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2.0 Abstract

In order to meet long-term water needs in the Yakima River basin, this project evaluates the
potential for water storage in Columbia River Basalt aquifers in the Rattlesnake Ridge area, west
of Yakima, WA. Water levels in basalt aquifers have declined significantly over the past few
decades and there is ample room for storage of tens of thousands of acre-ft of water, likely
supplied through the Roza Irrigation District canal. To assess groundwater storage potential,
pumping tests will be conducted on nine wells in February-March, 2023. Wells will be fitted with
transducers and monitored during two types of pump tests: 4-hour stepped pumping tests to
determine well efficiency and aquifer properties close to the well; and 24-hour aquifer tests to
determine larger scale transmissivity and storativity and to monitor for nearby boundaries that
limit flow. The 4-hour stepped pumping test will be conducted on each of the nine wells and 24-
hour aquifer test will be performed on two of the wells, using the remaining seven wells as
observation wells. In addition to pump tests, water quality will be analyzed to determine
compatibility of groundwater and source water and to identify any potential water quality
concerns. Samples will be collected from the nine pump-test wells as well as six additional wells
that represent hydrogeologic units not sampled by the pumping test wells or from locations
where surface water may be entering the basalt aquifers through fractures. Surface water
samples will be collected from the Yakima River above the Roza diversion and from four locations
along the Roza canal. All water samples will be analyzed for major ion and trace element
concentrations, as well as stable isotope ratios. Surface waters will also be analyzed for basic
water quality parameters, (nutrients, suspended solids, etc.).



3.0 Background

3.1 Introduction and problem statement

This project supports the Groundwater Storage element of the Yakima Basin Integrated Plan
by evaluating groundwater storage capacity and potential for artificial recharge to Columbia River
Basalt Group (CRBG) formations east of the Yakima River in the Konnowac Pass/Rattlesnake Ridge
region. The CRBG on and around Rattlesnake Ridge east of the Yakima River forms productive
aquifers used for drinking water, irrigation, and municipal supplies. The CRBG aquifers are also
used to provide drought relief for agricultural irrigation when deliveries of surface water are
reduced during state-declared droughts.

The entire project, funded under Ecology Office of Columbia River contract C2200178,
consists of four tasks: Task 1, Project Management; Task 2, Data Compilation and Field
Reconnaissance; Task 3, Injection Testing and Assessment; Task 4, Project Coordination and
Reporting. A detailed description of the study area and summary of existing data is provided in
the Task 2 report (Geosyntec, 2022) and is summarized here. This QAPP pertains to activities in
Task 3 of the contract.

The existing conditions are of declining groundwater levels in portions of the CRBG aquifer
system. In some locations levels have dropped by more than 100 feet in basalt wells over the last
century (Vaccaro and others, 2009). Thus, this is a major underground water storage reservoir
that has been depleted and groundwater storage capacity is available in some portions of the
CRBG aquifer system. Past studies (Anderson and others, 2009) suggest up to 1000 AF of potential
storage in the Rattlesnake Ridge area. This available storage can be accessed and used with
Managed Aquifer Recharge (MAR) techniques to store surface water when it is available and to
withdraw it when needed, particularly during dry years when surface water availability is limited.
This restored storage, managed in a sustainable way, would be a major improvement to existing
conditions.

This study will evaluate MAR in basalt aquifers through injection. The study area (Figure 1)
encompasses the Roza Irrigation District in the area around Konnowac Pass and south of
Rattlesnake Ridge. Groundwater levels in several wells in the study area have dropped by more
than 100 ft in the period from 1970 to 2000 alone (Keys and others, 2008). The Department of
Ecology has continued to monitor water levels in the region. Analysis of this data indicates that
water levels have continued to fall up until the present, with an average decline of 3.0 ft/year for
the Wanapum wells (Geosyntec, 2022). This suggests that there is ample volume for aquifer
storage. Sites that can be served water through the Roza Irrigation District are considered
potential recharge sites. The source of water for this evaluation of MAR (both infiltration and
injection) is the Roza Irrigation Canal. The availability of this water for recharge is subject to
physical constraints related to the operation of the canal. After storage in the basalt aquifers, the
water would be recovered via pumping from existing wells.

The proposed project will address the following knowledge gaps that were identified by the
Groundwater Subcommittee of YRBWEP:
e The volume of available storage in the CRBG formations within the study area.

e The best method for artificially recharging the CRBG formations and associated recharge
rates.
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Figure 1. Map of study area. Shaded pink indicates area served by Roza Irrigation District.




This project has the support of the Roza Irrigation District. The District is willing
to provide both a source of recharge water and access to potential wells within the project
area.

3.2 Study area and surroundings

The study area is focused on the Roza Irrigation District on the east side of the Yakima River
(Figure 1). It straddles Rattlesnake Ridge in the Konnowac Pass area, and extends southeast
through the Lower Yakima Valley. Elevation ranges from approximately 3,800 feet above sea
level (asl) on Yakima Ridge to less than 700 feet asl near the county line. Annual precipitation in
the project area is approximately eight inches (Washington Climate Summaries, 2023).

Geologically, the study area lies within the Yakima Fold Belt, a regional structural feature
that has resulted from the interplay of Columbia Basin flood basalts originating from the east,
erosion of the Cascade volcanic arc to the west, and compression from the south. The dominant
bedrock within this study area is the Columbia River Basalt Group (CRBG), which is folded and
faulted to form a series of large synclinal basins. The CRBG is comprised of thick sequences of
basalt flows with sporadic sedimentary interbeds. In the interflow zones, the basalt is fractured
and permeable, forming aquifers that are hydrogeologically significant because of their volume
and storage potential.

A geologic map and cross sections of the study area (from Geosyntec, 2023) are provided in
Figures 2-4. The geologic map is modified from Washington Department of Natural Resources
(2016). The three cross sections were constructed from well logs and surface geology (Figure 3-
4). The north-south cross section (A-A') uses data from 8 wells on the north end of the cross
section and is based largely on surface geology in the south. The west-east cross section (B-B')
was constructed using 20 wells within 3,300 feet of the cross-section line. The third cross
section (C-C') runs along the Moxee Valley and includes information from 20 wells.

10
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3.2.1 History of study area

The study area is part of the ceded area of the Yakama Nation, land that was used by the
Yakama tribe for winter settlements and subsistence by hunting, fishing, and gathering. Between
1917 and 1950, the Roza Irrigation District (RID) was planned and engineered to convert most of
the study area to irrigated farmland, accomplished through a diversion at Roza Dam and
distribution through a series of canals, laterals, pumps, and drains. It is currently used to produce
a wide range of crops including orchards, grapes, hops, mint, as well as dairy farms.
Approximately 72,000 acres of land are irrigated through a water right granted to the district.
Within the framework of Yakima River basin water rights, the RID water right is considered junior
under the Washington State Water code, meaning that they must defer to senior water rights
that were obtained prior to 1905. Because of this junior right, the district is often given
prorations in drought years as described below.

The United States Bureau of Reclamation (BOR) delivers water to the Roza Irrigation District
(RID) and other entities. When the full amount of expected water cannot be delivered, the BOR
implements storage control in which less than the full amount of water contracted is delivered.
The percent reduction of water supply for RID under storage control conditions is variable and
has been as low as 37%. Storage control has occurred approximately every three years over the
last 20 years. The time at which storage control starts ranges from the beginning of the irrigation
season (March-April) to late in the irrigation season (e.g., July). Based on climate projections,
future incidents of storage control are expected to occur more frequently and be more extreme
(e.g., Vano et al. 2010; Mote, 2014).

Groundwater from the CRBG aquifers has been used extensively, particularly to meet
agricultural and municipal needs. Groundwater levels have been monitored in numerous wells
within the study area since the 1970s; many wells have records of more than 30 years. These
records indicate that water levels have declined throughout the region within all three basalt
aquifers (Grande Ronde, Wanapum, and Saddle Mountain). Based on available EIM data for the
study area, the median drawdown rate in the Wanapum Formation is 3.0 ft/year (Geosyntec,
2022). Although this drawdown rate does not account for pumping effects within individual well,
it averages a large number of measurements in both pumped and unpumped wells. As such, it
represents a regional pattern. The overall objective of this project is to address data gaps and
further determine the feasibility of artificial groundwater recharge within the study area basalt
aquifers, particularly the Wanapum unit.

3.2.2 Summary of previous studies and existing data

A major study of the hydrogeology of the Yakima River basin was conducted by the USGS
over a number of years, resulting in a series of publications (Vaccaro and others, 2009 and
references therein). This study and a larger-scale study of the CRBG aquifer system (Vaccaro and
others, 2015) describe the framework of the basalt aquifers including their spatial distribution
and their aquifer properties. These USGS efforts mapped the extent and thicknesses of the
overburden, basalt units (Saddle Mountain, Wanapum and Grande Ronde), and selected interbed
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formations (Mabton and Vantage) using well log data, contour maps, and geologic maps (Jones
and Vaccaro, 2008).

The possibility of groundwater storage in basalt aquifers has been discussed over the years
among the water management community. Anderson and others (2009) analyzed short-term
specific capacity information from 36 CRBG well logs throughout the Yakima Basin identified in
Ecology’s online well log database. The wells were completed in basalts, but were not
distinguished by basalt formation (i.e., Saddle Mountain, Wanapum, Grande Ronde). The specific
capacity of the wells reviewed ranged from less than 1 gpm/ft to 423 gpm/ft of drawdown.
Estimated transmissivities ranged from approximately 100 to 110,000 ft?/day, based on the use
of a standard transmissivity approximation (Driscoll, 1986).

The OCR contract C2200178 Task 2 report for this project (Geosyntec, 2022) presents a
summary of the above studies and other existing data for the study area and an analysis of that
data in terms of groundwater storage. Based on RID transmission capacity, there is potential to
deliver up to an additional 560 cfs during the “shoulders” of the irrigation season. This season
can provide up to 123,000 acre-ft/yr. Based on analysis of water level declines and their spatial
extent, long-term storage loss from the Wanapum aquifer is estimated to be 50,000-100,000
acre-ft/yr. In addition, 90% of the wells within the Wanapum aquifer are used for agricultural
purposes and have high capacities (e.g., 1000-3000 gpm). The production capacity of a well is a
good indicator of its recharge capacity.

3.2.3 Parameters of interest and potential sources

The parameters of interest in this study are the geologic stratigraphy and structure, aquifer
characteristics, and flow regimes for the basalt aquifers of the study area, particularly the
Wanapum basalt, as well as the ability of existing wells to transmit water. These characteristics
will be assessed using measurements of the following parameters:

e Atmospheric pressure

e Atmospheric temperature

e Groundwater level elevation
e Groundwater temperature
e Pumping rate

In addition, basic water quality and chemistry measures in surface water and groundwater
are parameters of interest for two purposes: 1) to determine the chemical compatibility of the
surface source water with native groundwater, and 2) the physio-chemical impact of addition of
the surface source water to the basalt aquifer. The water quality and chemistry analysis will also
provide a preliminary assessment of treatment needs for future ASR projects. A complete AKART
assessment of water treatment needs is beyond the scope of this project and should be
accomplished in a future phase of the project. To accomplish the water chemistry/quality part of
this study, the following parameters will be measured:
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Field Parameters

pH Electrical conductivity

Dissolved Oxygen (DO)

Temperature Oxidation-Reduction Potential (ORP)

Laboratory - General Chemistry

Ammonium Copper
Alkalinity Deuterium
Aluminum Fluoride
Arsenic Iron
Barium Lead
Calcium Magnesium

Dissolved Organic Carbon (DOC) Molybdenum

Total Organic Carbon (TOC) Nickel
Chloride Nitrate-N
Chromium Nitrite-N

Laboratory - Sediment Load and Size

Total Kjelstad Nitrogen (TKN)
Oxygen-18
Phosphate-P
Total Phosphorus
Potassium
Silica
Sodium
Sulfate
Uranium

Vanadium

Total Suspended Solids (TSS) Sediment Size Distribution

Turbidity

Laboratory - Bacteriological

E. coli Fecal Coliform

Laboratory - Pesticides/Herbicides
Endothall Acrolein

General Pesticides/PCB screening

3.2.4 Regulatory criteria or standards
Not applicable.

16



3.3 Water quality impairment studies

Not applicable.

3.4 Effectiveness monitoring studies

Not applicable.

4.0 Project Description

This project evaluates the potential for MAR to basalts in the Rattlesnake Ridge region, which
includes the Konnowac Pass area and the southern flank of Rattlesnake Ridge. This area
possesses key components for a successful MAR program:

¢ The need for water to maintain reliable supply, particularly to the RID whose supply
is pro-ratable during drought years.

e Available water during years of surplus that can be delivered via the RID distribution
system for MAR applications.

o Potential target aquifers for groundwater storage.

The CRBG in this area are productive aquifers used for agricultural irrigation, municipal water
and other uses. Groundwater levels in many CRBG-completed wells in the study area have
dropped by more than 100’ in the period from 1970 to 2000 (Keys and others, 2008), indicating
groundwater storage capacity is available. MAR can access this available storage to store surface
water when available. If well-compartmentalized aquifers are identified, this stored water can
be retained for a specified time and withdrawn for use when needed.

