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Executive Summary

Rudd Farms is located about five miles northeast of La Grande, Oregon, and is a family
farm that grows peppermint, grass seed, wheat, and alfalfa on about 3,000 acres.

In 2013, Rudd Farms constructed a 4,000 foot deep well completed in the Columbia River
Basalt Group (CRBG) aquifer!. When originally tested in 2013, the well was highly
productive?. Since 2013, the groundwater level in the well has fallen, which is a regional
issue affecting several irrigation wells and municipal supply wells in La Grande (e.g., City of
La Grande and City of Imbler). In addition, the yield of the Basalt Well has dropped?.

Falling water levels in the CRBG aquifer are likely related to the hydraulic isolation of the
aquifer. Specifically, the CRBG aquifer occurs at significant depths (about 3,450 feet below
ground surface at in the Basalt Well) and is divided into compartments created by
extensive faulting. Recharge to the CRBG aquifer is likely limited to areas where it crops
out in the Blue Mountains and Wallowa Mountains, and it is uncertain how much of the
recharge reaches the central part of the Grande Ronde Valley where the irrigation and
public supply wells are located. While the hydraulic isolation of the CRBG aquifer likely
contributes to its susceptibility to water level declines, it also makes the CRBG aquifer a
desirable aquifer for Artificial Recharge (AR) because it can likely store relatively large
quantities of water with limited risk of loss of stored water. In addition to maintaining
sustainability of the Basalt Well, Rudd Farm’s proposed AR project offers a public benefit to
CRBG aquifer users because it will increase recharge to the CRBG aquifer, thereby
contributing to its sustainability as a groundwater source.

Rudd Farms proposes to artificially recharge the CRBG aquifer during the winter with the
objective of proactively mitigating future groundwater level declines, maintaining yield in
the Basalt Well, and increasing the long-term reliability of groundwater supply. Rudd Farms
proposes to recharge the Basalt Well using alluvial groundwater from an existing well
during the winter (December to April), when the Oregon Water Resource Department’s
(OWRD) Water Availability Reporting System indicates that water is available for storage®.
We estimate that Rudd Farm’s AR project will store up to 54.4 million gallons {MG) per
year, or up to 272 MG over the 5-year duration of the Limited License. Assuming AR pilot
testing confirms that stored water is retained for recovery during the summer, then Rudd
Farms may recover the water. A separate AR recovery Limited License would be requested
based on observations from AR recharge testing to allow for recovery of stored water.

This AR Limited License Application meets or exceeds the requirements for AR applications
in Oregon Administrative Rules (OAR) 690-350-0120. The application develops a pilot

Y UNIQ 52415, permit G-17020
2 The well produced 800 gallons per minute (gpm) based on a 12 hour aquifer test performed in August 2013,

* The yield of the well is currently about 500 gpm, based on a 24 hour aquifer test performed in October
2017.

4 Gf;ande Ronde R > Snake R — Above Willow Cr, 50% exceedance level
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testing program based on local geology and hydrogeology, groundwater quality in the
source and receiving aquifer, best practices for well operation, and requirements in

Oregon Administrative Rules. The objective of the pilot testing is to determine the ultimate
size and scope of the AR project.

RECEIVED
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1. Introduction

Rudd Farms is located about five miles northeast of La Grande, Oregon, and is a family
farm that grows peppermint, grass seed, wheat, and alfalfa on about 3,000 acres. With an
average annual precipitation of 16.5 inches, La Grande is arid, and agriculture is dependent
on irrigation using surface water and groundwater (US Climate Data, 2018). Groundwater
in the La Grande area is pumped primarily from two aquifers: (1} an alluvial aquifer and (2)
the Columbia River Basalt Group (CRBG) aquifer that underlies the alluvial aquifer. The
alluvial aquifer is by far the most widely-used source of groundwater in the La Grande
area, but several highly-productive wells have been completed in the CRBG aquifer (Ferns
et al., 2010; UGRRWP, 2018). Rudd Farms pumps groundwater from both the alluvial
aquifer and the CRBG aquifer using five irrigation wells. The names and water rights for
Rudd Farms' irrigation wells are presented in Table 1. Well locations are shown in Figure 1.

Table 1. Rudd Farms Irrigation Wells.

o ) o Well Depth )

Well Name OWRD ID | Appltcaiti ___I_JirTf(i_ Certificate (feet bgs) Aquifer
__ WellNo.1  UNIOS1770 ~ G-16028 =~ G-15541 90977 920 Alluvium
_ WellNo.2  UNIOS51478  G-16028 G-15541 90977 345 Alluvium.
_ WeliNo.3 ~ UNIO51938 ~ G-16028 ~ G-15541 90977 1,128  Alluvium

G-17637 G-17361
Schwepke Well  UNIO 50687  G-13311 (sup) G-12399 (sup) - 3,065 CRBG
G-16999 (sup) G-16509 (sup)

_ BasaltWell  UNIOS52415  G-17558  G17020 - 4045  CRBG

NOTES:

bgs = below ground surface

sup = supplemental

CRBG = Columbia River Basalt Group

Regional CRBG Aquifer Observations

In 2013, Rudd Farms installed an irrigation well in the CRBG aquifer {(UNIO 52415), which is
referred to as the “Basalt Well” in this Limited License Application. The CRBG aquifer is
hydraulically isolated from surface water, and using the CRBG aquifer for summer
irrigation supply is therefore protective of fish habitat in the Grande Ronde River.
However, due to this hydraulic isolation, groundwater in the CRBG aquifer is not rapidly
replenished each winter and, therefore, is susceptible to groundwater level declines
(UGRRWP, 2018). In fact, groundwater level declines in the CRBG aquifer near La Grande
have been observed over the past forty years in several wells, as shown in the hydrographs
of CRBG wells in Figure 2 (basalt well locations are shown in Figure 1). While water levels
appear to be stable in some wells (e.g., UNIO 2046 and the Schwepke Well), other wells
have experienced declines ranging from several feet (UNIO 50083) to over 100 feet (City of

GS| Water Solutions, Inc. RECEI\]ED 6
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La Grande public supply wells UNIO 940 and the UNIO 2098). Anecdotal information of
water level declines in the CRBG aquifer has also been discussed in Union County planning
documents [i.e., see discussion on Page 2-33 about the City of Imbler’s public supply basalt
well in UGRRWP (2018)]. These regional groundwater level declines are problematic
because they typically result in reduced well yield from CRBG wells, and may indicate that
the current level of water production from the CRBG aquifer is not sustainable®. Rudd
Farms’ proposed AR project offers a public benefit to CRBG aquifer users because it will
increase recharge to the CRBG aquifer, thereby contributing to its sustainability as a
groundwater resource.

1.1 Proposed Project to Artificially Recharge the CRBG

Rudd Farms proposes to artificially recharge (AR) the CRBG aquifer during the winter with
the objective of proactively mitigating future groundwater level declines, maintaining yield
of the Basalt Well, and increasing the long-term reliability of groundwater supply. While
the hydraulic isolation of the CRBG aquifer may contribute to the susceptibility of the
CRBG aquifer to water level declines, it also makes the CRBG aquifer a desirable aquifer for
AR because it can likely store large quantities of water with limited risk of loss of stored
water. This AR Limited License Application proposes to conduct pilot testing of AR in the
CRBG aquifer. Depending on the results of pilot testing under the AR Limited License, Rudd
Farms may apply for a permit for AR.

Source water for the recharge is alluvial groundwater from Rudd Farms Well No. 1

(UNIO 51770), and the CRBG aquifer will be recharged at the Rudd Farms Basalt Well
(UNIO 52415), shown in Figure 1. If data collected during the project indicate that the
recharged water is available for recovery, then Rudd Farms may apply to use some of the
recharged water for irrigation purposes. Otherwise, the recharged water will be left in the
CRBG aquifer to maintain a sustainable groundwater supply in the CRBG aquifer.

In 2018, GSI Water Solutions, Inc. (GS!) performed a fatal flaw level feasibility evaluation
for recharging the CRBG aquifer (Appendix A) (GSI, 2018). Based on a 24 hour aquifer test
of the Basalt Well, a 74 hour aquifer test of Well No. 1, and the number of days that source
water is available each year, we estimate that the Basalt Well may be capable of storing up
to 54.4 million gallons (MG) [167 acre-feet (ac-ft)] per year®. Based on the feasibility
evaluation, the limiting factor on recharge capacity appears to be the rate that the Basalt
Well can accept water (assuming recharge occurs with the water level below ground
surface).

® Longer-term water level monitoring, and an in depth evaluation of trends in recharge and pumping, need to
be conducted to confirm that the water level declines indicate that the current groundwater pumping from
the CRBG is not sustainable. For example, declines in groundwater levels also can be related to reduced
recharge (i.e., short-term climate cycles).

& Assuming recharge from December 1 through April 14, an average recharge rate of 210 gallons per minute
(gpm), and a long-term specific capacity of 1.6 gpm/foot of water level rise.

GSI Water Solutions, Inc. RECE!VED 7
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This report, prepared by GSI, is an AR Limited License application and includes all
information required by Oregon Administrative Rules for AR applications, including the
elements of the required Project Description Report and Hydrogeologic Feasibility Report’.
The following index identifies where information required by the Oregon Administrative
Rules for AR applications can be found in this document. The index was prepared to assist
OWRD in reviewing Rudd Farms AR Limited License application.

OAR information Location in this Document
690-350-0120 (2) July 26, 2018
Pre-Application Conference
690-350-0120 (3) (a) Not Applicable — Source water is not a stream
Minimum Perennial Stream Flow or
Instream Water Right
690-350-0120 (3)(b) Not Applicable — Source water is not a wastewater
DEQ Water Quality Permit
690-350-0120 {3)(c) Section 1 — Introduction
Purpose of Recharge AR Limited License Application Form {Appendix B)
690-350-0120 (3)(d) Section 3 — Pilot Testing Program
Volume of Water Stored AR Limited License Application Form (Appendix B)
690-350-0120 (3)(e) Not Applicable — Recharge diversion is less than 5 cfs
Financial Capability
690-350-0120 (3)(f) Section 2 — Hydrologic and Hydrogeologic Characterization
Hydrogeologic Feasibility Report
690-350-0120 (3)(g) Section 2—Hydrologic and Hydrogeologic Characterization
Project Description Report Section 3—AR Testing Program
Section 4—System Operation and Wellhead Facility Design
690-350-0120 (3)(h) Not Applicable—Not requested at this time
Additional Information
690-350-0120 (4) Not Applicable — Not a required element of an AR LL
Recharge Permit Processing application
690-350-0120 (5)(a) Section 3—AR Testing Program
Maximum Rate and Volume
690-350-0120 (5)(b) Section 4 — System Operation and Wellhead Facility Design
Meters
690-350-0120 (5)(c) Section 3—AR Testing Program
Recordkeeping
690-350-0120 (5)(d) Not Applicable — Not a required element of an AR LL
Estimated Data application
690-350-0120 (5)(e){A) Section 3—AR Testing Program
Monitoring Program
690-350-0120 (5)(e)(B) Section 3—AR Testing Program
Key Wells and Target Levels
690-350-0120 (5)(f) Section 3—AR Testing Program
Determination of Stored Recharge Water

7 Requirements for AR applications are set forth in OAR 690-350-0120, OAR 690-310-0040, and OAR 340-
040. The required elements of the Project Description Report are listed in OAR 690-350-0120(3)(g), and the
required elements of the Hydrogeologic Feasibility Report are listed in OAR 690-350-0120(3)(f).

RECEIVED
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OAR Information Location in this Document
690-350-0120 (S)g) Not Applicable — Not a required element of an AR LL
Storage Account application

690-350-0120 (S)(h)
Annual Report

Section 3—AR Testing Program

690-350-0120 (5)(i}
Allowable Use of Stored Recharge Water

Section 4—System Operation and Weilhead Facility Design

690-350-0120 (5)(j) through (5)(m)
Permit Assignment

Condition Changes

Technical Oversight

Other Conditions

Not Applicable — Not a required element of an AR LL
application, or recharge diversion is less than 5 cfs

340-040
Antidegradation Evaluation

Section 2.3—AR Feasibility Assessment

690-310-0040(1)(a)
Application Form

Application for Limited Water Use License (Appendix B)

690-310-0040(1)(b)
Additional Information Required for a
Permit to Appropriate Groundwater

Section 2—Hydrologic and Hydrogeologic Characterization
Section 4—System Operation and Welthead Facility Design

Appendix B presents a completed Oregon Water Resources Department (OWRD) AR
Limited License application form, Land Use Compatibility Statement, and the
accompanying Limited License map for the proposed AR project. The application was
completed in a manner that allows operational flexibility during the pilot testing period.

1.2 AR Pilot Testing Objectives

The purpose of AR pilot testing is to evaluate AR feasibility and capacity in the CRBG
aquifer, and to develop design criteria for a full-scale operational AR program under an AR
Permit. The pilot testing will be conducted in stages and in a controlled manner designed
to provide the data necessary to develop an initial AR operational plan. The objectives of

the pilot testing are to evaluate:

¢ Wellhead facility operation and response to AR

e Aquifer hydraulic response to AR

e Long-term performance of the AR well

e Optimal rate of recharge and volume of storage

e Potential for recovery

e Chemical compatibility of receiving aquifer water and source water (including an
assessment of mixing, potential well clogging, and potential water quality changes)

e Quality of recovered water over time

e Frequency of redevelopment of the AR well necessary to maintain an acceptable
and sustainable degree of well efficiency during AR operations

GS! Water Solutions, Inc.
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e Potential impacts of AR including loss of stored water (e.g., seeps, surface streams),
water quality degradation, and interference with surrounding wells as a result of
recharge and recovery operations.

The pilot testing described in this AR Limited License Application is designed to meet the
objectives listed above and that can be used to apply for an AR permit.

1.3 Pilot Testing Study Area

The pilot test will be conducted by recharging the CRBG aquifer at the Rudd Farms Basalt
Well, shown in Figure 1. Results from GSI’s 2018 fatal flaw level feasibility evaluation
(Appendix A) indicate that the Basalt Well has the following characteristics:

e Relatively high pumping capacity [production rate of 522 gallons per minute (gpm)
during the 24 hour aquifer test].

e Estimated storage capacity of up to 54.4 MG in a single year.

e Low potential for adverse geochemical effects caused by mixing of receiving water
and source water.

e Depth to water varies widely during the year, ranging from 88 feet below ground
surface (bgs) (at the start of the irrigation season) to 175 feet bgs (at the end of the
irrigation season).

e Low potential for loss of recharged water due to compartmentalization of the CRBG
aquifer.

Additional geologic and hydrogeologic information about the CRBG aquifer is presented in
Section 2.

1.4 Pilot Testing Schedule and Scope
Pilot Testing Schedule

Rudd Farms plans to begin pilot testing immediately following issuance of an AR Limited
License by OWRD, and plans to recharge the CRBG aquifer each year from December
through April 14. This recharge time period is based on GSI’s assumption that OWRD will
find a potential for substantial interference (PSl) between the Source Well and surface
water. Specifically, review of surface water availability in the Grande Ronde Water
Availability Basin® indicates that, at an 50% exceedance level, a Limited License to
appropriate alluvial groundwater for AR storage with assumed PSl is available for

8 Grande Ronde R>Snake R—AB Willow Creek
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December, January, February, March, and April (OWRD, 2018a)°. Surface water is not
available at the 50% exceedance level in November. Depending on the hydraulic response
of the CRBG aquifer to AR, Rudd Farms may recover up to 85% of the AR water under a
secondary permit during the irrigation season (May to October), which will be initially
conducted under a Limited License for recovery pilot testing (an application will be
submitted separately and will be based on AR recharge testing).

Pilot Testing Scope

Source water will be pumped from Rudd Farms’ Well No. 1, and the CRBG aquifer will be
recharged at the Basalt Well (shown in Figure 1). Source water will be treated by
chlorination and filtration to reduce elevated concentrations of manganese in the source
water. The recharge rate is highly depended on the amount of headspace in the Basalt
Well (because Rudd Farms plans to conduct recharge at rates that maintain a water level
below ground surface), but is anticipated to range from 140 gpm to 280 gpm. Note that
Rudd Farms is requesting a maximum rate of 350 gpm on the Limited License application in
Appendix B to account for potentially higher rates to evaluate possible short-term periods
of higher recharge. We estimate that Rudd Farms’ AR program will develop up to 54.4 MG
of storage annually, based on testing of the Basalt Well in October 2017. The 54.4 MG
storage volume equates to storing up to 272 MG of water over the 5 year term of the
Limited License (assuming no recovery of stored water).

The first year of the pilot testing will consist of a shakedown test followed by a full
recharge-storage-recovery cycle (a recovery Limited License to be applied for separately).
The shakedown test will assess the performance of the piping, pumps, valves, and controls,
and will last about one day. During this test, a relatively small volume of water will be
recharged and recovered to evaluate initial system operations. The full AR cycle (i.e.,

Cycle 1) will more closely approximate an operational-scale AR cycle, and will be used to
evaluate the aquifer response to AR.

? Well No. 1 is located approximately 1.25 miles from the Grande Ronde River, and less than 0.5 miles from
Canyon Creek/Wright Slough, which is a tributary to the Grande Ronde River.

RECEIVED
GSI Water Solutions, Inc. NOV 9 7 2019 11
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2. Hydrologic and Hydrogeologic
Characterization

This section characterizes the hydrology and hydrogeology in the Grande Ronde Valley,
where Rudd Farms is located. The hydrologic and hydrogeologic information is used to
evaluate the feasibility of AR, and to develop the AR testing program under this Limited
License. This section is organized as follows:

e Section 2.1: Hydrology in the vicinity of Rudd Farms.
e Section 2.2: Geology and hydrogeology in the vicinity of Rudd Farms.
e Section 2.3: AR feasibility at Rudd Farms.

2.1 Hydrology
Grande Ronde River Basin Hydrology

Rudd Farms is situated in the Grande Ronde River Basin. With a drainage area of about
4,000 square miles and total length of about 212 miles, the Grande Ronde River is the
largest surface water body in the basin, and drains the Wallowa Mountains to the
southeast and the Blue Mountains to the west and northwest. The River flows into the
Snake River at Hells Canyon (Kelly and White, 2016).

Surface Water Availability

As required by Oregon Administrative Rule (OAR) 690-009, OWRD considers groundwater
wells in proximity to the Grande Ronde River to be hydraulically connected to the alluvial
aquifer. Therefore, OWRD considers Well No. 1 to be hydraulically connected to the
Grande Ronde River. A review of water availability in the Grande Ronde Water Availability
Basin!® indicates that, at an 50% exceedance level, a Limited License for pumping alluvial
groundwater with assumed PSl is available for December, January, February, March and
April (OWRD, 2018a)!t. Water is not available for November at the 50% exceedance level.
Results from OWRD’s online Water Availability Analysis tool are provided in Appendix C.

2.2 Geology and Hydrogeology

The following discussion of the geologic and hydrogeologic setting at Rudd Farms is based
on studies conducted by the Oregon Department of Geology and Mineral Industries

10 Grande Ronde R>Snake R—AB Willow Creek

" Well No. 1 is located approximately 1.25 miles from the Grande Ronde River, and less than 0.5 miles from
Canyon Creek/Wright Slough, which is a tributary to the Grande Ronde River.
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(DOGAMI) and United States Geological Survey (USGS) (DOGAMI, 2015; DOGAMI, 2016;
Hampton and Brown, 1964), and data from the Oregon Water Resources Department
(OWRD, 2017).

Geologic Setting

The Grande Ronde Valley is a fault-bounded graben that has been filled by over 2,400 feet
of alluvial sediments. A map showing surficial geology in the vicinity of Rudd Farms is
provided in Figure 3, and cross sections showing the occurrence, thickness and depths of
geologic units are provided in Figure 4 and Figure 5. There are three geologic units at Rudd
Farms, including (from youngest to oldest):

e Valley-Fill Deposits. The Valley-Fill Deposits are Neogene- and Quaternary-aged
sediments deposited within the past 23 million years. The deposits are primarily
composed of unconsolidated to weakly consolidated silts, sands, gravels, and tuffs
of alluvial and/or volcaniclastic origin, ranging in thickness from 500 feet to more
than 2,400 feet.

o Volcanic Rocks. The sides and bottom of the graben are comprised of volcanic
rocks, including the Powder River Volcanic Field (PRVF) and the Columbia River
Basalt Group {(CRBG):

o Powder River Volcanic Field. The PRVF underlies the Valley-Fill Deposits
and originated from a sequence of lava flows in the Wallowa Mountains.
Composed of volcaniclastic rocks including basalts, andesites, dacites, and
tuff breccias, the PRVF extends across the Grande Ronde Valley, with
thicknesses ranging from 200 feet to over 950 feet. The PRVF is surficially
exposed at topographic highs including the Wallowa Mountains, and, to a
lesser extent, the Blue Mountains.

o Columbia River Basalt Group. Underlying the PRVF and originating from a
sequence of extensive regional flood basalts that erupted in eastern
Washington, the CRBG is composed of multiple individual basalt flows.
The composition of each flow member generally includes a weathered
flow top, a dense columnar interior, and a weathered flow bottom. The
CRBG is the primary rock forming the bottom and sides of the graben, with
thicknesses locally reaching over 3,000 feet. The CRBG is surficially
exposed at topographic highs including the Blue Mountains and Wallowa
Mountains.

Structurally, the Grande Ronde Valley is characterized by a high concentration of
northwest trending faults and folds (see Figure 3). As shown in the Figure 4 and Figure 5
cross sections, displacements along the faults range from 1,200 feet to 1,800 feet. The
primary structural components of the La Grande Valley include the Blue Mountain anticline

GSI Water Solutions, Inc. RECEIVED 13
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to the west, the Grande Ronde Valley syncline, and the uplifted Wallowa Mountain dome
to the east. These structures occurred following the emplacement of the CRBG and prior
to deposition of the Valley-Fill Deposits.

Hydrogeologic Setting

Groundwater resources of the Grande Ronde Valley primarily occur in two aquifers—the
alluvial aquifer (which corresponds to the Valley-Fill Deposits geologic unit) and the CRBG
aquifer (which corresponds to the Columbia River Basalt Group geologic unit). The PRVF
geologic unit does not produce sufficient volumes of water for irrigation or municipal
water supply purposes and, therefore, is not considered to be an aquifer. An overview of
the hydrogeologic characteristics associated with each aquifer is provided below:

o Alluvial Aquifer. Groundwater in the alluvial aquifer occurs within permeable zones
of the Valley-Fill Deposits geologic unit {i.e., gravels and sands) under unconfined
to semi-confined conditions. In the area of Rudd Farms, the static water level of
the alluvial aquifer is approximately 25 feet bgs, with the groundwater flow
direction oriented towards surface water features. Recharge of the alluvial aquifer
primarily occurs by infiltration of precipitation, irrigation return flow, and losses
from surface water (Hampton and Brown, 1964).

e CRBG Aquifer. Groundwater in the CRBG aquifer occurs within the permeable
interflow zones between basalt flows and exists under confined conditions. In the
Grande Ronde Valley, the CRBG aquifer is generally artesian, with static water
levels up to 90 feet above ground surface (based on a March 2018 water level
measurement at UNIO 2098). The extensive faulting in the valley has likely
compartmentalized the CRBG aquifer, and created hydraulically isolated
compartments with variable water levels, groundwater gradients and flow
directions. Recharge of the CRBG aquifer primarily occurs via precipitation on
surficially exposed sections of the CRBG in the Wallowa and Blue Mountains;
however, the amount of recharge that reaches the CRBG in the center of the valley
may be limited due to aquifer compartmentalization.

Table 2 summarizes hydraulic properties of the alluvial aquifer and CRBG aquifer based on
a pumping test of Well No. 1 and the Basalt Well conducted in October 2017, and USGS
studies of the Grande Ronde Valley.
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Table 2. Aquifer Properties.

_%r;h;rﬁi-ésivity_— Transmissivity:m "Horizontél Hy'/"dr-a-ul_i-c'_ - Stor_a o2

Well ID Early Time Late Time Gradient * (dlmensgnless) ‘
R _(gpd/ft)  (gpd/ft)  {fy/ft)

IV 5,248 2,333 0.0024 0.20

Aquirfed i L SRRt s 5T e e B e S e AN S

CRBG 1,210 NA No Data 0.00005

Aquifer

NQTES:

{1) Based on groundwater contours in Plate 5 and Plate 6 of Hampton and Brown (1964).

(2) Storage for the alluvial aquifer (Well No. 1) is from Driscoll (1986)—the midrange specific yield
for a sand. Storage for the CRBG aquifer (Basalt Well) is from Golder {1996), based on
estimates of storativity of the CRBG aquifer at wells operated by the City of Salem.

gpd/ft = gallons per day per foot

ft/ft = feet per foot

NA = No boundaries observed during aquifer test, so only one transmissivity 15 presented

Other Groundwater Users

GSl identified other groundwater wells in the vicinity of Rudd Farms using OWRD’s online
well log database (OWRD, 2017) and water right mapping system (OWRD, 2018b). We
identified a total of 7 existing alluvial wells within 0.5 miles of Well No. 1, shown in Table 3.
Five of the 7 alluvial wells could be precisely located based on property address, distance
from section corner, or tax lot; these wells are denoted by the latitude and longitude in
Table 4, and are shown in Figure 6. Some of the wells in Table 3 that could not be precisely
located (i.e., wells without latitude or longitude) likely belong to the houses that are visible
in the Figure 6 aerial photo; because no public water supply is available, these properties
obtain water from wells. As shown in Table 3, Well No. 1 is producing groundwater from a
deeper aquifer zone than most of the other alluvial wells.

Table 3. Alluvial Wells Within 0.5 Miles of Well No. 1.

Distance to Well No. 1

© Water  Well Depth

Well ID Right (feet bes) Latitude Longitude (feet)
UN!{O 51770
UNIO 51835 90977 920 45.362485 -117.983947 0
_(WellNo.2) iR G i 18 Sheer
UNIO 705 ° °
_uniozoy %0 SSERT ASssT 140
SO OMAN R B st o o r - BB, 0 - 2 i T v S IR USRI S K b A2 3
UNIO 2533 o o
_UNIO 52564 G-13146 272 45.357914 —117.979_1i9_ 20_70 : ]
UNIO 50227 -- 202 45.366627° -117.992926° 2,757
UNIO 50450 G-13593 720 45.365797° -117.992705° 2,55"9____
UNIOS1734 ~ — 83 45.362845° -117.984210° ool
RECEIVED
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We identified 10 basalt wells within 5.0 miles of the Rudd Farms Basalt Well, shown in
Table 4 and Figure 1. Nine of the 10 basalt wells could be precisely located based on
information in the OWRD Groundwater Information System; these wells are denoted by
the latitude and longitude in Table 4. The remaining well (UNIO 273) was located based on
the quarter-quarter section listed on the driller’s log for the well. As shown in Table 4, the
Basalt Well is producing groundwater from a deeper aquifer zone than other wells
completed in the CRBG aquifer.

Table 4. Basalt Wells Within 5.0 Miles of the Rudd Farms Basalt Well.

Water nght WeII Depth Distance From Basalt Well

Well ID Permit (feet bgs) Latitude Longltude (feet)
NI 37D G 17020 4,045 45.380343 -117.971792 0
(Basalt Well)

- G-12399 ' . o
UNIO 50687 G-16509 3,065 45.409334 -117.968123 10,560
G-17361 Bl -
G-12738 ¥
UNIO 50684 G-15160 3,138 45.398910 -118.006808 11,088
G-15504
G-10365
UNIO 271 G-16933 1,191 45.442865 -117.978165 22,704
UNIO 273 SR5300 45442786  -117.978141 22,704
UNIO2046  G-12359 1802 45433774 -117.964555 19,536
_UNIOS0683  G-12382 2,507 45434689  -117.933597 27 e R
UNIO 325 e G-2739 1,030 - 45 4185§f1 IIIII ) -118.042919 23,232
UNIO 52334 (-16848 1,215 45.401000 -118.050380 21,648
G-6870
UNIO 173 G-15644 1,394 45.438564 -118.009197 22,232
. __G16%3 - e
_ !il}llO 174 I G 29?3___ _1_‘__:§O A 4_5&4_0591 ”-117.996698 22,704
NOTE:

bgs = below ground surface

Groundwater Quality

Groundwater resources of the Grande Ronde Valley aquifers are generally considered to
be of good to excellent quality and suitable for municipal, irrigation, or domestic use with
minimal pre-treatment being required (Hampton and Brown, 1964). In October of 2017,
GSI collected groundwater samples from Rudd Farms’ Well No. 1 and Basalt Well to
characterize the quality of the alluvial aquifer and CRBG aquifer, respectively. Laboratory
results of the groundwater samples from the alluvial aquifer and CRBG aquifer are
summarized in Appendix D. Groundwater quality in each aquifer is summarized below:

RECE
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o Alluvial Aquifer: All water quality constituents in Well No. 1 are below applicable
maximum contaminant levels {(MCLs) and secondary maximum contaminant levels
{SMCLs) with the exception of manganese, which exceeded the SMCL of 0.05
milligrams per liter (mg/L) with a concentration of 0.14 mg/L. SMCLs are non-
enforceable standards in drinking water that are guidelines to help public water
systems in managing drinking water for aesthetic considerations such as color, odor
and taste.

in order to assess potential sources for the elevated manganese, Rudd Farms
collected additional groundwater samples from Well No. 3 and from the Rudd
domestic well, and found similarly high manganese concentrations (0.575 mg/L in
the domestic well'2 and 0.0537 mg/L in Well No. 313). Therefore, the high
manganese in alluvial groundwater appears to be a regional issue related to
naturally-occurring manganese in the alluvial aquifer.

e Columbia River Basalt Group Aquifer: While all water quality constituents in the
Basalt Well were below applicable MCLs and SMCLs, the concentration of fluoride
was over half of the MCL of 4 mg/L with a concentration of 3.1 mg/L.

2.3 AR Feasibility Assessment

The following sections assess the feasibility of Rudd Farms’ proposed AR project from the
perspectives of: (1) whether the volume of water than can be stored is likely to stabilize
water levels in the CRBG aquifer, {2) whether AR can be conducted in conformance with
the DEQ’s antidegradation policy, (3) whether mixing between source water and native
basalt groundwater will produce adverse effects, (4) whether appropriation of
groundwater from Well No. 1 from December to April 14 will injure existing alluvial wells,
and (5) whether recharging the Basalt Well will injure existing basalt wells.

Stabilization of CRBG Aquifer Water Levels

The objective of Rudd Farms’ proposed AR project is to recharge the CRBG aquifer to
proactively mitigate potential future groundwater level declines. To mitigate the impact of
groundwater withdrawal and potentially stabilize groundwater levels in the CRBG aquifer,
the volume that is artificially recharged is targeted to be the same order of magnitude as
the annual volume of water that is pumped for irrigation. The volume of AR does not have
to equal the amount that is pumped because the CRBG aquifer likely receives some
amount of natural recharge.

We estimated the annual storage volume based on the following assumptions:

12 Sample collected on December 22, 2017

13 Sample collected on August 16, 2018
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e Recharge will occur from December 1 through April 14 {135 days).

e The amount of headspace in the Basalt Well ranges from 88 feet!* to 175 feet?®,
which is the depth to groundwater in the Basalt Well at different times of the year
(i.e., seasonal high in the spring and seasonal low at the conclusion of the irrigation
season).

e The specific capacity of the Basalt Well is 1.6 gpm/ft of water level buildup (see
Appendix A for details).

e The Basalt Well can be recharged at a rate ranging from about 140 gpm to
280 gpm, depending on the amount of headspace available prior to the initiation of
recharge and based on the specific capacity of 1.6 gpm/ft of drawup.

As shown on Table 5, we estimate that Rudd Farms’ AR program will develop between 27.2
MG and 54.4 MG of storage annually based on the above assumptions. The annual and
maximum storage volumes developed within Rudd Farms’ AR project may be smaller due
to local hydrogeologic conditions and the constraints of existing well construction, which
will be determined during pilot testing. Rudd Farms currently plans to conduct recharge
while maintaining water levels below ground surface. The storage volume could be
increased by recharging the Basalt Well under pressure (i.e., recharging with the water
level above ground surface), but recharging under pressure is not anticipated at this time.

Table 5. Estimated Storage Volumes.

' Recharge Rate Days of Annual Storage Maximum (5-Year)
Scenario (gpm) Recharge ! Volume Storage Volume
Minimum
4 27.2
_Recharge Rate e b SRR G iy
Maximum

Recharge Rate

280 135 54.4 272

NOTES:

(1) Recharge from December to April 14 each year
gpm = gallons per minute

MG = million gallons

Based on previous water use records for the Basalt Well from OWRD (2018c), the volume
of water pumped during past irrigation seasons ranges from about 75 acre-feet (24.4
million gallons or MG) to 277 acre-feet (930 MG) (OWRD, 2017b)!. Therefore, the AR
project appears to be capable of storing somewhere in the range of the volume of water

1 Measured on March 23, 2016
15 Measured on October 24, 2017
16 Water use records from 2014, 2016 and 2017.
RECEIVED
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withdrawn in recent years, and is likely feasible from the perspective of water storage
volume.

