scale
irrigated agriculture (Wozniak, 1995). - '

Physical geologic constraints on the confined Saddle Mountalns aquifer system are summarized
as follows:

e Saddle Mountains Basalt flows pinch out and interfinger with the sedimentary sequence
(Figure 17, Wozniak, 1995) providing natural pathways connecting water- bearing
suprabasalt sediments with "shallow" Saddle Mountains Basalt interflow-hosted aquifers.
Depending on the local hydraulic gradient, these pathways provide for both recharge and
discharge from the Saddle Mountains aquifer system.

e. Saddle Mountains Basalt flows are exposed, or only shallowly buried, throughout much -
of the Umatilla Basin. Consequently, the top of the Saddle Mountains Basalt has been

" eroded by Pleistocene Cataclysmic Flood waters and normal, Neogene fluvial processes.
The result of this is that "erosional windows" have been cut into the Saddle Mountains .
Basalt, connecting shallower and deeper Saddle Mountains interflow-hosted aquifers with
each other, suprabasalt sediments, and the Columbia River (Wozniak, 1995). Depending
on the local hydraulic gradient, these pathways also provide for both recharge and
discharge from the Saddle Mountains aquifer system.

o Groundwater recharge to the Saddle Mountains aquifer system comes from a number of
potential sources including precipitation, infiltration of irrigation water, and leakage from
streams, canals, and reservoirs (Oberlander and Miller, 1981; Davies-Smith et al., 1988;

- Wozniak, 1995). The potential recharge area for the Saddle Mountains groundwater
system is relatively extensive (Wozniak, 1995) because it is widespread, generally
shallow, and in direct hydraulic communication with widespread, permeable suprabasalt
sediments through the natural pathways (Figure 17; Wozniak, 1995) described above.

¢ In addition to natural pathways, unsealed water wells through both the suprabasalt and
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Saddle Mountains aquifers allows intercommunication between them. Depending on the
- local hydraulic gradient, unsealed wells provide for both recharge and discharge from the
Saddle Mountains aquifer system.

To summarize, groundwater flows laterally through Saddle Mountains Basalt interflow zones
and, mterbedded sediments until it encounters natural and/or manmade pathways.

Dependmg on the local hydraulic gradient, these pathways form zones of discharge or recharge
for Saddle Mountains Basalt aquifers. Generally, Saddle Mountains Basalt aquifers discharge to
the Columbia River through these pathways. In the western Umatilla Basin, at least the upper

~ part of this aquifer system is artificial.

Wanapum Basalt and Grande Ronde Basalt Aquifers

Groundwater in the Wanapum and Grande Ronde aquifer system, like the Saddle Mountalns
aquifers, is flowing towards the Columbia River situated in the Dalles-Umatilla syncline (Figure
3) (Oberlander and Miller, 1981; Wozniak, 1995). Groundwater in the Wanapum and Grande

~ Ronde aquifer system is confined and natural recharge to it, and discharge from it to shallower
aquifers and the Columbia River is minimal. Groundwater flows laterally through the system in
widespread, dense flow interior-capped, interflow zones. These interflow zones extend from
outcrop areas along the fringe of the Blue Mountains (where recharge occurs) into the center of
the basin. Vertical groundwater movement, if any, is found predominantly in association with
erosional windows, flow pinchouts, open faults, and unsealed wells.

Recharge to the Wanapum system is inferred to be limited to slow, deep percolation through
locally disrupted dense flow interiors where they occur in up dip areas south of TMCF. In the
western Umatilla Basin modern recharge sources are rare because of scarce precipitation, as
such, most Wanapum groundwater is inferred to be relatively old, potentially Pleistocene in age.
The lack of modern recharge, or slowness of recharge is reflected in water level declines seen at
TMCEF and the reason for exploring an AR program.

As noted earlier faults have the potential to effect CRBG groundwater flow systems in a number
of ways. They can form barriers to the lateral and vertical movement of groundwater; a series of
faults can create hydrologically isolated areas. They can provide a vertical pathway (of varying
length) for groundwater movement allowing otherwise confined CRBG aquifers to be in direct
hydrologic communication. In addition, they can expose interflow zones creating local
opportunities for aquifer recharge and/or discharge. Faults are interpreted to form hydrologic
barriers that separate the project area into several subdivisions. The degree of hydrologic
connection across these faults has not yet been demonstrated, and the locatlon of the potential
faults and TMCF wells can be seen in Flgure D-3.

Hyraulic Properties

In the TMCEF area the primary water-bearing interflow zones encountered in the Inland area
wells are part of the Wanapum Basalt (Tables D-2 and D-3). Water levels in these wells are
summarized in Table D-4. While we generally interpret that Wanapum Basalt groundwater flows
to the north, towards the axis of the Umatilla Basin, however data collected to date and
summarized in Table 4 show that there is variation in static water levels between different wells.
These variations are interpreted to indicate that there is compartmentalization in the Wanapum
groundwater flow system in the TMCF area.

Specific capacity for portions of the Wanapum groundwater system intercepted by several of the -
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~ wells have been estimated from aquifer pumping tests. These data, summarized in Table D-5, are
~ interpreted to show that the portions of the Wanapum tested to-date are generally very
productive. However, static water level data summarized in Table D-4 show water levels are
declining. Taken together, these data are interpreted to indicate the physical properties of these.
water-bearing intervals are highly transmissive and permeable, although pumping appears to be
exceeding short-term recharge capacity.

Predicted Response to AR '

To estimate the potentlal aqulfer response to to the proposed Inland AR project, a 48-hour, 4,100
gpm aquifer pumping test in Inland Well #1 was evaluated. AR will operate at injection rates of .
approximately 2,500, therefore this test represents a very conservative estimate of the AR
response due to the higher rate of withdrawl] than anticipated for AR injection operations.

The Cooper and Jacob 1946 analytical solution to the Theis Equation did not provide a good
projection of drawdown to estimate transmissivity for Inland Well #1 as the drawdown on a
semi-log plot was not linear. The data was plotted on a log-log scale to better represent the
drawdown response. As shown in Figure D-5, approximately 17 feet of drawdown was observed
at Inland Well #1 after 48-hours. At 4,100 gpm, the projected drawdown after 60 days of
pumping (estimated injection cycle duration) is approximately 58 feet: The Inland Well #1 test
was conducted in 2013, prior to the installation of Inland Well’s #2, #3, #4 #5 and the Inland
Observation Well, therefore no observation well data is available and aquifer storativity was not
calculated. During AR operations, observation well data will be available and the hydraulic
parameters of the aquifer (i.e. transmissivity, storativity) will be calculated. :

The response to AR will be tracked at all of TMCF’s wells using automated pressure transducers ‘
and that data will be used to refine the hydraulic properties of the aquifer. Due to the
considerable distance between Inland Well #1 (the initial anticipated AR well), and the nearest

~ observation well (Inland Well #2; 3,082 feet away), and relatively little drawdown observed at
4,100 gpm at Inland Well #1 we do not ancipate significant interference. One well (Boeing Well,
Figure D-3) exists within the inland project area that is not owned and operated by TMCF.

Inland Well #5 lies between Inland Well #1 and the Boeing Well and water levels at Inland Well
#5 will be evaluated to project a potential response at the Boemg Well although we donot
.anticipate significant interference.

These estimates assume that only one - well will be utilized for AR initially. Site-specific
hydraulic response data collected from the Inland Well #1 well during AR operations will be
reported after each year of pilot testing. Additional interference will be evaluated and be
accounted for if AR is expanded to incorporate addition wells. '

WATER QUALITY
Coumbia River water quality and Inland well groundwater quality is discussed in detail in
Attachment E. Groundwater samples (and source water characterization samples) will be
collected as described in pilot testing plan and geochemical compatibility modeling will be
completed after the source water treatment is finalized and source water is tested.

Given that, water quality for Inland Well #5 was tested and is shown in Table D-6. Cation
concentrations, in particular lower concentrations of calcium and magnesium in groundwater
versus surface water, and higher sodium concentrations in groundwater versus surface water

- suggest that the groundw‘ater sampled to-date from the Wanapum groundwater is relatively old.

. PRSI : :
Attachment D HRERs AW L) Inland AR Project: Conceptual Hydrogeologic Model
DEC 27 2017

OWRD



EA Project No. 1549901
" Attachment D, Page 8
EA Engineering, Science, and Technology, Inc., PBC ) November 2017

These data are consistent with other wells sampled in the region (GWMA, 2009a, 2009b, 2011,
2013) and the water level declines noted above that are consistent with limited, or very slow,
recharge to deeper portions of the CRBG groundwater system..
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~ Table D-1. Well Construction Summary for Candidate Inland AR Wells

) : - ' Open Hole .

4 - Month/ Year | Surface elevation | Seal Depth | Casing Depth | Casing Diameter.[ Open Hole Diameter

Well - completed |, (feetamsl). | (feetbgs) | (feetbgs) |- (inches) . | (feetbgs) . (inches)

. 0-640 : 705-884 :

Inland #1 | Jan-13 608 655-705* ~ 0-640 20 884-1450 19

Inland #2. Apr-13 . 619 0-689 0-689 20 -689-1043 19

Inland #3 Apr-13 . 605 0-545 0-545 - 20 545-926 19

Inland #4 May-13 605 0-518 .0-518 20 518-966 19

Inland #5 Jul-16 617 0-706 0-706 20 - 706-1020 19

Notes:

*cement seal placed for borehole stability

- AMSL - Above Mean Sea Level
BGS - Below Ground Surface
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Table D-2. ‘Surface Elevation (feet amsl) and Depth of Geblogid Units (feet bgs) Encountered in Inland Wells

‘ : Inland #1 Inland #2 Inland #3 Inland #4 Inland #5
Surface El. (ft amsl) 608 619 605 605 617
Alluvial and backfill 0-100 0-105 - 0-57 047 0-97
Elephant Mountain 100-166 106-167 57-142 47-142 97-155
Rattlesnake Ridge 166-228 167-199 . 142-153 142-174 155-195
Pomona 228-345 - 199-336 153-282 174-260 195-330
Selah 345-398 366-379 -282-292 .260-280 330-362
Umatilla 398-548 379-520 292434 - 280-398 362-505
Mabton 548-568 520-545 434-466 398417 505-537
Priest Rapids 568-650 545-641 466-553 417483 537-663 -
Quincy/Squaw Creek 650-705 . 641-665 553-554 483493 663-668
Frenchman Springs 705-1379% 665-998* 554-926* 493-966* 668-1020*
Sentinel Bluffs 1379-1450* "= Co- - .-
Total depth 1450 998 926 966 998
Notes: '

*indicates open interval in well is partially too completely in this unit.
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Table D-3. Interpreted Depths of Water-Bearing Intervals in Inland AR Wells.

