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2.0 Abstract

This Quality Assurance Project Plan (QAPP) addresses the scope of the proposed

2026 geotechnical explorations (aka Phase Il) at the Springwood Reservoir site to support the
Upper Yakima System Multi-Benefit Water Storage (UYSS) Project using funds provided by
the Washington State Department of Ecology (Ecology) Grant (Agreement No.
WRYBIP-2527-KittRD-00089). The Phase Il exploration is a continuation of the Phase I field
exploration that was completed in 2025, which was limited based on available funding at the
time.

The overall goal of the UYSS Feasibility Study is to provide multiple benefits for improving the
water supply for agriculture and fish and address drought mitigation concerns. The systematic
planning process of the QAPP includes a description of the project, goals, and objectives; the
project organization, key staff, and schedule; the study design; the specification of quality
assurance (QA) and quality control (QC) to assess the quality performance criteria; and a
description of the analyses, data storage, and reporting of acquired data.

By way of background, in November 2023, a Geotechnical Field Exploration Plan — Springwood
Reservoir document (2023 Exploration Plan) (Jacobs 2023b) was developed to describe all the
exploration activities anticipated at the Springwood Reservoir site (Appendix A). In

May 2024, the 2024 Geotechnical Field Exploration Plan — Springwood Reservoir document
(2024 Phase | Exploration Plan) (Jacobs 2024b) was developed to describe the anticipated
activities that will occur using the funds provided in the Washington State Department of
Ecology (Ecology) Grant (Agreement No. WRYBIP-2325-KittRD-00052). A separate QAPP was
developed for Phase | under the same Ecology grant as well; however, the nature of the work is
similar, geotechnical exploration, sample collection, laboratory testing, and reporting. The
Phase | explorations started and completed in 2025.

In January 2026, the 2026 Geotechnical Field Phase Il Exploration Plan — Springwood Reservoir
document (2026 Phase Il Exploration Plan) (Jacobs 2026) was developed to describe the
anticipated activities that will occur using the funds provided in the Washington State
Department of Ecology (Ecology) Grant (Agreement No. WRYBIP-2527-KittRD-00089)
(Appendix B). This QAPP is intended for the exploration activities anticipated at the Springwood
Reservoir site using funds provided by the Washington State Department of Ecology (Ecology)
Grant (Agreement No. WRYBIP-2527-KittRD-00089) and therefore describes the details
provided in the 2026 Phase Il Exploration Plan.

The 2026 Phase Il Exploration Plan describes the proposed geotechnical explorations and
procedures that will be implemented at the Springwood Reservoir site to acquire geotechnical
information in support of the feasibility study and the ultimate design and construction of the
proposed Springwood dam and reservoir. The exploration program includes field
reconnaissance, site survey, geotechnical borings, test pits, soil and rock sampling, piezometer
installations, downhole televiewer logging, field testing (such as packer tests, permeability
tests, and in situ density tests), laboratory testing of soil and rock, and
reporting/documentation (Geotechnical Data Report [GDR]). Additionally, preliminary
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evaluations of the primary and secondary dams, foundation cutoff walls, and borrow source
materials are also included. These preliminary evaluations will be reported in separate technical
memos. This work is supplemental, and a continuation of the Phase | Geotechnical Exploration
funded through Ecology Grant No. WRYBIP-2325-KittRD-00052.

Table 1 presents a summary of original planned explorations (2023 Exploration Plan), the
completed explorations in Phase |, and the planned explorations for Phase II.

Table 1. Summary of planned, completed, and proposed explorations

2023 Exploration Phase | Completed Phase Il Planned
Plan Explorations Explorations
Facility
No. of No. of No. of No. of No. of No. of
Borings | Test Pits Borings | Test Pits Borings | Test Pits
Primary Dam 4 4
8 7 7 -
(+2 OSP) (+3 OSP)
Secondary Dam 3
4 3 1 3 -
(+2 OSP)
Saddle Dams 8
8 7 - 7 -
(+3 OSP)
Outlet Works Tunnel 4
4 2 - 2 -
(+1 OSP)
Inlet Channel/ Pipeline - 4 - 4 - -
Borrow Area 10 14 2 14 8 14
7 27
Total 34 37 (9 w/ 37 (36 w/ 14
OSPs) OSPs)

OSP = Open Standpipe (to be completed adjacent to boring)

This QAPP also outlines the purpose, parameters of interest, and standard testing methods and
procedures, including data quality objectives (DQO) and measurement quality objectives (MQO)
for each planned field and laboratory test noted in the 2026 Phase Il Exploration Plan.
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3.0 Background

3.1 Introduction and problem statement

The Kittitas Reclamation District (KRD), the U.S. Bureau of Reclamation (Reclamation), and
Ecology identified KRD’s unique location relative to many important tributaries in the Upper
Yakima River Basin as an opportunity to facilitate projects that provide multiple benefits to
improve the water supply for agriculture and fish.

In 2022, Reclamation, Ecology, and the Yakama Nation agreed to continue studying the KRD
UYSS Springwood Reservoir site as a new proposed storage reservoir to meet the goals of the
Yakima Basin Integrated Plan (YBIP) with the desired benefit to increase overall smolt
outmigration survival in the Yakima Basin during early spring and early summer.

The purpose of UYSS is to provide additional stored water that would allow greater operational
flexibility to supplement salmon and steelhead smolt outmigration pulse flows. Storage at the
Springwood Reservoir site is an opportunity to incrementally increase storage in the Yakima
River Basin and to support the purposes of the YBIP. The purposes of the YBIP are to implement
a comprehensive program of water resource and habitat improvements in response to existing
and forecast needs of the Yakima River Basin and to develop an adaptive approach for
implementing these initiatives and for long-term management of basin water supplies that
contributes to the vitality of the regional economy and sustains the health of the riverine
environment.

There is a need to restore ecological functions in the Upper Yakima River Basin and to provide
reliable and sustainable water resources for the health of the Yakima River. Yakima River flows
and natural riverine function are impaired due to the current demands of federal Yakima
Project Operations and other irrigation water usage. Reduced snowpack additionally lowers
instream flows during critical stages of salmon and steelhead life cycles — juvenile salmon
rearing and migration and adult upstream migration and spawning timing (Reclamation and
Ecology 2012).