Conformance with Antidegradation Policy

Because the alluvial aquifer and CRBG aquifer are composed of different minerals, receive
recharge from different sources, and contain groundwater with different residence times
in the aquifer, the groundwater in the alluvial aquifer and CRBG aquifer have differences in
geochemistry. As such, introducing alluvial groundwater into the CRBG aquifer will increase
the concentration of some groundwater constituents in the CRBG aquifer, and will
decrease the concentration of other groundwater constituents in the CRBG aquifer.

The AR rules require that Rudd Farms conduct AR in conformance with the Oregon
Department of Environmental Quality (DEQ) groundwater protection rules, which require
that “(a)ll groundwaters of the state shall be protected from pollution that could impair
existing or potential beneficial uses.” The groundwater protection rules further state that
“domestic water supply is recognized as being the use that would usually require that
highest level of water quality”?’.

Table 6 summarizes the 11 constituents with drinking water standards that were detected
in the October 2017 groundwater samples from Well No. 1 or the Basalt Well (see
Appendix D for all water quality data).

Table 6. Groundwater Quality.

Constituent Drinking Water Standard Well No. 1 Basalt Well
Standard (ug/L) (ug/L) {ug/L)
Beclot) e MG o e R
Barum (Total)  MCL 2000 79 15
_Copper(Total)  MCL 1300 36 <2
CCyanide  MCL 200 T
TR e B VIO o S R TG L A DT o e T v S M R
~ sulfate  sMCL 250,000 1,700 _ 9,300
Tmagg;?;f"’e‘j SMCL 500,000 180,000 260,000
e T ——————
AUOTTE IR INIGU 5 5 Tt 0000 CON g2 00] s N i s SO0
~Iron (Total) SMCL gt 300 0 40 B e UB0IS o o i< 0,02
Manganese  SMCL 50 T
NOTES;
MCL = Maximum Contaminant Level SMCL = Secondary MCL ug/L = micrograms per liter

ORANGE text indicates that constituent concentrations differ by at least an order of magnitude

17 See OAR 340-040-0020(3). RECENED
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Most of the detected constituents with drinking water standards (unbolded constituents in
Table 6) have concentrations in source water and receiving water that are the same order
of magnitude. In addition, these constituent concentrations are below drinking water
standards. Therefore, mixing these contituents will meet Oregon'’s groundwater protection
rules. Four of the 11 constituents—chloride, fluoride, iron, and manganese, shown in bold
in Table 6—have concentrations in source water and receiving water that differ by at least
an order of magnitude. AR will significantly decrease the concentrations of chloride and
fluoride in the CRBG aquifer, which meets Oregon’s groundwater protection rules.

AR will significantly increase the concentrations of iron and manganese in the CRBG
aquifer. lron concentrations in source water are below the drinking water standard (SMCL)
and therefore will not impair the beneficial use of the CRBG aquifer groundwater for
domestic drinking water purposes. However, manganese was detected above the drinking
water standard (SMCL) of 50 ug/L in the alluvial aquifer, and was detected at very low
concentrations in the CRBG aquifer (4.6 ug/L). Therefore, manganese could impair the
beneficial use of groundwater in the CRBG aquifer for domestic purposes. Rudd Farms
plans to treat alluvial groundwater to reduce manganese concentrations in source water to
below the SMCL, thereby protecting groundwater quality to its highest beneficial use of
domestic supply and conforming to DEQ’s groundwater protection rules. Additional
information about source water treatment for manganese removal is presented in

Section 4.

Source and Receiving Water Geochemical Compatibility

Mixing groundwaters with different geochemistry has the potential to cause adverse
effects on the aquifer or well (e.g., precipitation of minerals on the Basalt Well’s screen,
which reduces the injection capacity at the well). If mixing source water and receiving
water do not produce adverse effects, then the waters are considered to be
“geochemically compatible.” S.S. Papadopulos & Associates, Inc. (SSPA) evaluated whether
source water and receiving water were geochemically compatible using the USGS
geochemical mixing model PHREEQC (Parkhurst and Appelo, 1999) and groundwater
quality data collected from Well No. 1 and the Basalt Well in October 2017. The SSPA
memorandum is provided in Appdendix A.

SSPA predicts that a mixture of source water and receiving water would be saturated or
supersaturated in silica minerals (quartz and chalcedony), carbonate minerals (calcite,
dolomite), and iron and manganese minerals (iron hydroxide, pyrolusite, bixbyite, and
hausmannite), meaning that these minerals have a tendency to precipitate in the Basalt
Well. However, SSPA’s analysis indicates that it is unlikely that silica minerals and calcite
minerals would precipitate because the precipitation kinetics of silica are extremely slow,
and calcite precipitation requires a high nucleation energy. Iron and manganese
precipitation is possible but, at the current concentrations, the amount of precipitate is
likely to be negligible based on observations from existing Aquifer Storage and Recovery
systems that are completed in the CRBG aquifer in Oregon and have similar concentrations

iy
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of iron and manganese in source water. Additionally, the potential for iron and manganese
precipitation will become less likely once the concentrations of iron and manganese are
reduced after source water treatment.

We find that the potential for adverse effects to the Basalt Well (e.g., precipitation of
minerals in the well) is unlikely to occur when receiving water and source water are mixed.
Therefore, the AR project appears to be feasible from the perspective of mixing
groundwaters with different geochemistries.

Injury to Existing Alluvial Wells

GSI used the Theis equation to evaluate potential injury to existing alluvial wells caused by
pumping Well No. 1 for an additional 135 days (December 1 to April 14) (e.g., Driscoll,
1986):

__ 1.87(r?)(8)

S:M—)-*W(u) u
T Tt

(1)

Where:
s = drawdown (feet)
Q = pumping rate rate {(gallons per minute)
T = transmissivity (gallons per day per foot)
t = time (days)
r = radial distance from the well with a drawdown of s (feet)
S = storativity (dimensionless)

w n

GSl used the Theis equation instead of the Cooper Jacob equation because “u” was greater
than 0.01 over much of the radii of interest (the Cooper Jacob equation cannot be used

" n

when “u” is greater than 1). Specifically, the Theis equation was used to estimate the
maximum amount of drawdown that will occur in vicinity alluvial wells (Table 3), under the
following assumptions:

e Rudd Farms continuously recharges (ie. pumps at Well No. 1) from December 1
through April 14 (135 days).

e Well No. 1 pumps at a rate of 280 gpm. This rate is conservative because it is likely
the maximum possible recharge rate based on available headroom in the Basalt
Well, and is anticipated only to occur during the beginning of the recharge season.
We estimate that the actual recharge rate will be between 140 gpm and 280 gpm
(Appendix A). Recharging at a higher rate is conservative because it produces
larger estimates of water level drawdown.

e The specific yield of the alluvial aquifer is 0.20, and the transmissivity is 2,333
gallons per day per foot (gpd/ft) (see Table 2). We are using a late-time
transmissivity because it is representative of long-term AR operation.

RECEIVED
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Theis equation calculations are provided in Appendix E. The Theis equation indicates that
the cone of depression (i.e., groundwater drawdown) from pumping Well No. 1 for 135
days will extend about 1,060 feet from the well (defining the cone of depression by the 1-
foot drawdown contour). Only one well (UNIO 51734, an 83 feet deep domestic well that
serves the Rudd Farms shop, about 150 feet north of Well No. 1) is located within the cone
of depression. The Theis equation predicts that pumping Well No. 1 at 280 gpm for 135
days will cause about 42 feet of drawdown in UNIO 51734, which may significantly impair
the ability of this well to produce sufficient water for domestic supply purposes. However,
the Theis equation is based on multiple simplifying assumptions that result in over-
prediction of drawdown in UNIO 51734. For example, the Theis equation assumes that
Well No. 1 and UNIO 51734 are completed at the same depth horizon and draw water
from the same water-bearing zone (in reality, UNIO 51734 is perforated from 40 to 80 feet
bgs, and Well No. 1 is draws water from 180 feet bgs to 920 feet bgs). We do not
anticipate that pumping Well No. 1 at 280 gpm will adversely affect UNIO 51734 because
the wells pump groundwater from different depth horizons. To illustrate this, consider that
Well No. 1 pumps at a significantly higher rate (about 800 gpm) during the irrigation
season, and UNIO 51734 is able to produce sufficient water for domestic supply.

Because all other alluvial wells within 0.5 miles of Well No. 1 that could be accurately
located are more than 1,060 feet from Well No. 1, we conclude that pumping Well No. 1
under this AR Limited License will not cause injury to existing alluvial wells.

Injury to Existing Basalt Wells

GSl used the Cooper Jacob equation to evaluate potential injury to existing basalt wells
caused by recharging the basalt well (e.g., Fetter, 1988):

. 2.303(Q) «lo (2.25(T)(t)) (2)

4anT r2s

Where:
s = drawdown (feet)
Q = pumping rate rate (cubic feet per day)
T = transmissivity (square feet per day)
t = time (days)
r = radial distance from the well with a drawdown of s (feet)
S = storativity (dimensionless)

The Cooper Jacob equation could be used because “u” was less than 0.01 for all radii of
interest. The Cooper Jacob equation conservatively assumed that all existing basalt wells in
the CRBG aquifer are hydraulically connected (which is unlikely due to
compartmentalization of the CRBG aquifer), and was used to estimate the maximum
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amount of water level rise in these wells caused by recharging the Basalt Well, under the
following assumptions:

e Rudd Farms continuously recharges from December 1 through April 14 (135 days).

e Wateris recharged at a rate of 280 gpm (53,300 cubic feet per day). As was
discussed previously, this is a conservatively high recharge rate.

e The storativity of the basalt aquifer is 0.00005, and the transmissivity is 27,089
gpd/ft (3,621 square feet per day)®.

Cooper Jacob calculations are presented in Appendix E, and are summarized in Table 7.
We estimate that the water level rise in basalt wells within 5.0 miles of Rudd Farms {all of
which are artesian) will range from 4.0 feet to 6.3 feet of water (1.7 pounds per square
inch to 2.7 pounds per square inch).

Table 7. Predicted Water Level Buildup in Basalt Wells Within 5.0 Miles of the Rudd Farms
Basalt Well.

istance rrom Buildup

Well ID V:’fZ'(:tD;g":)h Well No. 1 iy
B _(feet) .
UNIO 50687 3,065 10560 6.3
Cowosoest  sis w62
UNIO 2046 1802 19,536 a8
UNIO 52334 1,215 21,648 46
B ONIGI50683 00 N e 50 A R o 7, 176 B S 4.5
UNIO325 1,030 23232 44
_CUBTOREERS S0 D e )
_UNIO174 1550 22704 44
AUNIO; 271 ol 30T 19 1 SRR B a2 2 704 B o A S ERT
_ uwio273 1300 2704 45

The predicted pressure increase at the basalt wells is minor, and can be accommodated by
standard well seals. Recalling that artesian pressure in several basalt wells in the Grande
Ronde Valley has declined over the past 30 years, the predicted artesian pressure at some

'8 The transmissivity at the Basalt Well based on a time-drawdown analysis is 1,210 gpd/ft (Appendix A).
However, using this transmissivity for the CRBG aquifer in the Cooper Jacob equation results in a drawdown
of 785 feet in the Basalt Well after 24 hours of pumping, which is unrealistic. The transmissivity calculated
from the Basalt Well test is therefore biased low because of well inefficiencies. Razack and Huntley (1991)
provides an equation for calculating transmissivity from specific capacity based on an empirical relationship
between transmissivity and specific capacity derived from 215 wells. Using Razack and Huntley (1991), we
find that the transmissivity of the Basalt Well is 27,089 gpd/ft. Using this value in the Cooper Jacob equation
produces a drawdown of about 44 feet in the Basalt Well after 26 hours of pumping, which agrees
reasonably well with the observed drawdown of 100 feet in October 2017 testing (assuming the Basalt Well
is 44 percent efficient).
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wells during AR is less than the pressure when the well was originally drilled (see historical
artesian pressures at UNIO 2046 and UNIO 50683 in Figure 2). This indicates that the well
seals can accommodate the pressure increases that occur as a result of AR. Therefore, it is
likely that AR will be feasible from the perspective of impact to other basalt wells.

GSI Water Solutions, Inc. RECEIVED 4
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3. AR Pilot Testing Work Plan

This section presents a work plan for AR pilot testing. Pilot testing under the AR Limited
License will be similar each year, except that Year 1 will include additional baseline testing
and a shakedown test that are not part of Years 2 through 5. Therefore, the work plan for
Year 1 is separated from the work plan for Years 2 through 5 in this section. This section is
organized as follows:

e Section 3.1: An overview of the AR pilot test objectives, wells, recharge rates and
volumes, schedule, backflushing requirements, pump to waste requirements, and
contingencies for water disposal (applies to all years).

e Section 3.2: Year 1 AR pilot testing {baseline testing, shakedown testing, and a full
AR cycle).

o Section 3.3: Year 2 to Year 5 AR pilot testing (full AR cycles).

3.1 Pilot Testing Overview

Under a Limited License, AR systems are pilot tested to determine the ultimate size and
scope of the AR system (e.g., storage volume, recharge rate, etc.). Results from the pilot
testing are used to provide long term operational characteristics for the project and inform
the conditions of the AR permit.

Pilot Test Objectives

A cycle of AR consists of recharge, storage, and recovery. Data are collected during AR
cycles to meet the following objectives:

e Recharge. Data collected during recharge are used to assess the extent and
magnitude of head (i.e., pressure) buildup in the CRBG aquifer, potential for loss of
stored water, well efficiency changes at the Basalt Well as a result of recharge,
effectiveness of the manganese treatment system, and to verify that source water
meets regulatory standards and does not violate DEQ’s antidegradation policy.

e Storage. Data collected during storage are used to determine the degree to which
the head buildup in the CRBG aquifer is maintained and any changes to stored
water quality during storage.

e Recovery. Data collected during recovery are used to determine if the quality of the
stored water changes during storage, to evaluate loss of stored water during
storage, and to identify changes in well performance over several cycles of
recharge.

RE ks EPJED
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Pilot Testing Scope (Wells, Schedule and Storage Volume)

The Rudd Farms AR System is composed of the following wells, which are listed in Table 1
and shown in Figure 1:

e The Source Well {Well No. 1)

e The AR Well (Basalt Well)

e An observation well (Schwepke Well), which is an existing basalt irrigation well.
Historically, the Schwepke Well has been inactive from November through March®,

so the well can be used to monitor water level response to AR during most of the
recharge period

The following bullets summarize the anticipated operational schedule and storage volumes
of the AR System, which may change based on irrigation needs, results from each year of
AR pilot testing, and unforeseen factors (equipment failure, well maintenance, staffing
needs, etc.):

e Recharge from December 1 through April 14

e Recharge rates that vary from 140 gpm to 280 gpm, and may peak at 350 gpm for
short durations

e Annual storage volume of between 27.2 MG to 54.4 MG
e Maximum (5 Year) storage volume of 136 MG to 272 MG

No system losses (i.e., conveyance losses) are anticipated when water is conveyed
between Well No. 1 and the Basalt Well, however, this will be verified by comparing flow

totalizer measurements collected at the source well and the Basalt Well during AR pilot
testing.

Recovery of AR Water

Depending on the hydraulic response of the CRBG aquifer to AR, Rudd Farms may apply to
recover up to 85% of the recharged water during the first five years of AR. During
subsequent years of recharge, Rudd Farms may apply to recover more that 85% (if data
support less potential for loss of stored water)®. If Rudd Farms plans to recover recharged
water under an AR recovery Limited License, then it will submit an application to OWRD
after or near completion of recharge pilot testing, approximately one month before the
proposed start date of recovery of AR water. Rudd Farms understands that, for accounting
purposes, withdraws of water under an AR Recovery Limited License must occur before
any withdraws of water under the Basalt Well's water right.

% Based on OWRD Water Use Reporting data from 2011 through 2017, available online at:
https://apps.wrd.state.or.us/apps/wr/wateruse_query/wr_wur_entity report.aspx?directory id=106947&st
art year=&end year=.

% See OAR 390-350-0130(3)
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Monitoring (Water Quality, Water Level, Water Quantity)

Rudd Farms will monitor water quality, water quantity, and groundwater levels during each
AR Cycle. The specific AR monitoring program is described in Section 3.2 (Year 1) and
Section 3.3 (Year 2 through Year 5).

Duration of Limited License

To implement Rudd Farms’ AR project, Rudd Farms is requesting an AR Limited License
with a duration of five years, with the option to extend the AR Limited License by 5-year
periods to allow for potential modifications of and continued operation of the AR system.

Backflushing

Backflushing of the Basalt Well is conducted to remove fine material (rust or fine
silts/sands) that is entrained in water from Well No. 1 and enters the Basalt Well during
recharge. Backflushing frequency typically depends on a number of well-specific factors. As
a starting point, the Basalt Well will be backflushed every two weeks during recharge.
Backflushing frequency for the Basalt Well may be modified in the future based on changes
in specific capacity over time during recharge. Backflushing will consist of pumping the
basalt well at a rate of about 130% of the recharge rate (i.e., backflushing will occur at a
rate of at least 375 gpm). The reason for pumping to waste at a rate that is higher than the
recharge rate is to remove fine material from the basalt aquifer by imparting more energy
on the well than occurs during recharge. Backflushing will consist of two cycles of pumping
that last 20 minutes each, with a 20 minute rest in between each cycle.

Pump to Waste Before Recharge

Prior to injecting any water into the Basalt Well, Well No. 1 will be turned on and pumped
to waste at the Basalt Well wellhead, where it will infiltrate into surficial soils. Pumping to
waste before injection flushes particulate material from the conveyance piping. Water will
be pumped to waste until it is visually clear, and then will be injected into the Basalt Well.

Water Disposal Contingency Plan

It is highly unlikely that quality of the recharged water will become impaired during
storage, based on the water quality analysis and geochemical mixing evaluation
(Appendix A) and GSI's experience with AR systems in CRBG aquifers. However, in the
unlikely event that the quality of the recharge water becomes impaired or the recovered
water is unacceptable, all of the water recharged into the aquifer will be recovered and
pumped to waste (discharged to ground and allowed to infiltrate near wellhead) or
managed in accordance with DEQ permits for disposal (if necessary).
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3.2 Year 1 AR Testing

The first year of AR testing will consist of baseline testing and a shakedown test (Section
3.2.1) in addition to performing one cycle of AR operations (Section 3.2.2).

3.2.1 Baseline AR Testing and Shakedown Testing

Baseline testing is performed to establish conditions in the aquifer and wells prior to AR,
and to ensure proper functioning of equipment (i.e., valves, flow totalizers, etc.). Baseline
testing and shakedown testing are discussed in the following sections.

Baseline Testing

Baseline testing includes water quality monitoring, water level monitoring, and well
performance testing.

Baseline Water Quality. Baseline water quality monitoring at Well No. 1 and the
Basalt Well has already been completed (samples collected in October 2017).
Groundwater quality samples were analyzed for all water quality standards set
forth in Oregon’s Aquifer Storage and Recovery (ASR) rules?!. Results of the
baseline water quality monitoring are provided in Appendix A, and were discussed
in Section 2.3.

Baseline Water Level. Baseline water level monitoring will be performed at Well No.
1, the Basalt Well, and Schwepke Well at least one month prior to the beginning of
recharge. Water levels will be recorded hourly with a down hole pressure
transducer and data logger, and will be measured manually when the pressure
transducer is installed.

Baseline Well Performance. A performance test will be conducted at the Basalt
Well in Spring 2020 to assess the baseline (pre-AR) performance of the well. The
baseline performance test will be compared to future performance tests to assess
the performance of the Basalt Well after each recharge cycle. The performance test
will consist of the following steps:

L OAR 690-350-0020. At the time the samples were collected, Rudd Farms anticipated permitting this
project under the ASR rules. Water quality sampling requirements under the ASR rules {OAR 690-350-0020)
is more extensive than water quality sampling under the AR rules (OAR 690-350-120).
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o Measure the static water level.
Pump the Basalt Well at the full rate for two (2) hours and measure the
pumping water level.
Turn off the pump.
Calculate specific capacity (i.e., pumping rate divided by drawdown).

Shakedown Test

Before initiating the first cycle of AR operations, a shakedown test will be performed that
will consist of:

e Recharge Test. The Basalt Well will be recharged with source water from Well
No. 1 for about four hours to test and confirm proper functioning of pipes, valves,
flow totalizers, and wells during recharge. Adjustments will be made as required.

e Recovery Test. After the recharge, the Basalt Well will be pumped to confirm
proper functioning of pipes, valves, flow totalizers, and wells during recovery. All
recharged water will be recovered. Recovered water from the shakedown test will
be pumped-to-waste (discharged to ground near wellhead and allowed to
infiltrate) or will be distributed into Rudd Farms’ irrigation system.

The shakedown test is anticipated to last approximately one or two days.

3.2.2 Cycle 1 AR Testing

Following the completion of baseline monitoring and the shakedown testing, the first cycle
of AR operations will be performed (Cycle 1). The duration of Cycle 1 will be dependent on
climate, irrigation needs, and unforeseen equipment failure. For planning purposes, we are
proposing an anticipated schedule that involves conducting 135 days of recharge (i.e.,
December 1 through April 14) and 30 days of storage (April 15 through May 15). Recovery
would begin on May 16 under the water right for the Basalt Well.

Cycle 1 AR Water Quality Testing

Water quality testing will involve collecting water quality samples at Well No. 1, the Basalt
Well, and the Schwepke Well. The Cycle 1 water quality testing program consists of three
analyte groups designated as Group A, Group B, and Group C, as shown on Table 8 (which
is attached to the end of the report text). Each analyte group provides information on a
different aspect of AR (e.g., manganese treatment, tracking loss of stored water, etc.). A
general description of each analyte group is provided below:
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e Group A. A comprehensive list to ensure that AR is meeting the requirements of
Oregon’s Groundwater Protection Rules. Includes most contaminants regulated
under OAR 340-040 and OAR 333-061.

e Group B. A list of general geochemical parameters and metals to evaluate the
response of the CRBG aquifer to recharge. Specifically, these parameters are
required to make piper plots and stiff diagrams, or are parameters that are
significantly different in CRBG groundwater and alluvial groundwater (see
Table 6).

e Group C. A targeted list of constituents with elevated background concentrations
(ie. manganese) and disinfection byproducts to evaluate treatment effectiveness.

Cycle 1 water quality testing will be performed in accordance with the water quality testing
schedule presented on Table 9. The frequency of water quality testing and suite of
analyzed constituents may be altered if data indicates that changes to water quality testing
are warranted. For samples collected during recharge and storage, sample collection times
are denoted in terms of days since recharge or storage began. Samples will only be
collected if that day of recharge or storage is reached. For example, if recharge only lasts
90 days, the “Day 120” sample of recharged water will not be collected.

Table 9. Cyclel Water Quality Monitoring.

AR Stage Time WellNo. 1 Basalt Well Schwepl.(e Well
(Source Well) (AR Well) (Observation Well)
S e Day 1(AtStartup) = _Groupc __ : __;._________ Group S
~ Day30 (Yan1) I e R s v o i a BGroUp B
Recharge Day 60 (~Feb 1) Group B & Mn. TS _.:__ Grou;;_B 5
Day90(Marchl)  Mn S GroupB
‘Day 120 (~April 1) Mn S s R G rouplB
~ Storage Day14 = e nlaig Group B Group B .
SRR Doy AR o S AGroln A S BN GroUpIB Y|
Recovery _50% of Recovery Volume =" oup/s S G ol
_ 100%ofRecoveryVolume - GroupB  GroupB
NOTES:

(1)  Collect sample before injection starts

Mn = Manganese

Group A, Group B, and Group C analyte suites are shown in Table 8, which is attached to the end
of the report text.

Cycle 1 AR Water Level Monitoring

Water level monitoring will be performed at Well No. 1, the Basalt Well, and the Schwepke
Well. Water levels will be monitored hourly with a down-hole pressure transducer and
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data logger. In addition to transducer measurements, water levels will be measured
-manually twice each year. The purpose of manual water level measurements is to confirm
that transducer measurements are accurate. The first manual water level measurement
will occur in March (to correspond with water level monitoring required by Rudd Farms’
water rights). The second manual water level measurement will occur during a summer
month during recovery (to correspond with water quality sampling during recovery).

Basalt Well Performance Test

A well performance test will be performed at the Basalt Well at the start of the recovery
phase that will be structured to match the baseline performance test completed at the
Basalt Well prior to AR. Results of the performance test will be compared to the baseline
performance test to assess changes in well efficiency following the completion of one AR
cycle. The performance test will consist of the following steps:

e Measure the static water level.

e Pump the Basalt Well at the full rate for two (2) hours and measure the pumping
water level.

e Turn off the pump.

e (Calculate specific capacity (i.e., pumping rate divided by drawdown).

3.3 Cycle 2 through Cycle 5 AR Operations

The results of the Cycle 1 of AR will be evaluated and used to optimize and fine-tune Rudd
Farms’ AR project in subsequent cycles. The objective of AR operations during Year 2
through Year 5 is to develop larger storage volumes in support of stabilizing groundwater
levels of the CRBG aquifer and improve the overall efficiency of Rudd Farms’ AR system.
The anticipated AR operations plan for a subsequent year will be included with each AR
annual report submitted to OWRD. Any modifications to the water level or water quality
monitoring plan as outlined in this work plan will be submitted to OWRD for review and
approval.

Cycle 2 to Cycle 5 Water Quality Testing

Water quality testing during Cycle 2 through Cycle 5 is shown in Table 10. If data collected
during pilot testing indicate that changes to the water quality testing program in Table 10
are necessary, Rudd Farms will communicate the changes to OWRD in the Annual Report
that is submitted prior to the change taking effect (or by email, if notification is necessary
prior to the Annual Report due date).
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Table 10. Cycle 2 to Cycle 5 Water Quality Monitoring.

AR Stage Time Well No. 1 Basalt Well Schwepke Well
g (Source Well) (AR Well) (Observation Well)
Baseline Day 1 (At Startup) Group A ~ Group A’ GroupB*
pRechatge S eilDay 30 lanill sl S SUaMNin i i Goa ittt |
Day60(*Febl)  GroupB&Mn R e
e il DY SOUGMAr I GRSt M cll it it St e
Loiid i iDay 120(FApnLT) Mn Sl o e s GLOUD B
Storagg_ Day 14 oS _ Group B Gre_g_g B__ =
= Day 1 YR Group A Group B
Recovery _SP%SEZLW\_/O_I_UTE__“_': Sy N .._,.___.___G__l:?_u_p.._B_.___._____-__._ETEE_%__.____
of Recovery 5
Volume Sy S sl
NOTES:

(1)  Collect sample before injection starts

Mn = Manganese

Group A, Group B, and Group C analyte suites are shown in Table 8, which is attached to the end
of this report text.

Cycle 2 to Cycle 5 Water Level Monitoring

Water level monitoring during Cycle 2 through Cycle 5 is planned to be identical to that of
Cycle 1. If data collected during pilot testing indicate that changes to the water level
monitoring program are necessary, Rudd Farms will communicate the changes to OWRD in
the Annua! Report that is submitted prior to the change taking effect (or by email, if
notification is necessary prior to the Annual Report due date).

3.3 Determination of Stored Water Available for Recovery

AR projects typically use water level changes in “key wells” to determine the amount of
stored water that is available for recovery. However, it is not economically feasible for
Rudd Farms to install multiple key wells in the CRBG aquifer, at depths exceeding 4,000
feet bgs. In addition, key wells are not technically required to assess water availability for
recovery because the CRBG aquifer is likely compartmentalized, and there is not a
potential for loss of stored water. Data collected during pilot testing will be used to
evaluate compartmentalization of the CRBG aquifer.

If data collected during recharge and storage indicates that the CRBG aquifer is
compartmentalized (and that there is no loss of stored water), Rudd Farms’ AR project
proposes a formula that relies on quantities of recharge metered at the Basalt Well’s flow
totalizer. Specifically, 85% of water that is metered recharging the Basalt Well will be
available for recovery, per OAR-690-350-0120 (5)(f), during the first five years of the
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Limited License. Additional analysis of potential loss of stored water will be evaluated
through pilot testing, and a higher recovery percentage may be requested during
subsequent recharge permits if data support it (see OAR-690-350-0130).

3.4 Reporting

As required by OAR-690-350-0120 (5)(c), Rudd Farms’ AR project will maintain records of
metered quantities of water, water levels, water quality, and other pertinent information.
Recordkeeping will conform to the standards and protocol of the guality assurance and

quality control plan outlined in Section 7 and the recordkeeping form included in Appendix
F.

At the end of each year, Rudd Farms will compile records and submit an annual report to
OWRD and any other applicable regulatory agencies (ie. DEQ) in fulfillment of OAR-690-
350-0120(5)(h) that includes the following report structure and components, at a
minimum:

1. Executive Summary

2. Project Description

e Introduction
e Existing Site Conditions
3. Pilot Test Results
e AR Recharge and Recovery Rates and Volumes (stored water and native
groundwater)

e AR Well Performance during Recharge and Recovery
4. Water Quality Monitoring

e Data Collection
e Recharge Water Quality
e Recovered Water Quality (All recovery-related data will also be provided as
part of a secondary Limited License for use of artificially recharged waters, if
one is submitted).
e Chemical Reactions
5. Water Level Monitoring and Aquifer Response

e Data Collection
® Results
6. Conclusions
7. Proposed ASR Operations Plan for the Subseguent Year

Annual reports will be submitted at the end of each water year (November), before the
initiation of the subsequent year’s AR operations.
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4. AR System Operation and Wellhead Facility
Design

This section details aspects related to the design and operation of Rudd Farms’ AR system,
including the existing water supply infrastructure for use in an AR system; proposed
infrastructure modifications and associated cost estimates; and plans for project
construction. This section is organized as follows:

e Section 4.1: The existing water supply infrastructure for use in an AR system.
e Section 4.2: Proposed infrastructure modifications.

e Section 4.3: Plans for constructing and implementing water supply infrastructure
for use in an AR system.

4.1 Existing AR System Construction and Capacity

The design and operation of Rudd Farms’ AR system will follow the rules outlined in OAR
690 Division 350 (Artificial Groundwater Recharge) and Division 250 (Well Construction
Standards). The following subsections provide an overview of the design and operation of
AR infrastructure for Rudd Farms’ proposed AR system.

4.1.1 Source Well

Rudd Farms’ AR project proposes to use alluvial groundwater from Well No. 1 as source
water for recharge. Well No. 1 is located approximately 2,589 feet west and 44 feet north
of the west quarter corner of Township 2 South, Range 39 East, Section 29 (see Figure 6).

Existing Construction

Well No. 1 is 920 feet deep. The construction of Well No. 1 (well log and as-built diagram)
are included in Appendix G.

Well No. 1 must meet current well construction standards in the Oregon Administrative
Rules to be authorized by OWRD for AR use. GSI reviewed the construction of Well No. 1
(as reported on well log UNIO 51770/51835) to evaluate whether existing well
construction meets Oregon Administrative Rule requirements:

e Well Seal. Well No. 1 is sealed to a depth of 110 feet bgs with cement and
bentonite, in between the 24-inch diameter outer casing and 36-inch diameter
borehole wall (i.e., seal thickness exceeds the 4-inch minimum thickness and depth
requirements of OAR 690-210-140).

e Well Casing. Well No. 1 casing consists of:

o 16-inch diameter, 0.250-inch gauge steel to 210 feet Qgg_,
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o 16-inch diameter, 0.375-inch gauge steel from 220 feet bgs to 510 feet bgs,
and

o 10-inch diameter, 0.250-inch gauge steel from 520 feet bgs to 880 feet bgs.

These casing gauges meet the requirements of OAR 690-210-0190(3) for steel
casing.

In summary, the existing construction of Well No. 1 meets current Oregon Administrative
Rules water well construction standards and is sufficient for use as an AR extraction well.

Well No. 1 Production Capacity

Well No. 1is capable of meeting the recharge rate target of up to 280 gpm described in
this Limited License. This conclusion is based on a 74 hour constant rate pumping test that
GSI performed at Well No. 1 in October 2017. During the test, the pumping rate was 795
gpm (Appendix A). GSI extrapolated the specific capacity vs. time data from the test to
estimate a long-term (135 day) specific capacity of 2 gpm/ft at Well No. 1. The 135 day
specific capacity was selected to be representative of a 135 day recharge cycle. Assuming a
static groundwater level of 15 feet bgs and a well screen depth of 180 feet bgs, Well No. 1
is able to produce 360 gpm when pumping 24 hours per day for 135 days without
unsaturating the well screen.

4.1.2 Basalt Well

Rudd Farms’ AR project proposes to artificially recharge the CRBG aquifer using the Basalt
Well. The Basalt Well is located approximately 510 ft east and 1,430 feet south of the
northwest corner of Township 2 South, Range 39 East, Section 20 (see Figure 1).

Existing Construction and Capacity

The Basalt Well is 4,045 feet deep. Construction specifications associated with the Basalt
Well (well log and as-built diagram) are included in Appendix G.

The Basalt Well must meet current well construction standards in the OARs to be
authorized by OWRD for AR use. GSI reviewed the construction of the Basalt Well (as
reported on well log UNIO 52415) to evaluate whether existing well construction meets
OAR requirements:

o Well Seal. The 22-inch diameter lower borehole is more than four inches in
diameter greater than the 16-inch diameter permanent well casing, and is
constructed at least 5 feet into bedrock. The annular space between the 16-inch
casing and 22-inch borehole is filled with grout. This meets the requirements of
OAR 690-210-150.

e Well Casing. The Basalt Well casing consists of:
RECEIVED
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o 24-inch diameter, 0.375-inch gauge steel to 116 feet bgs, and

o 16-inch diameter, 0.375-inch gauge steel from 116 feet bgs to 2,504 feet
bgs.