Storage in the basalt aquifers in the vicinity of Rattlesnake Ridge has been discussed in the
past by Anderson and others (2009). Their study suggested total storage capacity of up to
100,000 AF for this area but lacked sufficient information to derive firm estimates of both total
capacity and the capacity of individual MAR sites. This study will refine these estimates.

4.1 Project goals

The overall goal of this project is to assess opportunities for storing water in basalt aquifers
in the Konnowac Pass/Rattlesnake Ridge area. To achieve that end, more specific goals of the
project are:

1. Determine storage capacity of CRBG aquifers in the Konnowac Pass/Rattlesnake Ridge
area.
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2. Characterize hydraulic properties of flow units and structures in the CRBG formations
based on well log analysis and testing.

3. Evaluate hydrogeologic conditions and opportunities for managed aquifer recharge
through direct injection into existing or new wells.

4. Investigate possible water quality interactions between the source water, the CRBG
groundwaters and the CRBG rock matrix.

This project is not intended to be a feasibility study for ASR using a single well in the study
area, but rather an assessment of the overall potential for groundwater storage in CRBG aquifers
at a more regional scale. As such, the aquifer testing and surface water sampling strategy are
designed to provide a picture of well efficiencies, hydraulic conductivities and water chemistries
across the study area.

4.2 Project objectives

In order to achieve the above goals, the following activities will be undertaken:
e Install pressure transducers in 8 wells
e Perform 4-hour stepped pump tests on 6 wells

e Perform 24-hour pump tests on two wells, monitoring water levels in 3-4 nearby wells
for each pump test

e Analyze pump test results to determine well efficiencies and aquifer properties
e Collect 8 groundwater samples and 20 surface water samples

e Analyze groundwater and surface water samples for major ion, trace element, stable
isotope and water quality parameters

e Use standard software to analyze chemical interactions between source water and
the aquifer to assess water quality impacts and potential for deposition/clogging.

4.3 Information needed and sources

There is a wealth of relevant existing data related to hydrogeology of the study area. Much
of it has already been reviewed and analyzed as part of Task 2 of this overall project and OCR
contract (Geosyntec, 2022). The data was used to identify the target areas for new data
collection. The sources of existing data are:

1. Surficial Geology Map: DNR (2022) 1:100,000 surficial geology map and the unpublished
data used to construct this coverage.

2. CRBG studies (e.g., Reidel and others, 2013; Tolan and others, 2009).

3. USGS framework and modeling of the hydrogeology of the basalts in the Yakima River
Basin (Vaccaro and others, 2009, and supporting documents).

4. Well logs from the Washington Department of Ecology’s Well Report Viewer.

The USGS stratigraphic well compilation (Burns and others, 2011)

6. Examination of the hydrogeology of the Moxee Valley (Kirk and Mackie, 1993).

9]
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11.

Unpublished DNR and Ecology cross-sections of the geology of south flank of Rattlesnake
Ridge.

Water level data from Ecology’s EIM database.

Results from two pump tests (Repasky, 1993; Lindsey, 2012)

. Water quality data from Ecology’s EIM database, USGS Water Data website and Zuroske

(2009).
Water quality data and herbicide treatment histories from Roza Irrigation District.

The new data that will be collected to supplement the existing data are:

1.

4.4

Water levels before, during, and after pump tests in nine wells. A four-hour stepped pump
test will be performed in all of the wells. A 24-hour pump test will be performed in two of
the wells, with the other wells used as monitoring wells.

Water chemistry/quality data for eight groundwater samples from the pump-test wells.
Parameters include pH, conductivity, DO, ORP, major ions, trace elements, and stable
isotopes.

Water chemistry/quality data from 20 surface water samples (Yakima River and four sites
along the Roza Canal, sampled five times). This sampling strategy was chosen to get an
overall picture of water quality within the Roza Canal system and how water quality
changes moving down the system, an area where there is currently a data gap.
Parameters include pH, conductivity, DO, major ions, trace elements, stable isotopes,
grain size distribution, standard measures of water quality (E. coli, fecal coliform, total
suspended solids, turbidity, nutrients, etc.).

Tasks required

In order to accomplish the new data collection and analysis, the following tasks are required:

1.

Obtained well owner permissions and access to wells and ensure that wells have been
modified as needed for project (have flowmeter and access port and column for pressure
transducer).

Install pressure transducers in nine wells.

Conduct six pump tests, four 4-hour tests and two 24-hour tests and monitor water levels
in wells throughout these tests.

Analyze pump test results using standard methods that examine time-drawdown curves
and their derivatives and compare to theoretical curves under different conditions (e.g.,
confined versus leaky confined aquifers).

Collect eight groundwater samples and 20 surface water samples. Groundwater samples
will be collected at the end of pumping tests or at the time of water level measurements.
Surface water samples will be collected at five times in the irrigation season.
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6. Conduct analysis of water samples at CWU (major ion, trace element, stable isotope, grain
size distribution, see Tables 7 and 9).

7. Send surface water samples for additional analyses to AmTest Laboratories (water quality
parameters in Table 8).

8. Analyze water chemistry interactions between surface water and aquifer material and
surface water and groundwater using Geochemist’s Workbench and PHREEQ.

4.5 Systematic planning process

The preparation of this QAPP constitutes the systematic planning for this data collection
effort.
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5.0 Organization and Schedule

5.1 Key individuals and their responsibilities

This QAPP was prepared by Carey Gazis from Central Washington University (CWU). Dr. Gazis,
a professor in the Department of Geological Sciences at CWU, is the Project Manager and
Principal Investigator. Two CWU M.S. students, Bethany Kharrazi and Bailey Hillard, are assisting
with this project as part of their thesis research. In addition, CWU is teaming up with two
consultants, Bob Anderson from Geosyntec Consulting and Chris Pitre from Coho Water
Resources. They are assisted by Brian Webb (Geosyntec) and Sherry Wilhem (Coho Water
Resources). Subcontracts have been issued to these two consultants to assist in all aspects of the
project. Geosyntec will take the lead in aquifer testing and report preparation. The Principal
Investigator and her collaborators will communicate regularly with Scott Tarbutton, grant project
manager, at the Department of Ecology and other members of the Groundwater Storage
Subcommittee of the Yakima Basin Integrated Plan. Table 1 shows the responsibilities of those
who will be involved in this project.
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Table 1. Organization of project staff and responsibilities.

Staff Title Responsibilities
Carey Gazis Oversees the budget. Writes the QAPP!. Oversees water
Central Washington Project sampling, water analyses, and transportation of samples to

University

Phone: 509-963-2820

Manager/Principal

Investigator

laboratory. Conducts QA review of data, analyzes and
interprets data. Oversees entry of data into EIM?. Helps write
the draft and final reports.

Bob Anderson
Geosyntec Consulting, Inc.

Phone: 206-496-1454

Consultant,
subcontract to
Ccwu

Provides internal review of the QAPP. Interfaces with well
owners. Oversees the pump testing. Conducts QA3 review of
pump-test data, analyzes and interprets data. Leads writing
the draft report and final report.

Chris Pitre

Coho Water Resources, Inc.

Phone: 206-406-9596

Consultant,
subcontract to
cwu

Provides internal review of the QAPP. Oversees pressure
transducer installation, helps with water level monitoring
during pump tests and analysis of results. Coho will help
prepare figures for the final report.

Bailey Hillard
Central Washington
University

Phone: 509-963-2701

Graduate
Student/ Field
Assistant for
Water Quality

Collects water samples and records field information, helps
with laboratory analyses, sends samples to the external
laboratory. Assists with data entry into EIM.

Bethany Kharrazi
Central Washington
University

Phone: 509-963-2701

Graduate
Student/ Field
Assistant for
Pump Tests

Oversees on-the-ground logistics during pump tests including
water level and flow monitoring, troubleshooting, interactions
with well owners. Assists with data entry into EIM.

Scott Tarbutton
Office of Columbia River,
Department of Ecology

Phone: 509-867-6534

Grant Project
Manager

Manages the project grant and provides oversight of the
project, and approves the budget. Provides review of the
QAPP, and approves the final QAPP.

Aaron Young
Amtest Laboratories

Phone: 425-885-1664

Lab Director

Oversees water quality measurement of surface water samples
including QA/QC* procedures and documentation.

Scott Tarbutton
Office of Columbia River,
Department of Ecology

Phone: 509-867-6534

Quality Assurance

Coordinator

Reviews and approves the draft QAPP and the final QAPP.

1 Quality Assurance Project Plan
2 Environmental Information Management

% Quality Assurance

4Quality Assurance/Quality Control
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5.2 Special training and certifications

The three leads on the project, Carey Gazis, Bob Anderson, and Chris Pitre, have extensive
experience conducting the tasks outlined above (water sampling and analysis, water level
monitoring, and pump tests). Central Washington students will assist with the data collection and
will be trained as follows.

Bethany Kharrazi, a graduate student who will provide on-the-ground support for the pump
tests, will be trained in data logger management (launching, downloading, atmospheric pressure
correction, etc.), manual water level measurement, and pump flow monitoring and control. She
will be assisted by undergraduate students, who will help with field logistics and record keeping.

Bailey Hillard, a graduate student who will oversee the water quality measurements, will be
trained in field meter calibration, and water sampling. She will also receive training in laboratory
safety, sample preparation, and use of the Picarro water isotope analyzer, ion chromatograph,
and inductively coupled plasma mass spectrometer, including all QA/QC protocols. These
trainings will be given by Dr. Gazis and Marie Tanach, an engineering technician at Central
Washington University.

5.3 Organization chart

Not applicable — See Table 1.

5.4 Proposed project schedule
Tables 2 — 4 list key activities, due dates, and lead staff for this project.

Table 2. Schedule for completing field and laboratory work

Task Due date Lead staff
Field work, pump tests March, 2023 Bob Anderson
Field work, water sampling September, 2023 | Carey Gazis
Laboratory analyses September, 2023 | Carey Gazis
Contract lab data validation September, 2023 | Carey Gazis

Table 3. Schedule for data entry

Task Due date Lead staff
EIM data loaded October, 2023 Carey Gazis
EIM QA October, 2023 Carey Gazis
EIM complete October, 2023 Carey Gazis
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Table 4. Schedule for final report

Task

Due date

Lead staff

Final report draft to Ecology

November, 30 2023

Bob Anderson, Carey Gazis

Final report to Ecology

December 31, 2023

Bob Anderson, Carey Gazis

5.5

Budget and funding

This project is funded by the Department of Ecology Office of Columbia River contract
C2200178, as recommended by Groundwater Storage Subcommittee under the Yakima Basin
Integrated Plan. Tables 5 and 6 show the total budget for the project including all review of
existing data, new data collection and analysis (the subject of this QAPP), and report writing.
Some of the instrument expenses for the pump testing (e.g., rental of pressure transducers and
water level meters) are included in the consultant subcontracts.

Table 5. Project budget and funding

Cost Category Cost (9)
Salary, benefits, and indirect/overhead $46,436
Equipment SO
Travel and other (software, supplies, graduate student tuition) | $16,863
Contracts (Geosyntec, Coho Water Resources) $252,113
Laboratory (See Table 6 for details.) $9,435
Total $324,847
Table 6. Laboratory budget details
Number Total Cost Per Lab
Number
Parameter of Sambles of QA Number of Sample Subtotal
P Samples Samples ($) ($)
Dissolved major ion (Ca, Mg,
Na, K, Cl, NO3, SO4, P205) 32 12 44 220 »880
Trace Element (Al, V, Cr, Mn,
Fe, Ni, Cu, Zn, As, Mo, Ba, 32 12 44 $30 $1320
Pb, U)
Stable Isotope (d180, dD) 32 12 44 S15 $660
Sediment size distribution 20 NA 20 $20 $400
E. Coli, Fecal Coliform 20 NA 20 S60 $1200
TSS, Turbidity 20 NA 20 $25 $500
Nutrients (NOx, TKN, TP, Lab
NH3) 20 provided 20 $100 $2000
Lab
TOC, DOC 20 . 20 S35 $875
provided
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Number Number Total Cost Per Lab
Parameter of Sambles of QA Number of Sample Subtotal
P Samples Samples (S) (S)
- Lab
Pesticides/PCBs 4 orovided 4 S400 $1600

6.0 Quality Objectives
6.1 Data quality objectives s

The data collection will have two parts: 1) measurement of water levels associated with pump
tests in nine wells, and 2) water quality analysis of surface water and groundwater. For water
level measurements, the data quality objective is to make continuous groundwater level and
temperature measurements throughout a four-hour pump test for each well and then during and
after a 24-hour pump test in two wells. Pressure transducers and electric tape will be used to
collect data to meet the groundwater level measurement quality objectives (MQQOs) described
below.