Utniit

' Inland #3

Inland #1 Inland #2 Iland#4 |  Inland#5
Priest Rapids -

775-795 524-538
940-956 705-727 563-658 585-638 725-760
Frenchman 1024-1035 924947 785-795 740-750 888-912
1224-1232 998-1006 868-908 781786 974-993

833-878

1379-1407

Grande Ronde
Note: o '

All depts are feet below ground surface
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* Table D-4. Water Level Sumrhary for TMCF Candidate AR Wells.

Surface Elevation

Water level

Water level

Well .. (feetamsl) - . ° (feet amsl) Date -~ (feet amsl) Date
Inland #1 608 394.35 3/5/2014 330.92 '10/28/2016
Inland #2 619 398.78 3/5/2014 334.62 10/28/2016
Inland #3 605 402.31 3/5/2014 337.94 10/28/2016
Inland #4 605 . 40334 3/5/2014 339.15 10/28/2016
Inland #5 617 385.9 3/5/2014 321.72 10/28/2016
Notes: :

AMSL - Above Mean Sea Level
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Table D-5. Pumping Test Summary for Potential Inland Candidate AR Wells.

Pump rate Drawdown Duration Specific Capacity
Well Units pumped (gpm) (feet) (hours) . (gpm/ft)
Inland #1 | Frenchman Springs and 4,163 17 50 244.9
upper Grand Ronde :

Inland #2 Frenchman Springs 4,000 74.9 48 53.4
Inland #3 Frenchman Springs 3,957 - 20.5 53 - 193.0
Inland #4 Frenchman Springs ' Not Tested

Inland #5 Frenchman Springs Not Tested
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Table D-6 Inland Well #5 Water Quality

ANALYTE GROUP / Analyte Uniits Drinking Wa;er.St-zlhdgrd /-Criteria . Inland Well #5 .
GENERAL CHEMISTRY (GC) ° _ . MRL " Result
Alkalinity (total) mg CaCO3/L 5 © 186
Ammonia mg/L as N - -
Bicarbonate mg/L as CaCO3 5 186
Carbonate mg/L as-CaCO3 5 ND
Chemical Oxygen Demand mg/L - -
Chloride mg/L 250 0.1 - 743
Dissolved Organic Carbon . mg/L NA . 027
Fluoride mg/L 2.0 (SMCL), 4.0 (MCL) 0.1 - 1.83
Hardness mg CaCO3/L 250 (SMCL) 10 28.5
Nitrate+Nitrite (total N) mg/L as N 10 0.1 . ND
Nitrate-N mg/L as N 10 0.1 ND
Nitrite-N mg/L as N 1 0.1 ND
Orthophosphate as P |mg/L - 0.1 ND
Oxidation-Reduction Potential millivolts NA -374.1
pH-- pH units 6.5 to 8.5 (SMCL) NA 8.42
Phosphorous (total). mgL 0.01 ND
Silica (as Si02) mg/L . 0.1 : 64.4
Specific Conductance uSicm 700 (SMCL) NA 462
Sulfate mg/L 250 (SMCL) 0.1 . 1.33
Sulfide mg/L -~ -
Total Dissolved Solids mg/L 500 (SMCL) 10 : 322
Total Organic Carbon mg/L : : 05 0252
| Total Suspended Solids mg/L 1 ND
Turbidity NTU 1 - -
METALS (M) . B .
Aluminum ’ mg/L 0.05 - 0.2 (SMCL) 0.01 ND
Antimony mg/L - 0.006 0.001 ND
Arsenic mg/L 0.010 0.001 ND
Barium mg/L 2 0001 - 0.0232
Beryllium mg/L 0.004 0.001 . ND
Cadmium mg/L 0.005 _ 0,001 ND
Calcium mg/L - 0.1 7.43
Chromium mg/L 0.1 0.001 . 0.00152
Copper mg/L 1.3%* 0.001 0.00199
Iron |mg/L 0.3 (SMCL) 001 . ND
Iron (dissolved) mg/L ) - -
Lead mg/L 0.015** 0.001
Magnesium mg/L 0.1 - . 24
|Manganese me/L 0.05 (SMCL) 0.001
Manganese (dissolved) mg/L - -
Mercury " |mg/L 0.002 . 0.001 ND
Nickel mg/L MCL being re-evaluated by EPA 0.001 * ND
Potassium mg/L wal)-
Fegeof? DEC 27 2017
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Selenium mg/L 0.05 0.001 ND
Silver mg/L 0.1 (SMCL) 0.001 ND
Sodium mg/L 20%* 0.1 75.3

| Thallium  |mgL 0.002 0.001 ND
Uranium mg/L 0.03 0.001 ND
Zinc | _ mg/L 5 0.001 0.00159
DISINFECTION BY-PRODUCTS & RESIDUAL DISINFECTANTS (DBP) 3
Bromate ) mg/L 0.01 -- -
Chlocite mg/L 1 -- -
Residual Chlorine mg/L 4 - ND
Dibromoacetic Acid (HAA) pg/L - See total HAA's 1 ND
Dichloroacetic Acid (HAA) ng/L See total HAA's 1 ND
Monobromoacetic Acid (HAA) ng/L See total HAA's - 1 ND
Monochloroacetic Acid (HAA) ng/L See total HAA's 2 ND
Trichloroacetic Acid (HAA) pg/L See total HAA's 1 ND
Total Haloacetic Acids (Total HAA's) pg/L 60 1 ND
Bromodichloromethane (THM) ‘ ug/L See Total THM's 0.5 ND
Bromoform (THM) ng/L See Total THM's 0.5 ND
Chioroform (THM) ng/L 70 0.5 ND
Dibromochloromethane (THM) pg/L 0.5 ND
Total Trihalomethane (TTHM) pe/L 80 0.5 ND
MISCELLANEOUS (MISC) ' ' ‘
Color ' Color units 15 5 ND@pHS.12 |
Corrosivity Standard units Non-corrosive NA -0.190
MBAS (foaming agents) mg/L 0.5 (SMCL) 0.05 ND
Cyanide (HCN) (Total) mg/L 0.2 NR ND
Odor TON 3 Threshold Nos. 1 ND
BACTERIOLOGICALS (BAC) . - ‘ ' ,
E. Coli ' ofu/100mL 1 Absent
F écal Coliform (Presence/Absence) cfu/100mL absent -- --
He{erotmphic Plate Count cfu/100mL - -
Total Coliform (Presence/Absence) . cfu/100mL absent 1 Absent
RADIOLOGICALS (RAD) L : ' ,
Gross Alpha pCiL 15 1 0.604 £ 1.56
Gross Beta " |pCVL 50 1 2.59  1.69
Radium-226/228 pCi/L 5 (combined Radiuth-226 and -228) 1 2.59 + 1.69
Radon’ pCilL " 183 £30
Uranjum Activity - pCi/L 20 0.67 ND
SYNTHETIC ORGANIC CHEMICALS (SOC) ‘ ‘
Alachlor ' ’ pg/l 2 02 ND
Atrazine g/l .3 0.1 ND
Benzo(a)pyrene ng/L <02 0.02 ND
Carbofuran - pg/L 40 0.9 ND
Chlordane, Technical ng/L 2 02 . ND |
Dalapon pg/L 200 1 ND

| Dibromochloropropane ng/L 02 0.02 ND
Dinoseb . pg/ll - 7 7%_‘ _ NDEKE
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Diquat ng/L 20 0.4 ND
Di(2-Ethylhexyl)-Adipate pg/lL 400 02 ND

‘| Di2-Ethythexyl)-Phthalate e/l 6 06 ND
Endothall pg/L 100 9 ND

" |Endrin ug/L 2 .0.02 ND
Ethylene Dibromine 'r‘ ng/L 0.05 0.001 ND
Glyphosate ng/L 700 5 ND
Heptachlor ng/L 04 0.04 ND
Heptachlor Epoxide, ng/L - 02 0.04 - ND
Hexachlorobenzene ng/L 1 © 02 -ND
Hexachlorocyclopentadiene {ug/L 50 0.1 . ND
Lindane (BHC - GAMMA) ug/L 0.2 as total PAH's 0.02 ND
Methoxychlor ng/L . 40 02 ND
Oxamyl (Vydate) g/l 200 2 ND
Picloram ng/L 500 0.1 ND .
Aroclor 1016 (PCB) g/ 0.5 as total PCB's 0.5 ND
Aroclor 1221 (PCB)- e 0.5 as total PCB's 0.5 .ND
Aroclor 1232 (PCB) ng/L 0.5 as total PCB's 0.5 ND
Aroclor 1242 (PCBY), ng/L 0.5 as total PCB's 0.5 ND
Aroclor 1248 (PCB) pg/L 0.5 as total PCB's 0.5 ND
Aroclor 1254 (PCB) ng/L 0.5 as total PCB's 0.5 ND
Araclor 1260 (PCB) pe/L 0.5 as total PCB's 05 ND

- {Pentachlorophenol ng/L 1 0.04 ND
Simazine pg/L 4 0.07 ND
Toxaphene pg/L 3 2 ND -
24-D e/l 70 0.1 ND
2,45 - TP (SILVEX) pg/L 50 02 ND
VOLATILE ORGANIC CHEMICALS (VOC)
Benzene E ng/L 5 0.5 ND
Carbon Tehachloride ng/L 5 0.5 ND
cis -1,2- Dichloroethylene pg/L 70 0.5 . ND
Methylene Chloride (Dichloromethiane) ng/L 5 0.5 ND
Ethylbenzene ne/L 700 0.5 ND
Monochlorobenzene ué/L 100 0.5 ND
1,2 Dichlorobenzene (o -Dichlorobenzene) pg/L 600 0.5 ND
1,4 Dichlorobenzene (p -dichlorobenzene) pg/L 75 0.5 ND
Styrene pg/L 100 0.5 ND
Tetrachloroethylene ng/L 5 05 ND
Toluene ng/L 1000 0.5 ND
trans - 1,2-Dichloroeti1ylene pe/L 100 0.5 ND
Trichloroethylene ug/L 5 0.5 ND
Vinyl Chloride pg/L 2 0.5 ND
Total Xylenes g/l 10000 10 ND .
1,1 - Dichloroethylene pg/L 7 0.5 ND
1,1,1 - Trichloroethane ug/L 200 0.5 ND-
1L,1,2 - Trichloroethane ng/L 5 0.5 ND
1,2 - Dichloroethane pg/L 5. 05 | ND
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1,2 - Dichloropropane ng/L - S 0.5 ND
1,2,4, - Trichlorobenzene ug/L 70 0.5 ND
FIELD PARAMETERS (FP) ‘ '
Temperature Celcius NA 23.37
. |Conductivity uS/em NA 462
Dissolved Oxygen mg/L NA 0.27
pH Units NA 8.42
Turbidity NTU NA -
Oxidation-Reduction Potential mV NA _-374.1

Notes:

-+ Indicated analyte is listed on the EPA Contaminant Can&idate List

** Action level set by the Environmental Protection Agency

MCL = Maxiumim Contaminant Level
SMCL = Secondary Maximum Contaminant Level
MDL = Method Detection Limit

RL = Reporting Limit
pCi/L = Picocuries per liter
pg/L = Micrograms per liter

1S/cm = Micro-Siemens per centimeter

mg/L = Milligrams per liter

NTU = Nephelometric turbidity unit

MYV = Millivolts
-- Data not provide&
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ATTACHMENT E :
Threemlle Canyon Farms — Water Quallty Assessment for Aquifer Rechar

o LD \
Attachment E provides a description of water quality in the portions of the CRBG aquifer Z’
intersected by Inland Wells 1 through 5 and the observation well; the portion of the aquifer

system proposed for use for mitigation through AR. The quality of the water proposed for the

source of recharge, and the anticipated result of mixed source/groundwater quality. Potential

source water treatment methods are also summarized.