These casing gauges meet the requirements of OAR 630-210-0190(3) for steel
casing.

e Well Liner Pipe. The Basalt Well is lined from 2,504 to 4,025 feet bgs with 12-inch
diameter, 0.250-inch gauge, 0.188-inch slot steel perforated liner, which extends

about 33 feet into the permanent casing. This meets the requirements of OAR 690-
210-0290.

In summary, the existing construction of the Basalt Well meets current OAR water well
construction standards and is sufficient for use as an AR recharge well.

Basalt Well Recharge Capacity

The Basalt Well is capable of meeting a recharge rate target of up to 280 gpm described in
this Limited License. This conclusion is based on a 24 hour constant rate pumping test
conducted at the Basalt Well in October 2017. The pumping test was conducted at a rate
of 522 gpm (Appendix A). GSI extrapolated the specific capacity vs. time data to estimate a
long-term (135 day) specific capacity for the Basalt Well of 1.6 gpm/ft. The 135 day specific
capacity was chosen to be representative of a 135 day recharge cycle. Assuming a static
depth to groundwater ranging between 88 feet bgs?? and 175 feet bgs??, the basalt well
will accommodate recharge rates ranging from about 140 gpm to 280 gpm when
recharging 24 hours a day for 135 days without resulting in a rise in water level above
ground surface (assuming that specific capacity during pumping is the same as specific
capacity during recharge).

4.2 Proposed AR System Modifications

Before pilot testing, each wellhead will be retrofit for AR operation. The retrofit allows the
well to supply water during the summer and to recharge water into the aquifer during the
winter. The well is equipped with system controls that allow automatic and manual
operation. The wellheads will be situated within a pump house and wellhead facility. A
conceptual schematic diagram showing the proposed wellhead assembly and piping for
Well No. 1 and the Basalt Well is provided in Appendix H. The retrofits include the
following:

e A manganese treatment system, including a reservoir for chlorine, metering
pump, injection line, and bag filters to remove precipitated manganese.

22 Measured on March 23, 2016
3 Measured on October 24, 2017
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e Piping valves that allow for flushing the distribution system water lines to
remove particulates prior to the start of recharge or recovery.

e Piping valves that allow for pump-to-waste during periodic back flushing events.

e Totalizing flow meters that can provide real-time volumetric recharge and
recovery data during recharge and recovery.

e Dedicated downhole water level transducers in Well No. 1 and in the Basalt
Well so that the performance of the well can be monitored.

e An access port and sounding pipe for manual water level measurements in the
Basalt Well and Well No. 1.

e Sampling ports on piping to facilitate collection of water samples during
recharge, storage, and recovery, from either the Basalt Well or Well No. 1. The
sampling ports will allow sampling of raw source water (pre-manganese
treatment) and treated source water (post-manganese treatment).

e Recharge through the existing, vertical lineshaft pump using a non-reverse
ratchet to prevent backspin. Flows will be throttled back through the pump
bowls to keep the pump column full, to maintain back pressure, and to regulate
the recharge rate.

4.3 Plans for Project Construction

Conceptual plans for project construction, including upgrades to Well No. 1, the Basalt
Well, and subgrade piping between the wells are provided in Appendix H.
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5. Permits and Authorizations

This section identifies the permits and approvals necessary to conduct AR pilot testing and
provides documentation that the necessary permits and approvals have either been
obtained, requested, or will be obtained before AR pilot testing begins.

5.1 Groundwater Rights

This section provides an overview of the water right permits and limited licensees
necessary to extract and recover groundwater for Rudd Farms’ proposed AR project.

o Extraction of Source Water. The proposed recharge period of Rudd Farms’ AR
project is from December 1 through April 14. The extraction of source water at
Well No. 1 will be authorized by this AR Limited License.

In no case will the appropriation of groundwater at Well No. 1 for the use of
recharge exceed the volume permitted by the AR Limited License. The
appropriation of groundwater at Well No. 1 for other permitted uses (i.e. irrigation)
outside of the proposed recharge period will comply with the provisions of water
right certificate 90977. Rudd Farms’ existing groundwater right for Well No. 1 and
the alluvial aquifer are provided in Appendix I.

e Recovery of Recharge Water. Rudd Farms currently holds a water right permit
(G-17020) to pump water at the Basalt Well. This permit will be used to authorize
any pumping of the Basalt Well. If Rudd Farms would like to pump water from the
Basalt Well beyond the permitted rates and duty as allowed in water rights permit
G-17020, Rudd Farms will apply for a Limited License for AR Recovery (and
eventually a secondary groundwater permit to recover recharged water) at least
one month prior to beginning recovery.

In no case will Rudd Farms’ appropriation and use of groundwater exceed the
cumulative rates and dutypermitted by a recovery permit and existing groundwater
right (G-17020). Rudd Farms’ existing groundwater right for the Basalt Well and
CRBG aquifer are provided in Appendix I.

5.2 Underground Injection Control (UIC) Registration

Because Rudd Farms is proposing to conduct AR using a well to conduct recharge,
operation and testing requires registration under the DEQ’s Underground Injection Control
(UIC) program. Appendix J contains a draft UIC registration form. The UIC form will be
submitted to DEQ for review and approval after this AR Limited License application is
assigned a number by OWRD.
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5.3 Land Use Approval

AR operation and testing requires evidence that land use and development approval from
the local government is sought, obtained, or unnecessary. Appendix B contains a
completed Land Use Information Form for the proposed AR project, including the locations
of the extraction/injection wells and the place of use for recharged water. The AR project
area is located outside city limits, therefore land use approval is need only from the Union
County Planning Department.
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6. Monitoring Procedures and QA/QC Plan

This section details the quality assurance and quality control (QA/QC) plan for monitoring
that will be performed throughout Rudd Farms’ AR project. The objective of this QA/QC
plan is to collect water level and water quality data that are valid representations of the
conditions at each sampling location.

6.1 General

This section outlines QA/QC procedures that are required for all types of monitoring being
performed (i.e., water level or water quality).

Personnel Qualifications

Only personnel that have prior water level/water quality sampling experience or site-
specific training in the standards and procedures of this QA/QC plan shall collect
monitoring data. GSI will review collected data for completeness and compliance with this
plan.

Recordkeeping

The sampling technician will document field observations and measurements on the field
form provided in Appendix F. The following information will be recorded on the form for
each sampling location:

o Name of person(s) performing monitoring activities
e Date and time of monitoring activities
e Location of monitoring activities

e Description of methodology for performing monitoring activities and any deviations
from this QA/QC plan

The field form may be modified in the future to incorporate additional information, or to
make the form more user-friendly.

6.2 Manual Water Level Monitoring

Manual Water Level Monitoring Equipment List

The following general list of equipment and materials is required for all monitoring
activities, at a minimum:

e Field form (Appendix F)
e Water level meter
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e Personal protective equipment (PPE) {i.e., gloves)
e Chlorine bleach solution, spray bottle, and paper towels (to prevent cross-
contamination between wells)

To prevent cross-contamination between wells, water level meters will be disinfected in
between wells using a chlorine bleach solution.

Manual Water Level Monitoring Procedures
Procedures for water level monitoring at each location will proceed as follows:

1. Don nitrile gloves

2. Record flow rate (instantaneous flow rate and totalizer reading) on the monitoring
form in Appendix F

3. Disinfect water level meter using chlorine bleach solution, spray bottle, and paper
towels

4. Lower the water level meter tape down the PVC access tube, and measure water
level from the top of the tube to the nearest 0.1 foot. Record water level and
measurement time on the monitoring form in Appendix F

5. Copy the field forms and send to GSI

6.3 Water Quality Monitoring

Water quality samples will be collected according to the schedule in Table 9 (Cycle 1 of AR)
or Table 10 (Cycle 2 to Cycle 5 of AR).

Water Quality Monitoring Equipment List
The following general list of equipment and materials is required for all monitoring
activities, at a minimum:

e Water sample containers, coolers, and chain-of-custody (COC) forms

e Field form (Appendix F)

o |ce

e Meters for measuring temperature, conductivity, pH, dissolved oxygen {(DO),

oxidation reduction potential (ORP), and turbidity

e New tubing

e Personal protective equipment (PPE) (i.e., gloves)

e Distilled water in a spray bottle

-
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To prevent cross-contamination between wells, only new tubing will be used during
sampling. Gloves shall be replaced after handling equipment/samples from each location.
Water quality meters will be cleaned with distilled water.

Water Quality Monitoring Procedure

The following procedure for water quality monitoring assumes that all sampling will occur
in one day:

1. Order bottles from the lab, and find out how many days after sampling that the lab
needs the bottles (to meet EPA holding times). Label the bottles before sampling
(see “Sample Names” section below).

2. Calibrate meters that will be used during the day’s sampling.

3. Turn on pumps in each well for the following durations at the following rates, to
ensure that three well volumes of water are removed from the well prior to
sampling:

a. Basalt Well at 500 gpm for 240 minutes (4 hours).
b. Schwepke Well at 1,100 gpm for 90 minutes (1.5 hours).
c. WeliNo. 1 at 800 gpm for 60 minutes (1 hour).

4. After the well has been pumped for the durations in Step 3, collect samples from
each well using the following methods:

a. Record flow rate (instantaneous flow rate and totalizer reading) on the
monitoring form in Appendix F.

b. Measure field parameters [temperature, conductivity, pH, dissolved oxygen
(DO), oxidation reduction potential (ORP), and turbidity].

c. Don nitrile gloves.

d. Attach new tubing to the well sampling port and fill bottles. Transfer bottles
to cooler after filling. Take care to ensure there are no bubbles larger than a
pea in 40 milliliter (mL) vials.

e. Transferice into Ziploc bags, ensuring that ice is double-bagged. Place ice in
cooler.

f.  Turn off well and dispose of tubing.

S. Complete the chain of custody and send samples to analytical laboratory for
analysis. Make sure the laboratory receives the samples by the required date.

6. Copy the field forms and send to GSI.

Sample Names

Samples will be assigned unique names to indicate where and when the sample was
collected. The sample name will include the following information:
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a. WellID: ID of well being sampled:

Location Well ID
Well No. 1 w1
Basalt Well BW

Schwepke Well  SW
b. Cycle ID: The current cycle of the AR project:

Cycle CycleID
1 C1
2 Cc2
3 3
4 c4
5 c5

c. Monitoring Date: The date of the monitoring (month, day, year).

For example, a sample collected from Well No. 1, during Cycle 1, on February 1, 2020, will
be “W1-C1-02.01.2020.”

Laboratory QA/QC

Samples collected during the pilot testing program will be analyzed by an analytical
laboratory certified by the Oregon Environmental Laboratory Accreditation Program
(ORELAP).

With respect to water quality monitoring, no duplicate samples will be collected in the
field. If laboratory testing results indicate that a parameter has an unexpectedly high
concentration approaching applicable regulatory standards (i.e., federal MCL)}, recharge or
recovery will be stopped and the location will be resampled as soon as possible according
to the procedures outlined above.

Analytical data will be assessed by GSI to ensure that the specified QA/QC objectives have
been met, which includes a review of; COC documentation, holding times, and matrix
spikes.
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Figure 2: Hydrographs of Basalt Wells in the Grande Ronde Valley CWRD
ow

3,050
3,000
2,950

UNIO 940

(CITY OF LA GRANDE NO. 3)
2,900

(CITY OF LA GRANDE NO. 4)

2,850

Water Level (Feet)

UNIO 2046 UNIO 50687
2,800 | UNIO 50083 (SCHWEPKE WELL)

A

.
d

2,750
UNIO 50683
2,700
2,650
UNIO 52415

NOTE: {RUDD BASALT WELL)

WATER LEVELS THAT WERE "RISING" DURING MEASUREMENT ARE NOT SHOWN
2,600

2/18/1982 8/11/1987 1/31/1993 7/24/1998 1/14/2004 7/6/2009 12/27/2014 6/18/2020

Date

—0—UNIO 50683 —A—UNIO 50083 —@—UNIO 2046 —O— SCHWEPKE WELL ~ —#%—BASALT WELL —O—UNIO 940 —A— UNIO 2098

FGS' Water Solutions, Inc. P:\Portland\702 - Rudd Farms\005 - AR LL Application Phase II\05 - Figures\Figure2_Hydrographs



B
=
-l
g =
5 23
< ¥ ™ < -
o 2 g g £ a0 @R
3000 & 2 2 s 32 ags 304
[ [Te] ow
] e o e o 920 {50
2 H H] F Sz 503
> 2 =) > 2 g<S L5
8
=
=
=
POWDER |
1800 . RIVER VOLCANIC =
TD: 920’

Elevation (feet above mean sea level)

}-[’lfﬂ BRI

12000 18000
Distance Along Cross Section Transect (feet)

B'
SOUTHEAST
~ m
2 g
- -1
Y.

B 18
ab =300
a8 a¢
235 25
E L 2400
TD:
34y M
L 1800
TD: 1128’

Elevation (feet above mean sea level)

FIGURE 5

Cross Section B-B’

Rudd Farms
AR Limited License Application

LEGEND

—— Surface Elevation
— = Static Water Level
2 Inferred Fault

Well Details

% Log ID

J sea

E  Perforations/Screen
I Open Borehole

™ Total Depth
Surficial Geology
Valley-Fill Deposits

Neogene Sedimentary Rocks
and Quaternary Surficial Deposits

Volcanic Rocks
{1 Powder River Volcanic Field
- Columbia River Basalt Group

REEOVED
NEV 27 2019

LWRD

NOTES:
Fauit(s) between UNIO50684 and UNIO52415 inferred
by Ferns E. Al (2017)

1. Lithology contact locations and depths provided

by DOGAM! Bulletin 107 (2016)
2. Lithology contact locations and depths provided

by Ferns et. al (2017)
5.

Water Solutiens, Inc.

Y \070Z_Rudd_Farms\Source_Figures\004_AR_LL_Application




.

—

_—

FIGURE 4

A A’

NORTH SOUTH Cross Section A-A’

3 . & Rudd Farms
> . . o . .

2 s @ o N - g AR Limited License Application
z E 5 S g g3 3
g 2 2 0 S5, T 3. dededse 3y g
= = parg-14 w wes W~

_— 583 SR 5 ¥ &8s g 3z3 232 38% 3 g u ol
>0 o 868 & & 2:8 3 azg ag8ag a5y ] 8 =
£33 $3 :z 3 - E 35 Szz 8252332 3 3 5
o5 5 55 S S S 5 <5 ESES5 LS =1 S s

===

— 2400

LEGEND

—— Surface Elevation
— — Static Water Level

2 Inferred Fauit
TD: 715
Well Details
TD: 920' TD: 1546’

[ ]| s — V] Tl k-2

e

] - 1800 Log ID

Seal
Perforations/Screen
Open Borehole
Total Depth
Surficial Geology
Valley-Fill Deposits

Neogene Sedimentary Rocks
and Quaternary Surficial Deposits

Volcanic Rocks
| Powder River Volcanic Field
I Columbia River Basalt Group

3

TD: 128’

O fe=ii]| N UNIO

1200 - ; [ L 1200

ALLUVIUM

Elevation (feet above mean sea level)
Elevation (feet above mean sea level)

POWDER RIVER VOLCANIC FIEL RECE!VED
NOV 9 7 2019

OWRD

ML L,

NOTES:
Fault(s) between UNIO50684 and UNIO52415 inferred
by Ferns E. Al (2017)

1. Lithology contact locations and depths provided
by DOGAMI Bulletin 107 (2016)

2. Lithology contact locations and depths provided
by Ferns et. al (2017)

e

Distance Along Cross Section Transect (feet) Water Solutions, Inc.

Y \070Z_Rudd_Farms\Source_Figures\0C4_AR_LL_Application



Tables

RECEIVED
NOV 2 7 2019

OwWRD



1517 31AjRUY DM - 8 3QE1\S3|qe.L - 1O\Il 358Yd uonealddy 11 4V - S00\swiied ppny - ZoZ\PueRIOd\:d

z4o 1 a3ed

T SO 0

|sm

gasoulq

(dDaQq) auedoudouo|ydowo.giq

(sa10/py2yd) 93ejeypyd(|AxaylAyia-z)ig

(sajodipo) ayedipe(|Axay|Ayis-z)iq

uode|eq

auepJolyd

ueJnyoqJed

(suepun) ewwwes-JHY

aualAd(e)ozuag

auizeny

(xaue|y) Jojydely

(xaAIS) d1-S v ‘T

XU XX | XXX |X|X|X|X|X|X

a-v T

(sD0s) spunodwo) 21upbiQ I1ayIuAs

SpI2Y J112Je0|eH |e10]

P12V 2112J80.0JY21 L

P12V 2118280.0|YIOUOIA|

P12y 31392B0WOIGOUO

PIOY 2132280J0|YdIQ

P12V 21192e0W04qI]

P12y J119080.10|YyJ0WO04g

saueyiawioljeyls] jejo]

aueylawolo|yaowoiqgiq

(sueylpWOWOIqL| ) WiojoW0.g

3UBYI3WO0JO|Y2IpoWo.g

XKIX|X|X| X[ XXX X|X|X[X

X IX|X| XXX | XXX |X]|X|[X

(aueyiawouojydid] ) WIojoI0IyD

$19npo.d-Ag uoidafuisig

(lezol) auiz

(leaoL) winyjjey .

(le3oL) 4211

(1e30)) wnusjes

(1e30L) [312IN

(je3ol) Aunduan

~ (je101) asauesue

(je01) pean

{je301) uoy|

(je301) 4oddo)

(leo)) wniwouyd

(jexol) wnjwped

(1e3o1) wnyjAiag

(1e30]) wnueg

(jexo] ) owasay

[e301) wnuiwn|y

X IX[IX|X|X[| X[ X[X|X[|X|X[X|X|X|X|x<]|X

(le101) Auowinuy

S|DIAN

SpI|0S papuadsns [e10}

uogJe) JuesiQ |e1o)

Ruiex)v [esol

a1ey|ns

(le201) winipos

edl|Is

wn|sselod
NECEIEY,

N Se dIN

wnisaudein

Xapu| uopneJnjes J31)a8ue’

(FODeD se) ssaup.eq

apuon|4

(le101) apiued)

3pLOJYD

EQoe) se ajeuoqJe)

XX | X [ X

X IX| X[ X[ XXX | XX [X|X[X|X|[X|X|X|X|X

wniajed

€nDe) se ajeuoquedig

|D21WaY2039

abipysay burng Ajyauow

(D dnouo)
SSOUIAI3)] Juswiiead |

abioyday Jo a|ppiN
abupyoay fo pu3

(g dnouo)
s103e21pu| BuixiN

abunysay fo LDIS

(v dnouo)
auns find

SAjeuy

adsmn

6102 L G AON
a3ni=o3yd

uoljed||ddy asua3l] pallwi] ¥y Swueq ppny
1517 91Ajeuy Suionuo AjijepD Ja3eM '8 d|qel



Full Suite Mixing Indicators Treatment Effectiveness
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Diquat
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Methylene Chloride
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Total Xylenes
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Water Solutions, Inc.

Technical Memorandum

To: Brett Rudd / Rudd Farms

From: Matt Kohlbecker, RG / GS| Water Solutions, Inc.
Jason Melady, RG / GSI Water Solutions, Inc.

Date: March 16, 2018

Re: Phase Il ASR Fatal Flaws Analysis and Next Steps

Executive Summary

Rudd Farms is evaluating whether Aquifer Storage and Recovery (ASR) can be used to
supplement natural recharge to the basalt aquifer and stabilize the groundwater level in the
Farm’s 4,045 foot deep basalt well (called the “Basalt Well” in this memo). The ASR concept at
Rudd Farms involves using groundwater from the alluvial aquifer to recharge the Basalt Well
during the winter (December through March), and recovering the water in the summer for

irrigation. Rudd Farms retained GSI Water Solutions, Inc. {GSI) to evaluate whether there are any
fatal flaws to using ASR.

The fatal flaws analysis consists of two phases. In Phase | of the fatal flaws analysis, GSI met with
the Oregon Water Resources Department (OWRD) and did not find any fatal flaws from the
perspective of water rights permitting (that is, Rudd Farms should be able to obtain a winter
time groundwater right to pump alluvial groundwater from Well No. 1, Well No. 2, and  Well
No. 31). This technical memorandum documents Phase |l of the fatal flaws analysis, which
involves determining if there are any fatal flaws to ASR from the perspectives of groundwater
quality, the volume of water that can be stored in the basalt aquifer, interference with other
wells (i.e., unacceptable water level rise in the basalt aquifer during recharge), and adverse
effects caused by mixing source water from alluvial wells with native groundwater in the Basalt
Well. We did not find any fatal flaws to ASR during the Phase Il analysis. However, we did identify
some challenges that may have significant implications for cost, and thus overall feasibility.
Specifically, because manganese concentrations in aliuvial groundwater exceed ASR standards,
the alluvial groundwater will need to be treated prior to recharging the Basalt Well. We estimate
that Rudd Farms can begin recharge in January 2020, assuming OWRD processes the required
permits by August 2019.

RECEIVED
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The following sections provide an overview of the Phase Il ASR fatal flaws analyEs. DEtﬁe}?\fRD
technical information about is presented in Attachment A through Attachment E.

Background

Rudd Farms currently operates four irrigation wells at its properties in La Grande, Oregon. A fifth
well (Well No. 2) is not currently used for irrigation purposes but may be modified and used for
irrigation in the future. Table 1 summarizes information about each well, including the well
name, well depth, water rights, and the aquifer in which each well is completed.

Table 1. Rudd Farms Groundwater Wells.

Well Depth . .
Well Name (feet bgs) Water Right(s) Aquifer
Well No. 1 Quaternary-Late Tertiary
{UNIO 51770/51835) f o 2032 Sediment Aquifers !
Well No. 2 Quaternary-Late Tertiary
7
(UNIO 51478) s i Sediment Aquifers !
Well No. 3 1,128 90977 Quaternary-Late Tertiary

{UNIO 51938) Sediment Aquifers !
Permit G-17361
3,065 Permit G-16509 (sup) CRBG - Grande Ronde Basalt !

Permit G-12399 (sup)

Schwepke Well
{UNIO 50687)

Powder River Volcanics ?
4,045 Permit G-17020 CRBG - Wanapum Basalt ?
CRBG - Grande Ronde Basalt

Basalt Well
{UNIO 52415)

NOTE:

bgs = below ground surface CRBG = Columbia River Basalt Group sup = supplemental
(1) From OWRD (2017a)

(2) From McClaughry and Van Tassell (2013)

Since the Basalt Well was drilled in 2014, it has experienced declines in groundwater levels and
groundwater production. Specifically, the depth to groundwater in the spring of 2014 was 55
feet below ground surface (bgs), and the well produced 800 gallons per minute (gpm)2. By spring
of 2016, the depth to groundwater had declined to 88 feet bgs3, and the well production had
declined to 500 gpm#. Per the conditions of the water right permit for the Basalt Well, the falling
water levels may trigger a reduction in rate or volume withdrawn from the well, or may result in
use of the well being discontinued by OWRD.

The declining water levels in the Basalt Well indicate that natural recharge may not be sufficient
to fully replenish the basalt aquifer after irrigation season pumping. Rudd Farms is considering
using ASR to supplement natural recharge and stabilize water levels so that the Basalt Well can
serve as a long-term sustainable groundwater supply source. The ASR concept at Rudd Farms
involves pumping groundwater from alluvial wells (Well No. 1, a modified Well No. 2, or Well No.

2 See the well log for UNIO 52415.

3 Water level measurement on March 23, 2016, available online from the OWRD Groundwater Site Information System (OWRD,
2017a).

4 Based on communications with Brett Rudd in June 2017.

S5 SW Yamhill Street, Suite 400 Portland, OR 97204 P:503.239.8799 F:503.239.8940 info@gsiwatersolutions.com  www.gsiwatersolutions.com




3) and using it to recharge the Basalt Well during the winter (December through March). During
the summer, the water will be recovered from the Basalt Well for irrigation purposes. In this
memo, alluvial groundwater from Well No. 1, Well No. 2, and Well No. 3 is called “source water,”
groundwater in the Basalt Well is called “native groundwater,” and the basalt well is called the
“ASR Well.”

Fatal Flaws Analysis

There are several criteria for a successful ASR project. The source water and native groundwater
must be geochemically compatible and must meet water quality standards set by OWRD and the
Department of Environmental Quality (DEQ). In addition, the receiving aquifer must be capable
of storing enough water, and recharge cannot adversely impact other wells by causing an
unacceptable amount of water level rise. If a proposed ASR project does not meet these criteria,
then we consider the ASR project to be fatally flawed. Therefore, the first step when considering
ASR is to conduct a fatal flaws analysis. This memo presents an evaluation of the following
potential fatal flaws to ASR, including:

e Source Water Quality. Source water must meet water quality standards set forth in
Oregon’s ASR rules5, and must not degrade groundwater quality®. Source water quality is
a potential fatal flaw to ASR because if the source water cannot meet ASR water quality
standards or would degrade groundwater, then the groundwater must be treated prior
to recharge, which may be technologically infeasible or cost-prohibitive. In this memo,
we compare source water quality data to ASR standards and native groundwater quality
data in order to determine if source water quality meets the applicable water quality
standards, and does not degrade native groundwater.

e Storage Volume. The volume of water that can be stored in an ASR well is a function of
the time available for recharge, headroom available for water level buildup in the ASR
Well, the specific capacity of the ASR Well (amount of water level rise per gallon per
minute of water that is recharged), and the ASR well’s production rate. Storage volume is
a potential fatal flaw to ASR because the Basalt Well must be able to store enough
groundwater during recharge to meet the project objective of stabilizing groundwater
levels in the Basalt Well. In this memo, we estimate the volume of water that can be
recharged during the winter, and compare it to the volume of water that has been
pumped from the Basalt Well during past irrigation seasons in order to assess whether
enough water can be stored in the Basalt Well to stabilize water levels.

e Geochemical Compatibility Source Water and Native Groundwater. Mixing between
different waters (source water and native groundwater) may produce adverse effects (for
example, precipitation of minerals that could clog the ASR well). In this memo, we used a
geochemical mixing model (PHREEQC) to predict whether mixing alluvial groundwater
and native groundwater is likely to produce adverse effects. RECEIVED
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e Interference With Other Wells. Recharging the Basalt Well will cause groundwater levels
in the basalt aquifer to rise. The water level rise in the basalt aquifer may cause water
levels in other basalt wells to rise. If the water level rise in other wells is too large, then
the water level rise could be a fatal flaw to ASR. In this memo, we located other basalt
wells within five miles of Rudd Farms and used an analytical equation (the Cooper Jacob
equation) to predict the amount of water level rise that recharge will cause in the wells.

In October 2017, GSI collected groundwater quality and well performance data from Well No. 1
and the Basalt Well with the objective of evaluating these potential fatal flaws to ASR. Technical
details about the data collection in October 2017 are provided in Attachment A. The following
sections present an overview of GSI’s fatal flaws evaluation.

Source Water Quality

Analysis

GSI collected a native groundwater sample from the Basalt Well on October 17, 2017, and
collected a source water quality sample from Well No. 1 on October 18, 2017. The samples were
submitted to Eurofins Laboratories (Monrovia, California) for analysis of constituents with ASR
standards and common groundwater contaminants. Laboratory results, and the regulatory
standards that source water quality must meet, are provided in Table 1. Red text in Table 1
indicates that a constituent in source water exceeds a regulatory standard. We make two
conclusions from these water quality analyses:

e Source Water Treatment Will Be Required Due to Manganese. With the exception of
manganese, all water quality constituents in source water are below ASR standards.
Manganese was detected at a concentration of 0.14 milligrams per liter (mg/L), which is
above the ASR standard of 0.05 mg/L. In addition, the manganese concentration in
source water is higher than the manganese concentration in native groundwater {0.0046
mg/L). In order to determine if the high manganese concentration at Well No. 1 was a
local phenomenon, Brett Rudd collected a second water quality sample on December 21,
2017, from his alluvial domestic well and submitted it to Anatek Labs (Moscow, Idaho) for
analysis. Manganese was detected in the alluvial domestic well at a concentration of
0.575 mg/L. Based on the detections of manganese in multiple alluvial wells, we conclude
that the alluvial aquifer at Rudd Farms (and likely in the La Grande Valley) is characterized
by high manganese concentrations.

High levels of manganese are not a fatal flaw to ASR because source water can be treated
to remove manganese. In typical ASR projects, manganese treatment involves aeration of
the water to precipitate the manganese, and/or chlorination. We have obtained a cost
estimate from Anderson Perry Engineers (La Grande, Oregon) to conduct a pilot test to
determine the feasibility and costs of manganese treatment, and included it in
Attachment B. Anderson Perry estimates a cost for the pilot study of $10,000 to $15,000,
excluding direct reimbursable expenses. RECEIVED
| . W ' B
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* Source Water Will Not Degrade Groundwater. With the exception of manganese, CwWRRD
constituent concentrations in source water are either less than, or about the same as,
constituents in native groundwater.

Conclusion

In summary, there are no fatal flaws to ASR from the perspective of source water quality.
However, manganese concentrations in source water pose a challenge to ASR at Rudd Farms
because the manganese will need to be removed prior to injection.

Storage Volume

Analysis

If the ASR project is to achieve the goal of stabilizing water level declines in the basalt well, then
the volume of water that can be stored in the Basalt Well during the winter should be the same
order of magnitude as the volume of water that is pumped from the Basalt Well during the
summer. We evaluated whether the storage volume is a fatal flaw to ASR by comparing the
volume of water that has been pumped from the Basalt Well during past irrigation seasons to
the volume of water that we anticipate can be stored in the Basalt Well during the winter.
Detailed calculations for the analysis are presented in Attachment C. Our analysis finds that:

e The volume of water pumped from the Basalt Well during past irrigation seasons ranges
from about 75 acre-feet (24.4 million gallons or MG) to 277 acre-feet (90 MG) (OWRD,
2017b)7.

e The volume of water that we estimate can be stored in the basalt well during the winter
is about 113 acre-feet (36.8 M@G). This volume assumes recharge from December 1
through March 31, an average recharge rate of 210 gallons per minute (gpm), and a
Basalt Well specific capacity of 1.6 gpm/ft.

Conclusion

Because the volume of the water that can be stored in the Basalt Well during the winter is the
same order of magnitude as the volume of water pumped from the Basalt Well during past
irrigation seasons, we find that storage volume is not a fatal flaw to ASR at Rudd Farms.

Mixing Between Source Water and Native Groundwater

Analysis

S.S. Papadopulos & Associates, Inc. (SSPA) evaluated the potential for mixing between source
water and native groundwater to cause adverse effects like mineral precipitation that could clog
the Basalt Well. The evaluation was based on the PHREEQC geochemical mixing model. The SSPA
memorandum is provided in Attachment D. SSPA predicts that a mixture of source water and
native groundwater would be saturated or supersaturated in silica minerals (quartz and
chalcedony), carbonate minerals {calcite, dolomite), and iron and manganese minerals (iron
hydroxide, pyrolusite, bixbyite, and hausmannite}. This means that these minerals have a

7 During the 2017 water year, 75 ac-ft was pumped from the Basalt Well; during the 2014 water year, 277 ac-ft was pumped from
the Basalt Well.
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tendency to precipitate. However, SSPA believes it is unlikely that silica minerals and calcite
minerals would precipitate because precipitation kinetics of silica are extremely slow, and calcite
precipitation requires a high nucleation energy. Iron and manganese precipitation is possible but
will become less likely once the concentrations of iron and manganese are reduced due to
treatment of manganese in source water. Additionally, at the current concentrations, the
amount of precipitate is likely to be small based on iron and manganese concentrations at other
ASR systems.

Conclusion

We find that the potential for adverse affects to the Basalt Well (e.g., precipitation of minerals in
the well) is unlikely to occur when native basalt groundwater and source water are mixed.
Therefore, there are no fatal flaws to ASR from the perspective of mixing between native basalt
groundwater and source water.

Interference With Other Wells

Analysis

Basalt wells within about five miles of Rudd Farms’ Basalt Well were identified using OWRD’s
online well log database (OWRD, 2018), and are shown in Table 2. With the exception of UNIO
50763, other wells completed in the basalt aquifer are artesian. The artesian pressures range
from 20.98 to 59.83 feet of water (about 9.1 to 25.9 psi). Artesian wells are likely hydraulically
isolated from the Basalt Well (because the Basalt Well is not artesian).