For water quality measurements, the main data quality objective (DQO) for this project is to
collect 8 groundwater samples and 20 surface water samples for the purpose of predicting any
water quality concerns (e.g., mixing reactions, treatment needs) associated with managed
aquifer recharge. The analyses will use standard methods to obtain pH, conductivity, dissolved
oxygen (DO), alkalinity, majorion, trace element, stable isotope, and water quality data that meet
measurement quality objectives (MQOs) that are described below and are comparable to
previous study results.

6.2 Measurement quality objectives

The MQOs for project results, expressed in terms of acceptable precision, bias, and sensitivity,
are described in this section and equipment specifications are summarized in Tables 7, through
11 below.

Data quality objectives (DQOs) for geochemistry/water quality data in this project are based
on precision, bias, and sensitivity and are used to establish measurement quality objectives
(MQOs) which will be used to assess data quality. Laboratory MQOs for the individual parameters
are summarized in Tables 7 and 8. Grain size distribution will be measured using a Mastersizer

> DQO can also refer to Decision Quality Objectives. The need to identify Decision Quality Objectives
during the planning phase of a project is less common. For projects that do lead to important decisions,
DQOs are often expressed as tolerable limits on the probability or chance (risk) of the collected data
leading to an erroneous decision. And for projects that intend to estimate present or future conditions,
DQOs are often expressed in terms of acceptable uncertainty (e.g., width of an uncertainty band or
interval) associated with a point estimate at a desired level of statistical confidence.
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3000, which employs a laser diffraction method to determine the distribution and relative
abundances by volume of different grain sizes for dispersed particles (suspended sediment) in
water. The specifications of the Mastersizer 3000 are given in Table 9.

Acceptable data quality for field parameter measurements will be ensured by calibration of
instruments according to manufacturer’s specifications. The following meters or an equivalent
model from another brand will be used: Hanna Instruments HI98196 multimeter, Orion Star A221
portable pH meter, Orion Star A122 portable conductivity meter, YSI 550A dissolved oxygen
meter. Meter calibration is accomplished by purchase of appropriate calibration standards when
needed and a meter-specific calibration procedure that is described in the meter user’s manual.
Repeat analyses of these standards as samples are performed periodically after calibration to
assure reproducibility, accuracy, and precision. Each meter has a calibration certificate, and a
user’s manual that addresses calibration procedures, maintenance, and trouble shooting.

Water level data loggers will be installed in nine wells to determine variations in water levels
before, during, and after pumping tests. Specifications for these data loggers are given in Table
10 and MQOs for the water level and temperature measurements are given in Table 11. Absolute
elevation of groundwater will be calculated based on the ground surface elevation at the well
head. That elevation will be obtained using GPS measurements cross referenced with a digital
elevation model with 10-meter accuracy. This method will provide a <3-foot uncertainty on the
ground surface elevation.

6.2.1 Targets for precision, bias, and sensitivity

The MQOs for project results, expressed in terms of acceptable precision, bias, and sensitivity,
are described in this section and summarized in Tables 7, 8, and 11 below. Equipment
specification for grain size analysis and groundwater level measurements are given in Tables 9
and 10.
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Table 7. Measurement quality objectives CWU laboratory analyses
Laborator Field Matrix Lab Control Internal tcc’)‘:\vceesrt\tratio
. E . Spike Standard Matrix Spike | Standard
Parameter Duplicate Duplicate . n of Interest
Duplicate | (%Recovery | (% Recovery) | Recovery .
(RPD) (RPD) (RPD) ) (% Recovery) (Detection
° Y| Limit*)
Alkalinity <10% <10% <10% 75-125% 75-125% NA 10 mg/L
Chloride <10% <10% <10% 75-125% 75-125% NA 0.1 mg/L
Fluoride <10% <10% <10% 75-125% 75-125% NA 0.1 mg/L
Sulfate <10% <10% <10% 75-125% 75-125% NA 0.5 mg/L
Nitrate-N <10% <10% <10% 75-125% 75-125% NA 0.1 mg/L
Nitrite-N <10% <10% <10% 75-125% 75-125% NA 0.1 mg/L
Phosphate-P | <10% <10% <10% 75-125% 75-125% NA 0.05 mg/L
Calcium <10% <10% <10% 75-125% 75-125% NA 0.05 mg/L
Magnesium <10% <10% <10% 75-125% 75-125% NA 0.05 mg/L
Potassium <10% <10% <10% 75-125% 75-125% NA 0.05 mg/L
Sodium <10% <10% <10% 75-125% 75-125% NA 0.05 mg/L
Silica <10% <10% <10% 75-125% 75-125% NA 0.5 mg/L
Aluminum <10% <10% <10% 75-125% 75-125% 80-120% 0.34 ppb
Vanadium <10% <10% <10% 75-125% 75-125% 80-120% 0.02 ppb
Chromium <10% <10% <10% 75-125% 75-125% 80-120% 0.21 ppb
Manganese <10% <10% <10% 75-125% 75-125% 80-120% 0.11 ppb
Iron <10% <10% <10% 75-125% 75-125% 80-120% 1.0 ppb
Nickel <10% <10% <10% 75-125% 75-125% 80-120% 0.33 ppb
Copper <10% <10% <10% 75-125% 75-125% 80-120% 0.27 ppb
Zinc <10% <10% <10% 75-125% 75-125% 80-120% 0.50 ppb
Arsenic <10% <10% <10% 75-125% 75-125% 80-120% 0.31 ppb
Molybdenum | <10% <10% <10% 75-125% 75-125% 80-120% 0.10 ppb
Barium <10% <10% <10% 75-125% 75-125% 80-120% 0.38 ppb
Lead <10% <10% <10% 75-125% 75-125% 80-120% 0.15 ppb
Uranium <10% <10% <10% 75-125% 75-125% 80-120% 0.08 ppb
Oxygen-18 | 0.1 per mil ?nﬁ PET 1 NA NA NA NA NA
. . 0.6 per

Deuterium 0.6 per mil mil NA NA NA NA NA

NA Not Applicable

* Although statistically derived, these values represent a realistic estimate of the detection limit rather than a
statistical measure of instrument detection; Treatment of measurements below detection limits is discussed in

section 14.2 (Treatment of Non-Detects)
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Table 8. Measurement quality objectives AmTest Laboratory
Laboratory Field I\sllait;;x Lab Control Matrix Spike Lowle;] stte(lf:::. i
Parameter Duplicate | Duplicate p' Standard P . Method
(RPD) (RPD) Duplicate (%Recovery) (% Recovery) (Detection
(RPD) ° B Limit*)

E. coli <50% <50% N/A N/A 75-125% 1 CFU/100 mL ?;AZQGZZZDQ
Fecal coliform <50% <50% N/A N/A 75-125% 1 CFU/100 mL SM9222D
TSS <67% <67% N/A 78.6-121% 75-125% 1.0 mg/L SM2540D
Turbidity <10% <10% N/A 90-110% 75-125% 0.5 NTU EPA 180.1
Nitrate/Nitrite <15% <15% <15% 90-110% 75-125% 0.02 mg/L EPA 353.2
TKN <21% <21% <21% 90-110% 75-125% 0.25 mg/L EPA 351.2
Total P <20% <20% <20% 90-110% 75-125% 0.005 mg/L SM 4500PF
Ammonia <12% <12% <12% 84.2-116% 75-125% 0.02 mg/L EPA 350.1
DOC <28% <28% <28% 85.4-115% 80.2-120% 0.5 mg/L SM 5310B
TOC <35% <35% <35% 86.6-113% 75-125% 0.5 mg/L SM 5310B
Pesticides/PCBs* | <30% <30% <30% 80-120% 50-150% 0.1 ug/L EPA 608
Endothall <20% <20% <20% 90-110% 75-125% 0.0003 mg/L EPA 548.1
Acrolein <11% <11% <11% 73.5-127% 75-125% 0.0005 mg/L EPA 624.1

*values vary depending on pesticide measured. Typical values are given.

Table 9. Specifications of Mastersizer 3000, used for grain size distribution measurement.

Size Measurement

Range

Particle size

0.01 -3500 mm*

Number of size classes

100 (user adjustable)

Accuracy

<0.6%**

Precision/Repeatability

<0.5% variation*

Reproducibility

<1% variation*

* sample and sample preparation dependent
** accuracy based on measurement of monomodal latex standards

Table 10. Specifications of Van Essen water level data loggers.

Response
Measurement Range Accuracy Resolution Time Stability (Drift)
(90%)
Pressure +0.5cm
Baro-Diver 0to1.5mH,0 (typical) <0.1 cm H,0 <1sec 2 cm H20
(water column height) + 2.0 cm (max)
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Response
Measurement Range Accuracy Resolution Time Stability (Drift)
(90%)
Pressure +5.0cm
TD-Diver DI810 0to 100 m H,0 (typical) <2.0cm <1sec 20 cmH,0
(water column height) +20.0 cm (max)
Temperature -20°Cto 80°C +0.1°C 0.01°C 3 min -

Table 11. Measurement quality objectives for water levels and temperature.

Precisi Bi
MQO . recision as Sensitivity Minimum
Duplicate Measurement or Sensor Based on reported
Parameter . . Measurement
Resolution accuracies
G dwater Level 10 ter ab
roundwater Leve 3 %RPD* 10 cm water 20 cm water cm water above
(transducers) sensor
G dwater Level
roundwater Leve 3 %RPD 2cm 4cm 2cm
(manual measurement)
Temperature 5 %RPD 0.10°C 0.44°C 0.1°C

*Relative Percent Difference

6.2.1.1

Precision

Precision will be determined based on duplicate field measurements and laboratory
measurements of duplicate samples. For alkalinity, major ion, and trace element concentrations
the MQOs require that duplicate samples are within 10% of each other. For stable isotope
analyses, measurements are of ratios that are expressed in delta notation™ (per mil units). For
these analyses, in addition to measuring duplicate samples, the laboratory method includes
multiple injections and measurements of each sample (typically ten). The first three injections
are discarded because of memory effects. The reproducibility of the remaining analyses
provides another determination of the precision of the method. Both the duplicate sample
measurements and the multiple analyses of the same sample should meet the MQOs for stable
isotopes, 0.1 per mil for oxygen-18 and 0.6 per mil for deuterium.

For transducer water level and temperature measurements, precision is the sensor resolution.
For manual water level measurements using a water level meter, estimated precision is based
on duplicate measurements.

*6 = (@) * 1000, where Ry, ,and Rg:4 are the isotope ratios (

std

of the sample and the standard, respectively.

180

o, ) for 6%0, %for é6D)
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6.2.1.2 Bias

Bias will be determined based on measurement of quality control (QC) standards of known
ion concentration or isotopic composition. These QC samples are independent from the
calibration standards for each measurement. For major ions, the recovery limits for these QC
standards should be 90-110%. For stable isotope analyses, these QC standards should measure
within 0.1 per mil (oxygen-18) and 0.6 per mil (deuterium) from their known value. For chemical
constituents, particularly trace elements, field and laboratory blanks will be used to ensure that
there is no bias introduced by contamination. If bias is recognized in blank samples early in the
project, additional steps will be taken to isolate the source of error, and field procedures or
equipment will be modified to eliminate the problem.

For transducer water level and temperature measurements, bias targets are based on the
reported accuracies (maximum error) of the sensors. For manual depth-to-water measurements,
bias is introduced by any curvature in the measuring tape.

6.2.1.3 Sensitivity

Sensitivity is a measure of the capability of a method to detect a substance. Sensitivity is
usually not an issue for major constituents of water and it is not relevant for stable isotope
analyses, which are measured as ratios. For trace elements, detection limits are critical and have
been calculated based on recent operating conditions for the ICP-MS at CWU. Instrumental
detection limits for the major ion analyses and for trace element analyses are given as the lowest
concentration of interest in Table 7. For water quality parameters to be measured by outside
laboratories, AmTest laboratories have provided detection limits for all measurements (Table 8).

6.2.2 Targets for comparability, representativeness, and
completeness

6.2.2.1 Comparability

Comparability is the degree to which data can be compared directly to similar studies. The
use of standardized sampling procedures, analytical methods with comparable sensitivity, and
units of reporting, and quality control procedures and standards ensure comparability of data.
For comparability with existing data, particularly for stable isotope analyses, standards of known
concentration will be analyzed and those analyses will either serve as the basis for the
measurement calibration or as a check (quality control) standard for the calibration.

The same model of water-level pressure transducer and data logger will be installed in all
wells to ensure comparability. Comparison of datalogger depth-to-water measurements with
manual measurements will ensure that the absolute measurements between wells are
comparable and that each data logger is well calibrated within the range of water levels
measured.