WATER QUALITY
Groundwater and source water quality data was initially evaluated for AR feasibility by GSI
Water Solutions, Inc (GSI) in 2013. A more comprehensive evaluation was performed in 2016
and 2017 by EA Engineering, Science, Technology, Inc., PBC (EA) to support this limited
license application. Quality characteristics of both groundwater and source water is described
below, and compared to Oregon Department of Environmental Quality (DEQ) regulatory water
quality standards.

Groundwater Characterization

Water quality analytical results for samples collected at Inland Wells 1, 2, 3 in 2012 and 2013,
and Inland Well 5 in 2016 and 2017 are included in Table E-1. Groundwatel pH ranged from
8.17 to 8.47 in these wells. The absence of nitrate and the low concentration of sulfate observed
in groundwater, suggesting conditions are within the sulfidic range (Appelo and Postma, 2005).

Groundwater composition is dominated by sodium, potassium and bicarbonate (Na-K-HCO3)
water type (Figure E-1). Other general water quality observations for natlve groundwater
include:

* Arsenic was not detected. .
~ e Other trace metals were observed at very low concentrations.
¢ Iron and manganese were detected in very low concentrations in Inland Well 1 and 2
samples.
e Sodium concentrations (72. Omg/L to 82.4 mg/L) are above the EPA recommended value
of 20 mg/1.

Regulated volatile organic compounds (VOCs) and synthetic volatile organic compounds
(SVOCs) were not detected in the 2012, 2013, 2016 and 2017 samples. Radiounuclides were
present, but below regulatory standards. Based on the groundwater quality data collected to date
the Inland Wells are interpreted to all have similar water quality. : :

Source Water Characterization _

Source water for the project is proposed to be treated surface water from the Willow
Creek/Columbia River diversion. An initial assessment of raw and filtered source water quality
was performed in October 2013 (GSI, 2013). Based on recommendations from that evaluation:
pre- and post-filtration water quality sampling of Willow Creek source water for the
comprehensive suite of analytes listed in Table E-1 was done in August 2016, when samples
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were collected both upstream of and downstream of the dairy filter. In June 2017, an additional
source water sample was collected at the Inland booster pump.

Some variability was observed in major anions, cations and TDS relative to the October 2013
samples (Figure E-1). In general, the August 2016 and June 2017 samples are more dilute (lower
alkalinity and ion concentrations) than the October 2013 sample. Given the observed seasonal
variability, additional recharge-season samples will be collected to better characterize source

‘water quality. Water quality monitoring performed by TMCF at the Willow Creek pump station
suggests that higher concentrations of total dissolved solids may occur in the spring (Figure E-2).
Nitrate and chloride concentrations are observed to be slightly higher during spring runoff, a -
pattern that may be seen in other constituents also (Figure E-2). These pump station sampling
results do not commonly show nitrate and chloride above the DEQ groundwater standard. In fact,
concentrations have been relatively low and stable since 2010.

Water quality results for the raw and filtered source water collected in 2013, 2016, and 2017 -
meet or fall below all applicable DEQ groundwater quality standards except iron, color and TDS.
Most post-filtration concentrations were less than 50 percent of established DEQ MML levels for
drinking water, a target requirement under Oregon Administrative Rule OAR 340-40-020 and
340-40-090. Exceptlons are:

¢ Inthe August 2016 filtered sample, the total iron concentration was 0.186 mg/L, slightly
exceeding the 2 MML threshold of 0.15 mg/1 by 0.036 mg/1.

e In the October 2013 pre- and post-filtration sample, TDS of 268 mg/L and 257 mg/L

" were observed, slightly exceeding the ¥ MML threshold of 250 mg/l. However,
background groundwater at some Inland wells exhibit similar TDS concentrations.

e Color was at %2 MML or exceeded the DEQ MML in August 2016 and June 2017
samples.

o If these concentrations persist above 72 the MML, TMCF will either modify the
treatment approach or pursue approval to allow slightly higher concentrations below the -
MML.

All regulated VOCs and SVOCs were below analytical method detection limits. Radionuclides
were observed to be present, but below regulatory criteria. In addition to the standard list of VOC
and SVOC drinking water contaminants, perchlorate and unregulated herbicide Dacthal were '
also evaluated. Perchlorate was detected at concentrations of 0.202 to 0.337 ppb in surface water.
Perchlorate is both a naturally occurring and anthropogenic contaminant and is currently a
candidate on the Contaminant Candidate List (CCL) for drinking water and the observed
concentrations are less than 2 the proposed MCL of 1 ppb. Dacthal was added to the
contaminant evaluation based on conversations with Oregon Department of Environmental
Quality (DEQ) previous studies performed in the Umatilla Basin showing its persistence in
shallow groundwater and surface water. TMCF also periodically samples source water for other
pesticides, herbicides, and fungicides to meet requirements of their USDA permit.

Total coliforms and E. Coli samples were evaluated as part of this prehmmary evaluation. As
expected, they are observed to be present in raw water (historically sampled at Willow Creek),
and filtered source water (2016) but absent in groundwater (Table E-1). The presence of coliform
bacteria in the filtered and disinfected source water sample collected in 2016 may be a sampling
artifact due to the condition of the sample port and field conditions during sampling. However, it-
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should also be noted that the existing filtration system is not designed to disinfect source water
samples. Coupled with disinfection, filtration such as is currently in use would likely be
effectiveness at reducing levels of some microbial contaminants that could be present in
unfiltered surface water, including coliforms.

Based on these samples, and with proper treatment to address potential surface water pathogens,
the source water appears acceptable for AR operations from an anti-degradation perspective.
Some constituents slighlty exceed ¥ the MML, though these can likely be addressed through
treatment modification and/or alternative permit compliance standards.

GEOCHEMICAL COMPATIBILITY
Undesirable reactions between the recharge water and native groundwater have the potential to
reduce the efficiency of the recharge well or impact water quality in the aquifer. The potential for
such reactions to take place were evaluated using an aqueous geochemical software program
developed by the U.S. Geological Survey (PHREEQC v. 2.18.3). Like the 2013 approach, the
saturation indices for the common anions, cations and metals and their tendency to precipitate as
minerals or go into solution was predicted based on mixing various rations of filtered source
water and groundwater quality at the proposed AR well Inland Well 5. This section provides a
preliminary evaluation of the chemical compatibility between Columbia River source water
(post-filtration) and native basalt aquifer groundwater (Inland Well 5).

The dissolved oxygen concentration was observed to range from 9.28 to 8.68 mg/L indicating
that the recharge source water is oxygen-rich and near saturation. The presence of dissolved
oxygen (DO), low concentrations of total iron (<0.3-mg/L), and a highly oxidized (i.e. pos1t1ve)
ORP value are characteristic of oxidizing condltlons present in source water. The source water
pH ranged from 8.2 to 8.53, slightly lower but very similar to groundwater. The concentrations
of many source water constituents are less than (or very similar to) basalt groundwater However,
concentrations of major anions and cations indicate that the source water type is calcium-
bicarbonate (Ca-HCO3), which is compositionally dissimilar to the groundwater in that it
contains a higher proportlon of calcium (Figure E- 1) :

Compatibility and Mlxmg Results

A compatibility and mixing analysis was completed for a prev10us but now inactive, ASR LL
Application submitted to OWRD by EA (on behalf of TMCF) in January 2017 (Threemile
Canyon Farms Inland Area ASR Limited License Application). Although that ASR LL
application is no longer active and being considered by TMCF, the compatibility and mixing
analysis in it is relevant to this AR LL application. The results of that prev1ously completed
compatibility and mixing analysis are summarized below.

Source water and groundwater mixing simulations were evaluated for three water-water mixing

ratios intended to cover conditions that may occur throughout the aquifer during recharge: (1) a

groundwater-dominated system (10% source water and 90% groundwater), (2) an equal mix of

50% source water and 50% groundwater, and (3) a source-water dominated system (90% source
water and 10% groundwater). These mixtures are representative of the range of conditions that

will be present in the aquifer near the aquifer recharge well from near the recharge well to water
quality that is likely to be present at more distant irrigation wells.

Results of the mixing simulations are summarized below:
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o Mixing of the filtered source and groundwater in various proportions results in a
- water that is oversaturated with respect to ferric hydroxide [Fe(OH)3] and goethite,
and slightly oversaturated with respect to dolomite and calcite. Oversaturated
conditions do not necessarily mean the mineral will precipitate; only that it tends to
do so based on calculated saturation indices.

. If ferric hydroxide were to precipitate, its mass would be expected to be similar to the
mass of available iron in the filtered source water (total iron was detected at very low
concentrations in October source water which is assumed to be more representative of
actual injection water quality), and therefore a decrease in aquifer permeability is not
anticipated if precipitation does occur. This condition has been observed at several
other artificial recharge projects with no significant change in well performance.

o The water quality data collected to date 1ndlcate that the pre01p1tat10n of chalcedony
and quartz is unlikely.

~ This mixing assessment does not include the potential for rock-water reactions. Observations
made during drilling of the Inland Wells identified the presence of pyrite and other secondary
sulfide minerals in the interflow zones within the CRBG. Depending upon redox conditions,
basalt geochemistry and other secondary minerals present within the interflow zones, mineral
dissolution or precipitation within the aquifer could occur causing minor changes in recharged
water quality and/or well performance. However, experience with other AR systems completed
in the CRBG aquifer has not demonstrated substantial changes in stored water quality where
sulfide minerals are present. Nevertheless, metal concentrations, in particular arsenic, will be
monitored closely during testing.