The proposed storage reservoir and associated infrastructure improvements could facilitate
restoration and spring flow supplementation to the Yakima River. The additional Springwood
Reservoir site water storage volume would allow for flexible Yakima Project Operations,
including storing off-season, available water to be retimed to a more biologically beneficial use.

The primary goals of the overall project are guided by the YBIP — to provide additional stored
water that would be used to allow flexibility to supplement salmon and steelhead smolt
outmigration pulse flows in late spring and early summer each year. The desired benefit is to
increase overall smolt outmigration survival in the Yakima Basin. The primary goals of the
geologic investigation described herein are to continue to acquire geotechnical design
information at the Springwood site in support of alternatives evaluation for the feasibility
study, and ultimate construction of the Springwood Dam and Reservoir using funds provided
under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089). The project
activities include conducting a field reconnaissance, survey coordination, geotechnical borings,
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test pits, associated laboratory testing and reporting. Table 1 presents a summary of original
planned explorations (2023 Exploration Plan), the completed explorations in Phase | (2025), and
the planned explorations for Phase Il (2026).

Additionally, this scope will include the preliminary evaluation of the primary and secondary
dams, the foundation cutoff, and potential borrow source material. The evaluations will be
presented as separate technical memos.

3.2 Study area and surroundings

The study area is the Springwood Reservoir site which is located approximately 9 miles
northwest of Ellensburg in Kittitas County, Washington, and along the western edge of Kittitas
Valley. The property is situated between Interstate 90 and the Yakima River in

Sections 19, 20, 28, 29, 30 and 32 of Township 19 North, Range 17 East, Willamette Meridian
(Figure 1).
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Figure 1. Vicinity map
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The Springwood Reservoir site straddles the Columbia Plateau and the East Cascades
ecoregions of the Pacific Northwest in central Washington (DNR 2019). The climate in this area
is characterized by low rainfall; cold winters; and hot, dry summers. Habitat within the
Springwood Reservoir site is generally characterized as non-native grasslands with small
patches of low to moderate quality shrub-steppe. The site is situated in a hilly landscape with
basalt outcroppings and ephemeral drainages leading to a natural basin area with elevations
ranging from approximately 2,280 feet to 1,720 feet at the outlet of an unnamed perennial
drainage. The unnamed perennial drainage at the eastern edge of the site flows a short
distance to the Yakima River.

The KRD owns and operates two canals within close proximity to the site: the North Branch
Canal and the South Branch Canal. The North Branch Canal flows west to east to the north of
the site. The South Branch Canal flows to the west of the site. Several ephemeral and
intermittent drainages occur within the site and flow to an unnamed perennial drainage which
then flows to the Yakima River (see Figure 2) (Jacobs 2025).

The closest downstream impaired water listed as impaired under Section 303(d) of the Clean
Water Act is the Yakima River, approximately 1.5 miles downstream of the study area, near
Thorp, Washington.

3.2.1 History of study area

The Springwood Reservoir site is located on the northwestern edge of the Kittitas Valley, in an
area that is primarily rangeland. There are no residences located within the Springwood
Reservoir site. The Palouse to Cascades State Park Trail occurs along the eastern and northern
boundary of the site, adjacent to the Yakima River.

The Springwood Reservoir site is within Kittitas County’s Comprehensive Plan land use
designation “Rural Working” (Kittitas County 2021). The Springwood Reservoir site is currently
used for cattle grazing. The Natural Resources Conservation Service’s Web Soil Survey (2025)
identifies several soils as farmland of statewide importance and prime farmland within the
Springwood Reservoir site.

The 2022 census of agriculture data indicates there are 165,205 acres of farms in Kittitas
County, of which 49,757 acres were irrigated (USDA 2022). Approximately 93% of farms in
Kittitas County are either cropland or pastureland and over half of that farmland is used as
pasture. Derelict canals on the site indicate portions of the Springwood Reservoir site were
irrigated in the past; however, it is likely farming this land was not as productive compared to
other parcels currently in agriculture in the county, which could explain why farming it was
abandoned.
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Figure 2. KRD canals and drainages
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3.2.2 Summary of previous studies and existing data

To address multi-benefit surface water storage options in the Upper Yakima River Basin, KRD,
Ecology, and Reclamation initiated a study in 2017 to provide an initial assessment of
geographic locations for consideration of siting water storage facilities. The initial assessment
considered the physical location and other readily differentiating critical factors for determining
the validity and priority for further evaluation of these potential sites. The KRD Phase 1 Initial
Water Storage Assessment (Jacobs 2017) identified 51 sites, with 10 sites identified as priority
locations for potential water storage.

KRD continued the analysis of potential UYSS locations in 2020 in coordination with Ecology,
initiating the UYSS Study Phase 2. Phase 2 of the evaluation was executed in two subphases,

2A and 2B. Phase 2A assessed the 10 priority locations and identified the highest-ranked sites
or alternatives as the Springwood Reservoir site and the Wymer Tunnel (Jacobs 2021). Phase 2B
conducted site-specific data collection and evaluation, resulting in an appraisal-level evaluation
of the Springwood Reservoir site (Figure 1) (Jacobs 2022).

In July 2023, in preparation for the UYSS primary value planning study (VPS) meeting, Jacobs
summarized the existing geotechnical data, evaluations completed, and recommendations for
further geotechnical studies for five storage alternatives at the Springwood Reservoir site
(varying by full pool water surface elevation [WSE], associated storage volume, and footprint
extent), as well as three other locations (Currier Creek Reservoir, Shale Pit Reservoir, and
Wymer Tunnel) previously identified in the UYSS Phase 2A reports (Jacobs 2021, 2023a). The
Springwood Reservoir site alternative with full pool WSE at 2,200 feet (selected alternative) was
selected by the value planning team for further evaluation.