Standardized sampling procedures will be used as described in this document and informed
by the following Ecology standard operating procedures (SOPs):
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Aquifer Test Procedures
https://apps.ecology.wa.gov/publications/documents/2011093.pdf

Purging and Sampling Monitoring Wells for General Chemistry Parameters
https://apps.ecology.wa.gov/publications/SummaryPages/1903205.html

Use of Submersible Pressure Transducers During Groundwater Studies
https://apps.ecology.wa.gov/publications/SummaryPages/1803215.html

Manual Well-Depth and Depth-to-Water Measurements
https://fortress.wa.gov/ecy/publications/documents/1803214.pdf

Collecting Groundwater Samples for Metal Analysis from Water Supply Wells
https://fortress.wa.gov/ecy/publications/documents/1903204.pdf

Collection, Processing, and Analysis of Stream Samples
https://fortress.wa.gov/ecy/publications/documents/1703207.pdf

Collection of Fecal Coliform Bacteria Samples in Surface Water
https://apps.ecology.wa.gov/publications/documents/1803239.pdf

Collection and Field Processing of Metals Samples
https://apps.ecology.wa.gov/publications/documents/1803204.pdf

The following Ecology SOPs will be used for pH and conductivity measurements:

Collection and Analysis of pH Samples
https://fortress.wa.gov/ecy/publications/documents/1803240.pdf

Collection and Analysis of Conductivity Samples
https://fortress.wa.gov/ecy/publications/documents/1703206.pdf

The following methods will be used for major ion analyses:

U.S. EPA. 1997. Method 300.1: Determination of Inorganic Anions in Drinking Water by
lon Chromatography, Revision 1.0.
http://quimica.udea.edu.co/~carlopez/cromatoion/ionchro_envir anal.pdf

Jackson P.E., 2006 lon Chromatography in Environmental Analysis. Encyclopedia of
Analytical Chemistry: Applications, Theory and Instrumentation.
http://quimica.udea.edu.co/~carlopez/cromatoion/ionchro_envir_anal.pdf

The following method will be used for trace element analyses:

U.S. EPA, 1994. Method 200.8: Determination of Trace Elements in Waters and Wastes by
Inductively Coupled Plasma-Mass Spectrometry, Revision 5.4. Cincinnati, OH

https://www.epa.gov/esam/epa-method-2008-determination-trace-elements-waters-and-

wastes-inductively-coupled-plasma-mass
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6.2.2.2 Representativeness

Representativeness is the degree to which sample data from the project accurately represent
a particular characteristic of the environmental matrix which is being sampled.
Representativeness of the samples collected is ensured by adherence to the field sampling
protocols and standard laboratory protocols. Sampling locations are selected to represent the
groundwater geochemistry and aquifer characteristics in the vicinity of each well.

Groundwater levels will be monitored throughout pump tests. In some cases, comparison of
nearby wells during 24-hour pump tests will allow for direct comparison of nearby wells and
assessment of representativeness. More broadly, water level data for a given well can be
compared to existing water level data in the Ecology EIM or well log databases to assess whether
a given well has a representative water level.

6.2.2.3 Completeness

Completeness is the percentage of valid results obtained compared to the total number of
samples collected for a particular analysis. To ensure data completeness, only properly calibrated
and maintained equipment will be used. Data logger measurements will be corrected and
compared to manual measurements and any data logger that is not collecting high quality
complete data will be replaced. Problems occasionally arise during sample collection that cannot
be controlled. Example problems are site access problems, measurement drift, or equipment
failure. For the laboratory analyses, a complete or valid result will include sample documentation
and a laboratory analysis report. Greater than 95% completeness is expected for samples
collected as part of this project.

6.3 Acceptance criteria for quality of existing data

Existing geochemical data will be used as a comparison to data collected in this project. It will
only be included in overall analysis if it has been collected through an accredited laboratory. Any
QAPP, internal laboratory quality assurance plan, and SOPs will also be reviewed to ensure that
existing data meets our measurement quality outcomes. For example, existing water quality data
that is collected by the Roza-Sunnyside Board of Joint Control (RSBOJC) is obtained from certified
laboratories, which provide measures of data quality and use standard methods. The quality of
existing data from Central Washington University is known and the data will not be used unless
it has met the same measurement quality outcomes outlined here. The quality of existing USGS
data is well documented in their reports and will be assessed by the same criteria.

There is a data gap in regular measurements of water quality for the Roza Canal water.
RSBOJC does regularly measure E. coli in the canal water, but most other data quality
measurements are made at drainage points that represent effluent from the combined Roza and
Sunnyside Irrigation districts. Additionally, groundwater chemistry data from basalt aquifers in
the region is available from previous studies. However, the geochemistry of groundwater for the
specific wells that have been identified for this study is not known. This study will fill these data
gaps by collecting water quality/chemistry data for the target wells and along the Roza Canal.
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6.4 Model quality objectives

Not applicable.

7.0 Study Design
7.1 Study boundaries

The study area is within the Roza Irrigation District extending from the Konnowac Pass area
in the northwest along the southern side of Rattlesnake Ridge to near the county line (Figure 2).
The area was chosen because it contains basalt aquifers that have been overdrafted and recharge
water can be supplied by the Roza Irrigation District distribution network. The Wanapum basalt
aquifer is targeted because it is primarily used for agricultural purposes. Cross sections based on
well logs and surficial geology (Figures 3 and 4) reveal that the Wanapum is present throughout
the region with thicknesses ranging between 500 and 1000 feet. The Wanapum units and the
major interbeds appear to be continuous in the east-west direction. In the north-south direction,
they are cut, by the major ridge-forming faults. Water level jumps across these faults suggest that
they serve as barriers to flow and thus serve to compartmentalize the aquifers on either side.

Specific sampling and pump test locations for this project are shown in Figure 2. All wells are
in the Wanapum formation. One cluster of wells is in the Konnowac Pass area, just north of the
ridge and faults, near cross section C-C’ (Figure 4); and a second cluster is located on the southern
flank of Rattlesnake Ridge towards the middle of cross section B-B’ (Figure 3).
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Figure 5. Map showing study area and sampling locations
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7.2 Field data collection

Field data collection locations consist of: 1) wells for pump tests and water quality sampling;
2) additional wells for water quality sampling; 3) surface water sampling sites on the Yakima River
and in the Roza Irrigation Canal. Figure 2 shows the sample locations. The rational for these
locations is described below in 7.2.1

7.2.1 Sampling locations and frequency

Proposed aquifer test sites were selected after consideration of a number of
factors. Following a review of well logs, wells were prioritized in terms of suitability for pump
tests. Priority in this process was given to large, productive wells that are finished in the
Wanapum Formation. With the help of the Roza Irrigation District, well owners were contacted
to request a visit to their wells. Thirteen wells were visited in August 2022 to evaluate and discuss
the well modifications and discharge locations necessary for future possible pumping tests. These
wells were narrowed down to eight wells belonging to four owners that are most suitable for
pumping tests (Figure 2 and Table 12). All wells are completed in the Wanapum formation and
are well suited as monitoring wells during extended aquifer tests. Additional information about
these wells, including well logs and schematic cross sections at each test site, are provided in
Appendix A.
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Table 12. Summary of pump test wells

Surface Well
Wells Elevation | Depth Pumping Tests Transducer Interval
in ft. in ft.
Well Efficiency Aquifer .
Continuous p .
4-hour step-test 24-hour aquifer test Monitoring umping
to determine well to determine (prior to T?St .
efficiency transmissivity and pump test) Monitoring
storage coefficient
Roy Greenhouse 5-min*
1225 1270 Yes Pumping Well 15-minute
Well 30-sec**
Roy Monitor for 5-min*
South/Meacham 1406 2802 Yes 15-minute
Greenhouse test 30-sec**
Well
Charron Primary 1337 2105 No Monitor for 15-minute 5-min
Well Greenhouse test
Charron 1360 1105 No Monitor for 15-minute 5-min
Emergency Well Greenhouse test
Evans Block 24 5-min*
1283 1568 Yes Pumping Well 15-minute
Well 30-sec**
f f 5-min*
Evans. Yakima 1264 1105 Ves Monitor for Block 24 15-minute
Fruit Well test 30-sec**
Evans North 80 1159 1000 No Monitor for Block 24 15-minute 5-min
Well test
AHP-776 1079 1718 No e e 5-min

test

*24-hour pump test, **4-hour step test

The water quality sampling plan is designed as a preliminary assessment of source water and
aquifer water to identify potential water quality concerns in future basalt ASR projects. The

sampling plan has three purposes:

1. To determine water chemistry/quality of potential source water from Roza Canal in order
to identify constituents of concern. This will be useful in the future when treatment
options are assessed. Existing water quality data for the Yakima River and Roza Irrigation
District data will also be examined in this analysis. The Yakima River is included in this
analysis because it is the source of the Roza irrigation water and it is useful to understand
where water quality is changing in the overall system. RID and Sunnyside Irrigation District
combined are mandated to monitor water quality at several exit points from their
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network, but there is no systematic monitoring of basic water quality along the canal. This
analysis of the Yakima River and sites along the Roza canal will fill a current data gap and
provide baseline data that will be useful for ASR assessment across the study area.

To obtain groundwater chemistry information from target aquifers for a first order
compatibility assessment of source water. In particular, it is necessary to determine
whether any adverse chemical reaction (e.g., precipitation of minerals) will occur when
the source water is introduced. In an ideal ASR system, source water spreads into the
aquifer in a bubble around the infiltration well. In this region, the source water mixes with
the ambient groundwater and also interacts with the basalt aquifer. The chemistry of
Columbia River Basalts is well documented (e.g., McDougall, 1976). Groundwater and
source water chemistry obtained in this study will be used to fill out the geochemical
information needed to determine the direction of chemical equilibrium for the combined
aqueous solution.

To achieve these ends, groundwater samples will be collected from the eight pump test wells

(Table 13). Five alternative wells that were identified as potential pump test wells and have
regularly been monitored for groundwater level by Ecology are also identified in Table 13.

Table 13. Summary of groundwater chemistry wells

Surface Well
# Well Elevation Depth Unit Other
(ft) (ft)
Target Wells
Charron Primary 1337 2213 Wanapum 24-hr test, Konnowac Pass
2 | Charron Emergency 1360 2177 Wanapum monitoring, Konnowac Pass test
3 Eslzlth/Meacham 1406 2610 Wanapum monitoring, Konnowac Pass test
4 | Roy Greenhouse 1225 1270 | Wanapum monitoring, Konnowac Pass test
5 | Evans Block 24 1283 1568 | Wanapum 24-hr test, Rattlesnake Ridge
6 | Evans Yakima Fruit 1264 1105 | Wanapum monitoring, Rattlesnake Ridge test
7 | AHP-776 1079 1718 | Wanapum monitoring, Rattlesnake Ridge test
8 | Evans North 80 1159 1000 | Wanapum monitoring, Rattlesnake Ridge test
Alternate Wells
1 E/ch/DNR AIE: 1491 1369 Wanapum backup pump test well
2 | W Stokely Well 1092 1135 | Wanapum backup pump test well
3 | CRGWDB-200013 1332 2205 | Wanapum backup pump test well
4 | CRGWDB-201712 1158 923 Wanapum backup pump test well
5 | Evans Flavorland 1228 3500 g;ir;ie backup pump test well
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The surface water sampling plan has been designed to provide a preliminary picture of how
surface water quality varies spatially and with time, particularly during the potential aquifer
recharge periods. This new data combined with existing water quality data will be used to identify
any potential constituents of concern. Surface waters will be sampled from five locations: the
Yakima River at Roza Recreation area, immediately upstream of the Roza dam diversion; and four
locations along the main Roza Irrigation canal across the region of interest in this study (Figure
2). Each of the four sampling locations has a bridge over the Roza canal that will allow consistent
sampling access. Samples will be collected from the five locations at two times, once during each
of the shoulder seasons (Figure 3).

Volume (af)
80,000
Operational Maximum
i
60,000
40,000

RID Demand

20,000

I
|
I
I
0 |
Mar Apr Pay A‘Jun Jul Aug ep [Oct Nov

N : : ; G5
k\ Potential capacity to deliver water for MAR applications.

Figure 6. Plan for surface water sample collection. Shaded blue shows potential source
water volume and time of availability (shoulder seasons).

7.2.2 Field parameters and laboratory analytes to be measured
During the pump tests, the following parameters will be measured in each well:
1. Flow rate, measured via flow meter in well.

2. Manual water levels measured with electrical water-level tape before, during, and after
pump test and as needed when water level is in question. Manual measurement will be
taken at least four times prior to the pump test, at the time of transducer installation and
three other times, and hourly during the pump test.
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3. Atmospheric pressure and temperature measured using pressure transducer at 30-
second intervals throughout 4-hour pump tests and at 5-minute intervals during 24-hour
pump test. Pressure transducers will be equipped with a communication cable so that
data can be downloaded without removing the transducer from the well.

4. Absolute pressure (to be corrected for barometric pressure and barometric efficiency to
determine water level) and temperature, measured using a non-vented pressure
transducer, to be measured at 30-second intervals throughout 4-hour pump tests for each
well individually and 5-minute intervals during 24-hour pump tests, measured in pumping
well and associated monitoring wells.

Groundwater samples will be collected at the end of each pump test and the following field
measurements will be recorded during the pump test to ensure stabilization criteria (Table 14)
from the EAP099 SOP (Ecology, 2018) is met prior to the final measurement reading and sample
collection: pH, conductivity, dissolved oxygen (DO), ORP. Alkalinity will be measured by titration
in the laboratory at CWU within 24 hours of sampling.