Table 2. Basalt Wells Within About 5 Miles of Rudd Farms

Wwell Distance Location?
Depth From Wate: Measurement dcation :
Well ID Level Aquifer
(feet Basaig (feet bgs) DAfE Latitude Longitude
bgs) {miles)
UNIO 50687 3,065 2.0 -53.13 3/23/2016 45.409334 -117.968123 CRBG-GR
UNIO 50684 3,138 2.1 -30.03 3/24/2008 45.398910 -118.006808
UNIO 50763 2,844 1.1 59* 1/31/1994 45.383124  -117.994035
UNIO 208 1,546 53 -87.78* 12/12/1987 45457511  -117.963722 CRBG-GR
UNIO 271 1,191 4.3 -28.41 3/7/2017 45.442865 -117.978165 CRBG-GR
UNIO 273 1,300 43 -16.17* 7/12/1977 45442786  -117.978141
UNIO 2046 1,802 3.7 -59.83 3/10/2008 45.433774  -117.964555 CRBG-GR
UNIO 50683 2,507 4.2 -20.98 3/28/2013 45.434689  -117.933597 CRBG
UNIO 50833 1,924 53 -50.51 3/10/2017 45.456536 -117.970202 CRBG-GR
UNIO 325 1,030 4.4 Artesian® 12/10/1964 45,418584  -118.042919
UNIO 52334 1,215 4.1 -49.51 3/23/2017 45401000 -118.050380
UNIO 173 1,394 4.4 -55.46 4/5/2016 45.438564  -118.009197 CRBG
UNIO 174 1,550 4.3 -36.96 11/25/1965 45440591 -117.996698
NOTES

(1) Water levels are from permit-required montitoring as documented on the OWRD Groundwater Site information System, except for
water levels marked with “*”, which were measured at the time of well installation by the driller.
2) From OWRD Groundwater Site Information System, except for UNIO 273, UNIO 325, which is based on PLSS and aeral phot = o
. e RPCEIVED
the well could be identified on an aerial photograph).
CRBG — GR = Columbia River Basalt Group — Grande Ronde Formation

NOV 27 2019

We conservatively assume the worst-case condition that the Rudd Farms Basalt Well is g g
hydraulically connected to all basalt wells within 5 miles of Rudd Farms, and used the Cooper(-‘ WRD

55 SW Yamhill Street, Suite 400  Portland, OR 97204 P-503.239.8799 F:503.239.8940 info@gsiwatersolutions.com  www.gsiwatersolutions.com



Jacob equation to predict the maximum amount of water level rise in these wells caused by
recharging the Basalt Well, under the following assumptions:

e Rudd Farms continuously recharges from December 1 through March 31 (121 days).

e Wateris recharged at a rate of 280 gpm. This is likely the maximum possible recharge
rate; we estimate that the average recharge rate will be closer to 140 gpm, see
Attachment C. Recharging at a higher rate is conservative because it produces larger
estimates of water level rise.

e The storativity of the basalt aquifer is 0.000058, and the transmissivity is 27,089 gpd/ft®.

Cooper Jacob Equation calculations are provided in Attachment E. We predict that the maximum
buildup in response to ASR (about 7.6 feet) occurs at UNIO 50763 (which is not artesian). We
predict that the artesian wells will experience an additional buildup in response to ASR of 1.7 to
2.7 psi (i.e., about 3.9 to 6.2 feet of water).

Conclusion

Because the groundwater level at UNIO 50763 is 59 feet below ground surface, the predicted 7.6
feet of buildup will not cause the adverse affect of groundwater levels rising above ground
surface at the well. The pressure increase at artesian basalt wells within 5 miles of Rudd Farms is
slight, and we anticipate that the well seals are built to accommodate this slight pressure
increase. Therefore, the potential for adverse impacts to other basalt wells does not pose a fatal
flaw to ASR at Rudd Farm:s.

Conclusions and Recommendations

We did not identify any fatal flaws to ASR as a part of this Phase Il evaluation. However, we did
identify some challenges to ASR that will need to be overcome to successfully implement ASR.
We recommend the following next steps to implement ASR at Rudd Farms, in the following order
and according to the following schedule, with the objective of beginning recharge during the
winter of 2020:

e Water Rights Permitting (Currently Ongoing). OWRD requires that Rudd Farms obtain a
winter time (December to February) water rights permit for Well No. 1, Well No. 2 and
Well No. 3. OWRD processes groundwater permit applications in approximately 12 to 18
months. Assuming Rudd Farms applies for a groundwater permit in March 2018, the
water right will be issued by August 2019.

RECEIVED
NOV 27 2019

8 Storativity of the Columbia River Basalt Group in Salem, Oregon (see Golder, 1996). E \_!\h-{ U

9 The transmissivity at the Basalt Well based on a time-drawdown analysis is 1,210 gpd/ft (Attachment A). However, using this
transmissivity for the CRBG aquifer in the Cooper Jacob equation results in a drawdown of 785 feet in the Basalt Well after 24 hours
of pumping, which is unrealistic. The transmissivity calculated from the Basalt Well test is therefore biased low because of well
inefficiencies. Razack and Huntley (1991) provides an equation for calculating transmissivity from specific capacity based on an
empirical relationship between transmissivity and specific capacity derived from 215 wells. Using Razack and Huntley (1991), we
find that the transmissivity of the Basalt Well is 27,089 gpd/ft. Using this value in the Cooper Jacob equation produces a drawdown
of about 44 feet in the Basalt Well after 26 hours of pumping, which agrees reasonably well with the observed drawdown of 100 feet
(assuming the Basalt Well is 44 percent efficient).
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Manganese Removal Pilot Test (May 2018). The first step for designing a manganese
treatment system is to conduct a pilot test to determine the feasibility of treatment and a
planning level cost for full-system implementation.

Additional Groundwater Sampling (May 2018). We recommend that Rudd Farms sample
Well No. 3 for manganese, and Well No. 1 for bacteriological parameters. The manganese
results from Well No. 3 will inform the potential of using Well No. 3 as source water, and
the bacteriological analysis of Well No. 1 will inform the ASR system engineering design
(e.g., chlorine treatment to manage bacterial populations). This sampling can be done at
the same time as the Manganese Removal Pilot test.

ASR Limited License (June to August, 2018). OWRD requires an ASR Limited License to
inject water into the Basalt Well. OWRD processes ASR Limited License applications in 12
months (i.e., issue in August 2019). We recommend applying for an ASR Limited License if
the manganese treatment pilot test indicates manganese removal is feasible and cost
effective.

Engineering Design (Summer 2019 to December 2019). If OWRD issue the ASR Limited
License and water rights, Rudd Farms can begin the engineering design and construction
of the ASR system. The engineering design would begin in Summer 2019 and would
involve wellhead modifications for backflushing, full-scale manganese treatment system,
bi-directional flowmeters, the need for a down-hole flow control valve, etc.). Wellhead
modifications would occur in October to December of 2019 (after the 2019 irrigation
season) and involve pulling the pump to assess well integrity and remove drip oil (which
can be a food source for bacteria during injection), and constructing pump-to-waste
facilities.

Cycle 1 of ASR (January 2020 to October 2020). Cycle 1 of ASR involves recharge during
the winter, storage, and recovery during the irrigation season. The ASR Limited License
will require sampling of native groundwater, source water, and stored water, and Rudd
Farms will track water levels in the basalt well closely during recharge for any signs of
adverse affects like clogging.

RECEIVED
NOV 2 7 2019
OUwWRD
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Table 1 NOV 2 7 2019
Laboratory Analytical Results VRD
Rudd Farms - Phase Il ASR Evaluation

Source Native

Water Groundwater

Sample Location |Rudd Farms Well No. 1 Basalt Well
Eaton Analytical 10/18/2017 10/17/2017
Standard Criteria Unit

Geochemical and Inorganic Constituents
Alkalinity mg/L 120 140
Antimony (Dissolved) mg/L <0.01 < 0.001
Antimony (Total) 0.006 MCL mg/L <0.01 <0.001
Aluminum (Dissolved) mg/L <0.02 <0.02
_Aluminum (Total 0.05-0.2 SMCL mg/L <0.02 <0.02
Arsenic (Dissolved) mg/L 0.0015 0.0026
_Arsenic (Total) 0.01 MCL mg/L 0.0015 0.0024
Barium (Dissolved) mg/L 0.077 0.015
Barium (Total) 2 MCL mg/L 0.079 0.015
Beryllium (Dissolved) mg/L <0.001 < 0.001
Beryllium (Total) 0.004 MCL mg/L <0.001 <0.001
Bicarbonate as CaCO, mg/L 140 160
Cadmium'(DissoIved) mg/L < 0.0005 < 0.0005
Cadmium (Total) 0.005 MCL mg/L < 0.0005 < 0.0005
Calcium (Dissolved) mg/L 17 <1
Calcium (Total) mg/L 18 <1
Carbonate as CaCO, mg/L <2 6.6
Chloride 250 SMCL mg/L 1.2 15
Chromium (Dissolved) mg/L <0.001 < 0.001
Chromium (Total) 0.1 MCL mg/L <0.001 <0.001
Copper (Dissolved) mg/L < 0.002 < 0.002
Copper (Total) 13 MCL mg/L 0.0036 < 0.002
Cyanide (Total) 0.2 MCL mg/L 0.045 0.066
Fluoride (Total) 2 MCL, MML, SMCL mg/L 0.2 3.1
Hardness (as CaCO;) » mg/L 73 <3
:Iron (Dissolved) mg/L 0.13 <0.02
Iron (Total) 0.3 SMCL mg/L 0.16 <0.02
Langelier Index - 25 degree 0.18 -0.76
Lead (Dissolved) mg/L < 0.0005 < 0.0005
Lead (Total) 0.015 MCL mg/L 0.00087 < 0.0005
Magnesium (Dissolved) mg/L 6.9 <01
Magnesium (Total) mg/L 6.9 <01
Manganese (Dissolved) mg/L 0.15 0.0046
Manganese (Total) 0.05 SMCL mg/L 0.14 0.0046
[Mercury (Dissolved) mg/L < 0.0002 < 0.0002
Mercury (Total) mg/L < 0.0002 < 0.0002
Nitrite as N 1 MCL mg/L <0.05 <0.05
Nitrate as N 10 MCL mg/L <01 <0.1
Nickel (Dissolved) mg/L < 0.005 < 0.005
Nickel (Total) mg/L < 0.005 < 0.005
pH of CaCO3 saturation - 8.03 8.65
Potassium (Dissolved) mg/L 4 4.5
Potassium (Total) mg/L 4 4.7
Selenium (Dissolved) mg/L < 0.005 < 0.005
Selenium (Total) mg/L < 0.005 < 0.005
Silica (ljissolved) n'ig/L 60 110
Silica (Total) mg/L 53 110
Silver (Dissolved) mg/L < 0.0005 < 0.0005
Silver (Total) mg/L < 0.0005 < 0.0005
Sodium (Dissolved) mg/L 20 74
Sodium (Total) mg/L 20 77
Sulfate 250 SMCL mg/L 1.7 9.3
Total Nitrate-Nitrite mg/L <01 <0.1
Thallium {Dissolved) mg/L <0.001 < 0.001
Thallium _(Total) 0.002 MCL mg/_L <0.001 <0.001
Total Dissolved Solids 500 SMCL mg/L 180 260
Total Hardness mg/L 73 <3
Total Organic Carbon mg/L 0.5 0.97
Total Suspended Solids mg/L <10 <10
Zinc (Dissolved) mg/L <0.02 <0.02
Zinc (Total) 5 SMCL mg/L <0.02 <0.02
ms' Page 1 of 4
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Source Native
Water Groundwater
Sample Location |Rudd Farms Well No. 1 Basalt Well
Eaton Analytical 101812017 10/17/2017
Standard Criteria Unit

Volatile Organic Compounds (VOCs)
1, 1-Dichloroethane ug/L <0.5 <0.5
:1, 1-Chloroethylene ug/L <0.5 <0.5
1, 1-Dichloroethylene 7 MCL, MML ug/L <05 <0.5
1, 1-Dichloropropene ug/L <05 <05
1, 2-Dichloroethane (EDC) 5 MCL, MML ug/L <0.5 <05
1, 2-Dichloropropane 5 MCL ug/L <0.5 <05
1, 3-Dichloropropane ug/L <0.5 <05
2, 2-Dichloropropane ug/L <0.5 <0.5
1, 2, 3-Trichlorobenzene ug/L <0.5 <0.5
1, 2, 3-Trichloropropane ug/L <0.5 <05
1, 2 ,4-Trichlorobenzene 70 MCL ug/L <0.5 <0.5
1, 2, 4,-Trimethylbenzene ug/L <05 <0.5
1, 3, 5-Trimethylbenzene ug/L <05 <0.5
1,1, 1,2-Tetrachloroethane ug/L <0.5 <0.5
>1, 1, 2, 2-Tetrachloroethane ug/L <0.5 <0.5
1, 1, 1-Trichloroethane 200 MCL, MML ug/L <0.5 <0.5
'1, 1, 2-Trichloroethane 5 MCL ug/L <0.5 <0.5
2-Butanone (MEK) ug/L <5 <5
4-Methyl-2-Pentanone ug/L <5 <5
Benzene 5 MCL, MML ug/L <05 <05
Bromobenzene ug/L <0.5 <0.5
7Bromochloromethane ug/_L <0.5 <0.5
Bromoethane ug/L <0.5 <0.5
Bromomethane (Methyl Bromide) ug/L <0.5 <05
Chlorobenzene (monochlorobenzene) 100 MCL ug/L <05 <0.5
Carbon Disulfide ug/L <05 <0.5
Carbon Tetrachloride ug/L <0.5 <0.5
Chlorodibromomethane ug/L <05 <05
Chloroethane - ug/L <0.5 <05
Chloromethane (Methyl Chloride) ug/L <05 <0.5
‘cis-1,2-DichIoroethylene 70 MCL ug/L <0.5 <0.5
cis-1, 3-Dichloropropene ug/L <0.5 <05
Dibromomethane ug/L <0.5 <05
Dichloromethane ug/L <0.5 <05
Dichlorodifluoromethane ug/L <0.5 <0.5
Di-isopropyl ether ug/L <3 <3
Ethylbenzene 700 MCL ug/L <05 <0.5
Hexachlorobutadiene ug/L <0.5 <0.5
‘Isopropy'lbenzene ug/L <0.5 <05
m, p-Xylenes ug/L <0.5 <0.5
m-Dichlorobenzene (1, 3-DCB) ug/L <0.5 <05
Methylene Chloride 0.005 MCL ug/l <0.5 <05
Methyl Tert-butyl ether (MTBE) ug/L <0.5 <05
Napthalene % ug/L <0.5 <0.5
n-Butylbenzene ug/L <05 <05
n-Propylbenzene ug/L <05 <0.5
o-Chlorotoluene ug/L <0.5 <05
o-Dichlorobenzene (1, 2-DCB) ug/L <0.5 <0.5
o-Xylene ug/L <0.5 <0.5
p-Chlorotoluene ug/L <0.5 <0.5
-p-DichIorobenzene (1, 4-DCB) ug/L <0.5 <0.5
p-lsopropyltoluene ug/L <0.5 <0.5
sec-Buytibenzene ug/L <0.5 <0.5
Styrene 100 MCL ug/L <0.5 <0.5
tert-amyl Methyl Ether ug/L <3 <3
tert-Butyl Ethyl Ether ug/L <3 <3
tert-Butylbenzene _ ug/L <0.5 <05
Tetrachloroethylene (PCE) 5 MCL ug/L <0.5 <0.5
Toluene 1000 MCL ug/L <05 <0.5
Total Xylenes _ 10000 ~ MCL ug/L <0.5 <0.5
Total i,3-Dichloropropene ug/L <05 <0.5 |
Total THM ug/L <0.5 <0.5
trans-1,2-Dichloroethylene 100 MCL ug/L <05 <0.5
trans-1, 3-Dichloropropene ug/L <0.5 <0.5
Trichloroethylene (TCE) 5 MCL, MML ug/L <05 <0.5
Trichlorofluoromethane ug/L <0.5 <0.5
Trichlorotrifluoroethane (Freon 113) ug/L <0.5 <0.5
Vinyl chloride 2 MCL, MML ug/L <03 <0.3
ms' Page 3 of 4
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Source Native
Water Groundwater
Sample Location |Rudd Farms Well No. 1 Basalt Well
Lab |Eaton Analytical 10/18/2017 10/17/2017
Standard Criteria Unit
Radionuclides
Alpa, Gross pCi/L <3 <3
Alpha, Min Detectable Activity B B pCi/L 18 2.8
Alpha, Two Sigma Error pCi/L 0.64 B 0.7
Beta, Gross pCi/L 5. | <30 |
Beta, Min Detectable Activity pCi/L 1.5 14
Beta, Two Sigma Error pCi/L 0.6 05
[Radium 226 - pCi/L <1 <1 ]
_Radium 226 Min. Detect Activity pCi/L 0.42 0.38
Radium 226 Two Sigma Error pCi/L <11 <1 |
Radium 228 pCi/L <1 - <1
Edium 228 Min Detect Activity pCi/L 0.82 0.65
Radium 228 Two Sigma error pCi/L <1 <1
Radium 226, 228 Combined pCi/L <2 <2
Radon 222 pCi/L 300 140
Radon 222, Two Sigma Error pCi/L 15 B 1 95
Uranium ug/L <1 <1
Microbial
E. Coli Bacteria - MPN/100 mL <1 <1
Total Coliform Bacteria . MPN/100 mL 2 <1 o
Total Coliform Bacteria (P/A) o - - P A ]
E.Coli Bacteria (P/A) A o A
Notes
ASR Injection Standards = Lowest value within MCL/2, MML/2, or SMCL except disinfection by-products.
ASR Injection Standards for disinfection by-products = Lowest value within MCL, MML, or SMCL.
ASR = aquifer storage and recovery
MCL = maximum contaminant level for drinking water
-- = not tested

Water Selutiont, lnc.
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Attachment A - October 2017 Data Collectiory*/RP

In October 2017, GSI Water Solutions, Inc. (GSI) collected the following data at Rudd Farms in La
Grande, Oregon, to inform an analysis of fatal flaws to Aquifer Storage and Recovery (ASR):

e Constant rate pumping test at the Basalt Well (about 26 hours of pumping followed by 7
days of recovery monitoring).

e Constant rate pumping test at Well No. 1 (about 73 hours of pumping followed by 23
hours of recovery monitoring).

e Groundwater quality samples from Well No. 1 and the Basalt Well.

The following sections provide detailed documentation of the methods and results of the data
collection.

Basalt Well Pumping Test

The Basalt Well is sealed to 2,537 feet bgs, and is completed in the Powder River Basalts
(beginning at 2,502 feet bgs) and Columbia River Basalt Group (beginning at 2,919 feet bgs). The
static depth to groundwater in the Basalt Well (55 feet below ground surface') is above the top
of the basalts; therefore, the Basalt Well is completed in a confined aquifer.

Methods

A constant rate pumping test was conducted at the Basalt Well in October 2017. The purpose of
the test was to measure aquifer properties (i.e., transmissivity) and well performance (i.e.,
specific capacity) in order to inform ASR storage volume, baseline well performance, and well
interference evaluation.

Prior to pumping, water levels in the Basalt Well were monitored for about 7 hours2. The
pumping test consisted of pumping the Basalt Well from October 16 to October 17 (about 26
hours of pumping) at an average rate of 522 gallons per minute (gpm), followed by seven days of
recovery monitoring. Water levels were monitored in the Basalt Well (pumping well), Well No. 1
(observation well), and Well No. 3 (observation well) both manually3 and automatically4. During
the test, groundwater from the Basalt Well was conveyed to a pivot located approximately 0.5
miles southwest of the well. Flow totals were recorded using a totalizing flow meter at the
wellhead.

1 UNIO 5241 5, measured July 20, 2013.

2p pressure transducer was installed in the Basalt Well on October 13, 2017, for the purpose of monitoring background water levels
for about three days. However, the water level in the well was deeper than the transducer when the transducer was installed, so
water levels were not recorded until the early moming of October 16, when water levels rose above the transducer.

3 Using a Powers Electric Well Sounder.

4 Using an Instrumentation Northwest (INW) vented PT2X pressure transducer. A 300 psi transducer was used in the Basalt Well,
and 100 psi transducers were used in Well No. 1 and Well No. 3.

55 SW Yamhill Street, Suite 300 Portland, OR 97204 USA P:503.239.8799  info@gsiwscom  www.gsiws.com
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Water levels in the Basalt Well during the pumping test are shown in Figure A.1. The maximum
drawdown in the Basalt Well at a pumping rate of about 522 gpm was about 93 feet (26-hour
specific capacity of 5.6 gpm/ft).

There are two anomalies in the water levels during the pumping test. The first anomaly occurs at
the beginning of the test and is a rapid, short-term decline in the water level to about 300 feet
below the reference point (see Figure A.1). The anomaly is related to a change in pumping rate
at the beginning of the test. Specifically, the Basalt Well pumped at approximately 1,200 gpm for
the first three minutes of the test; after the first three minutes of the test the pumping rate was
reduced to about 500 gpm. The change in pumping rate was likely caused by some combination
of the well discharging into empty distribution piping at the beginning of the test (i.e., no piping
head loss and no backpressure from the irrigation pivot) and the shallow water levels in the well
at the outset of the test (i.e., less lift). The second anomaly occurs at the end of the test and is a
rapid rise in the water level to about 260 feet below the reference point immediately after the
pump was turned off. This rapid increase in water level likely occurred when water from the
distribution piping and riser pipe drained back into the well when the pump was shut off (the
pump is not equipped with a backflow preventer check valve).

A semi-logarithmic plot of water-level drawdown in the Basalt Well versus time during the
pumping portion of the aquifer test is shown in Figure A.2. Based on this plot, we estimate that
transmissivity of the aquifer that the Basalt Well pumps from is 1,210 gallons per day per foot
(gpd/ft). It is important to note that this transmissivity estimate is likely biased low due to
turbulent head loss in the pumping well during the test. The transmissivity and specific capacity
at the Basalt Well are summarized in Table A.1. Because specific capacity is a time-dependent
variable that decreases over time, we calculated both a short term specific capacity (based on
drawdown after 26 hours of pumping) and a long-term specific capacity (based on extrapolating
the drawdown line to 120 days of pumping, which is the anticipated length of the injection
period from December through March).

Table A.1. Aquifer Parameters and Well Performance.

Well Transmissivity ~ _ Specific Capacity (gpm/ft)
a0 e (BRI L Short-Term Long-Term
_ Basaltwell 1,210 S50 L R S DAL bR I
NQTES:

{1) Pumping for 26 hours at 522.5 gpm, drawdown of 94 feet
(2) Pumping for 120 days, drawdown of 325 feet {the extrapolated drawdown line is shown in Figure A.2)

Water level recovery is shown in Figure A.3. Residual drawdown is plotted on the y-axis, and time
is shown on the x-axis (time is plotted as the ratio of time since pumping started to time since
pumping stopped). When residual drawdown is zero, the time ratio is greater than one. This
means that the Basalt Well was recharged during the aquifer test. The recharge is likely related
to the Basalt Well being pumped shortly before the constant rate test began and recovering
from earlier pumping during the test (during the seven hours of background monitoring, water
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levels in the Basalt Well rose 2.7 feet, indicating that the Basalt Well was still recovering from the

pumping). Due to the fact that the Basalt Well was recovering from earlier pumping, we could
not caiculate a transmissivity from the recovery data.

Water levels in the observation wells (Well No. 1 and Well No. 3) did not exhibit any response to
pumping in the Basalt Well (see Figure A.1). This is an expected result because the pumping well
and observation wells are completed in different aquifers.

Basalt Well Sampling

Groundwater samples were collected from the Basalt Well from a %-inch ball valve at the
wellhead at the end of the pumping test. The samples were shipped under chain of custody
procedures to Eurofins Laboratories (Monrovia, California), where they were analyzed for the
parameters in Table 1. GSI measured field parameters using a Yellow Springs Instruments (YSI)
meter and flow through cell. Prior to measuring parameters, the YSI meter was calibrated to
dissolved oxygen, pH (3 point), conductivity, and oxidation reduction potential (ORP). GSI
monitored field parameters at the Basalt Well for 86 minutes. At that time, the parameters were
basically unchanged during the final measurement period (14 minutes) except for ORP which
changed from -158.9 to -168.1 millivolts (mV).

Well No. 1 Pumping Test

Well No. 1 is completed in sands and gravels that underlie an approximately 170 feet thick clay
unit. The static depth to groundwater in Well No. 1 (15 feet below ground surfaced) is above the
top of the sands and gravels; therefore, Well No. 1 is completed in a confined aquifer.

Methods

A constant rate pumping test was conducted at Well No. 1 in October 2017. The purpose of the
test was to measure well performance (i.e., specific capacity) in order to inform whether Well
No. 1 is a limiting factor on ASR storage volume.

Prior to pumping, water levels in Well No. 1 were monitored for about eight days. The pumping
test consisted of pumping Well No. 1 from October 18 to October 21 (about 74 hours of
pumping) at an average rate of 795 gpm, followed by one day of recovery monitoring. Water
levels were monitored in Well No. 1 (pumping well), Well No. 3 (observation well), and the Basalt
Well (observation well) both manually® and automatically?. During the test, groundwater from
Well No. 1 was conveyed to a pivot located approximately one third of a mile northeast of the
well. Flow totals were recorded using a totalizing flow meter at the wellhead.

Results

Water levels in Well No. 1 during the pumping test are shown in Figure A.4. The water levels in
Well No. 1 prior to pumping ranged from about 85 feet below the reference point to 66 feet

5 UNIO 51 835, measured in 2005
& Using a Powers Electric Well Sounder.

7 Using an Instrumentation Northwest (INW) vented PT2X pressure transducer. A 300 psi transducer was used in the Basait Well,
and 100 psi transducers were used in Well No. 1 and Well No. 3.
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below the reference point and exhibited a rising trend, indicating that water levels in the alluvial
aquifer were still recovering from irrigation season pumping prior to the test. The maximum
drawdown in the Well No. 1 at a pumping rate of about 795 gpm was about 225 feet (74-hour
specific capacity of 3.53 gpm/ft).

A semi-logarithmic plot of water-level drawdown in Well No. 1 versus time during the pumping
portion of the aquifer test is shown in Figure A.5. A negative boundary was encountered about
100 minutes after pumping started. Negative boundaries occur when the rate of drawdown
increases with time, and indicate a barrier to groundwater flow. At about 2,000 minutes after
pumping started, the drawdown curve levels off, indicating either a positive boundary or leakage
from above and below the sand and gravel aquifer. Based on this plot, we estimate that
transmissivity of the aquifer that Well No. 1 pumps from ranges from 5,248 gpd/ft (early-time) to
2,333 gpd/ft (late-time). It is important to note that this transmissivity estimate is likely biased
low due to turbulent head loss in the pumping well during the test. The transmissivity and
specific capacity at Well No. 1 are summarized in Table A.2.

Table A.2. Aquifer Parameters.

- ___Tr_ansmissiviiy(_gpd/f_t)_________ Short-Term Long-Term
Well — e Specific Capacity  Specific Capacity

ariy-trime ate-Time (gpm/ft) (gpm/ft)
Uil bltes 2 5,248 2,333 351 2.02

_Drawdown A LA LR : -3
Well Nog 1 5,674 3,180 NA NA
__Recovery o R

NOTES:

{1) Pumping for 74 hours at 795 gpm, drawdown of 225 feet.
(2) Pumping for 120 days, drawdown of 325 feet (the extrapolated drawdown line 1s shown in Figure A.2).

Water level recovery at Well No. 1 is shown in Figure A.6. Residual drawdown is plotted on the y-
axis, and time is shown on the x-axis (time is plotted as the ratio of time since pumping started to
time since pumping stopped). When residual drawdown is zero, the time ratio is greater than
one. This means that the Well No. 1 was recharged during the aquifer test. The recharge is likely
related to the alluvial aquifer continuing to recover from irrigation-season pumping (during the 8
days of background monitoring, water levels in Well No. 1 rose about 20 feet, indicating that the
alluvial aquifer was recovering from the pumping during the irrigation season). Based on Figure
A.6, we estimate that transmissivity of the aquifer that Well No. 1 pumps from ranges from
5,674 gpd/ft (early-time) to 3,180 gpd/ft (late-time). Transmissivity estimates from recovery data
are generally more reliable because water levels in the well are not affected by fluctuations in
pumping rate. The transmissivity at Well No. 1 is summarized in Table A.2.

Figure A.7 shows water levels in Well No. 1 and the well screen in the well. During the pumping
test {conducted at 795 gpm), the water level in the well was drawn down below the top of the
well screen. Lowering the water level into the screened increases oxygenation in both the water
column and the aquifer near the well, which may enhance biological activity in the vicinity of the
well. Injecting water that contains a large amount of biological activity Basalt Well may create
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well clogging problems in the Basalt Well {if bacterial populations are not managed with QOWRD
chlorination). We recommend collecting a bacteriological sample from Well No. 1 in order to
assess whether a bacterial population has become established in the well, and whether

additional chlorination may be necessary to control bacterial populations prior to injection.

Also shown in Figure A.7 are the early-time and late-time extrapolated drawdown lines when
Well No. 1 pumps at 795 gpm. Because injection will be limited to 280 gpm based on the
capacity of the Basalt Well to accommodate water level rise (see Attachment C), the early-time
and late-time drawdown lines at 795 gpm are not representative of drawdown in Well No. 1
during recharge. We estimated the early-time and late-time drawdown lines when Well No. 1

pumps at 280 gpm using the following equation relating transmissivity, drawdown, and pumping
rate:

_264(0)
T

As

(1)

Where As is drawdown over one log cycle of time (feet), Q is the pumping rate (gpm), and Tis
transmissivity (gpd/ft). We solved Equation (1) for drawdown over one log cycle of time
assuming a pumping rate of 280 gpm and a transmissivity of 5,248 gpd/ft (early-time) or 2,333
gpd/ft (late-time), and plotted the resulting lines on Figure A.7. After about 40,000 minutes (28
days) of pumping Well No. 1 continuously at 280 gpm, the water levels in Well No. 1 are
predicted to fall below the top of the well screen. However, this prediction does not account for
the fact that water levels in the well appear to stabilize when the well has been pumping for
about 2,000 minutes (see “Positive Boundary or Leakage” in Figure A.7). We recommend
monitoring water levels in Well No. 1 during injection to confirm that Well No. 1 can be pumped
at 280 gpm without drawing the water level below the top of the screen. It may be necessary to
rest Well No. 1 occasionally to prevent the water levels from falling below the top of the screen
during recharge.

Water levels in the observation wells (the Basalt Well and Well No. 3) did not exhibit any
response to pumping in Well No. 1. Water levels in the Basalt Well are shown in Figure A.1, and
water levels in Well No. 3 are shown in Figure A.8. This indicates that pumping Well No. 1 does
not cause interference in Weil No. 3, for the 74 hour period that we observed water levels.

Well No. 1 Sampling

Groundwater samples were collected from Well No. 1 at a %-inch ball valve at the wellhead after
the well had pumped for about 90 minutes. The samples were shipped under chain of custody
procedures to Eurofins Laboratories (Monrovia, California), where they were analyzed for the
parameters in Table 1. GSI measured field parameters using a Yellow Springs Instruments (YSI)
meter and flow through cell. Prior to measuring parameters, the YSI meter was calibrated to
dissolved oxygen, pH (3 point), conductivity, and ORP. GSI monitored the field parameters at
Well No. 1 for 42 minutes. At the time that the field parameters were measured, the parameters
were basically unchanged during the final measurement period, except for DO which changed
from 0.93 milligrams per liter (mg/L) to 0.82 mg/L (4 minutes between readings).
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Rudd Farms Basalt Well Pumping Test
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Figure A.2. Drawdown in the Basalt Well

Rudd Farms Basalt Well Pumping Test
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Rudd Farms Basalt Well Pumping Test
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Figure A.4. Water Levels in Well No. 1
Rudd Farms Well No. 1 Pumping Test
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Figure A.5. Drawdown in Well No. 1
Rudd Farms Well No. 1 Pumping Test
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Figure A.6. Residual Drawdown in Well No. 1
Rudd Farms Well No. 1 Pumping Test
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Figure A.7. Drawdown in Well No. 1
Rudd Farms Well No. 1 Pumping Test
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MANGANESE TREATMENT PILOT TEST

SCOPE OF WORK AND PROJECT UNDERSTANDING
March 2, 2018

PROJECT UNDERSTANDING

This Scope of Work (SOW) outlines the project understanding and the tasks that will be performed by Anderson
Perry & Associates, Inc. (AP) for the manganese treatment pilot test (Project) for Rudd Farms (Owner). The
Owner requests AP to prepare detailed hand sketches, prepare an equipment and materials list, and provide
assistance with the initial setup of a pilot test treatment system to remove manganese and iron from the
Owner's shallow groundwater wells. The Owner also requests AP perform tests and sampling.

AP proposes to pilot test an aeration treatment system with the addition of supplemental air and/or chlorine
bleach, if necessary. The Project will consist of the following components:

e Design of a pilot test treatment system to remove manganese and iron
e Construction of the pilot test treatment system (by Owner)

o Operation of the pilot test treatment system including several tests that will be modified as required to
optimize manganese and iron removal
e Sampling and testing of raw and treated water

These components and the responsible parties are outlined in subsequent sections of this SOW. Pilot tests are
anticipated to be conducted May 2018.