A second VPS meeting, with a more focused group of attendees, was conducted in January
2024 to refine the alternatives that would go forward in the feasibility phase. VPS workshop
outcomes included identifying three alternatives to advance to 5% conceptual design:

1. Springwood Reservoir Site (2,175 feet WSE)
2. Springwood Reservoir Site (2,200 feet WSE)
3. Springwood Reservoir Site (2,230 feet WSE)

Based on the outcomes of the January 2024 VPS workshop, Jacobs developed preliminary
construction quantities for these three storage alternatives at the Springwood Reservaoir site for
screening-level cost estimating purposes. For each storage alternative, earthwork quantities
and foundation and reservoir preparation items were developed that considered a range of
parameters to reflect a Probable Low, a Most Probable, and a Probable High estimate.

Jacobs developed a preferred alternatives geologic summary (Jacobs 2024a) to summarize the
geologic considerations of the Springwood Reservoir site and the screening-level design
assumptions considered in developing the quantities to support the second VPS meeting.
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The 2023 Exploration Plan was developed to describe all the exploration activities anticipated at
the Springwood Reservoir site (Appendix A). The 2024 Exploration Plan (aka Phase |) was
developed to describe the anticipated activities and to describe the anticipated activities

that will occur using the funds provided in the Ecology grant (Agreement No.
WRYBIP-2325-KittRD-00052). A separate QAPP was developed for Phase | under the same
Ecology grant as well, however, the nature of the work is similar, geotechnical exploration,
sample collection, laboratory testing, and reporting. The Phase | explorations were started and
completed in 2025, and the total completed explorations can be referenced in Table 1. At the
time of this QAPP the reporting for Phase | is on-going and is anticipated to be completed in the
summer of 2026.

The 2026 Phase Il Exploration Plan (Jacobs 2026) was developed to describe the anticipated
activities that will occur using the funds provided in the Ecology grant
(WRYBIP-2527-KittRD-00089) (Appendix B).

This QAPP describes anticipated activities for the second round of funding by the Ecology grant
(Agreement No. WRYBIP-2527-KittRD-00089), as summarized in the 2026 Phase Il Exploration
Plan.

3.2.3 Parameters of interest and potential sources

The below-mentioned parameters will be useful to interpret the variability of foundation
conditions. The permeability testing data of the overburden materials and rock will define the
foundation conditions to reduce bedrock seepage, including the need for and extent of a trench
or grout curtain cutoff for seepage control. The geotechnical borings and test pit excavations
within the reservoir limit will support assessing potential borrow sources for different dam
construction alternatives.

Geotechnical parameters of interest for feasibility of reservoir design and construction include
the following:

e Subsurface stratigraphy (material type, layer thickness, physical properties and
permeability of overburden materials) beneath the dam foundation

e Depth to groundwater

e Depth to bedrock, bedrock quality, types of bedrock, strength of the rock (unconfined

compressive strength, elastic moduli), degree and orientation of jointing and fracture,
and permeability of the rock

3.2.4 Regulatory criteria or standards

Drilling activities will comply with chapter 173-160 WAC, specifically under WAC 173-160-151
(notification process and associated fees) and WAC 173-160-400, which describes the standards
for resource protection wells and geotechnical soil borings.
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3.3 Water quality impairment studies
Not applicable.

3.4 Effectiveness monitoring studies
Not applicable.
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4.0 Project Description

This QAPP describes the anticipated geotechnical exploration activities using the funds provided
by the Washington State Department of Ecology (Ecology) Grant (Agreement No.
WRYBIP-2527-KittRD-00089). However, a full geotechnical exploration plan, as provided in
Appendix A, was developed to describe all the exploration activities anticipated at the
Springwood Reservoir site. An initial investigation was completed under the 2024 Exploration
Plan (i.e., Phase I) and included its own QAPP. The proposed second investigation (2026 Phase |l
Exploration Plan) will advance data collection for the site and will also have its own QAPP. Refer
to Figure 3 for a project flow chart.

34 Borings

37 Test Pits
Full Geotechnical 29 Piezometers
Exploration Plan 11 Permeability Tests
16 Packer Tests

24 Video Logging
15 Resistivity Surveys

7 Borings
— 37 Test Pits
Initial 2 Piezometers
Fﬂdechr_lcal === 2 Permeability Tests
Exploration 4 Packer Tests
4 Video Logging

2026 Phase ll
Geotechnical
Exploration Plan

QUALITY ASSURANCE PLAN
1

|
= [Ge;zz:;;;m] [:z::n;?m] ENEEER

18 to 27 borings Upto 9 Total of 14 Test Pits

) i Downhole Televiewer Logging
In-Situ Testing 4 Falling Head Permeability
Packer Tests

|
!

[ QAPP Project Goals ]

Elevations/ Depth of Overburden Material/ Overburden Material Lithology and Physical Properties/ Accurate Lithology and Soil Properties /
Rock Properties/ Groundwater Characteristics

Figure 3. Project flow chart

The Springwood Reservoir site and proposed reservoir footprint along with other salient
features are shown in Figure 4 below. Within this study area, geotechnical explorations will be
conducted to acquire geotechnical design information in support of an alternatives evaluation
for the feasibility study and the ultimate construction of the Springwood Reservoir. Project
activities include conducting field reconnaissance, geotechnical borings, test pits, associated
field and laboratory testing, site survey and reporting.

The expected outcome of this work is to summarize the geotechnical exploration activities
within the Geotechnical Data Report (GDR) and provide technical memos for the preliminary
evaluations of the primary and secondary dams, foundation cutoff walls, and borrow source
materials.
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Figure 4. Proposed reservoir footprint and salient features

4.1 Project goals

The geotechnical exploration program described herein is planned to evaluate subsurface
conditions along the profile of the proposed primary, secondary, and saddle dams as well as
within the reservoir limit to aid in feasibility design. It supports the goals and objectives of the
overall drilling program. The goals for the geotechnical exploration program that will be done
with this first round of funding include the following:

e Conduct geotechnical explorations to gather data for evaluating the feasibility of the
Springwood Reservaoir site.

e Gatherinformation on the subsurface conditions, including stratigraphy, physical
properties of the soil/rock, depth to bedrock, rock quality, and permeability, to help
interpret the variability of foundation conditions for the proposed dams.

e Collect data that will ultimately support the design and construction plans for the
primary dam, secondary dam, and saddle dams associated with the potential reservoir,
ensuring they meet safety and operational requirements.
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4.2

Assess potential borrow sources for different dam construction alternatives. The
explorations will be used to evaluate characteristics and thicknesses of recent alluvium,
till, and bedrock.