Surface water samples will be collected from one site on the Yakima River (representing the
source water to the canal) and the main Roza Irrigation District canal at four times during the
summer. The following field measurements will be made on all samples: pH, conductivity, DO,
ORP. Alkalinity will be measured by titration in the laboratory at CWU within 24 hours of
sampling.

For all water samples (surface water and groundwater), four instruments will be used to
measure the following constituents:

1. lon chromatograph: Ca, Mg, K, Na, NH4, NO3, SO4, Cl, F

2. Inductively coupled plasma mass spectrometer (ICP-MS): Al, V, Cr, Mn, Fe, Ni, Cu, Zn, As,
Mo, Ba, Pb, U

3. Inductively coupled plasma optical emission spectrometer (ICP-OES): Si
4. Cavity Ring-down Spectrometer (Picarro): 20/%0 ratio, D/H ratio

Surface water samples will be sent to Amtest Laboratories or an equivalent certified
laboratory where the following water quality measurements will be made on all samples: E. coli,
Fecal coliform, Total Suspended Solids (TSS), Turbidity, Nitrate/Nitrite, Total Kjelstad Nitrogen
(TKN), Total Phosphorus, Ammonia, Total Organic Carbon (TOC), Dissolved Organic Carbon (DOC).

A subset of the surface water samples (two locations closest to pumping test wells, two
sampling dates) will be screened for Pesticides/PCBs through AmTest. These analyses will include
a general screening using EPA Method 608 and targeted analyses of Endothal (EPA 548.1) and
Acrolein (EPA 624.1), the two organic herbicides commonly used in the Roza Canal. EPA Method
608 includes a number of legacy and current-use pesticides that have been detected in the
Yakima River: a-BHC, chlordane, DDT, DDE, DDD, Dieldrin, Endosufan (Johnson and others, 2010).
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7.3 Modeling and analysis design

Not applicable.

7.3.1 Analytical framework
Not applicable.

7.3.2 Model setup and data needs
Not applicable.

7.4 Assumptions of study design

This study design is based on the assumption that the Wanapum aquifer is relatively
continuous and isolated from the overlying Saddle Mountain Formation by the Mabton clay
interbed. Large capacity agricultural wells (1000 to 3000 gpm) are assumed to have good
recharge capacities (injection rates of 500 to 1000 gpm). The wells that have been chosen for
pump testing and water quality sampling are assumed to be representative of the target aquifer
and to be potential future injection wells.

7.5 Possible challenges and contingencies

One potential challenge of this project is access to wells and ensuring that wells are properly
configured for the pump tests. To address this challenge, we have had multiple conversations
with well owners and their farm managers and have visited potential wells multiple times. The
well owners have agreed to install flow meters and access ports for transducers if they do not
already have them. Back-up wells have also been identified.

7.5.1 Logistical problems

A number of logistical steps are necessary for this project to be completed in a timely manner.
Pump tests are planned for late-February to early-March, hopefully after any winter snow and
before the beginning of the irrigation season. Prior to pump testing, access agreements with well
owners must be established and this QAPP must be approved. We are in the process of finalizing
both of these documents so that the pump tests are not delayed by these contracts and
approvals. In addition, as described above, some wells need to be modified prior to the pump
tests. These modifications are either complete or underway. Even if all of these logistics are
handled smoothly, it is possible that snow or other inclement weather will delay the pump tests.
We do have a cushion of about a month between our planned pump tests and the beginning of
irrigation.
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Another possible schedule complication is related to our surface water sampling plan. If there
is curtailment of the Roza water supply due to storage control, the fall sampling times will need
to be adjusted. In this case, there will be ample warning that will allow for this adjustment.

7.5.2 Practical constraints

Practical constraints may occur during pump tests including difficulty controlling pumping
rates and drawdown below the level of the transducer. We are trying to minimize the impact of
these problems by visiting wells ahead of time and measuring water levels and assessing well
configurations and flow meters. In general, we will follow the guidelines provided by Ecology
(https://apps.ecology.wa.gov/publications/documents/2011093.pdf), which outline planning
procedures that will minimize practical constraints. For example, we will use forward modeling
to predict drawdown and will use the stepped drawdown test to determine pumping rates and
flow rates for the 24-hour test.

7.5.3 Schedule limitations
Our schedule is constrained by the following:

QAPP approval —the QAPP was submitted in early December 2022 and we will need approval
by February 2023 in order to meet our planned schedule.

Well owner access agreements — these have been negotiated. Two are in place and two will be
finalized by February 28, 2023.

Well modifications — most well modifications have been made or should be complete by
February 28, 2023.

The schedules of participants — CWU students and faculty are constrained by the academic
calendar and must work around class schedules until June. Consultants have other contracts
that constrain their availability.

Irrigation season — well owners have requested that we do not conduct tests or collect water
samples during the irrigation season. This timing will also minimize any well interference.
Surface water sampling must begin shortly after the irrigation season begins in order to capture
the chemistry during the target ASR season.

41


https://apps.ecology.wa.gov/publications/documents/2011093.pdf

8.0 Field Procedures

8.1 Invasive species evaluation

The majority of samples will be collected from wells in or near a farm or built environment
that does not present significant risk of invasive species contamination. In situations where
invasive species are present, SOP EAP070, Version 2.2 (Parsons and others, 2018) will be followed
to minimize any chance of spreading of invasive species.

8.2 Measurement and sampling procedures

Eight wells have been selected for pumping tests, to be conducted in February-March, 2023.
Wells will be retrofitted as needed so that they each have a flow meter and an access port and
PVC pipe to protect a pressure transducer. Flow meters will be checked and calibrated as needed
prior to the pump tests. A pressure transducer will be installed in each well one week prior to
testing and will remain in the wells until the water level has recovered to within 95% or pre-
pumping conditions. The transducers will be monitored via a communication cable during two
types of pump tests: 4-hour stepped pumping tests to determine well efficiency and aquifer
properties close to the well; and 24-hour aquifer tests to determine larger scale transmissivity
and storativity and to monitor for nearby boundaries that limit flow. The 4-hour stepped pumping
test will be conducted on four of the eight wells. A water quality sample will be collected at the
end of each test. A 24-hour aquifer test will be performed on two of the wells, using the
remaining six wells as observation wells. Additional water quality samples will be collected from
the pumping wells at the conclusion of the 24-hour test. ASR testing areas are shown on Figure
2 and the pumping test plan is outlined in Table 12.

Pump tests will follow the procedure outlined in the Department of Ecology’s Water Resource
Program Guidance on Aquifer Test Procedures:

https://apps.ecology.wa.gov/publications/documents/2011093.pdf

A general plan for the test follows:

Step drawdown test — A 4-hour step drawdown test will be conducted on four of the wells. A
pressure transducer will be installed within the pumping well and observation wells via the
access port and monitored throughout the test. Manual water level measurements will be
made before, during, and after the pumping test. The well will be pumped at four successively
higher pumping rates for one hour per step. The target rates will be 50, 75, 100 and 125
percent of the maximum design rate. Flow will be controlled using the flow control valve and
flow rates will be monitored manually via the flow meter. Discharge water from the pumping
test will flow to the owner’s distribution system. A total discharge volume of 0.5 AF is expected
for each test. A water quality sample will be collected at the end of the test via the sampling
spigot or at the discharge location. The pressure transducers will remain in all monitoring wells
during the 24-hour pump tests.
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24-hour pumping test — A 24-hour constant rate test will be conducted on two wells (Table 12).
The time may be extended to 36 hours as needed. The final duration of the test will be
determined in the field based on the water level response in the well. The well will be pumped
at a single continuous pumping rate determined by the step drawdown test. Flow rates will be
monitored manually via the flow meter. If necessary, flow will be adjusted using the flow
control valve to maintain a constant flow rate. A total discharge volume of 4.5 to 6.5 AF is
expected for this test. Water rights are in place to remove this water. Discharge water from the
pumping test will flow to the owner’s distribution system. A water sample will be collected at
the end of the test via the sampling spigot or at the discharge location. A pressure transducer
will be installed via the access port throughout the test. Pressure transducer measurements will
be set at 5-minute intervals in both pumping wells and monitoring wells for the 24-hour test.
Manual measurements will be taken at 1-hour intervals in wells and compared to pressure
transducer data. If the two measurements are in agreement, the manual measurement interval
will be reduced to minimize the need to remove the pressure transducer in order to make the
manual measurements and the potential for shifting slightly the depth of the transducer.

Collection of samples and associated field QC samples will follow accepted procedures and
the SOPs referenced in section 6.2.2. Sampling for stable isotope, major ion, and trace element
analysis will be done in accordance with protocols developed by the CWU laboratories that have
been conducting these analyses. The principal investigator will ensure that Bailey Hillard and any
other field sampling personnel will be appropriately trained and thoroughly familiar with these
procedures.

Groundwater samples will be collected using the general procedures for sampling described
in the SOP Purging and Sampling Monitoring Wells for General Chemistry Parameters

(https://fortress.wa.gov/ecy/publications/documents/1803214.pdf).

Groundwater samples from the pump test wells will be collected following the pump test,
when the wells have been thoroughly purged. All other wells will be purged prior to sampling
using existing pumps and plumbing. Samples will be obtained from a tap as close to the wellhead
as possible, and prior to holding or pressure tanks whenever possible. No samples will be
collected downstream of filters, water treatment units, hot water tanks, etc. that could modify
the water chemistry of the sample. Temperature, specific conductance, pH, and dissolved oxygen
will be recorded at intervals during well purging through the use of a metered, closed-
atmosphere flow cell. During purging, water from the selected tap will be routed by a clean “Y”
fitting directly to the flow cell using a short section of tubing. Discharge from the flow cell will be
routed to a suitable location identified by the well owner. Wells that are not routinely pumped
will be purged for a minimum of three casing volumes and/or until all field parameters have
stabilized for three consecutive readings. Wells that are routinely in use will be purged for a
minimum of 5 minutes and until all field parameters stabilize for three consecutive readings.
Table 14 presents the criteria for purge stabilization.
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Table 14. Stabilization criteria for well purging

Parameter Stabilization Criteria

(maximum change for 3 successive readings)

Temperature 0.1°C
pH 0.1 standard units
Specific conductance + 10.0 umhos/cm for values < 1000 umhos/com

+20.0 umhos/cm for values > 1000 umhos/cm

Dissolved oxygen +0.05 mg/L for values < 1 mg/L
+ 0.2 mg/L for values > 1 mg/L

Once the stabilized parameter values have been recorded, water will be re-directed to the
second outlet of the “Y” fitting for sample collection. Water samples designated for laboratory
analysis will be collected directly into the appropriate containers. Samples requiring filtration will
be collected into a clean 60-ml polypropylene syringe connected to a 0.45-micron filter. Samples
will then be filtered on site into the appropriate containers. The number and types of containers
to be filled for each analysis, as well as holding times and any special sample handling or
preservation requirements are listed in Table 15.

Clean latex or nitrile (powder-free) gloves will be worn by sampling personnel during sampling
and replaced between wells. The sampler will record the location of the sampling point relative
to any treatment units or other in-line hydraulic components such as surge/pressure tanks or
cisterns. Upon collection, samples will be labeled and immediately placed on ice in a cooler or
otherwise stored as specified in Table 15 until delivery to the laboratory. When necessary, field
equipment will be decontaminated using a liquinox solution and rinsed with deionized water.

The surface water sampling sites are either ramps or bridges. Roza water quality samples will
be collected from bridges using an alpha sampler. This sample collection will be used to fill all
bottles except the trace element sample bottles. A telescoping water sampler with a Teflon bottle
will be used to collect trace element samples.

As needed, sampling procedures will be adapted based on the following SOPs:

Collection and Analysis of pH Samples
https://fortress.wa.gov/ecy/publications/documents/1803240.pdf

Collection of Fecal Coliform Bacteria Samples in Surface Water

https://apps.ecology.wa.gov/publications/documents/1803239.pdf

Purging and Sampling Monitoring Wells for General Chemistry Parameters

https://fortress.wa.gov/ecy/publications/documents/1803214.pdf

Collecting Groundwater Samples for Metal Analysis from Water Supply Wells
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https://fortress.wa.gov/ecy/publications/documents/1903204.pdf

Collection, Processing, and Analysis of Stream Samples

https://fortress.wa.gov/ecy/publications/documents/1703207.pdf

Collection and Analysis of Conductivity Samples

https://fortress.wa.gov/ecy/publications/documents/1703206.pdf

Groundwater Manual Depth to Water Measurements

https://apps.ecology.wa.gov/publications/SummaryPages/1803215.html

8.3

Containers, preservation methods, holding times

Table 15 presents containers, preservation techniques, and holding times for all laboratory

geochemical analyses.

Table 15. Sample containers, preservation, and holding times.