PRELIMINARY EQUIPMENT AND MATERIALS LIST

A preliminary list of the necessary equipment and materials to construct the pilot test treatment system is
shown below. Please note the list in this SOW is general in nature and additions or subtractions may occur as
the project progresses.

e Power and extension cords

¢ Inlet and outlet sample taps

e Raw water pump with flowmeter

e Raw water inlet piping/tubing and fittings as required

e Flow distribution system (i.e., a flow distributing tray or lateral spreading tubes)
e Aeration trays with perforations, splash aprons, and structural members
e Stone or other media to fill aeration trays (if needed)

e Tank to provide detention time

e Variable speed recirculation pump with flowmeter and tubing as required
¢ Air compressor with tubing, aeration tubing, and air flow rotameter

e Chlorine bleach

e Variable speed chemical feed pump with tubing for chlorine bleach

® Solid Engineering G:\BusDev\BD - GIS\Rudd Farms - Manganese Treatment Pilot Test\SOW.docx

[ ] Sound SOIUtiOﬂS © Copyright 2018 by Anderson Perry & Associates, nc.
® Steadfast Partners 1



m RUDD FARMS

MANGANESE TREATMENT PILOT TEST

o Treated water outlet piping/tubing and fittings as required (treated water will be directed to drain away
from the pilot test treatment system)

e Vented stainless steel enclosure for the pilot test treatment system
PRELIMINARY OUTLINE OF TESTS

Several tests will be conducted once the pilot test treatment system is constructed. Each test is anticipated to
be conducted for a duration of two days. For each test, water samples will be taken at the inlet and outlet
sample taps. The modifications between tests are listed below. The test modifications will be performed in the

order listed.
1. Varying raw water flow rate
2. Varying water recirculation flow rate
3. Addition of supplemental air and varying the air flow rate
4. Addition of chlorine bleach and varying the chlorine bleach flow rate

In summary, raw water will initially be run through the system without any recirculation flow rate, air addition,
or chlorine bleach addition. Following this test, the flow will be recirculated to test the effects. Next, air will be
added to the system. Lastly, chlorine bleach will be added to the system. It is important to note modifications
added from previous tests may be removed to test the effects of a different modification.

PRELIMINARY SAMPLING REQUIREMENTS

The Owner plans to develop an aquifer storage and recovery (ASR) system. This system would enable the
Owner to inject treated water from shallow groundwater wells into a deep basalt well for irrigation storage
purposes. The treated water must meet ASR water quality requirements for manganese, iron, and byproducts
created from the use of chlorine bleach. Currently, the total manganese and iron concentrations in Well No. 1
are 0.14 milligram per liter (mg/L) and 0.16 mg/L, respectively. Water samples will be taken at the inlet and
outlet sample taps. Water quality standards for the Project at the outlet sample tap are outlined below:

e Total manganese must be less than 0.05 mg/L
e Total iron must be less than 0.30 mg/L

Byproducts created by the addition of chlorine bleach must be follow the standards outlined below.

e Total trihalomethanes must be less than 80 micrograms per liter {ug/L)

e Total haloacetic acids must be less than 60 pg/L

e Chloride must be less than 250 mg/L

e Sulfate must be less than 250 mg/L AECE! L
e pH must be between 6 and 8.5

NO
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Tests will be performed for the water quality analytes shown in Attachment A. Samples for analysis of water
quality analytes shown in Attachment A must be collected after 24 hours of pumping the well. These analyte
results will provide data for others to evaluate the potential adverse effects when mixing treated water with
native groundwater in the shallow basalt wells.

GENERAL ENGINEERING SERVICES

Upon approval by the Owner for AP to proceed, AP shall provide general engineering services for the Project to
include:

1. Coordinate with the analysis laboratory to have a Well No. 3 sample (collected by the Owner) analyzed

for the water quality analytes shown in Attachment A.

Prepare for and lead a project kickoff meeting with the Owner to review the project objectives.

Prepare an initial project schedule and updates as needed.

Prepare detailed hand sketches of the pilot test treatment system.

Prepare an equipment and materials list for the pilot test treatment system.

Conduct a site meeting with the Owner to verify the system is constructed as shown on the sketches and

with the appropriate equipment and materials. Sampling procedures will also be outlined at this site

meeting.

7. Prepare a detailed outline of the tests to be conducted with amounts, flow rates, etc. This outline will
be subject to change pending the results of each test performed.

8. Set up all tests as outlined. This outline will be subject to change pending the results of each test
performed.

9. Perform water sampling as outlined. It is anticipated the water samples would be run through a filter
paper to remove the precipitates. The Owner shall be responsible to pay all costs for water sampling
materials, shipping, and testing. These costs are estimated to be $1,000. AP will coordinate with the
analysis laboratory.

10. Review of the water sampling test results. AP will suggest changes to the subsequent tests, if required.

o vk wnN

WORK PERFORMED BY OWNER
It is anticipated the Owner will perform the following work:

1. Obtain a water sample from Well No. 3. This sample must be taken after pumping the well for 24 hours.
Coordinate with AP to have the sample analyzed by the laboratory.

2. Attend a project kickoff meeting with AP to review the project objectives.

3. Provide information to AP when requested.

4. Purchase all equipment and materials necessary for construction of the pilot test treatment system.
Equipment and materials are estimated to cost $1,500. AP will provide the Owner with an equipment
and materials list. This list is subject to change to ensure all needed equipment and materials for
construction of the system are obtained.
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5. Construct the pilot test treatment system utilizing the sketches, equipment and materials list, and
guidance provided by AP.

6. Attend a site meeting with AP to verify the pilot test treatment system is constructed as shown on the
sketches, and with the appropriate equipment and materials. Sampling procedures will also be outlined
at this site meeting.

7. Operate the pilot test treatment system for the duration of each test, and record data as outlined by AP.
AP will set up each test and perform water sampling.

8. Perform repairs/adjustments as required. The Owner will purchase all materials for
repairs/adjustments.

ADDITIONAL ENGINEERING SERVICES

In addition to the general engineering services described above, the following services may be provided by AP
when requested by the Owner in writing, as required. If additional services are requested, the scope and fees
will be added by amendment to this SOW or under a separate Work Order.

1. If requested, AP may assist the Owner with construction of the pilot test treatment system.

2. Compile all testing results and project conclusions into a pilot study report.

3. Redesign work when requested to do so by the Owner. Such work shall include changes in the design
that are beyond the control of AP.

FEE ESTIMATE

The estimated fee for "General Engineering Services" outlined herein is approximately $10,000 to $15,000 on a
time and materials basis, plus direct reimbursable expenses. This amount shall not be exceeded without
notification to and approval by the Owner.

RECEIVED
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WATER QUALITY ANALYTES
Type Parameter Units
General Conductivity uS/cm
Dissolved Oxygen mg/L
ORP mV
pH unitless
Temperature degC
Total Dissolved Solids mg/L
ICations Calcium mg/L
Magnesium mg/L
Potassium mg/L
Sodium mg/L
Anions Alkalinity, Total as CaCO, mg/L
Bicarbonate mg/L
Carbonate mg/L
Chloride mg/L
Sulfate mg/L
Redox Species Iron, Dissolved mg/L
{ron, Total mg/L
Manganese, Dissolved mg/L
Manganese, Total mg/L
Nitrate + Nitrite mg/L
Nitrate as N mg/L
Nitrite as N mg/L
Metals Aluminum mg/L
Antimony mg/L
Arsenic mg/L
Barium mg/L
Beryllium mg/L
Cadmium mg/L
Chromium mg/L
Copper mg/L
Lead mg/L
Mercury mg/L
Nickel mg/L
Selenium mg/L
Silver mg/L
Thallium mg/L
Zinc mg/L
Other Parameters Color c.u.
Corrosivity --
Cyanide mg/L
Fluoride mg/L
Odor ton
Silica mg/L
Total Organic Carbon mg/L
Total Suspended Solids mg/L
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Type Parameter Units

Disinfection Byproducts Bromate mg/L
Bromodichloromethane mg/L
Bromoform mg/L
Total Chlorine mg/L
Free Chlorine mg/L
Chlorite mg/L
Chloroform mg/L
Dibromoacetic Acid mg/L
Dibromochloromethane mg/L
Dichloroacetic Acid mg/L
Monobromoacetic Acid mg/L
Monochloroacetic Acid mg/L
Total Haloacetic Acids mg/L
Total Trihalomethanes mg/L
Trichloroacetic Acid mg/L

Notes:

Unless otherwise notes, all values are the dissolved portion
-- Not Tested

Abbreviations:

CaCO; = calcium carbonate

c.u. = color unit

degC = degrees Celsius

mg/L = milligrams per liter

mV = millivolt

N = nitrogen

ORP = oxidation reduction potential
US/cm = microsiemens per centimeter

RECEIVED
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Attachment C - Storage Volume Calculation ~ ~ <~V

Fatal flaws related to the volume of water that can be stored in the Basalt Well were evaluated by
comparing the volume of water that has been pumped from the Basalt Well during past irrigation seasons
to the volume of water that we anticipate can be stored in the Basalt Well.

Volume of Water Pumped From the Basalt Well

Table C.1 lists the volumes of water that have been pumped from the Basalt Well since 2014, based on
data from the Oregon Water Resources Department {OWRD) online Water Use Reporting database.

Table C.1. Basalt Well Water Use

Water Year Months Pumped WatSrRuinpea
o (acre-feet)
s a2 0177 May to October : 75.18
2016 April to October 179.80
o 2015 April to October o VnEERETDE
2014 July to September 276.83

As shown in Table C.1, the volume of water pumped from the Basalt Well during past irrigation seasons
has ranged from about 75 acre-feet (ac-ft) to 277 ac-ft.

Volume of Water That Can Be Stored in the Basalt Well

The volume of water that can be stored in the Basalt Well is a function of the number of days that water
is injected, the well’s specific capacity, and the available headroom in the well. Because the water level in
the Basalt Well varies about 100 feet during the year {from 88 feet in March to 175 feet in October),
there is significant uncertainty in the available headroom. Therefore, we calculated a range of injection
volumes using the range in available headrooms.

Table C.2 shows the volume of water that we anticipate can be stored in the Basalt Well. The following
assumptions were used to calculate the storage volume:

e The recharge rate is limited to 75% of the pumping rate at the Basalt Well, so that the Basalt Well
is pumped at a higher rate than water is recharged. Pumping at a higher rate during recovery
imparts more energy into the aquifer and removes materials introduced during injection that
could clog the well. Based on the pumping rate of 522 gpm observed during the October 2017
pumping test, the injection rate is limited to 365 gpm.

o The Basalt Well is recharged from December 1 through March 31 (121 days), and operates
constantly.

e Available headroom ranges from 88 feet (the depth to water in the Basalt Well measured on
March 23, 2016) to 175 feet (the depth to water in the Basalt Well measured on October 24,
2017).

e The specific capacity used in the injection volume calculation was based on the assumption that
specific capacity during injection is the same as specific capacity during pumping. Therefore,
specific capacity can be estimated based on the 24 hour constant rate pumping test at the Basalt

55 SW Yamhill Street, Suite 300 Portland, OR 97204 USA P:503.2398799  info@gsiwscom  www.gsiws.com



Well. As shown on Figure A.2, the estimate for specific capacity is 1.6 gpm/ft, based on a
drawdown of 325 feet after 120 days of pumping at 522.5 gpm.

Table C.2. Basalt Well Storage Volume.

Recharge Available Specific Recharge Storage Volume
Period Headroom Capacity Rate Millions of Acre-Feet
{days) (feet) (gpm/ft) (gpm) Gallons

121 88 1.6 140.8 24.7 75.6
121 175 16 280 49.0 150.4

We estimate that Rudd Farms can store about 113 acre-feet of water per year in the Basalt Well, which is
the median in the range of storage volumes in Table C.2. During recharge, we estimate that the minimum
injection rate is likely to be 141 gallons per minute, and the maximum injection rate is likely to be 280

gallons per minute.

Fatal Flaws Evaluation

Because the volume of the water that can be stored in the Basalt Well (113 acre-feet) is the
same order of magnitude as the volume of water that has been pumped from the Basalt Well
during previous irrigation seasons (between 75 acre-feet and 277 acre-feet), we find that storage

volume is not a fatal flaw to ASR at Rudd Farms.
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Attachment D — Geochemical Mixing Evaluation
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@ S.S. PAPADOPULOS & ASSOCIATES, INC.
Environmental & Water-Resource Consultants

Memorandum

Date: December 6, 2017

From: Brad Bessinger

To: Matt Kohlbecker, GSI Water Solutions, Inc. n- "VED
Project: Rudd Farms Phase Il ASR 19
Subject: Water Quality Mixing Evaluation

This memorandum summarizes an evaluation of water chemistry data for a potential Aquifer
Storage and Recovery (ASR) system located at Rudd Farms, Oregon. Included is an evaluation of
potential changes in water quality caused by mixing native groundwater with groundwater injected
from an overlying, alluvial aquifer. Also included is an assessment of mineral precipitation
reactions that could potentially occur in the ASR system.

Methodology

A summary of water chemistry data for native groundwater and proposed injection water (alluvial
source groundwater) was provided in spreadsheet format by GSI Water Solutions (GSI) (Table 1).
As shown in the table, concentrations of total dissolved solids (TDS) in both native (deep) and
alluvial groundwater are relatively low, with no primary maximum contaminant level (MCL)
exceedances for any constituent. Manganese concentrations in alluvial source groundwater (0.15
mg/L) are higher than secondary MCLs (0.05 mg/L). Also, fluoride concentrations and pH in
native groundwater slightly exceed secondary MCLs.

The USGS-supported geochemical model PHREEQC (Parkhurst and Appelo 1999) was used to
calculate the effect of water mixing on (1) the concentrations of dissolved constituents in
groundwater-injected water mixtures, and (2) mineral saturation indices' (SI). The model was run
at a constant temperature of native groundwater (51°C), assuming the temperature of injected
water is buffered by the aquifer at the same temperature as native groundwater. Model results were

reported as a function of the percentage of alluvial source groundwater contained in the mixture
(from 0 to 100%).

' As concentrations of dissolved aqueous species that comprise a particular mineral increase, the tendency for that
mineral to precipitate out of groundwater is enhanced. This tendency is defined mathematically by a value called the
saturation index (SI), which is expressed on a logarithmic scale as the ratio of the concentration of ions in solution to
the concentration required for mineral precipitation to occur. SI values greater than or equal to zero represent
groundwater that is saturated or supersaturated (under these conditions, there is a thermodynamic driving force for
mineral precipitation to occur). Conversely, values less than zero imply that a mineral is unstable, and if present in
aquifer soils, will dissolve into groundwater

416 NE DAaLLAS STREET, SUITE 201, CAMAS, WA 98607 » TEL: (360) 566-7119 « Fax: (360) 838-1901
WWW.SSPA.COM ¢ E-MAIL: BBESSINGER@SSPA.COM



@ S.S. PAPADOPULOS & ASSOCIATES, INC.

To:
Date:

Page:

Environmental & Water-Resource Consultants

Matt Kohlbecker, GSI Water Solutions, Inc.
December 6, 2017
2

Predicted Water Quality

Table 2 compares model-predicted constituent concentrations in mixed groundwater to primary
and secondary MCLs. The mixing of native groundwater with injected, alluvial groundwater
results in the exceedance of the secondary MCL for manganese when alluvial source groundwater
comprises more than 30% of the mixture. This exceedance is due to the presence of naturally-
occurring manganese in alluvial groundwater. Fluoride concentrations and pH are predicted to be
less than secondary MCLs for mixtures that contain more than 30% alluvial groundwater.

Predicted Mineral Saturation Indices

The saturation states of water mixtures with respect to selected minerals are summarized at the
bottom of Table 2. Results include the following:

Silica (SiO2) Minerals: Groundwater is close to equilibrium with several silica polymorphs,
including quartz, chalcedony, and SiOz(am) (SI values + 1.0). Although quartz has the
most-positive SI value, it is unlikely to precipitate. This is because quartz precipitation
kinetics are extremely slow, and its precursor is SiOz(am), which has negative SI values.
In summary, silica precipitation is not predicted.

Carbonate Minerals: Native groundwater is greatly undersaturated with respect to
carbonate minerals (negative SI values for calcite and dolomite). This indicates there is
likely an absence of these minerals in the ASR aquifer. By contrast, mixtures containing
native groundwater and alluvial source groundwater are supersaturated with respect to
carbonate minerals, with maximum SI values for calcite and dolomite predicted to be 0.5
and 2.2, respectively (for a mixture consisting of 60% alluvial source groundwater). The
positive SI values predicted by the model indicate there is a potential for scale formation
to occur in the ASR system. This potential is largely driven by the relatively-high pH of
native and alluvial groundwater?.

Although carbonate scale formation is possible, precipitation is inhibited by the large
nucleation energy required to form new minerals. For example, SI values required for
calcite nucleation and crystal growth range from 1.3 to 2.5 (Morse et al., 2007; Lebron and
Suarez, 1996), which are higher than predicted by the model. Also, dolomite requires
greater supersaturation for mineral precipitation. For example, seawater does not
precipitate dolomite even though SI values are higher than 2.4, and it has been reported
that dolomite precipitation in laboratory conditions typically requires temperatures
between 100 and 300°C. Modern dolomite is only believed to be forming from high ionic

? CO(g) exsolution may occur during groundwater recovery, which would further increase pH (up to 8.8). The model
predicts that exsolution would increase Sl values for calcite and dolomite to 0.9 and 3.1, respectively.

2 RECEIVED
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@ S.S. PAPADOPULOS & ASSOCIATES, INC.

Environmental & Water-Resource Consultants

To: Matt Kohlbecker, GS| Water Solutions, Inc.
Date: December 6, 2017
Page: 3

strength solutions that are typically derived from the evaporation of seawater or lakes in
arid regions.

In summary, some calcium carbonate (calcite) mineral precipitation is possible due to
alkaline (high pH) groundwater; however, there is uncertainty in this prediction because
the calculated SI values are less than those that have been reported to be necessary for
nucleation and mineral growth.

e Iron and Manganese Minerals: Iron oxyhydroxide, Fe(OH)s;(am), is a very insoluble
mineral that is known to precipitate in ASR and injection well systems (due to the
oxidation/conversion of ferrous iron to ferric iron). There is a potential for mineral
precipitation and/or biofouling by Fe-related bacteria in the proposed ASR system based
on (1) the occurrence of ferrous iron in groundwater (Table 1), and (2) positive saturation
indices predicted for Fe(OH)3(am) during mixing (Table 2). In addition, there is a potential
for reduced manganese in groundwater to be oxidized and precipitate as pyrolusite,
bixbyite, and/or hausmannite (as shown in Table 2, the SI values for each of these minerals
is positive due to the presence of dissolved oxygen in the groundwater?).

Although some iron and manganese oxyhydroxide precipitation is possible, the amount is
likely to be small, based low concentrations of ferrous iron and manganese in the aquifer®.
Therefore, it is unlikely that these minerals will significantly affect injection well
operations through clogging®. Supporting evidence for a lack of clogging is provided in
Table 3, which summarizes water quality from other regional ASR systems with similar
iron and manganese concentrations, and no reported issues associated with mineral
precipitation.

Conclusions and Recommendations

* This assumes that there was no oxygen introduced during sampling and that the relatively-low dissolved oxygen
concentrations measured by the YSI Multi Parameter Meter (with flow-through cell) are accurate. Because the
instrument was calibrated prior to use, and DO stabilized prior to sampling, values in Table 1 are assumed accurate.
4 It is important to note that the aquifer likely contains some oxygen demand in the form of reduced minerals and
organics. This demand will compete with dissolved manganese and iron for the available oxygen, thereby reducing
the amount precipitated.

5 In view of the predicted potential for iron and manganese precipitation, it is of interest to estimate the possible
volume of precipitates that could form to evaluate whether this could pose a concern for clogging. The highest detected
iron and manganese concentrations (0.13 mg/L and 0.15 mg/L, respectively, Table 1) were used to evaluate a worst-
case scenario. If all the iron and manganese present in 1 liter of groundwater were to be precipitated as amorphous
Fe(OH); (density = 3.13 g/cm’) or birnessite (density = 3.0 g/cm?), they would occupy a total volume of less than
0.0005% of the pore volume occupied by the groundwater. This suggests that the levels of iron and manganese present

in groundwater have a low potential for aquifer clogging.
RECEIVED
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No detrimental water quality changes are predicted to be caused by operation of the ASR system;
however, there is some potential for mineral precipitation to occur. In the case of iron and
manganese oxyhydroxides, precipitation is predicted to be minor and not affect system
performance. In the case of calcite scale formation, although the model predicts that precipitation
is possible, the predicted SI values are less reportedly required for nucleation and growth of calcite,
and no precipitation is expected.
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Table 1. Summary of Water Quality of Waters Used in Mixing Analysis

Alluvial
Primary Secondary Native Source
Type Parameter Units MCL MCL Groundwater | Groundwater
General Conductivity us/cm 355 217
Dissolved Oxygen mg/L 0.07 0.82
ORP mV -168.1 -92.5
pH unitless 6.5-8.5 8.65 8.03
Temperature degC 51 14
Total Dissolved Solids mg/L 500 260 180
Cations Calcium mg/L <1 17
Magnesium mg/L <0.1 6.9
Potassium mg/L 45 4
Sodium mg/L 74 20
Anions Alkalinity, Total as CaC03 mg/L 140 120
Carbonate mg/L 6.6 <2
Chloride mg/L 250 15 1.2
Sulfate mg/L 250 9.3 1.7
Redox Iron, Dissolved mg/L 0.3 <0.02 0.13
Species Iron, Total mg/L 0.3 <0.02 0.16
Manganese, Dissolved mg/L 0.05 0.0046 0.15
Manganese, Total mg/L 0.05 <0.01 0.14
Nitrate + Nitrite mg/L <0.1 <0.1
Nitrate as N mg/L 10 <0.1 <0.1
Nitrite as N mg/L 1 <0.05 <0.05
Metals Aluminum mg/L 0.05t0 2 <0.02 <0.02
Antimony mg/L 0.006 <0.001 < 0.001
Arsenic mg/L 0.01 0.0026 0.0015
Barium mg/L 2 0.015 0.077
Beryllium mg/L 0.004 <0.001 <0.001
Cadmium mg/L 0.005 < 0.0005 < 0.0005
Chromium mg/L 0.1 <0.001 <0.001
Copper mg/L 13 1 <0.002 <0.002
Lead mg/L 0.015 <0.0005 < 0.0005
Mercury mg/L 0.002 < 0.0002 < 0.0002
Nickel mg/L < 0.005 < 0.005
Selenium mg/L 0.05 < 0.005 < 0.005
Silver mg/L 0.1 < 0.0005 < 0.0005
Thallium mg/L 0.002 <0.001 <0.001
Zinc mg/L 5 <0.02 <0.02
Other Color c.u. 15 5 3
Parameters |Corrosivity - NC -0.76 0.18
Cyanide mg/L 0.2 0.066 0.045
Fluoride mg/L 4 2 31 0.2
Odor ton 3 2 2
Silica mg/L 110 60
Total Organic Carbon mg/L 0.97 0.5
Total Suspended Solids mg/L <10 <10
Disinfection |Bromodichloromethane mg/L 0.08* < 0.0005 < 0.0005
Byproducts |Bromoform mg/L 0.08* < 0.0005 < 0.0005
(DBPs) Chloroform mg/L 0.08* < 0.0005 < 0.0005
Notes

- Unless otherwise notes, all values are the dissolved portion

-- = Not Tested
NC = Noncorrosive

* Primary MCL for total trihalomethanes
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Table 2. Summary of Mixing Calculations (Native Groundwater + Alluvial Source Groundwater)

ey,
O W H 1J Primary | Secondary Alluvial Source Groundwater
Type Parameter Units MCL MCL 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
General Dissolved Oxygen mg/L 01 01 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.7 0.8
Eh mvV 626 633 639 644 649 653 659 664 670 677 684
pH s.u. 6.5-8.5 8.6 8.6 8.6 8.5 85 8.4 8.4 8.3 8.2 8.1 8.0
Temperature degC 51.1 51.1 51.1 51.1 51.1 51.1 51.1 51.1 51.1 51.1 51.1
Total Dissolved Solids mg/L 500 388 375 362 349 336 323 310 297 284 271 258
Cations Calcium mg/L ND 1.7 34 5.1 6.8 8.5 10.2 11.9 13.6 15.3 17.0
Magnesium mg/L ND 0.7 1.4 2.1 2.8 35 4.1 4.8 5.5 6.2 6.9
Potassium mg/L 4.5 4.5 4.4 4.4 4.3 43 4.2 4.2 41 4.1 4.0
Sodium mg/L 74.0 68.6 63.2 57.8 52.4 47.0 41.6 36.2 30.8 25.4 20.0
Anions Bicarbonate mg/L 170.9 168.5 166.0 163.6 161.1 158.7 156.3 153.8 151.4 148.9 146.5
Chloride mg/L 250 15.0 13.6 12.2 10.9 9.5 8.1 6.7 53 4.0 2.6 1.2
Sulfate mg/L 250 9.3 8.5 7.8 7.0 6.3 5.5 4.7 4.0 3.2 2.5 1.7
Redox Species|lron, Dissolved mg/L 0.3 ND 0.013 0.026 0.039 0.052 0.065 0.078 0.091 0.104 0.117 0.130
Manganese, Dissolved mg/L 0.05 0.005 0.019 0.034 0.048 0.063 0.077 0.092 0.106 0.121 0.136 0.150
Nitrate as N mg/L 10 ND ND ND ND ND ND ND ND ND ND ND
Nitrite as N mg/L 1 ND ND ND ND ND ND ND ND ND ND ND
Metals Aluminum mg/L 0.05to 2 ND ND ND ND ND ND ND ND ND ND ND
Antimony mg/L 0.006 ND ND ND ND ND ND ND ND ND ND ND
Arsenic mg/L 0.01 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Barium mg/L 2 0.015 0.021 0.027 0.034 0.040 0.046 0.052 0.058 0.065 0.071 0.077
Beryllium mg/L 0.004 ND ND ND ND ND ND ND ND ND ND ND
Cadmium mg/L 0.005 ND ND ND ND ND ND ND ND ND ND ND
Chromium mg/L 01 ND ND ND ND ND ND ND ND ND ND ND
Copper meg/L 13 1 ND ND ND ND ND ND ND ND ND ND ND
Lead mg/L 0.015 ND ND ND ND ND ND ND ND ND ND ND
Mercury mg/L 0.002 ND ND ND ND ND ND ND ND ND ND ND
Selenium mg/L 0.05 ND ND ND ND ND ND ND ND ND ND ND
Silver mg/L 0.1 ND ND ND ND ND ND ND ND ND ND ND
Thallium mg/L 0.002 ND ND ND ND ND ND ND ND ND ND ND
Zinc mg/L 5 ND ND ND ND ND ND ND ND ND ND ND
Other Fluoride mg/L 4 2 3.1 2.8 2.5 2.2 19 1.7 1.4 11 0.8 0.5 0.2
Parameters |Silica mg/L 110 105 100 95 90 85 80 75 70 65 60
Total Organic Carbon mg/L 1.0 09 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.5 0.5
Disinfection |Bromate mg/L 0.01 ND ND ND ND ND ND ND ND ND ND ND
Byproducts  |Chlorine mg/L 4 ND ND ND ND ND ND ND ND ND ND ND
(DBPs) Chlorite mg/L 1 ND ND ND ND ND ND ND ND ND ND ND
Total Haloacetic Acids mg/L 0.06 ND ND ND ND ND ND ND ND ND ND ND
Total Trihalomethanes mg/L 0.08 ND ND ND ND ND ND ND ND ND ND ND
Saturation Quartz unitless 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6
Index Chalcedony unitless 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.3
Si02{am) unitless -0.3 -0.3 -0.3 -04 -04 -0.4 -0.4 -0.5 -0.5 -0.5 -0.5
Calcite unitless -100 0.0 0.2 0.4 0.4 0.5 0.5 0.5 0.5 0.4 0.4
Dolomite unitless -100 11 1.6 sl 231! 21 2.2 2.2 2.1 2.0 1.9
Gypsum unitless -100 -4.17 -3.90 -3.77 -3.69 -3.64 -3.62 -3.63 -3.66 -3.72 -3.83
Siderite unitless -100 -10.0 -9.7 94 -9.3 -9.1 -8.9 -8.8 -8.6 -8.4 -8.3
Fe(OH)3(am) unitless -100 2.8 3.1 33 3.5 3.6 38 39 4.0 4.1 41
Pyrolusite unitless 8.0 8.6 8.8 8.9 9.0 9.1 9.1 9.2 9.2 92 9.1
Bixbyite unitless 9.9 10.9 11.2 11.4 11.5 11%7, 11.7 118 11.8 11.7 11.6
Hausmannite unitless 9.4 10.8 113 115 11.7 11.9 12.0 12.0 12,0 11.9 11%7]
Rhodochrosite unitless -1.2 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 -0.1 0.0 0.0




Table 3.Water Quality Data for Select Columbia River Basalt Wells

City of X
Beaverton City of Beaverton
(Hanson Well) ASR No. 3 Pilot City of Tigard | City of Tigard Grabhorn TVWD Miller | Cornelius Test
Well -- Start of ASR 1 ASR 2 Well Hill Road Well Well
Regulatory Regulatory ASR 1
Analyte Unit Standard Criteria (WASH 8988) Pump Test Day 10
Date Sampled 7/14/1994 3/18/2004 11/29/2001 8/4/2004 5/15/2003 10/21/2011 1/20/2015

Alkalinity mg/L 250 SMCL 110 NT 109 139 135 100 140
Calcium mg/L None None 36 58 25 26.1 234 15 31
Chloride mg/L 250 SMCL 475 210 3.7 16 3.86 35 380
Total Hardness, as CaCO3 mg/L 250 SMCL 140 256 108 120 107 70 120
Bicarbonate (HCO3) mg/L None None 110 NT 133 139 138 120 170
Potassium mg/L None None 2.6 7.9 3 53 2.8 2.6 30
Magnesium mg/L None None 19 27 11 13.7 119 7.7 10
Manganese Total mg/L 0.05 SMCL NT 0.085 0.0024 0.14 ND 0.021 0.14
Manganese Dissolved mg/L None None NT NT NT 0.14 0.01 ND 0.15
Iron Total mg/L 0.3 SMCL ND 0.12 ND 0.13 ND 0.18 0.15
Iron Dissolved mg/L None None NT NT NT ND NT ND 0.16
Fluoride mg/L 2 SMCL ND NT 0.09 ND 0.11 0.18 1.2
Sodium mg/L 20 URC (advisory) 121 73 8.2 213 13.3 20 220
Nitrite as N mg/L 1 MCL 0 NT ND ND ND ND ND
Nitrate as N mg/L 10 MML 0.56 NT 1.7 0.9 0.09 ND ND
Silica mg/L None None NT NT NT 55.1 66.5 59 66
Sulfate mg/L 250 URC, SMCL ND NT 4.3 ND 2.33 23 ND
Total Dissolved Solids mg/L 500 SMCL 245 530 200 220 210 150 870
Total Organic Carbon mg/L None None 0.7 NT NT ND ND ND 0.54
Total Suspended Solids mg/L None None ND NT NT ND NT ND ND
Field pH Units 6-8.5 None 6.88 6.78 6.78 7.14 7.2 7.45 7.53
Field Temperature Celsius None None NT 15.7 11.7 15.2 144 15.7 19.7
Field Specific Conductance umho/cm None None 377 902 NT 349 252 218 957
Field Dissolved Oxygen mg/| None None 4.2 6.3 6.98 15 NT 1.86 0.39
Odor TON 3 SMCL NT NT NT NT ND 1 ND
Radon 222 pCi/l 300 or 4000 | Proposed MCL NT NT NT NT NT 330 460
Field Oxidation-Reduction Potential mV None None NT NT NT NT 72.9 NT -89.8

Footnotes:

Analytical data shown in shading exceed the applicable regulatory standard
ND = not detected

NT = not tested

SMCL = Secondary Maximum Contaminant Levels -- Federal Regulations
MCL = Maximum Contaminant Levels -- Federal Regulations

MML = Maximum Measurable Level -- Oregon Department of Environmental Quality
URC = Oregon Health Authority Unregulated Contaminants

mg/l = milligrams per liter

umhos/cm = micromhos per centimeter

Celsius (C=5/9 (F - 32))
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Attachment E — Cooper Jacob Calculations
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Cooper Jacob Equation (Confined)
As=[(2.303*Q)/(4*n:*T)]*Iog[(2.25*T*t)/(r2*S)]

(Equation 7-50 of Fetter, pg. 224, 1988)

Input Parameters
K NA ft/day
b A

O o | ftday |

DNQR 53,900 | fr/day

RN 0.00005 | fft |

t 121 day

UNIO 50763 5,808 | 7.551515 0.0010
UNIO 50687 10,560 | 6.134231 0.0032
UNIO 50684 11,088 | 6.018565 0.0035
UNIO 2046 19,536 | 4.675819 0.0109
UNIO 52334 21,648 | 4.432458 0.0134
UNIO 50683 22,176 | 4.37533 0.0140
UNIO 271 22,704 | 4.319547 0.0147
UNIO 273 22,704 | 4.319547 0.0147
UNIO 174 22,704 | 4.319547 0.0147
UNIO 325 23,232 | 4.265046 0.0154
UNIO 173 23,232 | 4.265046 0.0154
UNIO 208 27,984 | 3.823856 0.0223
UNIO 50833 27,984 | 3.823856 0.0223

[rGS!

Water Solutiom, tac.