Based on projects that store treated surface water of very similar composition in basalt aquifers
of very similar composition near this site, it appears that the potential for chemical clogging
problems or significant water quality changes are limited. However, physical clogging of the
well by suspended particulate in source water remains a concern. TSS greater than 1 mg/L has
the potential to affect well performance via the buildup of solids in the well and aquifer matrix

. over time. Observed post-filtration TSS concentrations were 2.18 and 6.06 mg/l, suggesting that
additional filtration to enhance removal may be required to maintain well performance and/or
limit operations and maintenance effort.

Removal of suspended solids is commonly aceomplished by periodic back-flushing of the AR
“well on a routine basis.

SOURCE WATER TREATMENT _ : .
TMCEF operates an irrigation system that delivers Columbia River water to over 30,000 acres of

agricultural ground. The pump station is comprised of two lineups of vertical turbine pumps that

deliver water at two different heads (pressures) The proposed AR project is located on the
Inland Area of the farm.

Water Treatment Options

The primary treatment target for the proposed Inland AR project is to produce injected source
water quality compatible with native aquifer water quality. Numerous methods exist for treating
surface water to meet anti-degradation standards, though these methods are typically only
practical for municipal water systems with relatively low demand (compared to agricultural use)
and high population density. For this reason, most ASR systems currently operating in Oregon
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‘and Washington are associated with already existing public drinking water systems.

Treatment methods used for most municipal ASR projects include Slow Sand Filtration (SSF),
membrane filters with disinfection, Membrane Bio-Reactor (MBR), and a combination of
disinfection using ultra-violet (UV) light and chlorine. Oregon non-municipal ASR projects
have utilized riverbank filtration or natural filtration using shallow alluvial sands and gravels. A
practical approach that TMCEF currently uses for diary water supply is to filter the water to
remove solids using pressurized sand filters and use chlorination for disinfection. Such an
approach, and modifications of it, are the preferred options for the proposed AR pI‘O_] ject. It is
explored further in the following pages.

Pressurized Filters

. The use of carbon steel tank media filters such as those used for pre-filtering water prior to drip
irrigation as currently used on the farm, may be a good alternative for pre-injection treatment.
Pressure filters (such as those manufactured by Lakos) use a sand media to remove contaminants
from the water such as algae, sediment, and some bacteria. The water discharged from the
pressure filters would have TSS suitable for injection into AR wells. Adding disinfection to such
filtration, it is estimated that a 2,500 gpm installation at an Inland well would be $60,000 to
$100,000. :

This this type of system would meet the Oregon state regulations as a “Technically feasible,
practical and cost-effective method” to treat the injected water, though additional investigation is
needed to determine whether media or other treatment train modification, such as activated
media, UV and chlorination, can be made to adequately address pathogens and some metals.
Such additional investigation would be the first work activity done under the proposed LL. The
results of such work would be reviewed with OWRD and DEQ prior to any injection activity.

Disinfection and Disinfection By-Products

. Sodium hypochlorite is commonly used for the disinfection of drinking water for humans, it also
- currently used for TMCF dairy livestock water treatment, providing inactivation of certain
pathogens. It is also used to limit biological growth and/or fouling within typical injection well
systems during operations. Residual chlorine in disinfected source water can react with natural
organic matter to form disinfection by-products (DBPs).

DBPs include trihalomethanes (THMSs) and haloacetic acids (HAAs), and are not naturally
present in groundwater. Operational data at several ASR projects in the Pacific Northwest have
demonstrated the rapid attenuation of DBPs.to non-detectable or acceptable levels after residence
in the subsurface. If sodium hypochlorite is part of the treatment process for source water DBPs
will need to be characterized during AR testing, though organic carbon is not expected to be
present in sufficient quantity to be problematic with respect to DBP formation.

UV treatment without the use of chlorination may also be considered. This would remove the
potential for the introduction of DBP’s into the natlve groundwater.

DBP -evaluations will be a significant part of any m_] jection testing done under the proposed LL.

Treatment Summary

Source water for the proposed Inland AR project will be dlverted from the Columbla River.
TMCEF currently uses Columbia River water for both irrigation and stock water purposes. Water
used for dairy livestock purposes is currently treated by filtration using a series of slow sand
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filter (SSF) pressure vessels followed by disinfection with sodium hypochlorite. This treatment is
effective in reducing total suspended solids, turbidity, improving the aesthetic quality of the
water for consumption by dairy livestock and meeting U.S. Department of Agriculture
requirement for dairy livestock.

* The Threemile Canyon Farms irrigation system has the capacity to deliver up to 12,500 gpm to
all five Inland wells. Water quality from Willow Creek will need to be managed to reduce
suspended solids and surface water pathogens. Standard treatment technologies, such as those
used for a typical municipal ASR system are cost-prohibitive for a recharge/mitigation project of
this scale. However, methods such as tank media filters and/or engineered infiltration systems
could be used to adequately treat the water prior to injection. Further evaluation of these methods
via field testing is the cornerstone of the initial work proposed for this project. The goal of such
work is to demonstrate produced water suitability prior to injection testing.

The treatment approach selected will need to demonstrate compliance with Oregon Department
of Environmental Quality (DEQ) regulations for anti-degredation of an aquifer. AR source water
is required comply with DEQ water quality standards, treatment requirements, and performance
standards as established by the DEQ and OWRD under OAR 340-40-020, 340-40-090, and 690-
© 350-020. The treatment test phase of the project will attempt to identify the filtration and
d1s1nfect1on system(s)

- SUMMARY
Treatment options currently being considered, and which may be field tested, to meet DEQ
requlrements consist of the following:

¢ Conventional filtration system consisting of grav1ty fed slow sand filtration ponds,
e Combined with disinfection or a treatment method to meet maximum contaminant levels
for microbial contaminants. -

tis p0551ble that other alternatives may be considered during the demgn phase of the dlstnbutlon '
system improvements to deliver source water to the AR wells..

This preliminary evaluation assessed the chemical compatibility between source water and
groundwater (water-water interaction). These initial mixing scenarios do not account for possible
mineral precipitation or dissolution (water-mineral interaction) reactions with the aquifer matrix
or secondary minerals such as sulfides that may occur in the subsurface. Changes in stored water
concentrations of dissolved iron, manganese and other trace metals and metalloids that are
common in sulfide minerals will need to be assessed observationally as part of the pilot test:
program. :

REFERENCES
Appelo and Postma, 2005 Geochemistry, Groundwater and Pollution, 2nd ed1t10n CRC Press,
649 pages.