Provide preliminary evaluations of the primary and secondary dam with associated
foundation cutoff evaluations. This will support the feasibility study of the project.

Project objectives

The objectives to meet the goals described above are as follows:

Field Reconnaissance: Jacobs will conduct a field reconnaissance to review the proposed
locations of geotechnical explorations and to identify access requirements. Locations of
some borings and test pits may be revised so that they can be advanced from areas that
have better access, improved site safety, or less impact to sensitive vegetation and
potential cultural resources. The field reconnaissance will also be used to evaluate
topography and determine anticipated boring and test pit depths. All federal and state
requirements for cultural resources and environmental evaluation will be followed.

Geotechnical Dam Profile Borings: Complete borings along the dam profiles to assess
subsurface geological conditions.

Open Standpipe Piezometer (OSP) Wells: Advance OSP wells for in situ testing and
groundwater monitoring.

Geotechnical Borrow Borings: Complete borings in the reservoir area to identify
construction material sources.

Test Pit Excavation: Excavate test pits to evaluate soil variability and conditions at
strategic locations.

Laboratory Testing: A Jacobs Senior Engineer is to assign laboratory testing after
reviewing samples and field logs. Laboratory assignment to be reviewed by a Jacobs
independent technical reviewer (ITR). Once laboratory assignment concurrence is
achieved between the Senior Engineer and ITR the samples will be transported to
Kleinfelder's Redmond laboratory. Kleinfelder is a United States Army Corp of Engineers
(USACE) and American Association of State Highway and Transportation (AASHTO)
accredited laboratory.

Exploration/Site Survey: Perform a site survey to obtain coordinates and elevations of
test pits and boreholes.

Table 2 summarizes the proposed geotechnical explorations that will be conducted with the
first round of funding for the Springwood Reservoir site. The number of explorations
determined based on estimated production rates and available funding. Selected exploration
locations were coordinated between Jacobs Senior Engineers and the Bureau of Reclamation
reviewers. The selected borings are located primarily at main dam features such as the primary
and secondary dams. Additionally, borrow borings were included to evaluate potential borrow
sources, one of the biggest potential construction costs.
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Table 2. Summary of proposed borings for 2026 Geotechnical Field Exploration Plan (Phase Il)

Boring
Boring Description Angle Depth In Situ Tests Installs
(feet)

J-B01-25 Secondary 360 Televiewer 2 VWPs
J-BO1P-25* | Secondary 80 | Falling Head Permeability | ' ?/f,’vpp/ 1
J-B02-25 | Secondary gzgtfeig 385 Te'e"'e‘fvrzgt&s Packer 2 VWPs
J-B0425 | Secondary ; 390 Te'e"'e‘fvrggti Packer 2 VWPs
J-B04P-25* | Secondary ] 100 | Falling Head Permeability | | (\J/ivpp/ 1
J-B08-25 Primary Dogreas 405 Televiewer & Packer 2 VWPs
J-BO8P-25* |  Primary 100 | Falling Head Permeability | | (\J/ivpp/ 1
J-B09-25 Primary ; 475 Te'e"'e‘f"rzgé Packer 2 VWPs
J-B10P-25* |  Primary 80 | Falling Head Permeability | | ?/%PP/ 1
J-B11-25 Primary ggé‘r’egg 480 Televiewer & Packer 2 VWPs
J-B11P-25* |  Primary 100 | Falling Head Permeability | | ?/%PP/ 1
J-B12-25 Primary 465 Packer Tests 2 VWPs
J-B13-25 Saddle ; 475 Te'e"'e"Tvggti Packer 2 VWPs
J-B14-25 Saddle ] 260 Televiewer & Packer 2 VWPs
J-B14P-25* |  Saddle 100 | Falling Head Permeability | | (\J/ivpp/ 1
J-B15-25 Saddle ; 230 2 VWPs
J-B16-25 Saddle ] 210 2 VWPs
J-B17-25 Saddle ; 175 Te'e"'e"Tvggti Packer 2 VWPs
J-B17P-25* |  Saddle 100 | Falling Head Permeability | | (\J/ivpp/ 1
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Boring

Boring Description Angle Depth In Situ Tests Installs
(feet)
J-B18-25 Saddle - 210 2 VWPs
J-B19-25 Saddle - 200 Televiewer & Packer 2 VWPs
Tests
J-B20-25 Saddle 240 Te'e"'e‘.”rer & Packer 2 VWPs
ests
J-B20P-25* |  Saddle 100 | Falling Head Permeability | | ?/%PP/ 1
J-B21-25 | Outlet Works ; 175 Televiewer & Packer 2 VWPs
Tests
J-B22-25 | Outlet Works ) 245 Televiewer & Packer 2 VWPs
Tests
J-B23-25 Outlet Works ) 220 Televiewer & Packer 2 \/WPs
(A) Tests
J-B23P-25* | Outlet Works 100 | Falling Head Permeability | | ?/%PP/ 1
J-B24-25 | Outlet Works ) 100 Televiewer & Packer 2 VWPs
Tests
J-B25-25 Borrow Area 200
J-B26-25 Borrow Area - 155
J-B27-25 Borrow Area 160
J-B28-25 Borrow Area - 165
J-B30-25 Borrow Area - 150
J-B32-25 Borrow Area - 310
J-B33-25 Borrow Area - 280
J-B34-25 Borrow Area - 260

* The OSP wells are designated with adding letter “P” at the end of original boring label. The OSP wells

will be advanced close to the original boring to facilitate in situ testing and installation of open standpipe

piezometers.

4.3 Information needed and sources

The following information will be collected to meet the project goals:

e Elevations: Elevations of the completed borehole locations will be used to develop
accurate soil profiles along the dam alignment. The site survey will provide the
elevations and coordinates of borehole locations.
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4.4

Depth of Overburden Material: The depth of the overburden materials (non-rock
material) will be obtained through Standard Penetration Tests (SPT), soil sampling, and
visual observation/classification of the materials.

Overburden Material Lithology and Physical Properties: The lithology (soil layering) and
physical properties (density, strength, and permeability) of the overburden material will
be obtained from in situ field tests (SPTs and percolation tests) and laboratory tests
(Atterberg limits, sieve analysis, moisture content, etc.). A list of anticipated laboratory
tests is presented in Section 9.0.