P:\Portland\702 - Rudd Farms\002 - Preliminary ASR Evaluation Phase il\Tables\Cooper Jacob
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Appendix B: AR Limited License Application and Land Use Compatibility Statement
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Oregon Water Resources Department

725 Summer Strect NE, Saitc A Applicaﬁon for

Salem Oregon 97301-1271

503) 00 C— s

e v i Limited Water Use License
License No.:
Applicant Information
NAME PHONE (HM)

Brett Rudd 541-962-9522
PHONE (WK) CELL PAX
541-910-1812 541-910-1812 None
ADDRESS 62913 Wallsinger Road
cITY STATE | zp E-MAIL *
Cove OR__197824 ruddfarms@gmail.com
_Agent Information
NAME PHONE FAX
Matt Kohibecker 971-200-8531
ADDRESS CELL
55 SW Yamhill Street, Suite 200 503-877-8086
cITY STATE | zIP E-MAIL *
Portland OR 9720J mkohlbecker@gsiws.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: Groundwater from Well 1 4 tripytary of Wright Slough Basin
2. AMOUNT OF WATER to be diverted;
Maximum and instantaneous rate (cubic feet or gallons per minute): _ 399 gpm
Total volume (gallons or acre-feet): _ 243.900,000 gallons per year . If water is to be used from more than one
source, give the quantity from each;_NA
3. INTENDED USE(S) OF WATER: (check all that apply)
3 Road construction or maintenance
3 General construction
O Forestland and rangeland management; o
{7 Other:_Artificial 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 (inchuding pump
horsepower, if applicable), length and dimensions of supply ditches and pipelines:

See attached map and supplemental report describing project. Water will be diverted from Well 1 at rates up to 0.78 cfs, and
will be conveyed through the systems shown on the accompanying limited license application map. Additional information
about Well 1 is documented in certificate 90977 and UNIO 51770. The lengths and dimensions of the supply pipelines and
locations where water will be used for artficial recharge are shown on the accompanying limited license application map.

5. PROJECT SCHEDULE: (List day, month, and year)
Date water use will begin:_Date of LL issuance
Date water use will be completed: 5 years from date of LI issuance

Months of the year water would be diveried and used: S years from date of LL issuance
If for other than irrigation from stored water, how and where will water be discharged after use:

NA '
IS AL St B 125 )4
Apphcam Signsture Primt Name and e i apphicable T Dae
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NOV 27 2020
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PLEASE READ CAREFULLY

NOTE: A completed water availability statement from the local watermaster, Land Use Information Form
completed by the local Planning Department, fees and site map meeting the requirements of

OAR 690-340-030 must accompany this request. The fee for this request is $280 for the first point of diversion plus
$30 for each additional point of diversion. Please review the Department’s fee schedule to view fees required to
request a limited license for Aquifer Storage and Recovery testing purposes or for Artificial Groundwater Recharge
testing purposes.

Failure to provide any of the required information will result in return of your application. The license, if
granted, will not be issued or replaced by a new license for a period of more than five consecutive years. The
license, if granted, will be subordinate to all other authorized uses that rely upon the same source, or water affected
by the source, and may be revoked at any time it is determined the use causes injury to any other water right or
minimum perennial streamflow.

If water source is well, well logs or adequate information for the Department to determine aquifer, well depth, well
seal and open interval, etc. are required. The licensee shall indicate the intended aquifer. If for multiple wells, each
map location shall be clearly tired to a well log.

If a limited license is approved, the licensee shall give notice to the Department (Watermaster) at least 15 days in
advance of using the water under the Limited License and shall maintain a record of use. The record of use shall
include, but need not be limited to, an estimate of the amount of water used, the period of use and the categories of
beneficial use to which the water is applied. During the period of the Limited License, the record of use shall be
available for review by the Department upon request.

*4 summary of review criteria and procedures that are generally applicable to these applications is available at:
http://www.oregon.gov/owrd/pages/pubs/forms.aspx

Mapping Requirements (OAR 690-340-0030):
(1) A request for a limited license shall be submitted on a form provided by the Water Resources Department,
and shall be accompanied by the following:

a. A site map of reproducible quality, drawn to a standard, even scale of not less than 2 inches = 1
mile, showing:

i. The locations of all proposed points of diversion referenced by coordinates or by bearing
and distance to the nearest established or projected public land survey corner;

ii. The general course of the source for the proposed use, if applicable;

iii. Other topographical features such as roads, streams, railroads, ctc., which may be helpful
in locating the diversion points in the field.

REMARKS:

REGEEWED For WRD Use Only
NOV 27 2020
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This page to be completed by the local Watermaster.

WATER AVAILABILITY STATEMENT

Name of Applicant; _Brett Rudd Limited License Number:

1. To your knowledge, has the stream or basin that is the source for this application ever been regulated

for prior rights?
[ Yes [No
If yes, please explain:

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

O Yes [ No

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

O Yes CNo

If yes, what are your observations for the stream?

4. If the 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?

[ Yes [CINo ONa

What would you recommend for conditions on a limited license that may be issued approving this
application?

RECEIVED
NOV 27 2020
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5. Any other recommendations you would like to make?

Signature WM District #: Date:

Application for Limited Water Use License/3 WTR



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 official 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 application is for a water right transfer, allocation of conserved water, exchange, permit amendment, or ground water

registration modification, and all of the following apply:

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

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

¢) 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.

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 return 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

NOV 27 2020
OWRD

Revised 2/8/2010 Land Usc Information Form - Page 1 of 3 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

Applicant: Brett Rudd
— A i T
Malllng Address: 62913 Wallsinger Road
Cove OR 97824 Daytime Phone: 541-910-1812
City State Zip

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 YaVa Tax Lot # Plan Designation (e.g., . Water to be: Proposed Land
Rural Residential/RR-5) Use:
2S 39E 30 2539000011800 EFU [X] Diverted  [X] Conveyed [ Used Artificial
28 39E 20 2539000008500 EFU ODivered (X Conveyed Kl Used | Groundwatet
28 39E 29 253900001 1300 EFU O Diverted  [X] Conveyed ~ [] Used Recharge
O Diverted [ Conveyed [ Used

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

Union County

B. Description of Proposed Use

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

Source of water: [] Reservoir/Pond X} Ground Water [ Surface Water (name)
Estimated quantity of water needed: __ 350 {1 cubic feet per second  [X] gallons per minute [ acre-feet
Intended use of water: [ ] Irrigation O commercial [J Industrial [ Domestic for household(s)

] Municipat ] Quasi-Municipal [ ] Instream [X] Other Artificial Groundwater Recharge
Briefly describe:

An application for a limited water use license is being submitted to the Oregon Water Resources Department r‘equesting to use
water from Rudd Farms Irrigation Well No. 1 for artificial groundwater recharge.

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

Department.
See bottom of Page 3. — RECEEVED
NOV 27 2020
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For Local Government Use Only

The 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
fand-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: {1¢ 2 ¥S O Se¢c¢ . 2,02 .

{1 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.”

Type of Land-Use Approval Needed £y - icies & .
s pha 3 , e Jitional Cite: Most Significant, Applicable Plan Policies Land-Use Approval:
. ; U%L r=9o YGomioed [ Being Prrsued
m.‘noS"ff"t/{ ec. 2,02 ) Desied {3 Not Being Pursped
0 Obtained [ Being Persocd
3 Denied 1 Not Being Purgucd
) Obtained [} Being Porsped
[ Desied [} Not Being Pursoed
] Obtaioed ] Baing Parsned
[ Deaied L] Not Being Pursued
7 Obexined [ Being Parsued
1 Denied [ Not Being Parsued

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

Name: S—‘-ch W-‘trr?m Title: ASJOC.‘:;‘LC //"‘7’4}‘/‘

Signature: _Ju«/l A as Phone: 57/ -503- {01 Y _ Date: A 7,209

Government Entity: L)n.'l«,.ﬁ Caun’i%; ﬂlﬂﬂnivﬁ Oe;hi,.

Note to local government representative: Please complete this form or sign the receipt below and return it to the applicant. If you
signmcreceipt,youwillhave%daysfmmtheerRmDepm'mem‘snoﬁcedmtoreunn!hecompletedLandUselnformaﬁon
Form or WRD may presume the land use associated with the propased use of water is compatible with local comprehensive plans.

Receipt for Request for Land Use Information

Applicant name:

City or County: Staff contact:

Signature; o Phone: Date;

RECEIVED
NOv.27 2028
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This page to be completed by the local Watermaster.

WATER AVAILABILITY STATEMENT
Name of Applicant: _firet! Rudd Limited License Number: L= 1T

1. To your knowledge, has the stream ot basin that is the source for this application ever been regulated
for prior rights?
/m es [ Ne
1f yes, please explain:
\ fcc ﬁ /z ,3‘2 )
/JA/JW (ol Oouncss , PN bty o e
P bo Negililech amesls - prtin d ey ~Aep™ 8.

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

.‘ . 7( EYesLe [ Ne I a)}vlcjp wouﬂ/ w
prﬁfﬁ mg/’f:{f +wf Sus fote. WO ”“f&i outsle Hhe prpFsr
.{4/ re s "/

Vs 5% P ~l )Y
3. Do you observe (his stream system during regular fieldwork?

B3 Yes ONo
If yes, what are your observations for the stream?
Dowcat (3 o6 Creapl Yoo porchls af fJuusne. phew octsber, Fleco
jeoeds o W/;“/ﬁ Joos  Decembec JedH ke wilily feliass.

Floos ate Yypicd liys b broren Ve vesddie o Febiary f A,
4. 1f the source is a well and if were to determine that there is the potential for substantial

interference with nearby surface water BOurces, 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?

):l‘e,7 &u){_ uuknovyDYes DNo Owa

What would’you recommend for conditions on a limited license that may be issued approving this
application?

RECEIVED
JAN 102020
OWRD

5. Any other recommendations you would like to make?

Signature __T)JZ @/ 57 ‘Jé—; WM District #: _ 6 pue: // /a;{ 20

Application for Limited Water Use License/3 WTR
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Appendix C: OWRD Water Availability Analysis

RECEIVED
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GRANDE RONDE R > SNAKE R - AB WILLOW CR
GRANDE RONDE BASIN

Water Availability as of 2/11/2019

Watershed ID #: 30810407 (Map) Exceedance Level:
Date: 2/11/2019 Time: 2:50 PM
_ Uimiting Watersheds | omplets Water Avallailty Anatysts |
Water Availability
Select any Watershed for Details
I TS ECPYSTY, PSP S () 77 (O Y % TP O T I
Select GRANDE RONDE R> SNAKE R- AT MOUTH Yes Yes Yes Yes Yes Yes Y Yes Yes Yes
Select 2 . 228 GRANDE RONDE R> SNAKE R- AB SHEEP CR Yes Yes Yes Yes Yes Yes Yes No No Yes No Yes Yes
Select 3 30810416 GRANDE RONDE R> SNAKE R- AB WALLOWA R Yes Yes Yes Yes Yes Yes Yes No No Yes No Yes Yes
Select 4 30810406 GRANDE RONDE R> SNAKE R- AB GORDON CR Yes Yes Yes Yes Yes Yes Yes No No Yes No Yes Yes
Select 5 30810407 GRANDE RONDE R> SNAKE R- AB WILLOW CR Yes Yes Yes Yes Yes Yes Yes No No Yes No Yes Yes

Download Data ( Text - Formatted , Text - Tab Delimited , Excel )

RECEIVED
NOV 27 2020
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Appendix D: Groundwater Quality Results — Well No. 1 and Basalt Well
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Source Native
RECE“’ED Water Groundwater
Sample Location |Rudd Farms Well No. 1 Basalt Well
NOV 2 7 202[] Lab |Eaton Analytical 10/18/2017 10/17/2017
OWRD
Standard Criteria Unit
Disinfection By-Products ' (2 o
Chloroform (Trichloromethane) ug/L <05 <0.5
Bromodichloromethane ug/L <05 <05
Bromoform (Tribromomethane) ug/L <0.5 <05
Dibromochloromethane ug/L = =
Total Trihalomethanes 80 MCL, MML ug/L - -
Bromochloroacetic Acid & = ug/L - -
Dibromoacetic Acid ug/L - -
Dichloroacetic Acid - ug/L - -
Monobromoacetic Acid ug/L -- --
Monochloroacetic Acid ug/L -- --
Trichloroacetic Acid ug/L - % |
Total Haloacetic Acids 60 MCL ug/L -- --
Synthetic Organic Compounds (SOCs) R T U 2
2,4-D 70 MCL, MML ug/L <0.1 <0.1
2,4-DB ug/L <2 <2
2,4,5T ug/L <0.2 <0.2
2, 4, 5-TP (Silvex) 10 MCL, MML ug/L <0.2 <0.2
3, 5-Dichlorobenzoic acid ug/L <0.5 <0.5
3-Hydroxycarbofuran ug/L <0.5 <0.5
Acifluorfen ug/L <0.2 <0.2
Alachlor (Alanex) 2 MCL ug/L <0.1 <0.1
Aldicarb (temik) ug/L <05 <0.5
Aldicarb sulfone ug/L <05 <05
Aldicarb sulfoxide N B ug/L <0.5 <0.5
Aldrin ug/L <0.01 <0.01
Atrazine 3 MCL ug/L < 0.05 <0.05
Baygon . B - - ug/L _<_0.5w <05
Bentazon ) _ - ug/L <05 <0.5
Benzo(a)Pyrene 0.2 MCL ug/L <0.02 <0.02
BHC-gamma (Lindane) 0.2 MCL, MML ug/L <0.01 <0.01
Carbary! ug/L <0.5 <0.5
Carbofuran 40 MCL ug/L <05 <0.5
Chlordane 2 MCL ug/L <0.1 <0.1
Dalapon 200 MCL ug/L <1 <1
Di(2-ethylhexyl)adipate (adipates) 400 MCL ug/L <0.6 <06
Di(2-ethylhexyl)phthalate (phthalates) 6 MCL ug/L 2.4 7.6
Dibromochloropropane (DBCP) 0.02 MCL ug/L <0.01 <0.01
Dicamba ug/L <0.1 <0.1
Dichlorprop ug/L <0.5 <0.5
Dieldrin ug/L <0.01 <0.01
Dinoseb 7 MCL ug/L <0.2 <0.2
Diquat 20 MCL ug/L <04 <04
Ethylene Dibromide (EDB) 0.05 MCL ug/L <0.01 <0.01
Endothall 100 MCL ug/L <5 <5
Endrin 0.2 MCL, MML ug/L <0.01 <0.01
Glyphosate 700 MCL ug/L <6 <6
Heptachlor 0.4 MCL ug/L <0.01 <0.01
Heptachlor Epoxide 0.2 MCL ug/L <0.01 <001
Hexachlorobenzene (HCB) 1 MCL ug/L <0.05 < 0.05
Hexachlorocyclopentadiene 50 MCL ug/L <0.05 < 0.05
Methomyl ug/L <0.5 <0.5
Methoxychlor 40 MCL, MML ug/L <0.05 <0.05
Methiocarb ug/L <0.5 <0.5
Molinate ug/L <0.1 <0.1
Paraquat R ug/L <2 <2
Pentachlorophenol 1 MCL ug/L <0.04 <0.04
Picloram 500 MCL ug/L <0.1 <0.1
Simazine 4 MCL ug/L < 0.05 <0.05
Thiobencarb (ELAP) ug/L <0.2 <0.2
Total Polychlorinated Biphenyls (PCBs) 0.5 MCL ug/L <01 <0.1
Toxaphene 3 MCL, MML ug/L <0.5 <0.5
Vydate (Oxamyl) 200 MCL ug/L <05 <0.5

s

Watar Solstion, lnc.
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o i Source Native
f:q o -% Water Groundwater
Sample Location |Rudd Farms Well No. 1 Basalt Well
NOV 27,2020 Lab |Eaton Analytical 10/18/2017 10172017
OWRD
Standard Criteria Unit

Radionuclides '
Alpa, Gross - pCi/L <3 <3
| Alpha, Min Detectable Activity pCi/L 18 28 |
Alpha, Two Sigma Error pCi/L 0.64 07 ]
Beta, Gross pCi/L 5.1 <30
Beta, Min Detectable Activity pCi/L 1.5 1.4
Beta, Two Sigma Error pCi/L 0.6 0.5
[Radium 226 - - | - - pCi/L <1 <1
Radium 226 Min. Detect Activity pCi/L 0.42 0.38
Radium 226 Two Sigma Error pCi/L <1 <1
Radium 228 o pCi/L <1 <1 ]
[Radium 228 Min Detect Activity B pCi/L 0.82 0.65
Radium 228 Two Sigma error pCi/L <1 < 1'_ _—
Radium 226, 228 Combined pCi/L <2 <2
Radon 222 pCi/L 300 140
Radon 222, Two Sigma Error pCi/L 5 9.5
Uranium ug/L <1 <1
Microbial '
E. Coli Bacteria N MPN/100 mL <1 <1
Total Coliform Bacteria MPN/100 mL 2 <1
Total Coliform Bacteria (P/A) 1 P A ]
E.Coli Bacteria (P/A) A A
Notes
ASR Injection Standards = Lowest value within MCL/2, MML/2, or SMCL except disinfection by-products.
ASR Injection Standards for disinfection by-products = Lowest value within MCL, MML, or SMCL.
ASR = aquifer storage and recovery
MCL = maximum contaminant level for drinking water
-- = not tested

[

Water Solutions, nc.
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Appendix E: Theis Calculations

RECEIVED
NOV 27 200

OWRD



1) THEIS EQUATION:

1.87r2§
§ = M where,u =
T Tt
EQUATION PARAMETERS Well No. 1
Description Variable Units Input/Result
Drawdown s Length -
Pumping Rate Q Length®/ti gpm 280
Ping ength'/time ft3/s 0.62
. d/ft 2333
Trans it T : * ti EP
MEissvity Length/length * time ft2/day 311.8567036
Storativity S * 0.2
e . days 135
Pumping Time t Time soc 11664000
Notes:
Input Cell

Parameters From:
Transmissivity is late-time transmissivity from a 74 hour pumping test of Well No. 1.
Storativity is the midrange storativity for a sand (Driscoll, 1986).

RECEIVED
NOV 27 2020
OWRD




2) CALCULATED DRAWDOWN:

Drawdown at Wells

Well No. Well ID Distance (ft) u W(u) s (ft)
- Well No. 1 0.5 3.0E-07 14.449 198.73

1 UNIO 51734 147 2.6E-02 3.082 42.38

Extent of Interference 1,060 1.3E+00 0.073 1.00

2 UNIO 705 1,420 2.4E+00 0.018 0.25

3 UNIO 2533 2,070 5.1E+00 0.001 0.01

4 UNIO 50450 2,550 7.7E+00 0.001 0.01

5 UNIO 50227 2,757 9.0E+00 0.001 0.01

RECEWED
NV 27 2020

o



Cooper Jacob Equation (Confined) (Equation 7-50 of Fetter, pg. 224, 1988)
As=[(2.303*Q)/(4*7t*T)]*log[(2.25*T*t)/(r2*S)]

Input Parameters ;
s R ] NA__L____f_tléav_ FEIQET ¥} 9280 gemis | 53,900 ft'/d
b LR, 0 ft*/d 0 | epdfft
BT 3621 | ft'/day T | 27089 | gpd/ft | 36210  ftY/d
QR 53,900 | ft¥/day [ty - S OIS e e
s 000005 ft/ft | _ L 8.
t 135 | day

UNIO 50763 5,808 [7.681291 0.0009
UNIO 50687 10,560 | 6.264007 0.0029
UNIO 50684 11,088 | 6.148341 0.0031
UNIO 2046 19,536 | 4.805595 0.0098
UNIO 52334 21,648 | 4.562234 0.0120
UNIO 50683 22,176 | 4.505107 0.0126
UNIO 271 22,704 | 4.445323 0.0132
UNIO 273 22,704 | 4.449323 0.0132
UNIO 174 22,704 | 4.449323 0.0132
UNIO 325 23,232 | 4.394822 0.0138
UNIO 173 23,232 | 4.394822 0.0138
UNIO 208 27,984 | 3.953632 0.0200 REGE!V ED
UNIO 50833 27,984 | 3.953632 0.0200
| NOV 27 2020
OWRD
ms@ P:\Portland\702 - Rudd Farms\0OS - AR LL Application Phase II\06 - Appendices\Appendix E - Theis Data\Cooper Jacob Basalt

Water Sobutiems, bnc.



Appendix F: Record Keeping Form

REGEIVED

NOV.27 2020
NOWNRD



RUDD AR MONITORING FORM

Sampler:
Date:
AR Opertions (circle one): Recharge Storage Recovery
WELL NO. 1
Flow rate information: Water level information:
Time Time
Inst. Flow Rate (gpm) Measuring Point
Totalizer Reading Depth to Water
{ac-ft x 0.001) (ft below measuring point)
Field Parameters at time of sample collection:
Temp Conductivity DO ORP Turbidity
S le Ti H
L °c) (uS/em®) 2 (mg/t) (mv) (NTU)
Sample ID and Analyste Suite (see AR Limited License Report for instructions):
Sample ID
Analyte Suite
BASALT WEL
Flow rate information: Water level information:
Time Time
Inst. Flow Rate (gpm) Measuring Point
Totalizer Reading Depth to Water
{ac-ft x 0.001) {ft below measuring point)
Field Parameters at time of sample collection:
Temp Conductivity DO ORP Turbidity
le Ti H
Saraerme *c) {us/em’) & (mg/) {mV) (NTY)
Sample ID and Analyste Suite (see AR Limited License Repart for instructions}:
Sample ID
Analyte Suite
SCHWEPKE WELL
Flow rate information: Water level information:
Time Time
Inst. Flow Rate (gpm) Measuring Point
Totalizer Reading Depth to Water
{ac-ft x 0.001) (ft below measuring point)
Field Parameters at time of sample collection:
Temp Conductivity DO ORP Turbidity
S le Ti H
2 et °c) {yS/cm?) . (mg/) (mv) {NTU)

Sample ID and Analyste Suite (see AR Limited License Report for instructions):

Sample ID

Analyte Suite

RECEIVED
NOV 27 200

OWRD



3 ] f - |

Appendix G: As-Built Diagrams and Driller Logs for the Basalt Well, Schwepke Well, and Well No. 1

RECEIVED
NOV 27 2020

OWRD



—

<= 28-Inch Borehole,
0-116' bgs
- 24-Inch 0.375 Gauge Steel Casing,
0-116' bgs
16-Inch 0.375 Gauge Steel Casing,
+1-2,537' bgs
Cement Seal,
500 = s00° 0-500' bgs
\e— 22-Inch Borehole,
116-2,537' bgs
Bentonite Cement Seal,
500-2,357' bgs
1000 -
1500 —
3
w
&
]
k=
>
7]
o
=
3 2000
(5]
3
Q
@
£
-8
a 2,357
2500 =4 2,502 Cement Seal,
2,504 2,357-2,537' bgs
2,537
12-Inch 0.25 Gauge Steel Casing,
2,504-2540' bgs
_ 14.75-Inch Borehole,
3000 2,537-4,045' bgs
12-Inch 088 Slot Perforated Liner,
0.25 Gauge, 2,504-4,025' bgs
3,450 k=
3500 =
4000 — )
4,045 4,045’ TD: 4,045' bgs
LEGEND _ FIGURE X
Valley-Fine Deposits R E c EIV ED
- Powder River Volcanic Field s Rudd Basalt Well, UNIO 52415
B columbia River Basalt Group Rudd Farms

NOV.27 2020
OWRD

AR Limited License Application

.

Water Selutions, Inc.

70702_Rudd_Farms Source_Figures\004_AR_LL_Application




0 = <+— 22-Inch Borehole,
0-1,575' bgs
Cement Seal,
202' 0-202' bgs
16-Inch 0.375 Gauge Steel Casing,
+2-811 bgs
500 -
8’
. 14-Inch 0.312 Gauge Steel Casing,
1000 8111515 bgs
1,080' - —
| i 1,395 Cement Seal,
| 1,395-1,513' bgs
1513 .
1500 — { 1515 1 14-Inch 3/16 Slot Perforated Liner,

1575' 1,515-1,575' bgs
8
(VS
t
@
e 4— 14.5-Inch OPen Borehole,
3 2000 — 1,575-3,065 bgs
o
2
Q@
o
£
&
o
2,448
2500 -
3000 —
3,065’ 4 TD: 3,065’ bgs
ov 27 200
LEGEND FIGURE X
Valley-Fine Deposits
|77 Powder River Volcanic Field Rudd Schwepke Well, UNIO 50687
B columbia River Basalt Group Rudd Farms

AR Limited License Application

5

Water Salution, Inc.

W0 02_Pudd_Farms\source_Figures\o04_AR_LL_Appiication



200 =

400 —

600 -~

Depth Below Ground Surface, Feet

800 —

910"

1000 -~

10-inch 0.25 Gauge

Steel Casing,
520-530' bgs
540-570' bgs
590-610" bgs
630-640' bgs
660-665' bgs
675-680’ bgs
700-720' bgs
730-740' bgs
760-790' bgs
835-855' bgs

865-880' bgs 792"

920'

[=—}¢— 36-inch Borehole

0-110" bgs
Bentonite/Cement Seal
0-110' bgs

16-Inch 0.375 Gauge Steel Casing,

+2-180' bgs

200-210' bgs
220-245' bgs
265-355' bgs
375-425' bgs
445-450' bgs
470-510' bgs

24-Inch Borehole,
110-792' bgs

3/8-Inch Gravel,
110-920' bgs

16-Inch 0.060 Slot
Miiled Steel Wire Wrap Screen,
180-200' bgs
210-220' bgs
245-265' bgs
355-375' bgs
425-445' bgs
450-470' bgs

[—4— 10-Inch 0.040 Slot

Stainless Steel Wire Wrap Screen,
510-520' bgs

570-590' bgs
610-660’ bgs

10-Inch 0.25 Slot

<o
o)

;]

'G
o
[~
S
)
E
N

Perforated Liner,
665-675' bgs
680-700' bgs
720-730' bgs
740-760' bgs
790-835' bgs
855-865' bgs
880-910' bgs

]‘— 22.5-Inch Borehole,

792-920' bgs

TD: 920’ bgs

LEGEND

Neogene Sedimentary Rocks
and Quaternary Surficial Deposits

Powder River Volcanic Field
P Columbia River Basalt Group

RECEIVED
NOV 27 2020
OWRD

FIGURE X

Rudd Well 1, UNIO 51770/51835

Rudd Farms
AR Limited License Application

[

Water Solutions, Inc.

Y 1070Z_Fudd_Farms\Source_Figures\ond_AR_LL_Apphcanon
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UniO
STATE OF OREGON 50 (o 8 7
WATER SUPPLY WELL REPORT

(urqundbyORSSﬂ'Iﬁ)

RECEIVED
" APR 13 2000

(o*) CX™

WELLLD. #
STARTCARD # I/ 713877

(1) OWNER: Well Namber (9) LOCATION OF WELL by legal description:
Name County Latitude Longitude
Address Township N or S Range E or W. WM.
aty State Zip Section 1/4 14
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
! !NewWellI IDeqanin;! !Mmm(mwm)uw Street Address of Well (or nearest address)
[JRotayAir [JRotwyMud [JCsble  [JAuger 1 A A
Other f2. below land surface. Date
{3 PROFREPTSE: prrraa e
[JDomestic  [JCommunity [Jindustriast [ Jlmigation {fl) WATER BEARING ZONES:
Thermal Injoction Livestock Other
s Depth at which water was first found
Spocial Construction approval [[] Yes [ ]No Depth of Completed Well fr.
Explosivesused []Yes [JNo Type Amount From To Estimated Flow Rats | SWL
HOLE SEAL 509 [9] A 5
Dismstsr From To Matorisl Frem To  Sacksorpounds ‘24 Ko oPWN 71,
f% ﬁd K70 /E506 G LM —> M’"j
‘ /9 7/ n't Gearmine ]
/ LYEY v ~ 1
(12) WELLLOG:
How was seal placed: Method [JA (OB ([Jc [Op ([E Ground Rlevation
O omer
Backfillplacedfrom _____ ft. to_____ £ Material SWL
Gravel placed from ft to fi.  Sizoofgravel
Dismster Prom To Gauge Steel Plastic Welded Threaded
Casing: o O 0O O
O 0O O O
O 0O 0O a
o 0O 0O O
Liner: o 0O 0O O
O o 0O O
[JPoforations  Method £ oy SOFT i iﬁa
[]Screens Material (L hale Baoiry 0372 1674
EEGEEV m’mm Diommtor | TUl™ ey Lawr | [(S0 OFT 1674 (735
O a ”" 7”’ SOFT F _2%9
0 O o SOF ] 228 17244
_NE O 0O | [(Clay S0 d, Coensg 152
™ O O | |(Pay Shas SOFT 253 12714
J LJ O O ||[Rg Sheg-threon. HARD 379 1804
Somd, Cotse. 204 (807
(8) WELL TESTS: Minimum testing time is 1 hour Daio started Completed
AR (unbonded) Water Well Constructor Certification:
OJPump [ Bailer CAis [ Artesian duﬂthﬁlMNdmm«mm
—Yieldgalmia _ Drswdown PSS "l: w»mnw{wumaﬁ?m
WWC Number
Signed Dato
Tomperature of water Depth Artesian Flow Found (bonded) Water Well Construcior cation:
Was a water analysis done?  [] Yes By whom Iweeptmn hmw«mm
Did any straia contain water not suitable for intended use? [ Too listle formed reposted
[JSalty [(JMuddy [JOdor [JColored [JOther mmm%l:h ..mmﬁmmwﬁw.
Depth of straa: WWC Numbee /327
Signed Date 3 <4~

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR THIRD COPY-CUSTOMER



@ .
starEororzcoy > Q0¥ 7 APR 13 2000
WATER SUPPLY WELL REPORT WELLLD. #
> STARTCARD# W 13877
(1) OWNER: Well Number (%) LOCATION OF WELL by legal description:
Name County Latitude Longitude
Address Township N or S Range Eor W. WM
g State Q Section 1/4 1/4
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
New Well [ ] Deepening [”] Alteration (repair/recondition) [T] Abandonment Stroct Address of Well (o noarest address)
OJRotayAir [JRotayMud [JCsble  [JAuger {T0) STATIC WATER LEVEL:
Eomq f1. below land surface. Date
0 2 Artesian pressuro Ib. per square inch. Date
[ODomestic =~ [JCommunity [Jindustrial  [Jimigation A ]
Theemal Injection Livestock  []Other
%‘m&tﬁmﬂm Depth at which water was first found
Special Construction approval [[] Yes [ ]No Depth of Completed Well f.
Explosivesused []Yes [[JNo Type Amount From __ To Estimated Flow Rate | SWL
HOLE SEAL 24L77 2Z9y /20 GPN 1234 2‘3 Fleus
Diameter Frem To Matarisl From To  Sacksorpounds a7/4 22/5% 3406 [
223/ AL 7
L2054
o /OO & LA
(12) WELL LOG:
How was seal placed: Methed (JA [JB [Jc [Jp [JE Ground Hlevation
O oter
Backfiliplacedfrom __ M. to____ ft. Material To SWL
Gravel placed from fi. to f.  Size of gravel 234
: 839
Diameer From To Gasgs Sieel Plastc Weldod Threaded 251
Casing: [ o S 84
O ~Ek. O 1015
B OB 1024
O O 0O |0
Liner: 8 . B:20 054
B~ 0: 5= |
Final location of thos9) ___
; ; R Q
gpafomim Mesthod 25
Screens Type Material
Frm K Te G Casing 044
— O O /
O O 9
27 _ﬂ (| O 2
‘ a a /98 A0
G Hﬁ D () O - - 204 VETh]
(8) WELL TESTS: Minimum testing time is 1 hour Dete started Completed 3
Flowing (unbonded) Water Well Constructor Certification:
JPump ] Bailer OAir ] Artesien ﬂﬂﬂnwutlpufwmdonhmmdhnﬁm,oubmdmm
B mim _wmems e | geh e e e
WWC Number
Signed Date
Temperature of water Depth Artesian Flow Found (bondad) Water Wdl Cm Certification:
Was a water analysis done? ] Yes By whom mgm for the construction, alteration, or sbandonment work
Did any strata contain water not suitable for intended use? [ Too listle m:mm.mu?m%wm All work
[JSalty (JMuddy []Odor [JColored []Other standards, m:repmlsmmﬁnbutofmymw“mlgemdbeﬁef
Depth of strata: WWC Number Z-S Z
Signed Date

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER




STATE OF OREGON

WATER SUPPLY WELL REPORT

(28 roquired by ORS 537.765)

Unio

RECEIVEp
$06 g7 APR 13 2000 WELLLD.#L_20L 7

4 or

STARTCARD# W 13877

il
OF WELL by legal description:

o)
Neme Latitude Longitude
Address Township N or S Range Eor W. WM
Cig State 2 Section 1/4 1/4
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
New Well [] Doopening ] Alterstion (repairfrocondition) [ ] Abandonment Strect Address of Well (or nearest address)
[JRotaryAir [JRotwyMud [JCable [JAuger X A A
Other ft. below land surface. Date
(ii MMB m!: Artesian pressure 1b. per square inch. Date
[ODomestic ~ [JCommmnity [Jindustrial  [Jlwigation {il) WATER BEARING ZONES:
5 B ' ONST] s Depth at which water was first found
SpoademahnWDYqu Depth of Completod Well f.
Explosivesused []Yes [JNo Type Amount From To Bstimated Flow Rate | SWL
HOLE SEAL A ¥ 2797 TR Y]
Dismetar From To Materlal  From To  Sacksorpesnds a% 2.8 242 m
\ 7
=/ éo:g'% W 7
oL/ \
(12) WELLLOG:
How was seal placed: Method (JA [OB [Jc [Op ([(O=e Ground Rlevation
O other
Backfill plsced from fto_____ R Material | Material Fom | To SWL
Gravel placed from ft. 0 fi.  Sizoof gravel = 1217
SOFT 274
Dismwter From To Gasge Steel Plastic Walded Threaded - 2 |/
Casing: g O 0O a 1l 1941
02§ e -
+ 4, A
O 0O 0O O |§ 0, 1468 487
Liner: g 4O 0O 0 S0
a O 0O O /)
le”m*"m(') = £499
: e et (54a
. l163(
Renck - TR 7L
= 212
672
V(77
(679
+ 929
20 2/9
/7221

(8) WELL TESTS: Minimum testing time is 1 hour

Flowing
CJPump [JBaiter O Air [ Artesian
Yidgelimin __ Drawdewn Drill stem at Time
1he
Temperature of water Depth Artesian Flow Found
Was a water analysis done? [} Yes By whom
Did any strata contain wates not suitsbie for intended use? [ Too little

(Osalty [(JMuddy [JOdor [JColored [JOther

Depth of strata:

(mbonded) Water Well Constructor Certiftcation:
dmaxﬁthalemhmmmdMam

mwm mmmwmm
are know
par i iy Kngwiedes

WWC Number
Signed
(bonded) Water Well Constructor Certification:
L accept m&mmamm
is well  the construction dates reported above. All work
pafamdhmgmudmuncouplhwewnhmgm wlpply
construction standards, report is true to the best of my knowledge and belief.