GSI Water Solutions, Inc. 2013 Technical Memorandum TMCF Da1ry Well ASR — Imt1a1
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Figure E-2: TMCF Historical Willow Creek Water Quality Monitoring Results
Threemile Canyon Farms Water Quallty Assessment
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AR LIMITED LICENSE WATER QUALITY TEST RESULTS
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wi JLUMBIA | = Wa Groundwater
PRE-FILTER POST-FILTER PRE FILTER POST FILTER INLAND BOOSTER MVELL S inland Well 5 Inland Well 1 Intand Well 2 Inland Well 3
Samplo Date: 101022013 10102013 ANE2016 Bs2018 B2020M7 L] Br21/27 1812872012 173172013 2013
Lat 1D: 131011G51-001 131011091002 160816027-001 160316027-002 170821069-001 1608 17045-001 170622027001
Analyte OHA DW Standards  |[Oregon DEQ Standardd  MRL | Result Q] MRL | Resut o] MRL | Resuit [o] MRL | Resut [Q] WRL Result al] MRL | Result MRL | Resut [@] MRL | Resut [@] wRL | Resut Q] MRL | Resut |alj
INORGANIC CHE!ICALS {10Cs) i
Alkalinity (as CaCO,) {mg/L) 5 124 5 129 5 55 5 526 5 57.4 5 186 5 188 5 179 5 182 5 182
Aluminum {total} {mg/L) 0.05-0.2 {SMCL) 0.0 0.142 2 007 0.01 0.320 001 0162 001 017 001 ND 001 ND 0.0t ND om ND o ND
Antimony (olal) (mg/L} 0.008 (MCL) 0.001 ND 0.001 ND 0.001 ND ¢.001 ND 0.001 ND 0.001 ND 0001 ND 0.00 ND 0.001 ND 0.001 ND
Ardenic (total) (mgl) 0.010 (MCL) 0.050 (CEGQ MML) 0.001 0.0028 0.001 0.00294 0.001 ND .00 ND 0.001 0.00182 0.001 Nl_b_ 0.00% ND 0.001 ND 0.001 ND 0.001 ND
Barium {total) {mg/L) 2{MCL) 1 (DEQ MML) 0.001 0.1 0.001 0.104 0.001 0.0286 0.001 0.0262 0.001 0.0281 0.001 0.0232 0.001 0.0256 0.00 0.0231 0.001 0.0258 0.001 00307
Bicarbonate (a3 CaC03) mg/L) 5 124 5 129 5 55 5 526 5 514 5 186 5 188 5 1719 5 182 5 182
Bendlium (ioial) (mg/) 0.004 {MCL) 0.001 ND 0.0M ND 0.001 NO 0.001 ND 0.0 ND 0.001 ND 0.001 ND 0001 ND 0.001 ND 0.001 NE
C. {intal} imgt) 0.005 {MCL) 0.01 {DEQ MML) 0.00 ND 00 ND 0001 ND 000 ND 0.001 ND 0001 ND 0.001 ND 0.0 ND 0.001 ND 0.001 ND
Calcium (total) (mg/L) 0.1 EPE] 01 ns [X] 166 ['X] 166 0.1 177 [X] 7.43 01 7.16 0.1 7.6 0.1 138 0.1 8.03
Carbonats (ss CaC0,) (mg/L} 5 ND 5 ND 5 ND 5 ND 5 ND 5 ND 5 _N-D 5 ND 5 ND 5 ND
Chioraming (mg/L} 0.05 ND 0.05 ND 0.05 0.05 0.05
Chiorida (total) (mg/L) 250 {SMCL) 250 {DEQ MML) 0.1 17 0.1 17.3 0.1 1.7 0.1 172 0.1 7.2 0.1 s 01 36.4 0.1 35.9 0.1 36.1 0.1 45
LChromium (total) {mg/L) 0.1 {(MCL} 0.05 (DEQ MML) 0001 ND o.00 ND 0.001 ND 0.001 ND 0.001 0.00124 0.00 0.00152 0.001 0.00173 0.001 ND 0.001 ND 00 0.00142
Copper (otal) fmgL} = :mm‘“ 1.0 (DEQ MML) 0.001 0.00713 0.001 0.00424 0.00% 0.00144 0.001 ND 0.001 0.00186 0.001 0.0019% 0.001 0.00183 0.001 ND 0.001 ND 0.0 000273
Cyanida (total) (mg/) 0.2 {MCL) NR ND NR ND 0.01 ND om ND 0.01 ND 0.m ND o001 ND 0.01 0.01 001
Fluoride {iotal) (mg/L) 4 [MCL), 2.0 {SMCL) 4 {DEQMML) 0.1 0.446 0.1 0.447 [X] 0.100 0.1 0.101 0.9 0.113 0.1 1.83 0.1 176 0.1 178 0.1 .82 0.1 16
Hardness {as CaCO,} img/L} 250 (SMCL) 10 154 10 150 10 59.6 10 595 10 809 10 285 10 20.2 10 28.9 10 268 10 4.2
Irgn {otal) fmg/L) 0.3 (SMCL) 0.3 {DEQ MML) oD 0 0665 001 00337 o 0381 .0 e A TR o0 I_Hl'l-ﬂ = om ND 001 ND 001 0.0148 om 0.0199 o001 ND
Load {total) (mgd) 0.015 {MCL) 0.05{DEC MML} 2.001 QD037 0.001 ND 0001 NO 0.001 ND 0001 ND 0001 NO 0.001 ND 000 ND 0.001 NO 0.001 ND
Magresium (total} (mg/L} 0. 17.0 0.1 17.4 0.1 4.40 0.1 436 0.1 89 0.1 2.40 0.1 2.43 0.1 227 0.1 203 01 34
Mangansse {ioial) {moL) 0.05 (SMCL) 0.05 (DEQ MML} 0.001 0.014 0.001 ND 0.001 0.0111 0.001 ND 0.001 0.0185 0.001 ND 0.001 ND 0.001 0.0107 0.0 ND 0.001 ND
Mercury (total inorgenic) (mg/L) 0.002 (MCL) 0.002 {DEQ MML} 0.0001 ND 0.0001 ND 0.000% ND 0.0000 ND 0.0001 ND 0.0001 ND 0.0001 ND 0.0001 ND 0.0001 ND 0.0001 ND
Nickel {lotal) {mg/L) a1 0001 0.00393 0.001 0.00208 0.001 0.00155 0.061 000102 0.001 0.00209 0.001 ND 0.001 ND 0.00t ND 0001 ND 0.001 NOD
Nitrata {as N) (mg1} 10 {MCL) 10 {DEQ MML} 0.1 ND 01 NO 01 ND 01 ND 0.1 258 01 ND 01 ND 01 ND 0.1 ND 01
Mitrita {mg/L) 1 {MCL) 0.1 ND 01 ND 0.1 ND 01 ND 0.1 ND 0.1 NOD 0.1 ND 01 NO 0.1 ND 0.1
Nitrate+Nitria {iotal N} {mg/L} 10 (MCL) 0.1 ND [*A] ND 01 ND 0.1 NB 0.1 258 01 ND 01 ND 01 ND 0.1 ND 0.1
Parchiorate {ug/L) 005 0.202 005 0203 005 0.237 0.05 ND 0.05 ND 005 0.05 Q.05
Phosphate (mgl) NA ND NA ND a1 NO 01 ND 03 ND a1 ND 01 ND o1 01 0.1
Phosphorus (fotal} (mg/L) NA 002 NA 00109 001 NO oo ND 0.0 ND oo ND [ X)) ND oo 0.0 Q0
Polassium fmg/L} 01 52 01 5.04 01 0919 0.1 0.692 0.1 135 01 182 01 173 01 1687 0.1 16 0.1 14
Selenhan (total) img/d) 0.05 (MCL) 0.01 {DEQ MML) 0.001 ND 0.001 ND 0001 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND
Sikca fmg/L} 0.1 5.63 0.1 4.9 01 an 0.1 7.83 01 10.5 01 644 01 64.6 0.1 636 01 621 a1 [x1:]
Sikcon fmg/dL) NR 26 NR 232 0.1 40 0.1 366 01 504 0.1 0.1 0.1 302 0.1 297 01 29 01 298
Siiver (lotal) {mgt) 0.1 {SMCL) 0.05 [DEQ MML) 0001 ND 000 ND 0001 ND 000 ND 00 ND 0.001 ND .00 ND 0001 NG 0.001 NQ 0.001 ND
Sodum {mg/l)} 20 [EPA ecommended) 0.1 261 sk} 26 o1 .47 01 346 01 8.19 0.1 753 0.1 785 Q0.1 H24 0.1 s 01 T2
Sulfate {mg/L} 2503 (SMCL) 250 (DEQ MML) [X] 507 0.1 =0.7 [X] 9.5 0.1 961 0.1 146 0.1 [ES 01 0.352 [X] 0.603 0.1 276 [X] 276
Sulfide fmg/L) 048 ND 099 ND 0.99 099 0.83
Thalium (mg/L) 0.002 {MCL) 0.001 NO 0.0 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND 0.001 ND 0.0M ND 0.001 ND 0.001 ND
Uranium (mg/L ) 0.001 ND 0.001 ND 0.00 0.00189 0.001 ND 0001 ND 0.001 0.001 0.001
2inc {iotal} {mg/L) 5 {SMCL) 5 {DEC MML) 0.001 0 066 0001 000141 0.001 0.00793 0001 000123 000 0.00226 0001 0.0015% 0.001 0.00166 0.001 ND 0.008 000112 0.001 400875
FIELD PARAMETERS 3 . i [y |
pH {pH unils) 6.5-8.5 {SMCL) 6.5-8.5 (DEQ MML) NA 642 NA 8.48 NA 8.1 NA 82 NA 853 NA .42 NA 8.47 NA NA, NA 817
Specific C {1 S4m) NA 342.1 NA 1 NA 123 NA 124 NA 159 NA 462 NA 4 NA NA NA 460
Turbidity (NTL's) 1 (MCL) 1 [DEQ MML) NA NA NA NA NA NA NA NA NA NA NA NA
Temparature (°C) NA 189 NA 18.9 NA 2114 NA N2 NA 1AM NA 2331 NA 25893 NA NA NA 248
Disscived Onzm (gL} HNA 966 NA 928 NA 868 NA 888 NA 106.10% NA 0.27 NA A7 NA NA NA 079
Oxldation-reduction potential {mV) NA 1855 NA 216.1 NA «174.8 NA -164.9 NA NA -374.1 NA NA NA NA 98.1