Obtaining accurate lithology and soil property information will aid in evaluating dam
stability, potential seepage issues, and potential borrow source material.

Rock Properties: Key rock properties to be obtained consist of strength, durability,
structural integrity, jointing and discontinuities, and permeability. Physical properties
will be obtained from in situ field tests (rock quality designation, packer testing, and
downhole geophysics), and laboratory tests (unconfined compression, point load, and
Cerchar abrasivity index, etc.). A list of anticipated laboratory tests is presented in
Section 9.0.

Obtaining accurate rock property information will aid in evaluating dam stability and
potential seepage issues.

Groundwater: Long-term static groundwater levels and seasonal fluctuations will be
monitored through the use of vibrating wire piezometers (VWP) and data loggers
installed at the surface. Data will be downloaded approximately every quarter. The long-
term static groundwater levels and seasonal fluctuations will be used to evaluate dam
stability and potential seepage issues.

Tasks required

The specific activities planned for the Springwood Reservoir site geotechnical investigation using
the current grant funding are as follows:

Geotechnical Borings: For this field program the following borings are anticipated to be
completed:

o Between 10 and 15 borings along the profile of the primary, secondary, and
saddle dams

o Up to eight open standpipe (OSPs) wells along the profile of dams
o Between 3 and 4 borings and 1 OSP along the inlet and outlet alignments

o Between 5 and 8 borings within the reservoir area to identify potential borrow
source areas.

Test Pits: For this field program a total of 14 test pits will be completed within the
potential borrow source locations.

Packer Testing: Stepped hydraulic pressure tests (packer tests) will be completed in
select boreholes along the primary dam, secondary dam, and saddle dams. The packer
tests will be completed within rock and in accordance with Chapter 16 of the
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Engineering Geology Field Manual (Reclamation 2001) to estimate the hydraulic
conductivity and seepage behavior of the rock.

e Falling Head Permeability: In situ water percolation tests will be completed in select
borings with the till material to estimate the permeability of the foundation material.
The tests will be completed in general accordance with the U.S. Army Corps of
Engineers’ approach (USACE 1986).

e Downhole Televiewer Logging: Downhole teleview logging will be completed at select
boreholes along the primary dam, secondary dam, and saddle dams. Televiewer logging,
either optical or acoustic, will provide information to interpret the geology in the dam
foundations and outlet works alignment.

e Laboratory Testing: A Jacobs Senior Engineer is to assign laboratory testing after
reviewing samples and field logs. Laboratory assignment to be reviewed by a Jacobs ITR.
Once laboratory assignment concurrence is achieved between the Senior Engineer and
ITR the samples will be transported to Kleinfelder’'s Redmond laboratory. Kleinfelder is a
USACE and American Association of State Highway and Transportation (AASHTO)
accredited laboratory.

e Geotechnical Data Report: At the completion of all geotechnical activities, a GDR will be
developed that summarizes the subsurface conditions at the site, including soil and rock
properties, groundwater levels to inform design and construction decisions.

e Site Survey: Coordinates and elevations of test pits and boreholes will be obtained.

e Preliminary Primary & Secondary Dam Evaluation Technical Memo: A preliminary
evaluation of the primary and secondary dams will be performed to evaluate the
seepage and slope stability of the dams at full pool WSE of 2,200 feet. Geologic field
data and laboratory results in the primary and secondary dam location will be needed to
assist in the evaluation of the primary and secondary dam. The technical memo will
evaluate a single cross section of the primary and secondary dams.

e Preliminary Foundation Cutoff Evaluation: A preliminary evaluation foundation cutoff
will be conducted to assess the risk of water seepage through the foundation by
analyzing the site’s subsurface geology and groundwater conditions. Geologic field data
and laboratory results in the primary and secondary dam location will be needed to
assist in the evaluation of the foundation cutoff. The technical memo will include
preliminary discussions and evaluations of three foundation cutoff methods.

e Preliminary Borrow Source Evaluation Technical Memo: A preliminary evaluation of the
on-site potential borrow source material. The purpose of this evaluation is to identify
potential dam core (low permeability) material and potential embankment material.
This evaluation will consist of estimating quantities of borrow material required for the
project and reviewing boring and laboratory data to estimate available on-site material.
Geologic field data and laboratory results in the potential borrow source location will be
needed to assist in the evaluation of the on-site borrow material. A technical
memorandum will be developed to present the results of the borrow source evaluation.

QAPP: Springwood Geotechnical Exploration Plan Phase |l
Page 22



4.5

Systematic planning process

This QAPP represents the systematic planning process and includes the following:

The project description, goals, and objectives

The project organization, key staff, and schedule

The study design

The specification of QA/QC to assess the quality performance criteria

The description of analyses and data storage and reporting on acquired data
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5.0 Organization and Schedule

5.1 Key individuals and responsibilities

Table 3 shows the responsibilities of those who will be involved in this project.

Table 3. Project staff organization and responsibilities

Staff

Title

Responsibilities

Urban Eberhart
KRD

Phone: 509-925-6158

Client

Clarifies the project scope. Provides
internal review of the QAPP and
approves the final QAPP.

Rebeka Triolo
Bureau of Reclamation

Phone: 208-378-5336

Project Manager

Provides external review of the QAPP.
Manages the overall project for
Reclamation.

Brett Campbell
Jacobs

Phone: 425-879-7555

Principal Investigator /
Project Manager

Oversees field sampling and
transporting samples to the laboratory.
Conducts QA data review, analyzes and
interprets data, and enters data into
Water Quality Exchange. Writes a draft
report and final report.

Manages project and works with the
Assistant Project Manager and Field
Assistant to oversee field sampling and
transportation of samples to the
laboratory.

Ken Hardin
Jacobs

Phone: 502-316-0175

Assistant Project Manager

Assists in the management of the
project and works with the Principal
Investigator to oversee field sampling
and transportation of samples to the
laboratory.

Maria Daugherty
Jacobs

Phone: 541-214-5599

Hydrogeologist

Supports the project.