WWC Numbere /3 79
Dm—_

Signed

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER

A



o) oc
hio RECEIVED
S00L87 "~
STATE OF OREGON
WATER SUPPLY WELL REPORT APR 13 2000 WELLID.4L_Z0L IR
<'"°@'”"'°*‘3””“’ STARTCARD#_R/ 73R 79
9PDDCATION OF WELL by legal description
Name County Latitude Longitude
Address Township N or S Range E or W. WM.
q—g State Zip Section 14 14
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
New Well ] Deepening [] Alteration (ropair/rocondition) (] Abandorment Street Address of Well (o nearest address)
[RotayAir [JRotaryMod [JCable  [JAuger {10) STATIC WATER LEVEL:

Other ft. below land surface. Date
E’Hﬂm Artesian prossure Ib. persquaroinch.  Date __
[JDomestic =~ [JCommunity [JIndustrial  [JIrrigation (11) WA 2

Thermal Injoction Livestock  [JOther
%—WM: Depth at which water was first found
Special Construction approval [] Yes [JNo Depth of Completod Well n
Explosives used []Yes [JNo Type Amount From To Estimated Flow Rate | SWL

HOLE SEAL
Diamster From To Mateorial From Te Sacks or pesnds
S E— U
(12) WELLLOG:
Howwasscalplacet:  Method []JA [JB [Jc [OJp [JB Ground Elevation
Bnldgllmplwedﬁnm fto £ Material Material Fom | To SWL
Gravel placed from f w0 R Size of gravel FL /721 11748
Diametsr From To Gange Stesl Plastic Welded Thresded q9 |
Casing: O O O O € 11993
(] r T /991
a 200N
O
O 20229
] SOFT 2070
20
SOFT 2119
2ila 2120
v 120 219
Calag  Liner Z/35 2202
0 O 2222, 721
O a 2229 225]
Od a 3 =P 25
O O 7]
— B 0,00
L~ v + - 2.215
(8) WELL TESTS: Minimum testing time is 1 hour Dato started Completed
Flowing (unbonded) Water Well Constructor Certification:
OJPump [ Bailer DAir ] Artesien ﬂmhw«klperﬁxmdontheoonm alteration, or abandonment
ey o S P el |11 115 e pes ey
WWC Number
Signed Date
Temperature of water Depth Artesian Flow Found (bonded) Water Well Consiructor Certification:
Was a water analysis done? ] Yes By whom 1accept ity fo the construction, alteration, or abandonment work
Did any strata contain water not suitable for intended use? ] Too little mmﬁw«mwmmm

Clsaity (OMuddy [JOdor [JColored {JOther
Depth of strata:

water well

construction mneponuuuetothobenotmykmwedgemdbehef
WWC Number / 2 ZZ
Signed Dato

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER

- N



— RECEIVED b o B

U/
STATE OF OREGON APR 13 2000 S—
WATER SUPPLY WELL REPORT S0 7 WELLLD.#L_A0L 78
iy =IO " » WATERRESOURCESDEPTSTARTCARD#M_’:SQ’I‘!
(1) OWNER: Well Number ) LOCATION OF WELL by legal description:
Name County Latitude Longitude
Address Township N or S Range E or W. WM.
Gity Stats Zip Section 14 14
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
[CJNew Well DDeupmmg| !Mmﬁm(waihwmﬂﬁnn)gAhw Street Address of Well (or nearest address)
[JRotayAir [JRotaryMud [JCable  [JAuger {10) STATIC WATER LEVEL:
Other ft. below land surface. Date
HM' Artesian pressure Ib. per square inch. Date
[JDomestic  [JCommunity [Jinduswial [ Jlmigation {ll) WATER BEARING ZONES:
Thermal Injection Livestock Other
(\‘ 0 Depth at which water was first found
Spem.lConmaionappuvllE]YuDNo DeptthmwlﬂedWell f
Bxplosivesused [ ]Yes [JNe Type From To Estimated Flow Rate | SWL
HOLE SEAL
Dismeter From To Matorial From Te Sacks or pounds
{12) WELL LOG:
How was seal placed: Method [JA [JB [IC Oop [OE Ground Elevation
O other
Backfill placed from ft to . Material From | To SWL
Gravel placed from ft. to ft.  Sizo of gravel 216 27278
: -12278
Diameter Frem To G Steel Plastic Welded Threaded - ¢ {/ m
Casing: 8 B EI B 2231
% 8 Olas 2t i< tacdlls AR | AAS Lo
O O O 0O |BaalbZlact ves, ° Vixzpa %
NOV 4. ( O O g B Wﬂ _ 29 1a336
Liner: O o O A YALD 1326 l3%4
n\kﬂ- Uilo O O O m bhad, 2349 2383
Un Raiall Moge s las fhwn SOF 236 12354
i (Rasall Black s (Lagy Shoy G B357 12154
[JScreens Type Material m, ,'Wmm 2365
To N ¥ Disaaier ! Luer | [ Bpsall Srpy 1 Cladg /hac 2.3 2382
i = T 'O | (Bl BlackBu B od T 287
_ | 0 | Kbad Frace /21g30 Kool
(\ ¥4 E rwnmm, et 2340 [23a4
O O ||{e=btbasce sl 2399 |qumD
O O .L"_!’ﬂ' y/ ; WAeD X249
Wﬂ [ale Bhean 12429 12948
(8) WELL TESTS: Minimum testing time is 1 hour Date started Completed
; Flowing {unbooded) Water Well Constructor Cortification:
[JPump (] Bailer DAir O Artesien ks %uwmm@‘mmmmmrm or abandonment
Yield Drywdewp Drifl stom ot L] Materials used and rperied mu?ugwmua«mymme
1he | sodbeliet.
WWC Number
Signed ___ Date
Temperature of water Dopth Artesian Flow Found {bonded) Water Well Constructor Certification:
Was a water analysis done?  [[] Yes By whom = lwmn fw%mmMamx
Did any strata contain water not suitable for intended use? Too listle congiection roported
[]Salty [JMuddy [JOdor [JColored [JOther mmwdonmdldl. ":pmu'm:o‘ﬂusofmm wwuueﬁ
Dopth of strata: WWC Number
Signed Date =

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR THIRD COPY-CUSTOMER



NECGEIVED / UF A

110, '
50,27 - APR 132000
WAS"rrigEs?J:gLnﬁvogLL REPORT WELLLD.#L_S2 L9 &

(nnqundby ORS 537165)

WARESOURGESDEPT START CARD # [0 738711

(1) OWNER: Well Number () LOCATION OF WELL by legal description:

Name County Latitude Longitude
Address Township N or S Range E or W. WM.
Gg Stats _22 Section 1/4 1/4
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
gxew%u [J Doopening [ Alteration (ropais/recondition) [ ] Abandonment Stroet Address of Well (or nearest address)
[RotwyAir [JRotwyMud [JCsble  [JAuger {i0) STATIC WATER LEVEL:
Other ft. below land surface. Date
Artesian pressure 1b. per square inch. Date
[] Domestic DCounmmty Oiodurial  [Jimigation i) WATER BEARING ZONES:
RE B H Depth at which water was first found
SpeuﬂCmuaionwwnl DYuDNo Depth of Completed Well ft
Explosivesused []Yes []No Type Amount From To Bstimated Flow Rate | SWL
HOLE SEAL
Diamster From To Materisl Frem To Sacks or pounds
I N U WS Sk — —
(12) WELL LOG:
How was seal placed: Mathod [JA [JB [Oc [Op (OB Ground Blevation
Other
Eﬁﬂlphmdﬁun __ fRt__ R Material Mategial From To SWL
Cravl paeod 500 0 0 £ Sizs of gravel Candlan Tod, - Slaks. Sroem, ~ 342
. mﬂam T
Diameter Frem To Gausge Steel Plastic Woelded Threaded mh
N TR
O O O O
0. .85 .0 O 2508
Liner: O O 08 0 2500
B Oy '™ | 25/0
F‘ml lowmof lhoo(a) 25 (0

('\ ERFOR 15 (e
[JPecforstions ~ Method 458
] Screens Type Material 4590
From , Te iy Caslag  Liner
it RI-VEVEN E O
g L8 0__ssesrg O A592,
(\ et 3R B0 1541
O O 2941
[ ' O O 2544
: F'MI’.EWH’H mm 3 <
(8) WELL TESTS: Minimum testing time Is 1 hour Date started Completed
Flowing (unbonded) Water Well Constructor Certification:
COPunyp [IBailes O Air [ Astesisn alhf‘hl&ewuklpufumdmhmon,dm
of this isin liance
—Yieldgalosis _ Drowdows ___ Dilisemal ":: mnuym?mmmmmhhndmyme
WWC Number
Signed Date
Temperature of water Depth Artesian Flow Found (bonded) Water Well Constructor Certification:
Was a water analysis done? [ Yes By whom 1 accept mﬁ:’mn}&mon.aab%mx
Did any strata contain water not suitable for intonded use? [ Too littlo ﬁ | Sering thin timo & m. with Oregon reported sbove.
[Jsalty [JMuddy [JOdor [JColored [T]Other construction standards. m’:r:pmumwﬂnbmofﬁm&e::ﬂbemt
Depth of strata: WWC Number /2 77
Signed o Date

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER



RECEIVED

got g

T Unio
STATE OF OREGON S0LR7 APR 13 2000 — =5
e ORI surcane A 18TT

X
£

(1) OWNER: ‘Well Number (9) LOCATION OF WELL by legal description:
Name County Latitude Longitude
Address Township N or S Range Eor W. WM
i State Section 1/4 1/4
(2) TYPE OFWORK Tax Lot Lot Block Subdivision
Now Well [ ] Deepening [ ] Alteration (repair/recondition) gAbm Street Address of Well (or nearest address)
[JRotaryAir [JRotayMud []Cable  [JAuger {i0) STATIC WATER LEVEL:
% ft. below land surface. Date
@ 3 Artesian pressure Ib. per square inch. Date
[JDomestic = [JCommunity [Jlndustrial  [Jlwigation 11 :
Thormal Injection Livestock Other
: Depth at which water was first found
Special Construction approval ] Yes [ JNo Depth of Completod Well ft.
Bxplosives used []Yes [JNo Type Ao From To Estimated Flow Rate | SWL
HOLE SEAL
Disnsster From Te Material Frem To Sacks or pounds
(12) WELL LOG:
How was seal placed: Method [JA [OB [Jc¢ [Op (OE Ground Elevation
O oOther
Backfillplacedfrom ___ f.to_ R Matorial From | To SWL
Gravel placed from f to . Size of gravel 1 12605 12,613
/ / k1)
Dismmster From To Gauge Steel  Plastic Wilded Thresded _G_Qm_aﬁ TEMP 0“.5 AL
Casing: O O 0O O ARACIR AT
O O a4 O 0tlle2. 7
O 0O O O 229
g O d O 2629
Liner: O 0O 0O 0 2633 2634
a O O O 2639 {140
Final location of shoo(s) 20496 126498
2 £ 24A8 |26SO
[JPesforstions . 250|763
[Oscre ﬁéﬁ__‘ Material Rad 2453 Rl |
From EEGE Number , Dismeter “:’:" Casing  Limer 5 M_'ﬂb_{;x
| O O AL &3
Al E.. 0 7
AL O O
oWRE——¢ & =
m 1 08P 1+ [ IRE /A Zo'TS r7
(8) WELL TESTS: Minimum testing time is 1 hour Date started Completed
Flowing (vabouded) Water Welt Constructor Certification:
[]Pump (] Baiter [CJAir [ Artesian that the work I performed on the construction, alteration, or abandonment
B W S P | 7 S T
WWC Number
Signed Date
Temperature of water Depth Artesian Flow Found (bonded) Water Well Constructor Certification: '
Was a water analysis done? [ Yes By whom T accept for the construction, alteration, or abandonment work
Did any strata contain water not suitsble for intended use? [ Too little m"n ":“llz'hgd'mmmwm All work

(Salty [JMuddy []Odoc [JColored []Other

Depth of strata:

during this time is in compliance with Oregon water s well
construction standards. This report is true to the best of my knowledge and belief.

: WWC Number /% P2
Signed Date
ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER




)

@

Un1o,
S0GL87

STATE OF OREGON

WATER SUPPLY WELL REPORT

9 ok ™4

WELLID.#L__ Y0P L 9 Y
STARTCARD# W 738 T

Name _ County Latituds Longimda
Address Township N or S Range Eor W. WM.
i State Section 1/4 1/4
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
% ENW%!I [[]Deepening DAMM(MMM)QEAW Street Address of Well (or nearost address)
[JRowryAir [JRotaryMud [JCable  [JAuger {10) STATIC WATER LEVEL:
Other ft. below land surface. Date
{3 FROFREDTRE: yrp— E s
[JDomestic  [JCommunity [Jindustrial [ Jimigation () WATERBEARING ZONES:
Thermal Injection lemoek Other
Depth at which water was first found
Special Construction approval DYuDNo Depth of Completed Well fr.
Explosivesused [JYes [JNo Type Amount From To Estimated Flow Rate | SWL

HOLE
Diameter From To

SEAL

Material From Te Sacks or

I S E——

(12) WELLLOG:
How was seal placed: Mthod [(JA [JB [Jc [Op (OB Ground Elevation
O other
Backfillplacodfrom _____ ft.to_____ R Material SWL
Gravel placed from f to . Sizeof gravel
Diamster Frem To Gouge Steel Plastic Welded Threaded
Casing: O o a4d a
O O Qg ]
O O 0O O
O ao 0O O
Liner: O o Q4 O
O O oOd O

Piml loemm of lhoa(l)

[(JScreens Material
— REGEWEP— " o
() 8

(8) WELL TESTS: Minimum testing time Is 1 hour

Flowi
[JPumep [JBsiler CJAir [ Artesian
Yield gai/min Drawdowa Drill stem at Time

ihe

Temperature of water Depth Artesian Flow Found

Was a water analysis done? ] Yes By whom_

Did any strata contain water not suitable for intended use? ] Too little

[Osaity [(JMuddy [JOdor [JColored []Other
Depth of strata:

(tnbmdul) Water Well Constructor Certification:

I Mdnwaklpu’ﬁmmdmth

Mmmlumd em«:

and belief.

Oregon water supply well mmm
reported above are true to the best of my knowledge

WWC Number
Signed
(bnndod) Water Well Cowmcmr Certification:

for the construction, alteration, or abandonment work
pelfnnmdm thecwnndondlurqaonedabwa. All work
dlﬁngﬂlilﬁmaisn with Oregon water supply well
construction ‘This report is true to the best of my knowledge and belief.
WWC Number,/ 8P
Signed Dao

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR THIRD COPY-CUSTOMER



st O
STATE OF OREGON ne ..

WELL REPORT
WA(ZE:I[EIMWORSSﬂmi) SDko97

v v g
L (171 3. 4

(STARTCARD)#_W 7 3B 77]

ENG MN OF WELL by legal descrlpﬂon'

(1) OWNER: Well Number
Name County’ Latitude Longitude
Address Township N or S Range E or W. WM.
City Sute Zip. Section 14 14
(2) TYPE OF WORK Tax Lot Lot Block Subdivision
[JNew Well [ ]Deepening [ ] Alteration (repair/recondition) [ ] Abandonment Street Address of Well (or nearest address)
3 D D:
[JRotary Air [ JRotary Mud [} Cable [JAuger (10) STATIC WATER LEVEL:
[Jother ft. below land surface. Date
W)WU_SE: Artesian pressure Ib. per square inch. Date
[IDomestic = [ |Community [ ]Industrisl [Dlsrigation (11) WATER BEARING ZONES:
[C] Thermal ["JInjection [JLivestock  [“]Other,
(\ ) BORE HOLE CONSTRUCTION: Depth at which water was first found
- Special Construction approval [ ] Yes [ JNo Depth of Completed Well ft.
Explosives used [ ] Yes []No Type Amount From To Estimated Flow Rate | SWL
HOLE SEAL
Diameter From To Material From To  Sacksorpounds
1
(12) WELL LOG:
How was seal placed: Mehod [JA [JB [JC [OD [JE Ground Elevation
(O oOther
Backfill placedfrom __ ft. to__ ft. Material From To SWL
Gravel placedfrom ____ ft to ft. Size of gravel 2267 12269
6) CASING/LINER: 264
Diameter From To Gange Steel Plastic Welded Threaded 3 2794
ing: O o o o 24
e 0O O O 0O z
o o 0O O X (2814
o o 0O O
Liner: a O 0 O 1
o O 0O O - 282712832
Final location of shoe(s) Uﬁ . g8z P©
(7) PERFORATIONS/SCREENS: ey 12843
C\ [ Perforations Method Wﬂ/ m 2843 2845
[ Screens Material yry f? ; CFT D45 (2844
From %EEB,, Diameter dul ¥ Casing Liner | i24e /Im’,,.ﬂ - 849 (2851
= REGE: o O m*mm bhaw SOFT 12851
C' g O m, 4 iaYiay ey HAKD mmq
NOVIR Y Elypse> B tip1 S ~Conole PEER
i - B . a0 2897
a) | D] O O | (Brsads 77bacd (Oaiy /1as 4647 12907
—— Orsadb hrase-Curonty Lk, 2907 12923
(8) WELL TESTS: Minimum testing time is 1 hour Date started : Compieted
Flowing (unbonded) Water Well Constructor Certification:
i Air i that the work 1 on the construction, alteration, or abandonment
i s s | A o e e
WWC Number
Signed Date
Temperature of water Depth Astesian Flow Found (bonded) Water Well Constructor Certification:
Was a water analysis done? [ | Yes By whom I accept responsibility for the construction, alteration, or abandonment work
Did any strata contain water not suitable for intended use? ] Too little performed on this well during the construction dates reported above. All work

[(salty [(JMuddy []Odor [JColored [T]Other
Depth of strata:

performed during this time is in compliance with Oregon water supply well
construction standards. This report is true to the best of my knowledge and belief.

Signed Date

WWC Number / 52_?_

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER



Hoof w1

'S
STATE OF OREGON Unio - APR 13 2000 /16698
A S TORl  LDLB7 (START CARD)#_W 13977
(1) OWNER: Well Number OF WELL by legal description:
Address i Township © o NorS Range E or W. WM.
City State " Zip Section . - 4 14
(2) TYPE OF WORK Tax Lot L&t Block Subdivision
[INew Well [ ] Deepening [ ] Alteration (repair/recondition) [ | Abandonment Street Address of Welf (or nearest address)
(3) DRILL METHOD:
[CJRotary Air [ JRotary Mud [ ]Cable CJAuger (10) STATIC WATER LEVEL:
[JOther ft. below land surface. Date
(@) PROPOSED USE: Artesian pressure Ib. per square inch. Date
[CJDomestic =~ []Community []Industrial [ Irigation (11) WATER BEARING ZONES:
jecti [Livestock [ ] Other, )
) ) TTON: Depth at which water was first found
pecial Construction approval [ Yes[ ]No Depth of Completed Well ft.
Explosivesused [ ]Yes [ |No Type Amount From To Estimated Flow Rate | SWL
HOLE SEAL
: . Dismeter From To Material From To Sacks or pounds
(12) WELL LOG:
How was seal placed: Method [JA [B [Jc [p [JE Ground Elevation
O3 Other
Backfill placed from fi. to fr. Material Material From To SWL
Gravel placed from ft. to ft.  Size of gravel - 272X 2925
(6) CASINGALINER: , - 2925 2921
Diameter From To Gsoge Steed  Plastic Welded Threaded - -~ 12927
Casing: O O O O SFT A28
Bl b5 O o 2928 12942
P PR ) AR | O : 42, 12954
e Bl v B O 2454 12957
Liner: R 4@, O O 19572 2108
: o O 0Od O 2769 |2975
‘¢ i, Final location of shoe(s) 2925 2977
Wm s P
o [JPerforations Method 21729 |-
(] Screens Type . ... . Material 004 12020
From To g}“"‘" Tele/pipe Liner 20 [ 703
%@ Eé% CE"' O o3
) e -
_ O O T 303
~ | O U <27 Ad - 30322 2036
OWRD O O 303a | 3037
SOFT 3717038
(8) WELL TESTS: Minimum testing time is 1 hour Date started Completed
Flowing (unbonded) Water Well Constructor Certification:
(JPump ] Bailer [JAir (] Artesian I certify that the work I performed on the construction, alteration, or abandoament
Vesples  Dowim  Dtisema T | e T i O ety il o s
. ief.
WWC Number
Signed Date
Temperature of water Depth Artesian Flow Found (bonded) Water Well Constructor Certification:
Was a water analysis done? [] Yes By whom per}" mt or:s ns;l;lﬂxm uge eg:::::gg:,n adl:rc:ﬁon, or aba;l;!onn:ﬂt wo::
Did any strata contain water not suitable for intended use?  [] Too little performed during this time i sgin compliance with Omgmg:‘:ﬁ; s:;[;ly well
(C]Salty [JMuddy {]Odor []Colored []Other construction standards. This report is true to the best of my knowledge and belief.
Depth of strata: WWC Number /< 22
Signed Date

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND C6PY-CONSTRUCTOR THIRD COP?-CUSTOMER




/h

STATE OF OREGON S0l 87

WATER SUPPLY WELL REPORT
(s nqmd by ORS 537, 765)

(1) OWNER: Well Number

RECEIVED e mid

APR 13 2000

weLip.eL_ 207 5
RCES DEPT. STARTCARD# _NT7R®77

(9) LOCATION OF WELL by legal description:
Name County Latitude Longitude
Address Township N or S Range E or W. WM.
State Zip Section 14 14
(2) TYPE OF WORK T Tax Lot Lot Block Subdivision
DNGWWBII! |Deq)ming DM(MMMQAW Streot Address of Well (or nearcst address)
[JRotayAir [JRotaryMud []Cable  [JAuger {i0) STATIC WATER LEVEL:
Other ft. below land surface. Date
B FROFRIP TR e T
[ODomestic [ JCommunity [ jIndustrial [JIrrigation :
. Thermal Injection Livestock  [JOthes _
C %mrm&tmugm ~ | Depth at which waser was first found
Special Construction approval [ Yes[]No Depth of Completed Well ft.
Bxplosivesusod []Yes [JNo Type Amount From To Bstimated Flow Rate | SWL
HOLE SEAL
Dismeter Frem To Materis! Frem To  Sachsorpounds

)

(12) WELL LOG.
Howwassealplaced: Method [JA [JB [Jc [Op [OEB Ground Elevation
O other
Backfillplacedfrom _____ f.to__ To SWL
Gravel placed from fi. to
: 303
Diameter Frem Te Gasge O‘LS
Casing:
049
130S
Liner: 2065

(8) WELL TESTS: Minimum testing time is 1 bour

Fi
[JPump [ Bailer ClAir [ Areeies
Yield galimin Drawdown Drill stom st Time
1he.
Temperature of water Depth Artesian Flow Found
Was a water snalysis dJone?  [] Yes By whom
Did any strata contain water not suitable for intonded usc? [ Too little

[)Salty [IMuddy [JOdor []Colored []Other
Depth of strata:

Date started Completed
(lnbmded) Water Well Constructor Certification:

l mmmtwmhmmmuwm
aﬁmmmmmmm
mdwbeln'fund lormation reported above are true to the best of my knowledge

WWC Number
Signed Date
(bonded) Water Well Coulmctor Carliluuon

eumplmce
construction standards. This report is true to the best of my know and belief.

X “/ ZZ é WWC Number zs 22

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR THIRD COPY-CUSTOMH{
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COMPLET/ON OF WELL ORIGINALLY STARTED

STATE OF 6REGON BY WAL scUNIRS

WATER SUPPLY WELL REPORT
(as required by ORS 537.765)

Instructions for completing this report are on the last page of this form.

PAGE %7

WELLLD.#L___ S 3LSS.
START CARD# __/ 7222 Y

{ /N9

(1) LAND OWNER Well Number
Name
Ad N _

Ci A State Zi

(2) TYPE OF WORK [J New well

[ Deepening B/ltenmon (repair/recondition) [] Abandonment [ Conversion
(3) DRILL METHOD

[ Rotary Air [] Rotary Mud [] Cable [J Auger [] Cable Mud

{xOther VE £

(4) PROPOSED USE

[ Domestic ] Community [ industrial [fmigation

3 Thermal [ Injection [ Livestock [] Other
(5) BORE HOLE CONSTRUCTION  Special Construction: [] Yes [0
Depth of Completed Well o f
Explosives used: [] Yes o Typc Amount

BORE HOLE SEAL
Dinl:letel;' From To Material From : To  Sacks or Pounds
How was scal placed:  Method OaA OB Oc Obp QO

[J Other

Backfill placed from ft.to ft.  Material .
Gravel placedfrom ___ O ft o LRAD f.  Sizcof gravel /&’
(6) CASING/LINER

Diameter From To Gauge

Steel Plastic Welded Threaded
Casing:_ /6% |+ A go . ® 0O 0
73 I2] O
 a 375" 0 O
3255 .375 O m a
e flp 375 4%% 375" o @@ 0
| 4445 2725~ O @ O
Drive Shoc used [] Inside [ Outside [¥] Nonc
Final location of shoe(s)
(7) PERFORATIONS/SCREENS
[ Perforations Method
[ Screens yreWILE LIRAL Material 2.5 .
From To Slot Number Dismeter Tele/pipe Casing Liner
Size " slze
/830 | 500 /6 )] E
ag AbS (060 7R g O
23125 .060 # M 0O
YAS | H/s ’ a
(8) WELL TESTS: Minimum testing time is 1 hour
O Pump [ Bailer O Air [ Flowing Artesian
Yield gal/min Drawdown Drill stem at Time
] .
N_ /[
¥ j ,7
Temperature of water Depth Artesian Flow Found
Was a water analysis done? [] Yes By whom
Did any strata contain water not suitable for intended use? O Too little

[ Salty [JMuddy [JOdor [JColored [] Other
Depth of strata:

(9) LOCATION OF WELL (legal description)
Comty _ (ANMION)
Tax Lot

Township a o@!angc . 39 (Bor W WM

Sectlon f) w 1/4 N MZ 1/4
Laa _ _° ' _Mor_ . (degrees or decimal)
Long _ _° ' _Mer_____ _ . (degrees or decimal)

Street Address of Well (or ncarest address)_ DNOQTH LANE
4 LSS

Dntr.?:é"oé

ft. below land surface. Date
Ib. per square inch  Date

(10) STATIC WATER LEVEL
/8 ft. below land surface.

Artesian pressure

(11) WATER BEARING ZONES
Depth at which water was first found

From L To Estimated Flow Rate SWL
_BlL SAND v S
ENELO 757
(12) WELL LOG Ground Elevation

Material From
/

(unbonded) Water Well Constructor Certification

I certify that the work I performed on the construction, deepening, alteration, or
abandonment of this well is in compliance with Oregon water supply well
construction standards. Materials used and information reported above are truc to

the best of my knowledge and belief.
7-38/-06

WWC Number __/ é 7 3 Datg

Signed el

(bonded) Water Well Constructor Certification

I accept responsibility for the construction, deepening, alteration, or
abandonment work performed on this well during the construction dates reported
above. All work performed during this time is in compliance with Oregon water
supply well construction standards. This report is true to the best of my knowledge
and belief,

WWC Number - o

Signed

ORIGINAL — WATER RESOURCES DEPARTMENT

FIRST COFY - CONSTRUCTOR

E—

SECOND COPY - CUSTOMER ~ 06/16/2004



UNIO 51770

Page #2
Well LL#L 82655
Start Card# 172224
Name: Paul Rudd
Address 64053 Gekler Ln
City LaGrande State: OR Zip:97850
(6) CASING/LINER
Dia From To Gauge Steel Welded
16" 470" 510 0.375 X X
16"x10" Reducer @ 510'
10" 520 530’ 0.25 X X
10" 540' 570' 0.25 X X
10" 590’ 610' 0.25 X X
10" 630' 640' 0.25 X X
10" 660' 665' 0.25 X X
10" 675' 680' 0.25 X X
10" 700' 720' 0.25 X X
10" 730 740° 0.25 X X
10" 760' 790' 0.25 X X
10" 835 855' 0.25 X X
10" 865' 880 0.25 X X
(7) PERFORATIONS/SCREENS
From To Slot Size Dia Casin
450' 470" 0.06 16" X Type: Wire Wrap Material: M.S
510' 520' 0.04 10" X MS
530' 540' 0.04 10" X %
570" 590’ 0.03 10" X Type: Wire Wrap Material: S.S.
610' 630' 0.03 10" X S.S.
640' 660' 0.03 10" X S.S.
665' 1675 0.25 10" X Perforated Pipe Method:  Factory
680’ 700' 0.25 10" X Perforated Pipe Factory
720' 730' 0.25 10" X Perforated Pipe Factory
740' 760" 0.25 10" X Perforated Pipe Factory
790" 835' 0.25 10" X Perforated Pipe Factory
855' 865' 0.25 10" X Perforated Pipe Factory
880’ 910’ 0.25 10" X Perforated Pipe Factory
RECEIVED
REGEIVED AUG 0 2008
; WATER RESOURCES DEPT
NOV.27 2020 SALEM, OREGON

OWRD



STATE OF OREGON
WATER SUPPLY WELL REPORT @3/ (o @ sat Mayranp
(as required by ORS 537.765) 7

Instructions for completing this report are on the last page of this form.

i u vy "/ W-(—( L
" O pratIMOEBIS phe0  0FF oF Lol TR Y

weLLiD.#L_BL6 5 S
STARTCARD#_[ § 945 6O

12-7-06

1 OWNER Well Numb

l("lamg AL E ﬂ vaop o

Address el E

ciy LaGRavn £ state OR Zip928¢€0
(2) TYPE OF WORK (3 New Well

[ Decpening [ Alteration (repair/recondition) [] Abandonment [] Conversion

(3) DRILL METHOD

[l Rotary Air [J Rotary Mud [] Cable [J Auger [ Cable Mud
A Other e 2 0

|
(4) PROPOSED USE
(O Domestic [ Community [ Industrial [ Errigation
O Thermal [ Injection O Livestock [] Other

(5) BORE HOLE CONSTRUCTION Special Construction: [] Yes [ No
Depth of Completed Well ft.

Explosives used: [] Yes B No Type Amount
BORE HOLE SEAL
Diamgter From To Material From To  Sacks or Pounds
lg‘ o Geat, 'O lf‘0 % 3'“',‘
‘Emeat] 10 0 2. 71S Lgs
TH | 110 [lleo '
How was seal placed:  Method Oa OB ¢ @Op de
[0 other
Backfill placed from ft.to ft.  Material
Gravel placcd from ft. to ft.  Sizcof gravel
- (6) CASING/LINER
Diameter From To  Gauge Steel Plastic Welded Threaded
Casing:_). |4 | 2 B O B O
ﬁ O o 0o O
h e e a O 0O O
O O d O
Liner: O O O O
“m! E 'i' ?92@ o 0O 0Od O
Drive Shoe ile tside [J None
Final location ¢ ) g g
I v J
(7) PERFORATIONS/SCREENS
[ perforations Method
[ Screens Type Material
From To Slet Number Diameter Tele/pipe Casing Liner
Size size
R o Od
NS o O
/V O 0O
) O 0O
o ad

(8) WELL TESTS: Minimum testing time is 1 hour

O Pump O Bailer O Air [ Flowing Artesian
Yield gal/min Drawdown Drill stem at Time
o / A
/ y
Y1777
Temperature of water Depth Artesian Flow Found

Was a water analysis done? [] Yes By whom

Did any strata contain water not suitable for intended use? HEOEI'ED

O Salty [0 Muddy [JOdor [] Colored [] Other
Depth of strata: 6

(9) LOCATION OF WELL (legal description)

County /arion

Tax Lot Lot

Township L s N or 8 Range 3 E Eor W WM
Section 3 0 SW  wu_prw/ 114

Laa ____ °_..' . "or____ ___ . __ (degrees or decimal)
Lomg __ _° ' _"er__ _ _ _ __ .____ (degrees or dccimal)

Street Address of Well (or nearest address) d E 001 d L Aoz

(10) STATIC WATER LEVEL
l 9 fi. below land surface. Date
ft. below land surface. Date

Artesian pressure Ib. per square inch ~ Date

{11) WATER BEARING ZONES
Depth at which water was first found
From To Estimated Flow Rate SWL
= 100 1
(12) WELL LOG Ground Elevation
Material From T SWL
Soil o 'l
JTAAD « Fat GRaves < too s
Ray (Clay leo | 2{7 {
Coverd cano dGRevsC | 217) [230 N
Y et 270 — ?r
[y

DateSmnch'}r' 0{ Completed IO'I’)'DS’

(unbonded) Water Well Constructor Certification

I certify that the work I performed on the construction, deepening, alteration, or
abandonment of this well is in compliance with Oregon water supply well
construction standards. Matcrials used and information reported above are true to
the best of my knowledge and belicf.