T T - - — — —T — |
mm {miliion Rbors per ier longer thart 7 (MCL) <0.197 <0111
Colr (cokoe unis) 15 (SMCL) 15 (DEQ MML} 5 |20@pHTeo 5 1'1-0' 7 ?:ié 5 20 s |no@pHaiz 5 ND 5 5 5
Comosivity” (S.0.) NON-CORROSWE -0.792 -0.7;1 (. 564 -0.180 -0.249
Foaming Agenis (MBAS); {mg/L) 0.5 (SMCL) 0.5 {DEQ MML) 005 ND 0.05 ND 005 ND 0.05 ND 005 ND 0.05 005 005
QOdor (TOM.} ITON [SMCL) 3 TON (DEQ MML) 1 ND 1 ND 1 ND 1 NO 1 ND 1 1 1
Total Dissolved Solids (mg/l) 00 (MCLY 500 {DEQ MML) 10 | T 10 B "EE.—. 10 78 10 92 10 136 10 [ =TT | 10 T 0| 10 10 10
Total Organle Carbon {mg/l) 05 162 K] an 0.5 1.46 0.5 146 [ E] 243 0s 0232 05 0.283 05 0.5 0.5
Total Suspanded Sollds fmg/t) 1 742 1 218 1 1.4 1 6.06 1 10.3 1 ND 1 ND 1 1 1
["VOLATILE ORGANIC COMFOUNDS (VOCS} ] R i | P | == e E =t ]
1.1-Dichioroathylens (ug/l) 7 {MCL} 7 (DEQ MML) 05 ND 0.5 NO 0.5 ND 0.5 ND 0.5 NA 0s ND 0.5 NA 05 05 05
1.1.1.2-Tatrechiomathans (ug/L] 0.5 ND 05 ND 05 0.5 0.5
1.1.2.2-Tatrachioroathane (ug/L) 0.5 ND 0.5 NO 05 0.5 05
1.1.1-Trichioroethana (Lot} 200 {(MCL) 200 {DEQ MML) X} ND 0.5 NO 0.5 NOD 0.5 ND 0.5 ND 0.5 ND 05 ND 05 05 05
1.1.2-Trichiprosthans {ug/l) 5 (MCL) 05 ND 05 ND 0.5 ND 0.5 ND 0.5 ND 05 ND 05 NB 05 05 0.5
10f5
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AR LIMITED LICENSE WATER QUALITY TEST RESULTS O WR D
RS L GRE d IRIVER. SOURGCE WATER ¥ ] = Wanapum Groundwater
PRE-FILTER POST-FILTER PRE FILTER POST FILTER INLAND BOOSTER -WELL 5 Infand Weli § Infand Well 1 Inland Wall 2 inland Well 3
Sample Date; 10/10:2013 2013 BNS2016 8152016 6202017 8162016 62112017 11/28/2012 /12013 532013
Lab iD: 1310110671-601 131011081002 160816027-001 160016027-002 170621083-001 1608 17045-001 170622027-001
Analyte OHA DW Standards |Oregon DEQ Standardg MRL Result Q] MRL Result |Q] MRL Result Q] MRL Result [ MRL Result Ql MRL Result Q| MRL Result Q] MRL Resull Ql MRL Result Q| MRL Result al
1.1-Dichioroethane (ug/L) 0.5 N 0.5 ND 0.5 05 0.5
1,2-Dichioroethens (ugL) S {MCL) 5 (DEQ MML) 0.5 NG 05 NO 0.5 ND [H ND [ ND 0.5 ND 0.5 ND 0.5 0.5 0.5
1,1-Dichlompropene (upt) 0.5 ND 0.5 ND 0.5 0.5 0.5
1,1-Dichlorethena {ug/L} 05 ND 0.5 ND 0.5 05 05
1,2,3-Trichicrobenzane {ugi) 0.5 ND 0.5 ND 05 05 0.5
1.2.4-Trichioroh [ 70 {MCL) 0.5 ND 0.5 ND 0.5 ND 0.5 ND 05 ND 05 ND 05 ND 0.5 0.5 0.5
1.2-Cichicropropans (ug/L) 5 {MCL} 0.5 NB 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND 0.5 0.5 0.5
1.2,3-Trichlompropare {ugl) 05 ND 05 ND 0.5 05 0.5
1,2-Cibromoethana (E0B) (vl) 05 ND 05 ND 0.5 05 0.5
1,3,5-Trimattwtbenzane {ugit} 0.5 ND 05 ND 0.5 0.5 05
1,2, 4-Trmethylbenzane (ug/L) 0.5 ND 0.5 ND 05 05 [
1,2-Dichiorobenzens {eg/) 05 ND 0.5 ND 05 0.5 05
1.3-Dichiombenzens {ug/L) 05 NG 0.5 ND 08 0.5 0.5
1, 3-Dichiompropana (bgL) 05 NO 0.5 ND 0.5 05 0.5
1. 3-Dichiompropene (ug/L) 0.5 ND 0.5 NO 0.5 05 05
1,4-Dichlomobenzene {ug/L} 05 ND 0.5 ND 05 05 0.5
2,2-Oictlorpropans (ug/L) 05 ND 05 ND 05 05 0.5
2-Chilorotoluene (o) 0.5 ND 05 ND 0.5 0.5 0.5
4-Chiorotoluens (coil) 0.5 ND 05 ND 0.5 0.5 0.5
Acetons {ug/L) 25 ND 28 ND 25 25 25
Benzene (p/t) 5 (MCL} 5 {DEQ MML} 0.5 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 05 0.5 05
Bromobenzens (ug/t) 05 ND 05 ND 0.5 05 05
Bromochioromethane {ug/L) 0.5 ND 05 ND 05 05 0.8
Bit UL} 0.5 NO 05 NO 0.5 [0 0.5
Carbon tetrachioride {ug/L) 5 {MCL) 5 (DEQ MML) 05 ND 0.5 ND 0.5 ND 05 ND 05 ND 08 ND 0.5 ND 05 05 05
Chigmbenzens {ug/i) 100 (MCL} 0.5 NO 05 ND 0.5 N 0.5 ND 08 ND 0.5 NO 0.5 ND 0.5 0.5 0.5
Chigrosthans {ug/} [ ND 0.5 ND 0.5 0.5 05
Chioromethane (ug/L) 0.5 ND 0.5 NO 0.5 05 05
cis-1.2-Dichioroethylens {ug) 70 {MCL) 05 ND 05 ND 0.5 ND 0.5 ND 0.5 NA 0.5 ND 0.5 NA 0.5 0.5 0.5
cis-1,3-Cichiomathane (up'L] 05 NG 05 ND 05 05 05
cis-1,3-Dichioropropens (ugl) 05 [ 0.5 ND 0.5 0.5 0.5
Dacthal (ug/L) 0.02 [ .02 ND 0.02 005 002 ND 0.02 NO 0.0 0.02 0.02
Dichioromethane {Methylene Chionide) (ug/L) 5 (MCL) 05 ND 05 ND 05 ND 05 ND 05 ND 05 NO 05 ND 05 05 0s
[ {1/} 05 ND .5 ND 0.5 05 [
D il ang fug/L) 0.5 NO 0.5 ND 0.5 05 05
Ethytbenzena (ug'L) 700 (MCL) 0.5 ND 0.5 ND 05 ND 05 ND 0.5 ND 0.5 ND 05 ND 05 0.5 05
o-Dichiorobenzene {1,2-) {ug/L) 860 (MCL) 0.5 ND 05 ND [ ND 05 ND 0.5 ND 0.5 ND 0.5 ND 05 0.5 0.5
p-Dichiorabenzene (1,4-) fup/t) 75 (MCLY 75 {DEQ MML) 0.5 ND 0.5 ND 0.5 ND 05 ND 05 ND 05 ND 0.5 ND 0.5 0.5 0.5
Hexachlorobutadiena {ug/L) 05 N 0.5 ND 0.5 05 05
Isopropyibenzens (uglL) 0.5 NO 0.5 NO 0.5 0.5 0.5
Mathykbutyl ether (MTBE) (uglL) 0.5 ND 0.5 ND 0.5 05 05
Butylbenzane (ug/L) 05 ND 05 ND 0.5 05 05
rrPropytbenzene (g} 05 ND 05 ND 0.5 05 0.5
plsopropytioluens (o) 0.5 ND 0.5 ND 0.5 0.5 0.5
sec-Butylbenzane (uo/L) 05 NO 0.5 ND a5 0.5 0.5
Styrena (ug/L} 100 (MCL) 0.5 N 0.5 ND 08 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 0.5 0.5 0.5
tert-Butylbenzana (ug/L} [ ND 0.5 NG 0.5 05 0.5
Tetrachiomeathylena (PCE) (ug/L) § (MCL) 05 ND 0.5 ND 0.5 ND 0.5 ND 0.5 NA 05 ND 05 NA 05 0.5 0.5
Tetrachkwosthene {uy/L) 0.5 ND 05 ND 0.5 0.5 0.5
Toluena (L) 1000 {MCL} 05 ND [ ND 05 ND 0.5 NO 05 ND 05 ND 05 NG 0.5 0.5 0.5
trans-1,2-Dichiomethylene (o) 100 {MCL) 05 ND 05 ND 05 [ 0.5 ND 05 NA 05 ND 05 NA 05 0.5 0.5
Irang-1,2-O% fogt) 0.5 ND 0.5 ND 0.5 05 05
trans-1,3-Dichloropropene (ugiL) 0.5 NG 0.5 ND 0.5 05 0.5
Trichloroethylena {TCE) (ug/l) S (MCL) 5 (DEQ MML) 0.5 ND 0.5 ND 05 ND 0.5 ND 0.5 NA 0.5 NO 05 NA 0.5 0.5 0.5
Trichioroethene (ug/L) 05 ND 0.5 ND 0.5 0.5 0.5
Trichiomofuoromethane (up/L) 05 ND 05 ND 05 oS 0.5
Vinyl chioride (vgL) 2 (MCL) 2 (DEG MML) 0.5 ND 0.5 ND 0.5 ND 0.5 ND 05 ND 05 ND 0.5 ND 0.5 05 05
mép-Xylene (ugt) 10 NO 10 ND 10 ND 10 ND 05 ND 10 ND 05 NO 0.5 [ 0.5
o-Xylena (ugl) 10 ND 10 ND 10 ND 10 ND [ ND 10 ND [5 NO 0.5 0.5 [
Xytenes (total) {ug/L ) 10,000 {MCL) 10 ND 10 ND 10 ND 10 ND 0.5 ND 1) ND 0.5 NO 0.5 05 0.5 =
DISINFECTION BY-PRODUCTS (DBPs) & RESIDUALDiSINFECTANTS | | i ] TR T [ = —_ - ==
Chiorine {as C\;) (mgiL) 4 (MRDL) 0.05 ND 0.05 ND 005 ND 005 ND 0.05 N 0.05 0.05 0.05
Chiorine Dioxida (mg/L) 0.25 N 0.25 NG 0.25 025 025
B (mg/) 0.01 (MCL] 0.001 ND 0.001 ND 0.0 0.001 0.00%
Chiortta {mg/L} 1{MGLY 0.01 ND 001 ND 0.01 001 0.91