Minimum

Parameter Quantity Container Sample . Handling and Holding Time
. Preservative
Required
Alkalinity, sediment size 50 ml 250 mL high density | No headspace, store at 4°C 3 days
distribution polyethylene
(HPDE) bottle
E. coli, fecal coliform 100 mL 250 mL EDTA/< 6°C 24 hours
TSS 100 mL 500 mL Non-preserved/< 6°C 7 days
Turbidity 50 mL Non-preserved/< 6°C 48 hours
Nutrients: NOx, TKN, TP, NH3 20-50mL 250 mL H2S04 28 days
DOC, TOC 40 mL 40 mL Zero headspace vial with H2SO4 | 28 days
Major Anion: Chloride, Fluoride, 5mi 60 mL HDPE bottle Filtered (0.45 micron), store at 28 days
Sulfate, Nitrate, Phosphate 4°C
Pesticides/PCBs 1000 mL 1 L amber glass EPA 3510/3520 7 day to extraction
Maijor Dissolved Cation: Calcium, 5mi Acid-washed 60 mL | Filtered (0.45 microns), store at 6 months
Magnesium, Potassium, Sodium, HDPE bottle 4°C, nitric acid to pH < 2
Ammonium
Trace Element: Aluminum, 10 ml Acid-washed 60 mL Filtered (0.45 microns), store at 6 months
Vanadium, Chromium, HDPE bottle °4C, ultrapure nitric acid to
Manganese, Iron, Copper, Nickel, pH < 2
Zinc, Arsenic, Molybdenum,
Barium, Lead, Uranium
Stable Isotopes (O and H) 2 mi 30 mL HDPE bottle Tightly sealed to prevent 6 months

sealed with tape

evaporation
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8.4 Equipment decontamination

It is unlikely that any sample will contain high levels of contaminants or organic materials. In
addition, dedicated sampling equipment will be used for this study so there is not a chance of
cross-contamination from another project. In some cases, samples will be collected directly into
bottles, which then function as single-use sampling devices. In the event that there is a possibility
of contamination, the following SOP will be used to decontaminate equipment:

SOP EAPQ90, Decontamination of Field Equipment for Sampling Toxics in the Environment.
https://apps.ecology.wa.gov/publications/documents/2103202.pdf

All non-dedicated, non-disposable field equipment coming into contact with sample water
will be cleaned between uses at subsequent sampling locations to prevent cross-contamination
of samples. Prior to collection of samples, a thorough rinsing with deionized water followed by
rinsing three times with sample water shall be considered sufficient.

8.5 Sample ID

Sample identification will be based on a format that includes the overall project and year, the
site, the type of water, and a sample number. The format will be as follows: YRB23-RR-sample#,
where YRB23 is this project designation and year, RR designates this project, the sample# is G-1
to G-xx for the groundwaters, YR for Yakima River sample and RC-1A to RC-4D for the Roza Canal
sample sites; A to D are the different sampling times. For each sampling location/date, the
following information will be recorded in a field log:

e Sample number

e Sample location

e Sampling date and time

e Sampler’s name and names of other field personnel present

e Well purging information (flow rate, duration, total volume purged)

e Field parameter readings during purging

e Final (stabilized) field parameter readings

e Analytes sampled for and number of bottles collected for each analysis

e QA samples collected

e Any other relevant information (field conditions, details of how sample was collected).

Sample bottles will be labeled using self-adhesive labels, which will be completed in indelible
ink and include:

e Sample identification number
e Analysis type (cation, anion, isotope)

e |Ifacidis added
e Sample date and time

Following completion of each sampling trip, the principal investigator will review the field
logs recorded by the samplers for completeness, accuracy, and clarity. The principal investigator
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will retain a copy of all documentation.

8.6

Chain of custody

A subset of the samples will remain within the custody of Bailey Hillard at Central Washington
University throughout the project. They will be stored on project-designated shelves in a
refrigerator in the Stable Isotope Laboratory in the Geological Sciences Department.

Another subset of the samples will be sent to AmTest Laboratories or an equivalent certified
laboratory for water quality analyses. For these samples, we will use the laboratory’s chain of
custody form, which includes the following information:

A unique sample location/field ID combination.

The date and time of sample collection.

The sample collector’s name.

Customer/Project information for billing and report mailing.

The sample matrix.

Sample preservation.

The analyses requested.

8.7

Field log requirements

Field data will be recorded by field personnel at the time of measurement or sampling in a
field notebook (log). Data to be entered into field notebooks includes

Names of field personnel

Sequence of events

Site identification and description
Environmental conditions

Dates and times of measurement or sampling
History of recent well usage, if groundwater

Estimated flow (based on visual inspection and nearby measurements when available),
of surface water

Appropriate field measurement values and units of measure
Sample numbers

And detailed notes on any deviations from prescribed procedures
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8.8 Other activities

In addition to the standardized procedures described above, the following additional steps
will be taken to ensure an adequate level of quality control during sampling:

e Field instruments will be calibrated and/or checked in accordance with the manufacturer’s
instructions on a daily basis at the beginning of each sampling day, and as needed during the
day.

e All non-dedicated, non-disposable field equipment coming into contact with sample water
will be cleaned between uses at subsequent sampling locations to prevent cross-
contamination of samples. Prior to collection of samples, a thorough rinsing with deionized
water followed by rinsing three times with sample water shall be considered sufficient.

e Sources of extraneous contamination (generator fumes, gasoline, sunscreen, wearing of
luminescent watches, etc.) will be minimized during sampling. Sampling personnel will
employ a “clean hands/dirty hands” approach to sample collection.

e Equipment/filter field blanks will be collected during each sampling round to determine if
sampling equipment or filters are introducing bias into the sampling results. Blanks will be
used to determine whether the sample tubing, filters, sample containers, preservatives, or
transport methods represent a source of bias. If bias is recognized in blank samples early in
the project, additional steps will be taken to isolate the source of error, and field procedures
or equipment will be modified to eliminate the problem.
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9.0 Laboratory Procedures

9.1 Lab procedures table

The standard laboratory quality control procedures in place at CWU are adequate to estimate
laboratory precision and accuracy. As described in Appendix B, the CWU laboratory is accredited
for a subset of these analyses and audited regularly. Laboratory quality control samples will
include blanks, duplicates, matrix spikes, and check standards (QC standards). Duplicates, matrix
spikes, and matrix spike duplicates will be used to estimate overall bias due to the combination
of the analytical procedure and matrix interferences. Check standards will be used to verify
analytical precision, to test for instrument drift, and to provide an estimate of bias due to
calibration. On the inductively coupled plasma mass spectrometer (ICP-MS) an internal standard
is routinely used to correct for any instrument drift due to variations in nebulization and
pumping. Laboratory method blanks will be used to measure the response of the analytical
system at a theoretical concentration of zero.

Table 13 presents a summary of the types and minimum frequency of field and laboratory
quality control samples for this project. If QC results regularly fall outside of the acceptable limits
defined in Table 7, the investigators will review the sampling and/or analytical methods to
determine an appropriate course of action to obtain the desired data quality and rerun samples
as needed. Any changes in procedure will be submitted for approval to Ecology. Table 16
summarizes the laboratory analytical methods for the study.

Table 16. Measurement methods (laboratory).

sample Samples (.Number/ Expected Detection Sample Analytical
Analyte Matrix Arrival Range of Limit Prep (Instrumental)
Date) Results* Method Method**
16/Mar 2023
Alkalinity water 10/April 2023 30-500mg/L | 10 mg/L unfiltered titration
10/Sept 2023
Chloride water Same as alkalinity 0-50mg/L 0.1 mg/L filtered IC, EPA 300.1
Fluoride water Same as alkalinity 0-10 mg/L 0.1 mg/L filtered IC, EPA 300.1
Sulfate water Same as alkalinity 0-50mg/L 0.5 mg/L filtered IC, EPA 300.1
Nitrate-N water Same as alkalinity 0-20mg/L 0.1 mg/L filtered IC, EPA 300.1
Phosphate-P water Same as alkalinity 0-5mg/L 0.05 mg/L | filtered IC, EPA 300.1
Calcium water Same as alkalinity 0-100mg/L | 0.05mg/L | filtered IC, EPA 300.1
Magnesium water Same as alkalinity 0-50mg/L 0.05 mg/L | filtered IC, EPA 300.1
Potassium water Same as alkalinity 0-50mg/L 0.05 mg/L | filtered IC, EPA 300.1
Sodium water Same as alkalinity 0-100mg/L | 0.05mg/L | filtered IC, EPA 300.1
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Sample Samples (_Number/ Expected Detection Sample Analytical
Analyte Matrix Arrival Range of Limit Prep (Instrumental)
Date) Results* Method Method**
Aluminum water Same as alkalinit 0-50ppb 0.34 ppb filtered, ICP-MS,
Y PP SHPPY 1 acidified EPA 200.8
Vanadi ter |S Ikalini 0-50ppb | 0.02ppb | Mtered P
anadium water ame as alkalinity pp .02 pp acidified EPA 200.8
Chromi ter |S Ikalini 0-10ppb | 021ppb | Mtered Pl
romium water ame as alkalinity pp 21pp acidified EPA 200.8
Manganese water Same as alkalinit 0-50ppb 0.11 ppb filtered, ICP-MS,
& y PP SEPPY D acidified EPA 200.8
. filtered, ICP-MS,
Iron water Same as alkalinity 0-100 ppb 1.0 ppb acidified EPA 200.8
. . filtered, ICP-MS,
Nickel water Same as alkalinity 0-50ppb 0.33 ppb acidified EPA 200.8
. filtered, ICP-MS,
Copper water Same as alkalinity 0-50ppb 0.27 ppb acidified EPA 200.8
. . filtered, ICP-MS,
Zinc water Same as alkalinity 0-1000 ppb 0.50 ppb acidified EPA 200.8
. . filtered, ICP-MS,
Arsenic water Same as alkalinity 0-10 ppb 0.31 ppb acidified EPA 200.8
Molybd ter |S Ikalini 0-10ppb | 0.10ppb | Mtered Pl
olybdenum water ame as alkalinity pp .10 pp acidified EPA 200.8
, . filtered, ICP-MS,
Barium water Same as alkalinity 0-500 ppb 0.38 ppb acidified EPA 200.8
. filtered, ICP-MS,
Lead water Same as alkalinity 0-10 ppb 0.15 ppb acidified EPA 200.8
. . filtered, ICP-MS,
Uranium water Same as alkalinity 0-10 ppb 0.08 ppb acidified EPA 200.8
Oxygen-18 water Same as alkalinity -5 t0-25%o0 NA filtered CRS
-30to
Deuterium water Same as alkalinity NA filtered CRS
-170%o0
10/April 2023 10-1000 CFU/ | 1 CFU/
E. coli water EDTA SM9222D9222G
10/Sept 2023 100 mL 100mL
; : 10/April 2023
S(.edlr.nenF size water NA NA none PSA
distribution 10/Sept 2023
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Sample Samples (_Number/ Expected Detection Sample Analytical
Analyte Matrix Arrival Range of Limit Prep (Instrumental)
Date) Results* Method Method**
10-1000 CFU/ | 1 CFU/
Fecal coliform water Same as E. coli EDTA SM9222D
100 mL 100mL
TSS water Same as E. coli 0-500 mg/L 1.0 mg/L none SM2540D
Turbidity water Same as E. coli 0-60 NTU 0.05NTU none EPA 180.1
Nitrate/Nitrite water Same as E. coli 0-30 mg/L 0.02 mg/L | H2S04 EPA 353.2
TKN water Same as E. coli 0-30 mg/L 0.25mg/L | H2S04 EPA 351.2
. 0.005
Total P water Same as E. coli 0-2 mg/L me/L H2S04 SM4500PF
Ammonia water Same as E. coli 0-2 mg/L 0.02 mg/L | H2S04 EPA 350.1
Zero
DOC water Same as E. coli 0-30 mg/L 0.5 mg/L headspace SM5310B
vial, H2S04
Zero
TOC water Same as E. coli 0-50 mg/L 0.5 mg/L headspace SM5310B
vial, H2S04
2/ April 2023 EPA
Endothall water 0-20 mg/L 3mg/L EPA 548.1
2/Sept 2023 3510/3520
Acrolei ¢ s Endothall | 0-20mg/L. | 5mg/L. | PA EPA 624.2
crolein water ame as Endotha mg mg 3510/3520 .
Pesticides/PCBs | water Same as Endothall 0-2.0 mg/L 0.1 mg/L EPA EPA 608
-~ mg Mg 3510/3520

* Treatment of measurements below detection limits is discussed in section 14.2 (Treatment of
Non-Detects)

** IC= ion chromatography; ICP-MS = inductively coupled plasma mass spectrometry; CRS = cavity
ring-down spectroscopy; PSA = particle size analysis

The laboratory equipment and instrumentation that will be used in these analyses are:

lon chromatograph — Thermo Scientific Dionex ICS-5000+ IC

Inductively-coupled plasma mass spectrometer — Agilent 8900 Triple Quad (QQQ) ICP-MS

Inductively-coupled plasma optical emission spectrometer — Agilent 8100 ICP-OES

Cavity ring down spectroscope — Picarro L2130-I Isotopic H20 Analyser

Mastersizer 3000 particle size analyzer

In most cases, there is alternative instrumentation to perform each type of analyses in cases
where equipment or instrumentation are malfunctioning.
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9.2 Sample preparation method(s)

For major ion and trace element analyses, two samples are collected, one for cations plus
trace elements and one for anions. Both samples are filtered in the field using a clean 60-ml
polypropylene syringe connected to a 0.45-micron polypropylene filter. The cation sample is
placed in a 60 ml acid-washed high-density polyethylene (HDPE) bottle. The anion sample is
placed in a clean 60 ml HDPE bottle that has not been acid washed.