Brett Campbell
Jacobs

Phone: 425-879-7555

Principal Investigator /
Project Manager

Oversees field sampling and
transporting samples to the laboratory.
Conducts QA data review, analyzes and
interprets data, and enters data into
Water Quality Exchange. Writes the
draft report and final report.

Jacob Reactor
Jacobs

Phone: 360-594-2734

Field Assistant

Helps collect samples and records field
information.
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Staff

Title

Responsibilities

Andrew Behnke
Jacobs

Phone: 425-453-5000

Supervisor for the Project
Manager

Provides internal review of the QAPP,
approves the budget, and approves the
final QAPP.

Kasey Goble
Cascade Drilling

Phone: 425-466-8588

Senior Operations Manager

Drilling Contractor.

Laboratory Contact

Dan Hootman
Kleinfelder

Phone: 425-539-9065

Laboratory Director

Reviews draft QAPP, coordinates with
Jacobs’
QA coordinator.

Kevin Haydon
Ecology

Phone: 509-823-6947

Program Planner/Project
Manager

Office of Columbia River

Reviews and approves the draft QAPP
and the final QAPP.

McKenna Murray
Ecology

Phone: 509-823-0996

QA
Coordinator/Hydrogeologist

Office of Columbia River

Reviews and approves the draft QAPP
and the final QAPP.

Leif Krapas
Ecology

Phone: (509) 514-5440

Environmental Engineer

Office of Columbia
River/Dam Safety Program

Reviews and approves the draft QAPP
and the final QAPP.

5.2 Special training and certifications

Drilling and test pit excavation, including various field/in situ testing, will be completed in the
presence of the qualified geotechnical engineer or geologist who will direct the drilling
operations, test pit excavations, and sample collection and will provide continuous observation
and logging of each of the boreholes/test pits. The geotechnical engineer or geologist will have
at least 2 to 3 years of relevant experience with subsurface investigation and material
characterization training and field safety training.

5.3 Organization chart

Not applicable; see Table 3.

5.4 Proposed project schedule

Tables 4 through 6 list key activities, due dates, and lead staff for this project.
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Table 4. Schedule for completing field and laboratory work

Task Due date Lead staff
Fieldwork April - November 2026 Brett Campbell
Laboratory analyses May 2026 — January 2027 Brett Campbell

Due dates listed in Table 3 refer to activities anticipated with the current available funding,
under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089), corresponding
to activities discussed within the 2026 Phase Il Exploration Plan (Jacobs 2026).

Table 5. Schedule for data entry

Task Due date Lead staff
Upload data to Ecology’s At the conclusion of fieldwork, Elyse Woda
Environmental Information laboratory analysis, and

Management EIM as appropriate reporting (estimated

December 31, 2027)

Table 6. Schedule for GDR reporting & preliminary evaluations

Report / Memo Task Anticipated Due Lead staff
date
Draft to Client / Reviewers April 1, 2027 Brett Campbell
End of Review Period #1 May 3, 2027 Brett Campbell
Geotechnical Data Report | praft Resubmittal to Client June 1, 2027
. Brett Campbell
(GDR) / Reviewers
End of Review Period #2 July 1, 2027 Brett Campbell
Final Report August 2, 2027 Brett Campbell
Preliminary Primary & Draft to Client / Reviewers July 1, 2027 Brett Campbell
Secondary Dam End of Review Period #1 August 2, 2027 Brett Campbell
Evaluation Technical
Memo Final report due on web September 1, 2027 Brett Campbell
Draft to Client / Reviewers August 2, 2027 Brett Campbell
Preliminary Foundation
Cutoff Evaluation End of Review Period #1 September 1, 2027 Brett Campbell
Technical Memo
Final Report November 1, 2027 Brett Campbell
Draft to Client / Reviewers | September 1, 2027 Brett Campbell
Preliminary Borrow
Source Evaluation End of Review Period #1 October 1, 2027 Brett Campbell
Technical Memo

Final Report November 1, 2027 Brett Campbell

QAPP: Springwood Geotechnical Exploration Plan Phase |l

Page 26




Due dates listed in Table 6 refer to activities anticipated with the current available funding,
under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089), corresponding
to activities discussed within the 2026 Phase Il Exploration Plan (Jacobs 2026).

5.5 Budget and funding

Tables 7 and 8 show the project budget and laboratory costs for the 2026 Phase Il geotechnical
activities that is to occur from April 2026 to December 2027, using funds provided under the
existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089).

Table 7. Project budget and funding

Cost Category Cost
Laboratory $437,075
Field Explorations $3,417,555
Downhole Geophysics $195,200
Labor Cost $2,424,800
Travel $326,000

Table 8. Laboratory budget details

Estimated i
Test ASTM Ui e Total Notes
Quantity (each)
Soil Testing - Borings
Soil
Chemistry ASTM G51 25 $250 $6,250
Tests

Moisture | por16-19 | 515 $39 $20,085

Content ’
Dry Density D2216-19 65 $70 $4,550

Specific

Gravity D854-23 65 $340 $22,100

Sieve D422- Includes SA’s for
Analysis 63(2007)e2, 260 $250 $65,000 hydrometer
(C+F) D6913 samples
Hydrometer D422- Requires a sieve
63(2007)e2 65 $230 $14,950 an_aly5|s, not
included
Soundness &
Durability C289-94 10 $720 $7,200
Testing
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Estimated