2af5 EA Engineering, Science, and Technology, Inc., PBC
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AR LIMITED LICENSE WATER QUALITY TEST RESULTS
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[EiE — WILLOW GREEK/GE i R T = Wan, Groundwater
PRE-FILTER POST-FILTER PRE FILTER POST FILTER lNEAND BOOSTER {-WELL 5 Inland Well § Intand Well 1 Inland Well 2 Inland Well 3
Sampia Date 1010013 00013 WI5206 BS018 6202017 BI6206 a212017 1282012 113112013 w2013
Lob ID: 131011081001 131011061-002 160816027-001 160816027-002 170621089-001 160817045-001 170622027001
Analyte OHA DW Standards_ |Oregon DEQ Standards  MRL Result [Q] MRL Result MRL Result |G| WRL Result |G MRL Result o] WAL Rasult MRL Resull | @] MRL Result | Q] MRL Rasult | Qf MRL Result  [a]
Chioroacetic Ackd {ugt} Reg 23 total HAA'S 2 ND 2 ND 2 ND 2 ND 2 NA 2 ND 2 NA 2 2 2
Bromoacetic Acd {uglL) Regulated a5 total HAA's 1 ND 1 ND 1 ND 1 ND 1 NA 1 ND 1 NA 1 1 1
Dichioroacatic Acd (ug'L) Regulatad as total HAA'S NR ND NR ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 1 1
Trichiomacetic Acid {uyL) Regulated a3 total HAA'S NR NO NR ND 1 ND 1 ND 1 () 1 ND 1 ND 1 1 1
Dis Acid {ogL) Regulated a8 total HAR'S NR ND NR ND 1 ND 1 ND 1 ND 1 ND 1 ND [ 1 1
Total Haloacstic Acids (HAA-5) fugL] 60 (WCL) NR. NO NR ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 1 1
Monobmmoacetic Add (ug/l.} 1 ND 1 ND 1 1 1
Monochiomacetic Acd (ug/L) F] ND 2 ND 2 2 2
Chioroform fugil) Regulatad a3 total THM's 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND 0.5 ND 05 0.5 05
Brorodi fug/L) Regulated a8 total THM'S 05 ND [ ND 05 ND 05 ND 05 ND 05 ND 05 ND 05 05 05
Dibromochiommethane (ugiL) Regulated a3 total THM's 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND 0% 0.5 [
Bromolorm {ug/L} Ragulated as total THW'S 05 ND 05 ND 05 ND 05 ND 0.5 ND 0.5 ND 05 ND 0% a5 o5
Total Trihak (TTHM) fugiL) 80 {MCL) 10 (DEQ MML} 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND 08 TND 05 05 05
[ - —L 1 - — L— — - - _ e i
Total Coliforms {ceff count per 100 mL) < 5% positiva <1/100mL 1 P 1 P 1 1 ABSENT 1 1 1 1
Fecal Coliforms (cail count par 100 mb) L d p Confirmed
E. Coll {cefl count per 100 mL) Confl Confirmed p 1 P 1 P 1 1 ABSENT 1 1 1 1
| 8YNTHETIC ORGANIC COMPOUNDS ({SC:Cx) i | i 7 i |
2.4-D (uglL} 7 (MCL) 10 {DEQ MML} 0.1 ND 0.1 ND 0.1 ND 01 ND 01 ND 01 ND 01 ND [X 0.1 0.1
2,408 (uglL) 1 ND 1 NO 1 1 1
44000 {ugl) 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 1 1
4,4-00E (/L) 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 1 1
4.4-007 fugiL} 0.01 ND 0.0 ND o0 ND 0.01 ND 0.01 ND o0 ND 001 ND [ [ 001
2457 (L) 0.1 ND 01 ND 01 X [X]
2.4.5-TP (Sivex} (/L) s (MCL) 10 [DEQ MML) 0.2 ND 02 ND 02 ND 02 ND 02 ND 02 02 [F]
2.4,6-Trichiomphenol {ug/L) 1 RA 1 NA 1 1 1
2-Flobibipheny (ug/l) ND ND
3,5 Dichlorabenzoic Add (uglL) 05 ND 05 ND 05 05 05
3 Hydmcarbofuren (ug/L) 2 ND 2 ND F] 2 2
Aciucmien () 2 ND 2 ND 2 2 2
Aldicart {ug/L) 05 ND 05 ND 05 05 05
Aldicarb Sulfone (ug/L) 1 ND 1 ND 1 1 1
Aldicart Sutfoxide (/L) 1 “ND 1 ND 1 1 1
‘Adrin {ugl) 02 ND 02 ND 02 02 02
Aachior (Lasso) {mgiL) 0.002 {MCL) 02 ND 02 ND 02 ND 0.2 ND 02 ND 02 02 0.2
Alpha-BHC {ugrL) 0z ND 02 ND [F] 02 02
Beta-BHC (og/L) 02 ND 02 ND 0.2 02 02
DeliaBHC {upi) 0.2 ND 02 ND 02 02 02
Acenpphthane (ug/L) 02 ND 02 ND 02 02 02
‘Acanaphthane-d10 {ugit) ND ND
Acenaphtylene (ug/L} 02 ND 02 ND 02 02 02
Antheacens {ugL) 02 ND 02 ND 02 D2 02
Atrazing (mg/L} 0.003 (MCL) 01 ND [X] ND X ND 01 ND 0.1 ND 0.1 (X o1
Baygon {ugl) 1 ND 1 ND 1 1 1
Bentazon fuglL) 05 ND o5 ND 05 05 0.5
Banzo{ghi)peryiona (og/L) 02 ND 0.2 ND 02 02 02
Beruzn{ajenthracens fuyL) 0z ND 02 ND 02 02 02
Benzo(b)fl [y} 02 ND 0.2 ND 02 0.2 .2
Benzo{kfluranthens 02 ND 0.2 ND 02 02 0.2
Benzolalpyrene (mgiL) 0.0002 (WCL) [T] ND 0.02 ND 0.02 ND 0.02 ND 0.02 5] [T (] 002
Bromaail (ug/L} 0.2 ND 02 ND 02 0.2 02
Bromoxynil {uglL) 0.2 ND 02 ND 02 0z 02
Butachior (/L) 0.4 ND 04 ND 04 0.4 04
Butylbenzyiphihalate (ug/L) 04 ND 04 ND 04 04 0.4
Chiorapysiios {ug/L) 02 ND 02 ND 0z 02 02
Chrysane (ugiL) 0.2 ND 02 ND 02 02 02
Chrysene-d12 (ugL} ND ND
Cyanizina (ug/L) 02 ND D2 ND 0.2 02 02
Carbaryl (gL} 2 ND 2 ND 2 2 2
Carboluren (mgiL) 0,04 (MCL) 09 ND 0.9 ND [T ND [T} ND 09 ND 0.0 09 09
Chioramben {ug/L) 02 ND 02 ND 02 02 02
Chiordane {mgl) 0.002 {MCL) 02 ND 0.2 ND 02 ND 02 ND 02 ND 02 02 02
Dalapan (mg/L} 0.2 (MCL) 1 ND 1 ND 1 D 1 ND 1 ND 1 1 1
Dieidrin (ug/L) 01 ND 0.1 ND o1 (X 0.1
Dicamba (vg/L) 02 ND 0.2 ND 62 02 02
Dichloroprop {ug/L} [X] ND 0.1 ND 0.1 0.1 0.1
3of§
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T WILLDW OREEK/GOIDMBIA RIVER SOURGE VYA TER M = Wanapum Groundwater =
PRE-FILTER POST-FILTER PRE FILTER POSTFILTER INLAND BOOSTER WELL 5 inland Well 5 Intand Well 1 Inland Well 2 infand Well 3
Sampie Date: 10102013 10102013 B152016 B52016 202017 BNG2016 BT 1172602012 G 32012
Tab 1D: 131017081001 131011061002 TC0B15027-001 160916027-002 170821089-001 1508 17045-001 170622027-001
Analyte OHA DW Standards |Oregon DEQ Standardg  MRL Result  |Q] MRL Result MRL Result )@ WRL Result MRL Result O] WMRL Resull MRL | Reosull |Qf MAL | Resul |G MRL | Resul | Q| MRL | Resut | Q]
Dissoon {ug) 02 ND 02 ND 02 0z [F]
Bis{2-E A} adipats (mad) 0.4 (MCL) 0z ND 02 ND [¥] ND [¥] ND [¥] ND 0z [F] [F]
Bis-{2-Ethythaxyl} phathalata (mg/L) ©.006 (MCL) [ ND 06 ND [T ND 06 ND 06 ND [ [ [T
Dibromogoroprupans (DBCF) (mg/L) 0.0002 {(MCL} (L) ND 002 WD [T ND 0oz ND 0 NG [ 0oz 0.02
Dibenzla e (g 02 ND 02 NO 02 02 ¥
Diethylphthatate (ugL) 04 ND 04 ND 04 04 04
Dimethyiphthalate (L) 04 ND 04 ND 04 04 04
Di-n-butylphihalats () (X ND 0.1 ND o1 X (X
Dincasd {mglL] 0.007 (MCL} 02 ND 0.2 ND 02 ND 02 NG 0z ND [F] 02 02
Dvoaln (2.3.7.6-TCOD) {mglt) 0.00000003 {MCL} NA NA
Diguat (mgil) 0.02 (MCL) 04 ) 04 ND 04 ND o4 ND 04 ND 04 04 0.4
Endathall (mg/L) 0.1 (MCL} s 5] ) ND ) ND 2 ND 9 ND ] ] )
Endrin (ugll) 2 (MCL} 0.2 {DEQMML) 002 ND ooz ND 002 ND om ND 002 ND 00z ND 002 ND [T (L") [T
EPTC fugl) 03 ND 03 ND 03 0.3 03
Ettylena dibromide (EDB) fug) 0.05 (MCL) 0.001 ND 0001 ND D00 ND 0.001 ND on ND oon! ND oo ND [T 00 501
Ethy! Parathion {ugit) 02 NO 02 ND 02 02 02
Fluorantnens (ogL) 02 ND 02 WD 0z 0z 0.2
Fiuorena (ugit) 02 ND [¥] ND 0z 02 0.2
Giyphosate (mgiL) 0.7 (MCL) 5 ND 5 ND 5 ND 5 ND 5 ND 5 5 5
g-Chiordana (ugl) 02 ND 02 ND 02 0z 0.2
Veptachior (mgriL) 0.0004 {WCL) (L] ND 04 ND D04 ND [T ND 004 NG 004 [ 0.04
Dielorin (/L) 02 ND 02 ND 02 ND 02 WD 0z ND [ ND 02 ND 0z 02 02
Feptactior epaxide (ogL) 0.2 (WCL) o NEF [ ND 004 ND 004 WD 004 ND 004 ND 004 ND 004 ool 004
Hexachiorobanzena (ug/lL) 3 iMCL) 02 NG B2 ND 02 ND 02 ND 02 ND 0z ND vz ND 02 02 02
Hexachiorocyclopeniadiens (mg/l) 0.05 (MCL) 0.1 ND 01 ND [X ND o ND X ND 0.1 o o
Indencl1.2.3-cajyrens (ogr) 02 ND 0z ND 02 02 02
Uindane (BHC-gamma) (mg/L 0.0002 {(MCL} 0,004 {DEC MML) [T ND (Y] ND [ ND [T ND [T ND 002 002 [T
Malalhinon (ug/L) 02 ND 02 ND 02 02 02
MCPA {ug/) 02 ND 02 ND 02 02 02
Methiocarb (ug/L) 1 ND 1 ND 1 1 1
Methomyl (egl) 1 ND 1 ND 1 1 1
Methoxychiar (mgiL) 0.04 (MCL) 0.100 {OEQ ML) 02 ND 02 ND 0z ND 02 ND 0z NO 02 02 02
Wetolachior {ug/L) 1 NO 1 ND 1 1 1
" fugt) 02 ND 02 ND 02 02 [¥F]
Naphthalene (og/L) 0.5 ND 05 ND 05 o5 05
Nephthalene-08 {ugL) 05 ND 05 ND 05 s 05
Oxamy (Vydals) (mgA) 0.2 (MCL) z ND 2 ND 2 ND 2 ND 2 ND z F] z
Parathion (u/L) [F} ND 0z ND 02 62 02
Fendimetnain (ugrL} 02 ND 0z ND 02 02 02
Permethnn {ugiL) 0z ND vz ND 02 02 02
Feryjene-d2 (ug/l) ND ND
Phenanthrene (ug/L) 02 ND 02 ND 0z 0z 02
Ph 010 {ugl} ND ND
Prometon (ugL) 0z ND 02 ND 02 02 02
Pronamide (gL} 02 ND 0z ND D2 02 02
Propachior (ugiL) 01 ND 0.1 ND 0.t 0.1 01
Pyrona (og/L) 02 ND 02 ND 02 02 02
Pantachiorophenol (mg/L) .001 (MCL) 0.0 ND 004 ND 004 ND o ND o0 ND 004 004 002
Pickoram {mg/t) 0.5 (MCL) 01 ND 0 ND 01 ND 01 ND 0.1 ND K 01 0.1
Proposur (vgiL) 1 ND 1 ND 1 1 1
‘Arocior 1016 (og/L) Regulated as tota) 05 ND 05 ND s ND 05 ND 05 ND o5 ND [ ND 05 05 03
‘rodiar 1221 (uglt) Regulaizd as total 05 ND 05 ND 08 WD 05 WD 05 ND [ ND 05 ND 05 0.5 05
‘Arocior 1232 (/L) Reguiatad as tota) [ ND 05 ND 05 [ 05 ND 0.5 ND o5 ND o5 ND 0s [ 05
Arocior 1242 {ug/t) Regutstad as total 05 ND 05 ND 05 ND 05 ND 05 ND 05 ND [0 ND 05 05 05
‘Arocor 1248 (ug/L) Reguisted a3 total 05 ND [ WD 05 ND 05 ND o5 ND 05 ND (D) ND 05 05 05
‘Arockar 1258 (ug/L) Regulated as total 0s ND 05 ND s ND 05 ND 05 ND 05 “ND 05 NO 05 s .S
Arocior 1260 {vgL) Regulated 23 total 0s ND 05 ND 05 N 08 ND @5 ND [ ND 05 ND 05 05 05
Total Amciors - (PCBS) {uglL) 0.5 (MCL) ND ND 05 ND ND [ ND 05 s 0S5
Simazens (mo) 0.004 (MCL) 0.07 ND [T ND 007 ND oo ND 007 ND 007 007 007
Terbac (ug/L) [H] ND 02 ND [¥] 02 0.2
Terphemt-g14 (gL} ND ND
trangHonachior {ug) 02 ND 0z ND 02 02 02
Triademefon (ugl) 02 ND 0z NG 02 02 02
Triflurakn (giL) 0z ND 0z 1] 02 02 02
Toxaphana {ug/L) 3 (MCL) 0.00% (DEQ MML} 2 ND 2 ND 2 ND Fl ND 1 ND ] ND 1 ND 1 [ 1
RADIOLOGICALS
d4ol5
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1002712017 Table E-1