For stable isotope analysis water sample is collected directly into a clean, dry 30 mL HDPE
bottle, filling it almost to the top, and capping it tightly. The main objective is to protect the
sample from evaporation and exchange with atmospheric water vapor. Samples need not be
filtered unless they contain abundant particulate matter. Samples are stored at ambient
temperature in the Stable Isotope Laboratory at CWU.

For surface water samples, four additional samples will be collected for water quality
measurements made at AmTest Laboratory: 1) 250 mL autoclaved polypropylene bottle with
added EDTA for bacterial sampling; 2) 500 mL polypropylene bottle with no preservation for TSS
and Turbidity analysis; 3) 250 mL polypropylene bottle for nutrient analyses, acidified with
H2S04; 4) 40 mL bottle, acidified with H2SO4 and with zero head space for TOC, DOC analyses. 5)
1 L amber bottles will be used to collect four samples for pesticide analysis with no filtration or
preservative added. For all surface water samples, a 250 mL bottle will be filled with unfiltered
sample for sediment size analysis.

In the laboratory at CWU, SOPs in accordance with the methods in Table 16 are used for
sample preparation and analysis. Cation/trace element samples are acidified with 2% ultrapure
nitric acid prior to analysis. Prior to sediment size analysis, Calgon, a dispersing agent, is added
to the surface water sample, to deflocculate sediment samples.

9.3 Special method requirements

Not applicable.

9.4 Laboratories accredited for methods

The Central Washington University Chemistry Department, through Dr. Anne Johansen, is
accredited for major ion analyses. Documentation for that certification is provided in Appendix
B. Stable isotope analyses is a specialized type of geochemical analysis that does not have EPA
accreditation criteria. Dr. Gazis’s laboratory in the Geological Sciences Department has been
performing this type of analyses for over twenty years, including over 350 analyses for an
Ecology-funded project in the Columbia Basin Groundwater Management Area (Vlassopoulos,
2008). Trace element analysis will be performed on a 5-year-old state-of-the-art inductively
coupled plasma mass spectrometer (ICP-MS), which has a triple quadrupole (QQQ) detection
system. Central Washington University is in the process of seeking accreditation for trace
element analyses. We will use standard EPA methods (EPA method 200.8) on these analyses and
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include similar QA/QC procedures to those used in our accredited major ion analyses. If possible,
a subset of the samples will be sent to an accredited laboratory for trace element analysis. If not,
trace element analyses will be used qualitatively and will not be entered into the EIM database.

Other water quality analyses will be performed at AmTest Laboratory in Kirkland, WA or an
equivalent accredited laboratory. For coliform analysis, which has a short holding time, we will
hand deliver the samples immediately to an accredited laboratory, preferably one in the Yakima
area.

10.0 Quality Control Procedures

The quality control procedures for field and laboratory measurements are outlined in the
sections above. Field notebooks and field data will be reviewed after each sampling trip. During
pump testing, Bob Anderson will meet daily with Bethany Kharrazi to review well testing
procedures and results. Laboratory results will be reviewed immediately to ensure that quality
control standards are within accepted range and that there are no problems with the blanks,
duplicates, or matrix spikes. For water chemistry/quality data, the principal investigator will meet
weekly with Bailey Hillard to review quality control results and discuss any problems that have
arisen. For quality control of field data, pumping test results and procedures will be reviewed
daily with Bethany Kharrazi and any field assistants.

10.1

Table 17 shows a plan for frequency and types of quality control samples. Each parameter
also has MQOs associated with it that will be used to evaluate the quality and usability of the
results.

Table of field and laboratory quality control

Table 17. Quality control samples, types, and frequency.

Plicates | o, ndards Blanks Duplicates Spikes
pH NA 1/15 1/12 NA 1/6 NA
conductivity NA 1/15 1/12 NA 1/6 NA
DO NA 1/15 1/12 NA 1/6 NA
Alkalinity NA 1/15 1/12 NA 1/6 NA
Chloride 1/15 1/15 1/6 1/12 1/6 1/20
Fluoride 1/15 1/15 1/6 1/12 1/6 1/20
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Parameter Bﬁ;er:is Re;:i:tes Lak()Z?]I:;CI?ry LaMbZ'EEf)OdrV sna:_ytlcal I-all:\)/loar:'rtiiry
Standards Blanks uplicates Spikes
Sulfate 1/15 1/15 1/6 1/12 1/6 1/20
Nitrate-N 1/15 1/15 1/6 1/12 1/6 1/20
Phosphate-P 1/15 1/15 1/6 1/12 1/6 1/20
Calcium 1/15 1/15 1/6 1/12 1/6 1/20
Magnesium 1/15 1/15 1/6 1/12 1/6 1/20
Potassium 1/15 1/15 1/6 1/12 1/6 1/20
Sodium 1/15 1/15 1/6 1/12 1/6 1/20
Aluminum 1/15 1/15 1/6 1/12 1/6 1/20
Vanadium 1/15 1/15 1/6 1/12 1/6 1/20
Chromium 1/15 1/15 1/6 1/12 1/6 1/20
Manganese 1/15 1/15 1/6 1/12 1/6 1/20
Iron 1/15 1/15 1/6 1/12 1/6 1/20
Nickel 1/15 1/15 1/6 1/12 1/6 1/20
Copper 1/15 1/15 1/6 1/12 1/6 1/20
Zinc 1/15 1/15 1/6 1/12 1/6 1/20
Arsenic 1/15 1/15 1/6 1/12 1/6 1/20
Molybdenum 1/15 1/15 1/6 1/12 1/6 1/20
Barium 1/15 1/15 1/6 1/12 1/6 1/20
Lead 1/15 1/15 1/6 1/12 1/6 1/20
Uranium 1/15 1/15 1/6 1/12 1/6 1/20
Oxygen-18 NA 1/15 1/6 NA 1/6 NA
Deuterium NA 1/15 1/6 NA 1/6 NA
E. coli 1/15 1/15 NA NA NA NA
Fecal coliform 1/15 1/15 NA NA NA NA
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Field | Field | t@boratory | Laboratory | angjytica| | Laboratory

Parameter Blanks | Replicates Check Method _ Matrix
P Standards Blanks Duplicates Spikes

TSS 1/15 1/15 NA NA 1/15 NA
Turbidity 1/15 1/15 NA NA 1/15 NA
Nitrate/Nitrite 1/15 1/15 >1/batch >1/batch 1/15 1/20
TKN 1/15 1/15 >1/batch >1/batch 1/15 1/20
Total P 1/15 1/15 >1/batch >1/batch 1/15 1/20
Ammonia 1/15 1/15 >1/batch >1/batch 1/15 1/20
DOC 1/15 1/15 >1/batch >1/batch 1/15 1/20
TOC 1/15 1/15 >1/batch >1/batch 1/15 1/20
Z?s(i:‘rlgi:fosr:ze NA 1/15 NA NA 1/5 NA
Endothall NA NA >1/batch >1/batch NA NA
Acrolein NA NA >1/batch >1/batch NA NA
Pesticides/PCBs NA NA >1/batch >1/batch NA NA
10.2 Corrective action processes

For water level measurements, manual measurements will be compared to pressure
transducer measurements whenever possible, ideally four times prior to pump tests as well as
during and after the pump test. The pressure transducers will be equipped with a communication
cable so that water levels can be continuously monitored. This check will ensure that the pressure
transducer is properly calibrated and doesn’t experience any drift. During the pump tests, water
level measurements will not be made frequently because of the need to remove the pressure
transducer to make a manual measurement. Data will be downloaded periodically and compared
to predicted values as well as the most recent manual measurement. If the water level data is at
all suspect, the transducer will be removed and a manual water level measurement will be made.
If the manual water level does not agree with the pressure transducer data, a replacement
pressure transducer will be installed if possible. If this is not possible, water levels will be
measured manually throughout the remainder of the pump test. For the 24-hour pump test, this
might involve moving pressure transducers between wells to ensure that the most important
wells are outfitted with a working transducer.
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If there is a problem with a single sample or a set of samples, a series of steps will be taken
to correct any faulty data:

e A series of standards and blanks will be run through the instrument to ensure that it is
operating and calibrated properly.

e |[f there is a problem with the instrument, the instrument technicians at CWU will help
with any troubleshooting to solve the problem.

e Once the instrument is operating properly, the samples will be rerun and checked again
for quality of analysis.

e If necessary, samples will be recollected in the method described in this QAPP.
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11.0 Data Management Procedures

111 Data recording and reporting requirements

All field data will be recorded in a field notebook. Field notebooks will be checked for missing
or improbable measurements before leaving each site. Field-generated data will be entered into
Excel spreadsheets as soon as practical after returning from the field. Data entry will be checked
by the field assistant against the field notebook data for errors and omissions. Missing or unusual
data will be brought to the attention of the project manager for consultation.

Laboratory generated data will be managed by the Laboratory Information Management
Systems (LIMS) at CWU and backed up on the Geological Sciences department’s server. In
addition to sample results, the laboratory data package will include all relevant QC results needed
for data validation. Following evaluation of the analytical data against the project data quality
objectives, the investigators will incorporate the results into a master Excel spreadsheet
database. For each sample, the spreadsheet database will record station identification,
coordinates, sampling date, and associated field and laboratory analytical data. The
documentation for each sampling location will include the completed field notebook (log) entry,
a copy of the analytical results, as well as analytical results for associated field and laboratory QC
samples. Full documentation for all samples will be compiled and stored at the investigator’s
office at CWU. At the end of the project, the data will be uploaded to the Department of Ecology’s
EIM database using Study ID: CWURRASR_001.

Results of quality control checks and calibrations will be recorded on electronic forms to allow
for quality assurance review. Quality assurance records will be saved on CWU computers until
Ecology’s final approval of the project report so they may be accessed for post-project analysis
and audits.

11.2 Laboratory data package requirements

The laboratory data generated at CWU will initially be transferred into an Excel workbook and
sorted into the following worksheets:

1. Raw data

2. Results for calibration standards and calibrations

3. Results for QC standards with graph of results with time and comparison to quality control
thresholds

4. Results of other QC samples (duplicates, matrix spikes, etc.) and comparison with
expected values

5. Results for unknowns (samples)

For externally run samples, the laboratory will provide a cover narrative along with the

detailed results in an electronic data deliverable (EDD). They will also be required to provide all
relevant quality control data.
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11.3 Electronic transfer requirements

The laboratory EDD transferred from an external laboratory will be requested in a readily
usable format (e.g., Microsoft Excel) to minimize data entry problems when transferring data.

114 Data upload procedures

Data will be transferred to Ecology’s EIM system, using Study ID: CWURRASR_001, annually
per online submittal guidelines. The EIM data coordinator will be consulted if data submittal
problems arise. Bailey Hillard or another CWU student will complete EIM training offered by
Ecology and follow all existing Ecology business rules and the EIM User’s Manual for loading, data
quality checks, and editing.

11.5 Model information management

Not applicable.
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12.0 Audits and Reports

12.1 Audits
Not applicable.

12.2 Responsible personnel

Not applicable.

12.3 Frequency and distribution of reports

The data collected under this project will be summarized in a formal report that includes
results, methods, data quality assessment, and data analysis. This final report will be submitted
by October 2023. It will be an extension of an existing technical report that was previously
submitted for a prior phase (Task 2) of this project (Geosyntec, 2022). That report describes the
hydrogeologic framework of the project area and existing information regarding groundwater in
the study area. The final report will also include the presentation of the new data described in
this QAPP and an overall analysis of the potential for MAR in the study area.

12.4 Responsibility for reports

Bob Anderson (Geosyntec) will be the lead author of the final report with assistance from
Brian Webb at Geosyntec, Carey Gazis at CWU, and Chris Pitre and Sherry Wilhelm from Coho
Water Resources. CWU graduate students Bethany Kharrazi and Bailey Hillard will each
contribute to sections of the report.
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13.0 Data Verification

All data collected is subject to review by the principal investigator and lead collaborators to
determine if the data meets QAPP objectives. Decisions to reject or qualify data are made by the
principal investigator in conjunction with the other investigators. Data may be rejected because
of inadequate or deficient documentation or because the QC sample results fail to meet the
MQOs identified in Section 4.

13.1 Field data verification, requirements, and
responsibilities

Field personnel will review data recorded in field notebooks for correctness, clarity and
completeness at the end of each sampling day. Field data will also be verified to ensure MQOs
described within this QAPP have been met.

13.2 Laboratory data verification

Prior to delivery to the principal investigator, all laboratory data will undergo a quality
assurance review by Bailey Hillard to verify that laboratory quality control samples met
acceptance criteria as specified in the laboratory’s standard operating procedure for that
method. Appropriate qualifiers will be attached to results that do not meet requirements. An
explanation for the data qualification will be attached with the data package.