Test ASTM Ui e Total Notes
Quantity (each)
LA Abrasion C131 10 $475 $4,750
Atterberg D4318-
(Multi-Point) |  17e1 100 $230 $23,000
Organic
Content D2974-25 65 $160 $10,400
Triaxial Shear
Strength - 3pt D4767 10 $1,680 $16,800
D'recgﬁthear | D30so 10 $920 $9,200
Total $204,285
Rock Testing
Unconfined D7012-23 135 $600 $81,000 Includes specimen
Compression preparation to
with Youngs ASTM D4543-19,
Modulus specimen unit
weight, unconfined
compression
strength, and
specimen
Point Load D5731-16 135 $120. $16,200 Specify diametral,
axial, block, or lump
Cerchar D7625-22 40 $235 $9,400 Specify stylus and
Abrasivity surface type
Index
Brazilian D3967-23 50 $120 $6,000
Tensile
Strength Test
LA Abrasion C131 50 $475 $23,750
Sodium Cs88 50 $720 $36,000 Specify magnesium
Sulfate sulfate or sodium
Soundness sulfate; includes
five cycles; if
gradation is needed
add $105
Rock Specific D6473 50 $120 $6,000
Gravity and
Absorption
Total $178,350
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Estimated i
Test ASTM bl e Total Notes
Quantity (each)
Soil Testing — Test Pits
Moisture D2216-19 60 $39 $2,340
Content
Sieve D6913 60 $250.00 $15,000
Analysis
(C+F)
Atterberg D4318- 50 $230.00 $11,500
(Multi-Point) 17e1
Crumb Test D6572-21 10 $170.00 $1,700
Pinhole Test D4647 10 $420.00 $4,200 Add $50.00 for
each remolded
specimen and
specify density and
moisture condition
Soundness C88 10 $720.00 $7,200 Aggregate only;
and Durability | (Corrected tests are billed by
Test from C289- each size fraction
07) tested. The quantity
of fractions tested is
dependent on the
sample gradation
and test method.
Specify magnesium
sulfate or sodium
sulfate. Includes
five cycles; if
gradation is needed
add $105
LA Abrasion C131 10 $475 $4,750
Modified D1557- 10 $320.00 $3,200 6-point
Proctor Test 12(2021)
Proctor D4718 10 $95.00 $950
Oversize
Correction
Total $50,840
Grand Total $433,475
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6.0 Quality Objectives
6.1 Data quality objectives:

The main DQO for this project is to complete the following:

e Between 10 and 15 borings along the profile of the primary, secondary, and saddle
dams

e Up to eight open standpipe (OSPs) wells along the profile of dams
e Between 3 and 4 borings and 1 OSP along the inlet and outlet alignments

e Between 5 and 8 borings within the reservoir area to identify potential borrow source
areas.

Additionally, the proposed geotechnical exploration program includes excavation of 14 test pits
(designated T-38 through T-51). The 14 test pits will be excavated at the following locations:

e 14 test pits (TP-38 through TP-51) to locate potential borrow source areas

Samples collected from borings and test pits will undergo laboratory tests. The data will be
collected from certified laboratories using standards set forth by U.S. Bureau of Reclamation
(USBR), ASTM International methods, or both to obtain subsurface information for the
feasibility study of the Springwood Reservoir site. Refer to Section 8 for the laboratory testing
standards.

The exploration quantities noted above are limited to the available funding at this time.
Subsequent explorations may be warranted depending on data obtained, engineering analysis,
and when additional funding is available.

The number of explorations were determined based on estimated production rates and
available funding. Selected exploration locations were coordinated between Jacobs Senior
Engineers and the Bureau of Reclamation reviewers.

6.2 Measurement quality objectives

During the field exploration MQOs will be completed by Jacobs senior engineer’s site visits and
confirming that appropriate equipment is on-site and that the exploration and sampling
methods are being performed to the appropriate standards.

For laboratory testing accredited geotechnical laboratories will have equipment calibrated and
certified annually from a third-party testing firm. Accreditation of laboratory testing procedures

1DQO 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 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. 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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will be the primary determination of achieving laboratory MQQOs. Additional laboratory MQOs
such as site visits by Jacob’s personnel will be performed to confirm that testing is being
completed in accordance with the appropriate standards.
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Table 9. Measurement quality objectives for results

Test Information

diameter criterion)

limit.

Parameter Standard Precision E)épected
Accuracy Resolution Range ange
Soil Drilling and Test Pits— Laboratory Tests
Moisture Content USBR 1% 0.01-0.1% 0% — 500+% +-1.0 - 1.5% —
5300-89 ' ' ' '
USBR Adaptable to sample
Dry Density +/-0.5% — 1% 0.01 grams size and moisture +/-0.5% — 2% —
5375-89
content
USBR
. : 5320-89 Clay +/- 0.02; Sand
Specific Gravity ASTM +/- 0.01 0.001 1.5-3.0 and Gravel +/- 0.01 1.5-3
D854-23
Sieve dependent 0.075 mm
. . USBR +/-0.01 mm for a | (typically logarithmic, | (No. 200 sieve) — _ a0 .
Sieve Analysis 5325-89 4.75 mm sieve | following a V2 or 42 75 mm t1-3%
progression) (3-inch sieve)
USBR o/ _ 170 Smallest Detectable |0.001 mm (clay) and 1% — +2% for mass .
Hydrometer 5330-89 1% - +3% Change 0.075 mm (silt) | retained on each sieve
USBR Water content dzo% cti(') - onac i */ 5%~ T water
ater conten epending on soi content
(Lf\t;?ébﬁgit) 5355-89 No ab:;ll:ge true reported to plasticity. High . . —
q (19909) 0.1% — 1% plastic clays may +/- 3% — 5% cone
exceed 100%. penetrometer method
Relies on 10 to 40% for plastic
USBR adherence to the Water content soils. Non-plastic o/ _ 0
(Pgt;(;::bﬁ{%it) 5355-89 thread-rolling reported to soils lack a -1 /gontze/r:tgwater _
(19909) method (3 mm 0.1% - 1% measurable plastic
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Test Information

Parameter Standard Precision E)I;pected
Accuracy Resolution Range ange
5% — 30%
USBR representing the
Atterberg Sensitive to Water content water content where o o
. - 5355-89 ! o s +/-2% — 3% —
(Shrinkage Limit) (1990g) method details reported to 0.1 — 1% soil volume
9 stabilizes during
drying
USBR Near-true value for
Organic Content 5430-89 organic carbon 0.01% 0.01% — 100% +/-0.1% — 0.5% —
(+/-1% — 2%)
USBR- Moderate .
Crumb Test 5400-89 (screening) Low Clayey soils Low —
. USBR . : . .
Pinhole Test 5410-89 High Moderate Fine-grained High —
+/- 5% — 10%
Soundness and ASTM Voderate * 'O(gific;)q'lomo?c"/ L1 10 = 100+ mmol/L repeatability: _
Durability Testing C289-07 T (fine aggregates) +/-15% — 20%
mmol/L (alkalinity) S
reproducibility
5% — 30% .
o USBR +/-0.1% (mass); 0.1 gram (mass), ; - ano. +/- 0.5% (moisture); .
Modified Proctor Test | 5554 89 | +/-1% (volume) | 0.05% (moisture) | (moisture); 90% +/- 1.5 Ib/fth3