AR LIMITED LICENSE WATER QUALITY TEST RESULTS

i i . Wan, Groundwater
PRE-FILTER POST-FILTER PRE FILTgR ﬂg T FiL TER INLAND BOOSTER I-WELL 5 Inland Well § Inland Well 1 Inland Weli 2 Inland Well 3
Sample Date’ 101072013 10102013 E152016 B152016 202017 8162016 212017 117202012 13172013 52013
[Foy 131011061001 131011061002 160816027-001 160876027002 170821069-001 160817045001 170622027001
Analyte OHA DW Standards _|[Oregon DEQ Standard]  MRL Result  |Q] MRL Result Q] WRL Resull O] WRL Resull [ MRL Result _ ©] MRL Resui |Q| MRL | Resull |Q| MAL | Resul Q] MRL | Resut |Q] MRL | Resut |Q]
Gross Alpha (nCiL) 15 (MCL) 15 (DEG MML} 1 1190739 1 0401 £0.489 1 2.11+/-0.869 1 0604215 1 |0.553+/1.03 1 1 1
Gross Beta (pCiL) U "s'n"ﬂ"",‘,:"l {official) 50 pCUL {DEQ MML) 1 148 £0742 1 0,696 £ 0.461 1 0.95+-0.5 1 250¢169 1 6941167 3 1 1
Radium 226 (pCI.) 1 0.025 £ 0.074 1 00930128 1 0.1914/-0.205 1 0.049 £ 0.105 1 |02e6+~0282 1 1 1
Radium 228 (pCIL) 1 0754 20849 1 -0.068 £0.327 3 0.489+-0.185 1 0.844 £0.358 1 |os3e+-0201 1 1 1
| Radum 2267228 (CHL) sucy 1 103 1 a0 1 1 00581 1 1 1 1
Uranium Aciivity (p4CirL) 30 (MCLY 067 ND 0.67 ND [ 121 067 ND 067 ND 0.67 067 067
Radon (pCL) 300 (Advisory) 663224 599223 183 £ 30
Exceeds DEQ waler quality standard SMCL Secondary Maximum Contaminant Level
Graster than 50% of DEQ water quality standard @ Lsboraiory data qualifier
# Copper has an Action Levelof 13and a SMCL ol 10 NA. Nol Applicabla
* MCL being re-evalusted by EPA ND: Mon Detect
G y analysis by Langehier Index NR: Nol Reporied
t*- Proposed standard g/l Micrograms pe liter
MCL. Maximum Contaminant Level pSiem: Micrmo-Slemens per centimeter
MRL. Methad Reporting Linil mg/L: Maligrams per liter
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Attachment F
Threemlle Canyon Farms - AR Quality Assurance and Control Plan

INTRODUCTION AND BACKGROUND
Threemlle Canyon Farms (TMCEF) is requesting an Aquifer Recharge (AR) Limited License for
water storage during the spring and fall, which will be recovered in the summer months when
agricultural demand is high. This document provides quality assurance and quality control
(QA/QC) procedures that will be performed to ensure data collected during pilot testing are -
valid, accurate, and representative of aquifer conditions. The AR Pilot Testing Program
(Attachment C) describes the planned approach; pilot testing system, operations, and monitoring
plans (objective and timing of data collection) for AR pilot testing. The data collected during the
initial cycle testing under the Limited License will confirm the feasibility of AR at the Site and
help develop design criteria and testing procedures for potential additional AR wells at TMCF.

MONITORING PROCEDURES
Monitoring will consist of collecting water quality samples for laboratory analysis, field
parameter measurements, flow rate measurements, water level measurements, and making field
observations. Monitoring procedures required for collecting this data are descnbed in the

- following sections.

Water Quality Sampling for Laboratory Analysis

The water quality parameters list for each analytical suite are presented in Table C-4 of the Pilot
Testing Program (Attachment C). These parameters were selected to evaluate the chemical
compatibility of native and source water and identify potential water quality changes associated
with mixing or chemical reactions within the aquifer. The parameters were also selected to
comply with Oregon Department of Environmental Quality (DEQ) criteria. Additionally,
disinfection byproducts will also be samples for regularly to evaluate the potential for their
attenuation in the storage aquifer during pilot testing.

Water quality samples will be collected from a dedicated port at the AR Well (Inland Well #1)
which will be installed along the conveyance system. Samples will be collected after the field
water quality parameters have stabilized. Water quality samples collected during testing under

- the Limited License will be submitted to an Oregon Environmental Laboratory: Accreditation

Program (ORELAP) laboratory. The contracted laboratory will be responsible for ensuring the

- appropriate sample bottles and preservatives are provided ahead of field sampling. Field staff

will cross check the bottle list and preservatives before sampling.

Sample Identification and Labeling
A unique number will be given to each sample. The sample ID will reflect the following:

e - Location

e Cycle

e Period

¢ Number

Table F-1 presents the sample ID components. For example, the first sample collected during
Phase 1 recharge would be assigned the unique sample ID “AR-P1C1-RCH-1". Sample labels -

* Attachment F Wﬁ@; L Eﬁﬁ i Inland AR Project: QA/QC Plan
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will be secured to each container with an assigned field sample identification number applied to
each sample as it is collected.

Table F-1. Water Quality Sample ID Abbreviations

Location K Cycle » L Period
AR= AR Well PIC1 = Phase 1, Cycle Recharge = RCH
OBS = Observation Well P1C2 =Phase 1, Cycle 2 Storage = STO
' Recovery = REC
Cham of Custody

A chain of custody (COC) form will be used to track possession of each sample and will be
completed for each sample shipment. The COC will ensure the traceability of analytical results
to the original sample through analytical methods referenced on the COC. The COC will
“accompany all samples from the ﬁeld to the laboratory and a copy will be retained in the project
file. -

Field Parameter Measurements _
Field parameter measurements are conducted to measure constituents that cannot be measured
reliably after transport to the laboratory. These include:

e Electrical conductivity R alabu LV @ ,
e Dissolved oxygen _ . BHETE
- DEC 27

e Temperature . 201

e Oxidation-Reduction potential U ¥y R

These will be measured with a portable multiparameter instrument such as a YSI Professmnal
Plus or similar. Additional constituents such as chlorine residual.or turbidity may also be
measured with Hach™ testing kits real-time during testing. These values will be recorded-in the
field notebook and data provided during the reporting phase. All instrumentation will be
calibrated with reference solutions that meet the standards of the instrument user’s manual.

Water Level Measurements

Manual water level measurements will be collected via automated pressure transducers which are
currently installed in the planned AR well (Inland Well #1) and all planned observation wells to
collect high frequency water level data which are outlined in the Pilot Testing Program.
Transducer downloads will be named to reflect the location, date (mm-dd-yyyy) and time of the
download. Transducer data will also be tracked by the TMCF staff through the1r supervisory
control and data acquisition system (SCADA).

Manual water level measurements will be collected at the start of AR testing at all the
observations wells, and the AR well. Water level sounders will be used to obtain manual
measurements at the Inland Wells (Inland Well #1, Inland Well #2 Inland Well #3, Inland Well
#4, Inland Well #5 and the Inland OBS Well).

Water levels in the Dairy Wells (Willow Creek Well #1, Shop Well, Well 7, Jersey Well, Well
#5 and the Holstein Well) will be collected at the start of AR via airline as there is no access for
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a water level sounder. Additional water level measurements may be collected if a transducer
-shows signs of malfunctlon and penodlcally to assess for drift.

Flow Rate Measurements
Flow rate measurements will be based on visual observations of ﬂowmeters 1nsta11ed on recharge
and discharge piping. Two flow meters will be installed on both recharge and discharge piping
(four total) for accuracy and redundancy in case of failure. We will require flow meters to be
factory calibrated to within +/- 5% accuracy, and installed according to manufacturer’s
recommendations with respect to distance between the meters and upstream/downstream
interruptions in uniform horizontal flow. Instantaneous and totalizing flow measurements will
be made as frequently as practicable, and an in-line pressure transducer will be installed to create
a high-density data set if flow-normalization corrections become necessary during data analysis.
Visual observations will be recorded on field data sheets and transducer downloads will be
named to reflect the location, date (mm-dd-yyyy) and time of the download.

Cahbratlon Requirements :

Equipment used to collect water quality field parameters will be field calibrated each t1me a
sample is collected to ensure accurate and precise measurements. Instruments will be calibrated:
with reference solutions and methods conforming to the instrument user’s manual. Calibration
information will be recorded in the field logbook to document instrument performance. If
measurements appear anomalous, the field staff will documient and recalibrate if necessary.

Transducers will be factory calibrated prior to pilot testing. Documentation of the calibration can
be made available to OWRD upon request.

Field Log and Observations -
All observations related to pilot testing will be documented on field data forms or in the field
notebook. Field observations that will be recorded include, but are not limited to, the following:

Project or site name

Date and time of data entry

Description of work being formed

Person performing the work .

Names and affiliations of personnel ons1te

Weather conditions

Location of sampling point

Field parameter values

Collecting time and date : ' : -
Types and location of samples . T )
Requested analys1s o : . ﬁE@EE%ﬁE
Filtration and preservatives ' DEC 27 2017 -
Depth to groundwater and purging time/volume ' -

QUALITY CONTROL @ W R D

Field Quality Control :

Field notes will be reviewed periodically by the Project Manager to ensure they are complete
consistent, and free of errors. All test equipment will be subject to preventative maintenance to
' minimize equipment down time and ensure accuracy. All field equipment will be calibrated to
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the standards set in the user manuals. All non-conforming conditions will be identified,
documented and resolved. —

Laboratory Quality Control

The analytical laboratory will use trip blanks, method blanks, spikes, duplicates, surrogates and
control samples in each batch containing AR sampling for analysis. Data quality indicators will
be used where data does not meet standard laboratory quality checks in accordance with the EPA
Contract Laboratory Program or specified analytical method. Method detection limits will be

- presented to OWRD once the laboratory has been selected and contracted. '

- Data will be examined for data errors, omissions and compliance with applicable criteria. Results
will be verified by the project manager to ensure that data are consistent, correct and complete.

.Data qualifiers are assigned where necessary and that sample methods and protocols consisted
with this plan were obtained. Data validation will also be performed to ensure the laboratory has

* met all data quality objectives. The results from these procedures will be reviewed by the project

team and accompany the report. '

RECEIVED
DEC 27 2017
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