13.3 Validation requirements, if necessary

Not applicable.

13.4 Model quality assessment
Not applicable.

13.4.1 Calibration and validation

Not applicable.

13.4.1.1 Precision
Not applicable.
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13.4.1.2 Bias
Not applicable.

13.4.1.3 Representativeness

Not applicable.

13.4.1.4 Qualitative assessment

Not applicable.

13.4.2 Analysis of sensitivity and uncertainty

Not applicable.
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14.0 Data Quality (Usability) Assessment

14.1 Process for determining project objectives were met

The first means of evaluating the quality of pump test water level data is the comparison
between manual measurements and pressure transducer measurements. If multiple
measurements are in disagreement and no explanation is found, the transducer data will be
discarded. Thus, transducer data that does not meet MQOs will not be used. Ideally, any such
transducer data problem will be identified in the field and the transducer can be restarted or
replaced. In the 24-hour pump tests, there are several monitoring wells associated with each
pumping well. With this design, if one pressure transducer fails, there will still be water level data
from multiple observation wells.

Upon receipt of the verified laboratory data, the principal investigator will determine if the
results meet the MQOs for bias, precision, and accuracy for that sampling episode. Precision will
be estimated by calculating the relative percent difference (RPD) between results for duplicate
pairs. These values provide an indication of the degree of random variability introduced by
sampling and analytical procedures. These values will be compared to the mean duplicate
concentration (over the entire concentration range reported during the project) to assess the
ability of the data to meet the project measurement quality objectives. The RPD for duplicate
pairs at or near the reporting limit is typically higher than the allowed error described by the
MQOs but small in absolute terms and will therefore not automatically result in rejection of the
data. Analytical bias is assumed to be within acceptable limits if laboratory quality control limits
are met for blanks, matrix spikes, and check standards. Sampling bias will be checked by verifying
that the correct sampling and handling procedures were used, and review of analytical results
for field blank samples.

14.2 Treatment of non-detects

When a chemical constituent is not detected, it will be entered as “ND” on the data table.
This value will be converted to half of the detection limit for purposes of graphing and statistical
analyses when necessary.

14.3 Data analysis and presentation methods

Pump test data analysis will follow guidelines provided in Ecology (2020). Pressure transducer
data will be corrected for atmospheric pressure contribution and plotted as hydrographs showing
water level versus time for each of the pump tests. Flow rate and temperature will also be plotted
versus time. Stepped pump tests will be used to determine the specific capacity of the well,
calculated by dividing the pumping rate by the change in head for each step (Fetter, 2001). The
well efficiency, 60 to 80% of the specific capacity, will also be determined (Heath, 1983).
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For the 24-hour pump tests, pumping well and monitoring hydrographs will be made as
separate plots and as a single plot for each well field. Drawdown data will be compared to
analytical pump-test models using open-source spreadsheets available from the USGS (Halford
and Kuniansky, 2016). If the flow regime is complex, a commercial software (e.g., AQTESOLV)
with a library of analytical models will be used to interpret the drawdown curves. In this analysis,
multiple possible flow regimes will be assessed (e.g., confined versus leaky confined aquifer,
different boundary conditions). Derivative analysis will also be used to support flow regime
identification.

Geochemical data will be analyzed by a variety of means. To obtain a first-order view of
geochemical variations, major ion data will be plotted on Piper diagrams and Stiff plots; stable
isotope data will be displayed on a plot of delta-180 versus delta-D. A matrix scatter plot will be
examined to find first order correlations between variables. Based on that result, simple x-y plots
of data pairs will be examined to quantify correlations between variables and any clustering
among samples. In this way, distinct hydrochemical facies can be identified as well as any
evidence for surface water infiltration into basalt aquifers. This analysis will also provide a
measure of the range of groundwater and surface water chemistries that might be encountered
in future ASR projects in this region.

Interactions between source water (canal water) and groundwater/aquifer system will be
assessed by calculating the thermodynamic equilibrium for the water mixture and the water-rock
system, using the range of observed values. This will be done using Geochemist’s Workbench, a
commercially available software with this capability, and with PHREEQ, a free software provided
by the USGS. The analysis is used to determine the thermodynamically stable phase. It does not
determine the rates of reactions, which are dependent on kinetic factors. This analysis will be
used to assess whether any adverse reactions (e.g., precipitation of minerals, dissolution of
matrix material) might be expected in an ASR system.

General water quality data (bacteria, nutrients, sediment load, pesticides) will be analyzed
along with existing water quality data that is available from the Sunnyside-Roza Board of Joint
Control (SRBOJC), which oversees water quality measurement and compliance for both Roza and
Sunnyside Irrigation Districts. Data available from SRBOJC includes measurements of E. coli in the
Roza Canal at five locations every three weeks during the irrigation season, measurements of
turbidity near the canal intake every three weeks, and a range of basic water quality
measurements towards the end of effluent channels into the Yakima River. These represent
composite waters from both Roza and Sunnyside Irrigation Districts. SRBOJC also has records of
herbicide application amounts and timing. Our new water quality data will be combined with all
available data for the past five years in order to create a picture of the overall quality of Roza
Canal water, how it varies spatially and with time. Any pollutants of concern will be identified.

14.4 Sampling design evaluation

The sampling design targets nine wells for pump testing and 15 groundwater wells and five
surface water sampling sites. The project manager, with assistance from her collaborators, will
decide whether the data package meets MQOs including criteria for completeness and
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representativeness. The goal is to assess the potential for aquifer storage throughout the study
region by testing multiple wells within the same unit (Wanapum) to obtain a measure of the
variability within the region. The sample size was chosen to fit within the project budget and to
provide enough measurements that any outliers, either in aquifer properties or in water
chemistry, would be distinguishable.

14.5 Documentation of assessment

The final technical report will include a section summarizing the findings of the data quality
assessment.
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16.0 Appendices

Appendix A. Well Details

Appendix B. Laboratory Certification Documentation

Appendix C. Glossaries, Acronyms, and Abbreviations

Appendix A. Well Details

This appendix gives additional details and well logs for the wells that have been identified
for pump tests and water quality analysis. The 24-hour pump tests will be clustered in two

areas, the Konnowac Pass area and an area on the south side of Rattlesnake Ridge (see Figure

2).

There are four well owners, referred to here as Well Owners A, B, C, and D, involved in the
planned pump tests. Well owner access agreements have been arranged.

Well Owner A: Two wells belonging to Well Owner A are targeted as pump-test wells (Nilsson
and Greenhouse) and an additional well (Meacham) is designated as an alternate well. These

wells are in the Konnowac Pass area cluster. Well completion information is summarized below
and logs are provided at the end of this Appendix.

Roy/Charron Area

Roy G4-29893 (Meacham)

Roy G4-31681 (Nilsson/South)

Roy G4-29667P (Greenhouse)

Latitude 46.52342 46.5244 46.53207
Longitude -120.29553 -120.27513 -120.29372
Surface elevation (CHECK THESE) 1403 1339 1224
Total depth 2802 2100 2802
Casing/seal depth 1811 1460 942
Completion top (elevation) -408 -121 282
Bottom Elevation -1399 -761 -1578
Open inteval (feet) 991 640 1860
Completion formation Wanapum Wanapum Wanapum
WL Depth at completion 215 87 201
WL Elev at completion 1188 1252 1023
11/17/2022 WL Depth 329 235
WL Change -114 -148 No Access
11/17/2022 WL Elev| 1074 1104
Pump depth setting TBD TBD TBD

Access port notes

Access via angle port on wellhead
footing. High risk of transducer
hang up with airline at 50 ft.
Fouling of water-level tape

Access via angle port on wellhead
footing. WL access was smooth.

Existing port cannot accept
transducer or WL probe

Flow meter notes

No Flow meter. Complex piping.
Clamp-on meter likely not
feasible.

Flow meter in place

No flow meter. Conventional or
clamp on meter possible.

Well Appurtenance Requirements

Testing Plan

Remove from Test Plan

Access port modifications
recommended but not
mandatory.

Install new access port. Install
new flow meter.

Step test + 24 Hr Test

Step Test Only. Monitor during
Nillson Test
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Well Owner B: Two wells from Well Owner B are targeted for pump tests: Charron #1 and

Charron #2. These wells are in the Konnowac Pass area cluster. Well completion information is
summarized below and logs are provided at the end of this Appendix.

Roy/Charron Area
Charron #1 Charron #2
Latitude 46.52224 46.53388
Longitude -120.2604 -120.2658
Surface elevation (CHECK THESE) 1280 1280
Total depth 2105 1105
Casing/seal depth 1248 570
Completion top (elevation) 32 710
Bottom Elevation -825 175
Open inteval (feet) 857 535
Completion formation Wanapum Wanapum
WL Depth at completion 280 210
WL Elev at completion 1000 1070
11/17/2022 WL Depth 284
WL Change No Access _74
11/17/2022 WL Elev 996
Pump depth setting TBD TBD

Access port notes

Access via angle port on wellhead
footing. Access blocked at 22 ft

Access via angle port on wellhead
footing. WL access was smooth.

Flow meter notes

No flow meter. Conventional or clamp on
meter possible.

No Flow meter. Piping goes
underground right at wellhead. Clamp-
on meter likely not feasible. Consider
flow monitoring at discharge area.

Well Appurtenance Requirements

Install new access port. Install rental
sonic meter. Conduct step test. Monitor
24 Hr test.

Access port modifications recommended
but not mandatory.

Testing Plan

Step Test Only. Monitor during other
tests. Consider 24-hour test if feasible.

Step Test Only. Monitor during other
testing.
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Well Owner C: Four wells from Well Owner C are targeted for a pump tests: Flavorland, Block
24, Yakima Fruit, and North 89. These wells are in the Rattlesnake Ridge cluster. Well
completion information is summarized below and logs are provided at the end of this Appendix.

Evans Wellfield

Flavorland Yakima Block 24 North 80
Latitude 46.39685 46.403333 46.407586 46.400703
Longitude -120.01965 -120.020786 -120.021331 -120.037272

Surface elevation (CHECK THESE) 1160 1265 1205 1160
Total depth 3500 1105 1568 1000
Casing/seal depth 1900 712 620 740
Completion top (elevation) -740 553 585 420
Bottom Elevation -2340 160 -363 160
Open inteval (feet) 1600 393 948 260

Completion formation Grand Ronde Wanapum Wanapum Wanapum
WL Depth at completion 380 587 520 388
WL Elev at completion 780 678 685 772
7/2022 WL Depth (751 means >750) 732 751 751
WL Change -352 -164 NA -363
11/17/2022 WL Elev| 428 514 409
Pump depth setting TBD TBD TBD TBD
Date of Original pumping test 1993 1981 1981
Rate (gpm) Unknown 2420 Unknown 2400
Drawdown (feet) 13 181

Access port notes

Access via angle port on wellhead
footing. WL access was smooth.

Access via thread port on
wellhead. WL access was smooth
to 750

Access via threded port on
wellhead. Existing port cannot
accept transducer or WL probe

Access via thread port on
wellhead. High risk of transducer
hang up a 300 ft

Flow meter notes

Flow meter in place

No flow meter. Adequate straight
run for inline or clamp-on meter

No Flow meter. Short pipe run
from wellhead to underground.
Clamp-on meter likely not
feasible. Consider flow
monitoring at discharge area or
excavation.

No Flow meter. Short pipe run to
filters, then underground. Clamp-
on meter likely not feasible.
Consider flow monitoring at
discharge area or excavation
downstream of filters.

Well Appurtenance Requirements

Access port modifications
recommended but not
mandatory.

Access port modifications
recommended but not
mandatory. Flow meter required.

Access port modifications
required. Flow meter required.

Access port modifications
required. Flow meter required.

Testing Plan

Conduct step-test. Monitor 24 Hr
test.

Conduct step-test. Monitor 24 Hr
test.

Conduct step-test. Conduct 24
hour test.

Conduct step-test. Monitor 24 Hr
test.
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Well Owner D: Well Owner D has one well, AHP-776, that will be tested and monitored in this
study. That well is located approximately three miles east of the Rattlesnake Ridge cluster. Well
completion information is summarized in Table 18 and a log is provided at the end of this
Appendix.

Table 18 Well AHP 776 information.

AHP776
Latitude 46.3053
Longitude -119.8142
Elevation (feet) 1277
Total depth (feet) 1718
Casing/seal depth (feet) 725
Completion top (elevation in feet) 552
Bottom Elevation (feet) -441
Open interval (feet) 993
Completion formation Wanapum
WL Depth at completion (feet) 531
WL Elev at completion (feet) 746
Pump depth setting (feet) TBD
Date of Original pumping test NA
Rate (gpm) NA
Drawdown (feet) NA
Access via threaded port on wellhead. Owner will modify
Access port notes
to accept transducer
Flow meter notes | gyjsting flow meter, cannot adjust rate
Well Appurtenance Requirements | \odify access port. Flow meter is fine
Testing Plan
Monitor during testing, backup well for 24-hour pump test
distances in feet
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