WWC Number Date

Signed

(bonded) Water Well Constructor Certification

I accept responsibility for the construction, deepening, alteration, or
abandonment work performed on this well during the construction dates reported
above. All work performed during this time is in compliance with Oregon water
supply well construction standards. This report is true to the best of my knowlcdge
and belief.

wwe Number_| £ 99
siged_\Wall) Lowe

Datc

ORIGINAL — WATER usomcwbiéﬁfﬁﬁﬂ’ RCTFRSPEOPY - CONSTRUCTOR

EM. ORZGuUN

SECOND COPY - CUSTOMER 06/16/2004
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STATE OF OREGON UNIO 52415 WELL L.D. LABEL# L 1 11099
WATER SUPPLY WELL REPORT START CARD# [1019118
(as required by ORS 537.765 & OAR 690-205-0210) 9/11/2013 ORIGINAL LOG #

Page 1 of 3

(1) LAND OWNER Owner Well 1.D. RUDD 1

First Name BRETT Last Name RUDD

(9) LOCATION OF WELL (legal description)

Company S County UNION Twp200 S NS Range39.00 E  E/WWM
Addrescsof,fw VALLSINOER.RD 5 —s7m53 Sec 20 SW_ l/4ofthe NW 14 TaxLot 0253929 300
City State DR Zip 18 Tax Map Number Lot
(2) TYPE OF WORKAlt 'New IWtell2 I&II](IJD)ee ening dD Co{nversilon Lat o : " or 4538022900 DMS or DD
eration (complete 2a Abandonment(complete 5a) Long o ' "or -117.97217000 DMS or DD
(2a) PRE-ALTERATION
+ From To Gauge Stl Plslc Wld Thrd (" Street address of well (e Nearest address
Casing:| [ L] j_l O O 62913 WALLSINGER RD
Material From To Amt sacks/lbs
Seal: |
(3) DRILL METHOD (10) STATIC WATER LEVEL 5
Rotary Air Rotary Mud Cable Auger Cable Mud ate  SWL(psi) + SWL(fl)
. v D Dry D D 8 D Existing Well / Pre-Alteration
Reverse Rotary Other Completed Well 2202013 55
(4) PROPOSED USE D Domestic lrrigation I:]Community Flowing Anesian?D Dry Hole? D
Dlndustrial/ Commericial [] Livestock DDewatering WATER BEARING ZONES Depth water was first found 160.00
DThermal Dlnjcction D Other SWL Date From To Est Flow SWL(psi) + SWL(f)
(5) BORE HOLE CONSTRUCTION Special StandardD(Attach copy)| [3/12/2013 160 2537 0 160
Depth of Completed Well 4045.00  ft. 3/27/2013 2537 4045 0 55
BORE HOLE SEAL sacks/
Dia From To Material From To Amt |lbs
28 0 116 Cement 0 116 149 |S
22 116 2537 | [Cement 116 500 628 (S
14.75 2537 4045 [ |Cement 2357 2537 | 256 |S
(11) WELL LOG Ground Elevation
How was seal placed: Method D A D B C D D DE Material From To
Other Geologic Info is attached 0 4045

Backfill placed from __500 _ ft, 1o _ 2357

fi. Material CEMENT/BENTONI

Filter pack from fi. to fi. Material Size

Explosives used: DYCS Type Amount

(5a) ABANDONMENT USING UNHYDRATED BENTONITE

Proposed Amount Actual Amount

(6) CASING/LINER
asing Liner Dia  + From  To  Gauge St Plstc WId Thrd
o [ 16 | X 1 2537 [ 375 | [(@) ()
o Ol 2210 o 16 [ 375] | () py
() (o) [ 12 | [} 2504 | 4045 | 25 | [(@) () R
A
Shoe |:| Inside DOumde I:] Other  Location of shoe(s)
Temp casing D Yes Dia From To Al
(7) PERFORATIONS/SCREENS N\ \:A/-H[B-—
Perforations Method Machine Slot
Screens Type Material Date Started3/2/2013 Complete  8/25/2013
Perf/ Casing/ Screen Scrn/slot ~ Slot  #of  Tele/ =
Screen Liner _ Dia From To width length __slots pipe size | (unbonded) Water Well Constructor Certification
Perf |Liner 12 2540 4025 188 2.5 21360 I certify that the work 1 performed on the construction, deepening, alteration, or

(8) WELL TESTS: Minimum testing time is 1 hour

@ Pump O Bailer O Air O Flowing Artesian
__Yield gal/min Drawdown __ Dirill stem/Pump depth _Duration (hr)
800 450 500 12
Temperature 110 °F Lab analysis DYes By
Water quality concerns? Yes (describe below) TDS amount
l'gro v To Description Amoun nits

abandonment of this well is in compliance with Oregon water supply well
construction standards. Materials used and information reported above are true to
the best of my knowledge and belief.

License Number Date

Signed

(bonded) Water Well Constructor Certification

1 accept responsibility for the construction, deepening, alteration, or abandonment
work performed on this well during the construction dates reported above. All work
performed during this time is in compliance with Oregon water supply well
construction standards. This report is true to the best of my knowledge and belief.

License Number {523 Date 9/11/2013

Signed ROBERT STADELI (E-filed)
Contact Info (optional) Robert Stadel - 503-572-9396

ORIGINAL - WATER RESOURCES DEPARTMENT
THIS REPORT MUST BE SUBMITTED TO THE WATER RESOURCES DEPARTMENT WITHIN 30 DAYS OF COMPLETION OF WORK Form Version:



Page 2 of 3

WATER SUPPLY WELL REPORT - UNIO 52415 WELL L.D. LABEL# L{111099
continuation page START CARD # 1019118
9/11/2013 ORIGINAL LOG #
(2a) PRE-ALTERATION Water Quality Concerns
Dia + From To  Gauge Stl Plstc Wid Thrd From To Description Amount  Units
DN
OO
OHO
Material From To Amt sacks/lbs
(10) STATIC WATER LEVEL
(5) BORE HOLE CONSTRUCTION SWL Date From To Est Flow SWL(psi) + SWL(ft)
BORE HOLE SEAL sacks/
Dia From To Material From To Amt Ilbs
FILTER PACK
From To  Material Size (11) WELL LOG
Material From To
(6) CASING/LINER
Casing Liner  Dia + From To Gauge Stl Plstc Wid Thrd
MO OHOENEN
OMe Q]
) () Q ¢y L] [
oNe QL] [
oNe QL
ONe Q L]
OO O Q YLl [
e ¢ CaLt L
. G Q AU L
(7) PERFORATIONS/SCREENS
Perf/ Casing/ Screen Scrn/slot  Slot #of  Tele/
Screen Liner  Dia From To width _ length _slots pipe size P;'ﬁ
PtV Vimim}
OWho
Comments/Remarks
. /. : This well was drilled flooded reverse with mud, all well flow data and static
(8) WELL TESTS: Minimum testing time is 1 hour water levels were not available until well development. Geologic data is
Yield gal/min ~ Drawdown Drill stem/Pump depth  Duration (hr) attached.
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TECHNICAL MEMO - DRAFT

To: Brett Rudd, Rudd Farms
From: Brad D. Baird, P.E.
Subject: Aquifer Recharge Project
Date: September 24, 2019

Job/File No.  1199-714-02 (w/encl.)
cc: Matt Kohlbecker, R.G., GSI Water Solutions, Inc. (w/encl.)

The purpose of this technical memo is to provide a general description of the work to be completed to
utilize Rudd Well No. 1 (alluvial well) to recharge the Rudd Basalt Well for Rudd Farms, located in the
Grande Ronde Valley in Union County, Oregon. This technical memo is intended to meet the plans for
recharge project construction requirements for submission to Oregon Water Resources Department
(OWRD) for aquifer recharge (AR) permitting. OWRD permitting work is being completed by GSI Water
Solutions, Inc. An aerial photograph showing the general location of each well is shown on Figure 1,
Project Location.

Existing Wells (for Aquifer Recharge Project) and Irrigation System

Rudd Farms utilizes an alluvial well and a deep basalt well for irrigating a portion of its farm ground. The
locations of Rudd Well No. 1 and the Rudd Basalt Well are shown on Figure 1. These wells are
connected to a piping network that allows each well to serve more than one pivot. Both wells discharge
into the same piping network at opposite ends. Figure 1 shows the approximate location of the piping
network; only the relevant piping between each well is shown. Additional piping is present to convey
irrigation water to other areas of Rudd Farms.

Aquifer Recharge Project, General Description

The intent of this project is to utilize the alluvial well to pump alluvial water to the location of the deep
basalt well for basalt AR. At the deep well location, treatment of the alluvial well water will occur prior
to injection into the deep basalt well. Injection will occur in the winter and early spring months
(December through March) during the non-irrigation season.

Well and Pipeline Flushing Ability

During implementation and operation of the AR system, it will be important to have the ability to
properly flush each well as well as the pipeline route between the welis. Each well will be modified to
allow discharge to waste to help ensure the wells and piping are clear prior to utilization. Each well’s
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discharge to waste piping and valving will be configured so the pipeline between the wells can be
flushed to waste in either direction utilizing either well.

Sampling Ports and Sampling Ability

At least five sampling ports will be installed to allow the means to sample water in several stages of the
AR operation. Sampling ports will be installed to allow the following sampling to occur:

e Alluvial well raw water at the alluvial well

e Alluvial well chlorinated water at the alluvial well

e Alluvial well water prior to manganese filtration at the basalt well

e Alluvial well water post manganese filtration at the basalt well

e Basalt well discharge water (i.e., recovered water) at the basalt well

Chlorination Improvements

A chlorine injection system will be installed at the alluvial well. The chlorine system will consist of a
hypochlorination system poly tank and metering pump. The metering pump will discharge into the well
discharge piping utilizing a chlorine injector pipe. The metering pump flow rate will be adjustable,
allowing the operator to adjust the chlorine solution injection rate proportional to the well flow rate and
to continue to modify the injection rate until the desired chlorine residual concentration is obtained.
The chlorine injection into the alluvial well water will facilitate oxidation of manganese, allowing
manganese to come out of the solution and precipitate into the water. The length of pipeline between
each well is more than sufficient for precipitation to occur (based on jar testing conducted by Anderson
Perry & Associates, Inc., to measure the contact time required for manganese precipitation to occur).
This operation will allow the manganese to be removed by treatment, as described hereafter.

Bag Filter Manganese Filtration System

A dual cannister manganese bag filter filtration system will be installed in line with the alluvial well
water injection line at the basalt well. The bag filter system will facilitate removal of the precipitated
manganese particulates from the alluvial well water prior to injection into the basalt well. The system
will have adequate controls to protect from system failure, over-pressurization, etc.

Flowmeters

Both existing and new flowmeters will be utilized and installed in the AR system so the operator can
closely monitor all flow volumes during system operation. The following flowmeters will be in use:

e Existing Alluvial Well Discharge Flowmeter - Allows for alluvial water to be metered at the well.

e New Flowmeter at Basalt Well Injection Line - Allows for alluvial water to be metered just prior
to injection, both to log injection flow rates and to compare to the source well flowmeter for
calculating water loss between the point of diversion and the place of recharge.

RE@EN‘E@
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o Existing Flowmeter at Basalt Well Discharge Line - Allows for all basalt pumping rates to be
logged.

List of Needed Improvements to Implement Aquifer Recharge

Several operation-related improvements are needed at each well location as well as at key locations
along the pipeline route between each well. These improvements are generally shown on Figures 2 and
3 and are described in general hereafter. The purpose of each improvement is also listed.

Alluvial Well No. 1 Improvements

e Piping and valving to pump the well to waste for well flushing and clearing and to allow
flushing of the pipeline using the basalt well’s pump
e Sample ports to allow alluvial water sampling (both raw and post-chlorination)

e Hypochlorination system with a metering pump to allow adjustable chlorine solution dosage
for the alluvial well water

e Heated and insulated enclosure to facilitate winter operation

Basalt Well Improvements

e Piping and valving to route chlorinated alluvial water to a manganese filtration system

o Sample ports on the injection pipeline to facilitate sampling prior to and after manganese
filtration

e Adual cannister manganese bag filtration system for manganese precipitate removal

o Flowmeter to monitor injection flow rates and water losses between the point of diversion
and the place of recharge

e Pump to waste piping and valving to allow alluvial water to be discharged to waste and to
allow pipeline flushing utilizing the alluvial well

e Pump to waste piping and valving to allow the basalt well to be discharged to waste to
facilitate well flushing

o Heated and insulated enclosure to facilitate winter operation

General Related Improvements

¢ Buried valve and piping improvements at a center pivot to isolate aboveground piping to
allow for winter operation

¢ Relocation of pressure relief valves to insulated vaults to facilitate winter operation
e Other general piping and valving improvements, as required, to isolate the pipeline network

between each well

Additional Design Engineering

Prior to construction of the needed improvements, design Drawings will be completed to adequately
depict the needed improvements. Specifications and a specific equipment list will be provided so the
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operator can secure the necessary equipment to complete the needed treatment for proper AR system
operation. Operation and maintenance (O&M) materials will also be secured and provided to the
operator to assist with proper O&M. Engineering support will also be provided during construction and
operation, as needed.

Proposed Construction

The proposed improvements will be constructed by the farm owner/operator and subcontractors, as
required. As stated above, the engineer will provide detailed Drawings for system construction and will
be available to assist with equipment purchase, setup, startup, and operation, as needed.

Conclusion

This technical memo provides a general description of the proposed improvements to be completed by
Rudd Farms for its proposed AR project. If there are questions or clarification is needed, please feel free
to call me.

BDB/cd
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STATE OF OREGON

COUNTY OF UNION
CERTIFICATE OF WATER RIGHT
THIS CERTIFICATE ISSUED TO
BRETTON S. RUDD
KARA L. RUDD
JANET K. RUDD
62913 WALLSINGER RD

COVE OR 97824
NORTHWEST FARM CREDIT SERVICES, FLCA

POBOX 2515
SPOKANE WA 99220-2515

confirms the right to use the waters of WELL 1, WELL 2, AND WELL 3 IN WRIGHT SLOUGH BASIN, for IRRIGATION
USE ON 365.6 ACRES.

This right was perfected under Permit G-15541. The date of priority is JUNE 5, 2003. The amount of water to which this
right is entitled is limited to an amount actually used beneficially, and shall not exceed 4.46 CUBIC FEET PER SECOND or
its equivalent in case of rotation, measured at the well.

The period of use is March 1 through October 31.

The wells are located as follows:

Twp Rog Mer | Sec Q-Q Measured Distances
28 39E WM |29 | SWNE WELL 3 - 100 FEET NORTH AND 2748 FEET
-_-‘,., !_, _’,m ORNER, SECTION 29
28 39E WM | 29 RTH AND 100 FEET
R, SECTION 29
28 39E WM | 30 | SY D 2589 FEET

;_ -‘-, SECTION 29

N ..._:: / 4 RECEIVED
N \-_:::(7 -
/889~ NOV.2 7 2020
OWRD

NOTICE OF RIGHT TO PETITION FOR RECONSIDERATION OR JUDICIAL REVIEW

This is an order in other than a contested case. This order is subject to judicial review under ORS 183.484.and ORS 536.075.
Any petition for judicial review must be filed within the 60-day time period specified by ORS 183.4384(2). Pursuant to ORS
183.484, ORS 536.075 and OAR 137-004-0080, you may petition for judicial review and petition the Director for
reconsideration of this order. A petition for reconsideration may be granted or denied by the Director, and if no action is
taken within 60 days following the date the petition was filed, the petition shall be deemed denied. In addition, under ORS
537.260 any person with an application, permit or water right certificate subsequent in priority may jointly or severally
contest the issuance of the certificate within three months after issuance of the certificate.

Application G-16028.cc Page 1 of 3 Certificate 90977
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A description of the place of use is as follows:

Twp Rog Mer | Sec Q-Q Acres
28 39E | WM |29 | NWNE | 40.0
28 39E | WM |20 | SWNE | 180
2s 39E | WM |20 |NENW | 400
28 39E | WM |29 | NWNW | 400
28 39E | WM |29 | SWNW | 35.0
28 30E | WM |29 |SENW | 392 RE@EEVED
25 39E  |WM |30 |NENE [392 -
28 30E | WM |30 | NWNE | 40.0 NOV 27 2020
28 39E | WM |30 |SWNE | 392
35S 39E | WM |30 |SENE | 350 OWRD

Measurement, recording and reporting conditions:

A. The water user shall maintain the meter or other suitable measuring device as approved by the Director in
good working order, shall keep a complete record of the amount of water used each month, and shall
submit a report which includes the recorded water use measurements to the Department annually or more
frequently as may be required by the Director. Further, the Director may require the water user to report
general water-use information, including the place and nature of use of water under the right.

B. The water user shall allow the watermaster access to the meter or measuring device; provided however,
where the meter or measuring device is located within a private structure, the watermaster shall request
access upon reasonable notice.

The wells shall produce groundwater from no shallower than 40 feet below land surface. I

Use of water under authority of this right may be regulated if analysis of data available after the right is issued discloses that
the appropriation will measurably reduce the surface water flows necessary to maintain the free-flowing character of a scenic
waterway in quantities necessary for recreation, fish and wildlife in effect as of the priority date of the right or as those
quantities may be subsequently reduced.

If substantial interference with a senior water right occurs due to withdrawal of water from any well listed on this right, then
vse of water from the wells shall be discontinued or reduced and/or the schedule of withdrawal shall be regulated until or
unless the Department approves or implements an alternative administrative action to mitigate the interference. The
Department encourages junior and senior appropriators to jointly develop plans to mitigate interference.

The wells shall be maintained in accordance with the General Standards for the Construction and Maintenance of Water
Wells in Oregon. The works shall be equipped with a useable access port, and may also include an air line and pressure gauge
adequate to determine water level elevation in the wells at all times.

The Director may require water level or pump test results every ten years.

Failure to comply with any of the provisions of this right may result in action including, but not limited to, restrictions on the
use, civil penalties, or cancellation of the right.

This right is for the beneficial use of water without waste. The water user is advised that new regulations may require the use
of best practical technologies or conservation practices to achieve this end.

" By law, the land use associated with this water use must be in compliance with statewide land-use goals and any local
acknowledged land-use plan.

Application G-16028.cc Page 2 of 3 Certificate 90977




The use of water shall be limited when it interferes with any prior surface or ground water rights.

The right to the use of the water for the above purpose is restricted to beneficial use on the place of use described.

Issued JAN 0 8 2016

AL

He=d
s Division Administrator, for

yler, Director
Oregon Water Resources Department

RECEIVED
NOV 27 2520
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Application G-16028.cc Page 3 of 3 Recorded in State Record of Water Right Certificates numbered 90977.
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Well number 1 is 44’ North ond 2589’ West
of the West quarter corner of Section 29.

Well number 2 is 110’ North and 100 East of
the West quarter corner of Section 29.

Well number 3 is 100 North and 2748’ Egst
of the West quarter corner of Section 29.
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THIS PERMIT IS HEREBY
BRETT RUDD

62913 WALLSINGER RD
COVE, OR 97824

APPLICATION FILE NUMBE

SOURCE OF WATER: WELL

368.0 ACRES

MAXIMUM RATE: 4.46 CUB
PERIOD OF USE: MARCH 1
DATE OF PRIORITY: MAY

WELL LOCATIONS:

435 FEET EAST FRO

WELL 2: SE % NW %,

WELL 3: SE % NW %,

each year.

Q0
SW % NE %
‘ SE % NE %
| NE % SE %

Application G-17558

STATE OF OREGON

COUNTY OF UNION

ISSUED TO

R: G-17558

! PERMIT TO APPROPRIATE THE PUBLIC WATERS

The specific limits and conditions of the use are listed below.

1, WELL 2, AND WELL 3 IN WRIGHT SLOUGH BASIN

IC FEET PER SECOND
THROUGH OCTOBER 31

21, 2012

WELL 1: SW % NW %, SECTION 20, T2S, R39E, W.M.;

M SW CORNER, SECTION 20

SECTION 20, T2S, R39E, W.M

1325 FEET EAST FROM SW CORNER, SECTION 20

SECTION 20, T2S, R3%9E, W.M

2575 FEET EAST FROM SW CORNER, SECTION 20

THE PLACE OF USE IS LOCATED AS FOLLOWS:

PRI ¥ PPLEME
40.0 ACRES
40.0 ACRES
40.0 ACRES

Water Resources Department

.
-

.
)

TAL

] PURPOSE OR USE: IRRIGATION OF 750.0 ACRES AND SUPPLEMENTAL IRRIGATION OF

3960 FEET NORTH AND

3960 FEET NORTH AND

3960 FEET NORTH AND

The amount of water used for irrigation under this right, together with
the amount secured under any other right existing for the same lands, is
limited to a diversion of ONE-EIGHTIETH of one cubic foot per second and
3.0 acre-feet for each acre irrigated during the irrigation season of

RECEIVED
NOV 27 2020
OWRD
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PAGE 2

Q0 PRIMARY SUPPLEMENTAL
NW % SE % 40.0 ACRES
SW % SE % 40.0 ACRES
SE % SE % 40.0 ACRES

SECTION 19
NE % NE % 40.0 ACRES
NW % NE % 40.0 ACRES .
SW % NE % 40.0 ACRES REGEIVED
NE % NW % 40.0 ACRES
NW % NW % 10.0 ACRES NOV 2 7 2020
SW % NW % 40.0 ACRES pean
SE % NW % 40.0 ACRES OWRD
NE % SW % 40.0 ACRES
NW % SW % 40.0 ACRES
SW % SW % 40.0 ACRES
SE % SW % 40.0 ACRES
SECTION 20
NE % NE % 40.0 ACRES
NW % NE % 40.0 ACRES
SW % NE % 20.0 ACRES 18.0 ACRES
SE % NE % 40.0 ACRES
NE % NW % 40.0 ACRES
NW % NW % 40.0 ACRES
SW % NW % 35.0 ACRES
SE % NW % 40.0 ACRES
SECTION 29
NE % NE % 40.0 ACRES
NW % NE % 40.0 ACRES
SW % NE % 40.0 ACRES
SE % NE % 35.0 ACRES
SECTION 30

TOWNSHIP 2 SOUTH, RANGE 39 EAST, W.M.

Measurement, recording and reporting conditions:

A.

Before water use may begin under this permit, the permittee
shall install a totalizing flow meter or other suitable
measuring device as approved by the Director at each point of
appropriation. The permittee shall maintain the meter or
measuring device in good working order.

The permittee shall keep a complete record of the amount of
water diverted each month, and shall submit a report which
includes the recorded water-use measurements to the Department

Application G-17558 Water Resources Department PERMIT G-17020
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annually or more frequently as may be required by the
Director. Further, the Director may require the permittee to
report general water-use information, including the place and
nature of use of water under the permit.

C. The permittee shall allow the watermaster access to the meter
or measuring device; provided however, where any meter or
measuring device is located within a private structure, the
watermaster shall request access upon reasonable notice.

D. The Director may provide an opportunity for the permittee to
submit alternative measuring and reporting procedures for
review and approval.

Dedicated Measuring Tube: Wells with pumps shall be equipped with an
unobstructed, dedicated measuring tube pursuant to figure 200-5 in OAR
690-200.

The Department requires the water user to obtain, from a qualified
individual (see below), and report annual static water levels for each
well on the permit. The static water level shall be measured in the
month of March. Reports shall be submitted to the Department within 30
days of measurement.

The permittee shall report an initial March static water-level
measurement once well construction is complete and annual measurements
thereafter. Annual measurements are required whether or not the well is
used. The first annual measurement will establish a reference level
against which future measurements will be compared. However, the
Director may establish the reference level based on an analysis of other
water-level data. The Director may require the user to obtain and report
additional water levels each year if more data are needed to evaluate
the aquifer system.

All measurements shall be made by a certified water rights examiner,
registered professional geologist, registered professional engineer,
licensed well constructor or pump installer licensed by the Construction
Contractors Board. Measurements shall be submitted on forms provided by,
or specified by, the Department. Measurements shall be made with
equipment that is accurate to at least the standards specified in OAR
690-217-0045. The Department requires the individual performing the
measurement to:

A. Associate each measurement with an owner'’s well name or number
and a Department well log ID; and

B. Report water levels to at least the nearest tenth of a foot as
depth-to-water below ground surface; and

C. Specify the method of measurement; and

Application G-17558 Water Resources Department PERMIT G-17020
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Use of water under authority of this permit may be regulated if analysis
of data available after the permit is issued discloses that the
appropriation will measurably reduce the surface water flows necessary
to maintain the free-flowing character of a scenic waterway in
quantities necessary for recreation, fish and wildlife in effect as of
the priority date of the right or as those guantities may be
subsequently reduced.

PAGE 5

STANDARD CONDITIONS

Failure to comply with any of the provisions of this permit may result
in action including, but not limited to, restrictions on the use, civil
penalties, or cancellation of the permit.

If the number, location, source, or construction of any well deviates
from that proposed in the permit application or required by permit
conditions, this permit may be subject to cancellation, unless the
Department authorizes the change in writing.

If substantial interference with a senior water right occurs due to
withdrawal of water from any well listed on this permit, then use of
water from the well(s) shall be discontinued or reduced and/or the
schedule of withdrawal shall be regulated until or unless the Department
approves or implements an alternative administrative action to mitigate
the interference. The Department encourages Jjunior and senior
appropriators to jointly develop plans to mitigate interferences.

The well(s) shall be constructed in accordance with the General
Standards for the Construction and Maintenance of Water Wells in Oregon.
The works shall be equipped with a usable access port, and may also
include an air line and pressure gauge adequate to determine water level
elevation in the well at all times.

If the riparian area is disturbed in the process of developing a point
of appropriation, the permittee shall be responsible for restoration and
enhancement of such riparian area in accordance with ODFW’s Fish and
Wildlife Habitat Mitigation Policy OAR 635-415. For purposes of
mitigation, the ODFW Fish and Wildlife Habitat Mitigation Goals and
Standards, OAR 635-415, shall be followed. '

The use may be restricted if the quality of downstream waters decreases
to the point that those waters no longer meet state or federal water
quality standards due to reduced flows.

Where two or more water users agree among themselves as to the manner of

rotation in the use of water and such agreement is placed in writing and
filed by such water users with the watermaster, and such rotation system
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does not infringe upon such prior rights of any water user not a party
to such rotation plan, the watermaster shall distribute the water
according to such agreement.

Prior to receiving a certificate of water right, the permit holder shall
submit to the Water Resources Department the results of a pump test
meeting the Department's standards for each point of appropriation
(well), unless an exemption has been obtained in writing under OAR 690-
217. The Director may require water-level or pump-test data every ten
years thereafter.

This permit is for the beneficial use of water without waste. The water
user is advised that new regulations may require the use of best
practical technologies or conservation practices to achieve this end.

By law, the land use associated with this water use must be in
compliance with statewide land-use goals and any local acknowledged
land-use plan.

Completion of construction and application of the water shall be made
within five years of the date of permit issuance. If beneficial use of
permitted water has not been made before this date, the permittee may
submit an application for extension of time, which may be approved based
upon the merit of the application.

Within one year after making beneficial use of water, the permittee
shall submit a claim of beneficial use, which includes a map and report,
prepared by a Certified Water Rights Examiner.
Issued February /4-, 2013

/ ,,,,a%y //A/A;_

E. Timothy Wallin, Water Rights Program Manager
for Phillip C. Ward, Director
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DEQ Use Only
Class V Underground Injection Control o
IDEQ Authorization by Rule Check #
Po— Aquifer Storage and Recovery, Low Temperature Geothermal, From:
m""‘“‘" — Remediation, and Other UICs that do not Drain Stormwater uiC #:

This form will be processed within two weeks of receipt. All sections must be filled out unless the form indicates that that a
sechon is opﬂonal.” lnstruetlons begm on page 2,

Organization: Rudd Farms

Mailing address: 62913 Wallsinger Road

| State: OR| Zip code: 97824

Phone number: 541-910-1812

Facility name: Well No. .

Email addres mddfatms@gmail.com

Physical address: 62913 Wailsinger Road

Consultant contact name: Matt Kohlbecker

Phone number: 971-200—8531

[ [J Aquifer Storage and Reoovevy (5R21 2—ASR)

Li |tedboenseorP

[ Low Temp Geothermal (5A7, 2-Geo Heat Pump)

Water Right Pemnit or Certificate #:

[ Remediation (5X26, 2-Remediation)

ECS! Site 1D and/or LUST #: [ Voluntary Cleanup Program

1.1D; Basall We!l

chribe ﬂutd Gmundwaﬁer for Amﬁcial Recharge

| Fluid type: Groundwater | Status: [ Under Construction ] Actve | Depth: 4,045 fee
[ Site map is attached Latitude: 45,362485 "~ [ Longitude:117.983347
2.1 { Fluid type: Status: [JUnder Construction [ Active |Depth:
[] Site map is attached Latitude: | Longitude:
3.1D: | Fluid type: Status: [ Under Construction [] Active | Depth:
[ Site map s attached Latitude: | Longitude:
4.1D: | Fluid type Status [JUnder Construction [} Active | Depth:

' Signature of legally authomdrepmsentaﬁve Date 2 /7 /Ij
Legally authorized representative: Brett Rudd | Title:Owner *
Mailing address: 62913 Wallsinger Road | City:Cove | State: OR | Zip code: 57824

Phone ninmber: 541-810-1812

| Emall address: uddfarms@gmail.com

Revised date: 11/15/2018

REGEIVED
NOV 277 2020
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Application Instructions for Class V Underground Injection Control Authorization by Rule

Important Note: This form is regularly updated. Always download a new copy of this form from DEQ's website when applying for rule
authorization.

A

Fee for authorization by rule

A fee of $125 per UIC must be submitted with the application. DEQ waives the per UIC fee when the UIC is located ata
remediation site, and remediation is being conducted under the DEQ Voluntary Cleanup Program. Fees for a remediation project
that is not part of the Voluntary Cleanup Program fees can be discussed with the permit coordinator at 503-229-5623.

Owner information

Organization: the person, business, or public organization that controls the facility where the UIC is located. A business or public
organization must be registered with the Oregon Secretary of State's Business Registry:

http://feqov.sos.state.or.us/br/pkg web name srch ing.login. Business registration information is available online at:
http://sos.oreqon.gov/business/Pages/register.aspx . If the company operates under an assumed business name, the organization
name should be listed by the name of the legal representative. The organization will receive official DEQ correspondence.

Site contact: the person DEQ will contact for questions concerning the facility’s UICs.

Facility information
Facility name: the name of the facility or business operation where the UIC is located.
Physical address: the physical location (not the mailing address) of the facility where the UIC is located.

Consultantinformation

Consultant: the individual hired by the organization to provide the applicant technical assistance.
UIC system type

Select a UIC type and provide the information to the right of the system type category.

Individual UIC information

If you are applying for authorization of more than four UICs, please provide the individual UIC information on a separate sheet
of paper and attach it to this application.

e Enterthe ID used to identify your UIC, fluid type, status, depth, latitude and longitude in decimal degrees NAD 83 datum
for each UIC (for example,45.407666/-122.669015).

e A site map is required. The site map must show the UIC (labeled by name), property lines, adjoining streets, buildings, and a
north arrow.

Signature of legally authorized representative

The signature and contact information of the person responsible for signing official according to the table below:

Entity Legally #

epresentative

‘Corporation ' - - ' _F"resident, sééretary, treasurer, vice-president, or any other persbn who performs
principal business functions, or a manager of one or more facilities authorized in
accordance to corporate procedure to sign such documents

Partnership General partner

Sole Proprietorship Owner(s)

City, County, State, Federal, Public Facility | Principal executive officer or ranking elected officiai
Limited Liability Company Member

Trusts Acting Trustee

Fieiae SUBIL A ard 5y SRS SaEHoE Capy o your AppIEAHan materas

Submit a hard copy of your application and payment to: | Submit an electronic copy of your application to:
Oregon DEQ UlC@deq.state.or.us

Attn: Business Office

700 NE Multnomah Suite 600

Portland, Oregon 97232-4100

Call the UIC Pemit Coordinator at 503-229-5623 with questions

DEQ will discard oversize (larger than 11" by 177) ﬁ%cation documentation, and other documentation that is not required.
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