150 Ib/ft*3 (density)

Rock Drilling — Laboratory Tests

Unconfined
Compression w/
Youngs Modulus

USBR
6210/6220

+/- 5-%

1 pe (strain),
0.001 mm (Linear
Variable Differential

Transformer)

1-100 GPa,
0.01% — 1% strain

~5%

Point Load

USBR 6535

+/-15-25%

Load: 0.1% — 1% of
full scale;
Displacement:
0.01 -0.1 mm

2 -300 MPa

5-15%
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Test Information
Parameter Standard Precision E)I;pected
Accuracy Resolution Range ange
o ASTM .
Cerchar Abrasivity D7625-22 +5% — 10% 0.01 grams (high- 0-100 +/- 2% _ 5% -
Index (2022) precision scale)
Standard Test
Methods for ASTM
Compressive D7012-23 1% — 3% 0.1-1MPa 5-300+ MPa 1% — 2% —
Strength and Elastic (2023)
Moduli of Intact Rock
Standard Test
&ig?g;ﬂ?/; D7AOS12\-/I23 3% — 7% 0.1-1GPa 1-100 GPa 1 2% — 5% —
Strength and Elastic (2023) o bR ' el TmeEn
Moduli of Intact Rock
(Youngs Modulus)
Standard Test
&ig?g;ﬂ?/; D7AOS12'\-/I23 110% — 15% 0.01-0.05 0.1-0.35 5% — 10% —
Strength and Elastic (2023) =R ° : ' ' ' =070 °
Moduli of Intact Rock
(Poisson’s Ratio)
Downhole Geophysics Program
Borehole Televiewer D5A785-2\-/|18 12° azimuth, £0.1 | 1 -5 mm (optical), 705—_53880mnT’ +1° azimuth, £0.1 m .
Acoustic and Optical m depth 5 —10 mm (acoustic) oo depth
(2018c) 0-175°C
Drilling
ASTM Depending on Consistency in achieving
Sonic Drillin D6914 98% — 100% core | Captures layers as e uFi) mentgand target depths and .
9 (2024) recovery thinas 1 —10 cm ro?,lng conditions maintaining borehole
9 ' alignment
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Test Information
Parameter Standard Precision E)I;pected
Accuracy Resolution Range ange
In Situ Field Testing
: 0.5-1mm
Falling Head USACE 500, _ £A0 . . B 40 — 500 .
Permeability Test (1986) +/- 20% — 50% (markmgs),. 0.01 — 1 m (head) +/- 10 — 20%
0.1 — 1 second (time)
0.1 — 1kPa
Stepped Hydraulic | Reclamation  1r0 o (pressure); K: 1076 — 10"-12 : o
Pressure Testing (2001) *-15%-30% | 4.01-0.1 Limin cmis +-10-20% —
(flow)
. : . USBR
Field In Situ Density | - 750589 | +/- 3% - 5% 0.5 1 Ibit 90 — 140 Ib/fte +2 - 5 Ib/fte —
Test (Sand Cone)
(1990n)
Hourly Groundwater Level Measurements
Piezometer Data EAPQ74, +/-0.05% from +/-0.01% FS or
Collection v. 1.2 0°F — 122°F better 16 - 162 feet - Oto 151t
°C = degree(s) Celsius GPa = gigapascal m = meter MPa =
°F = degree(s) Fahrenheit Ib/ft3 = pound per cubic foot Ib/ft = pound per foot megapascal

cm/s = centimeters per second

FS = % of full scale

L/min = liters per minute
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6.2.1 Precision

High-precision calibrated instruments in a certified laboratory setting will be used to conduct
testing.

6.2.2 Bias

Systematic errors through laboratory protocols, equipment checks, and QA improves accuracy
and will ensure results reflect true material properties. Field bias will be reduced through
instrument calibration according to field measurement protocols. Other field biases include
measurement procedures and will be minimized through protocol training and field visit
expectations.

6.2.3  Sensitivity

Sensitivity, described by equipment range, accuracy, and resolution, is reported in Table 8. The
recorded value shown in this table is a measure of the capacity of the equipment used to detect
change.

6.3 Comparability, representativeness, and completeness
targets

6.3.1 Comparability

The field exploration includes geotechnical borings and test pit excavations for sampling of
subsurface materials (soils and/or rock), and associated field and laboratory testing will be
conducted following standard methods provided in Section 8.2, Section 9.1 and Section 9.2. As
the field geotechnical exploration and data collection are progressed in the field, the data will
be reviewed by the senior geotechnical engineer for comparability.

6.3.2 Representativeness

Field and laboratory samples will be considered representative of existing conditions based on
professional judgment of geotechnical engineers and standards listed in Table 8. Laboratory
tests will overrule field descriptions.

6.3.3 Completeness

This study from the initial field program will be considered successful if measured data is
gathered from 95% of the test pits and 75% of the borings. The information gathered from
these test pits and borings will provide useful preliminary information on the primary dam,
secondary dam, saddle dames, inlet pipeline and intake structure, outlet and dissipation
structure, and potential borrow sources. This data will provide useful geotechnical information
in support of the feasibility study and the ultimate design and construction or the proposed
Springwood dam and reservoir.
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6.4 Acceptance criteria for quality of existing data

Field and laboratory samples will be considered representative of existing conditions based on
professional judgment of geotechnical engineers during sample collection and prior to
reviewing laboratory results.

6.5 Model quality objectives
Not applicable.
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7.0 Study Design
7.1 Study boundaries

This Geotechnical Field Exploration Plan has been developed to describe the proposed
geotechnical explorations and procedures that will be implemented at the Springwood
Reservoir site to acquire geotechnical design information in support of an alternatives
evaluation for the feasibility study and the ultimate construction of the Springwood Ranch Dam
and Reservoir using funds provided by the Washington State Department of Ecology (Ecology)
Grant (Agreement No. WRYBIP-2527-KittRD-00089). The exploration program includes field
reconnaissance, site survey, geotechnical borings, test pits, soil and rock sampling, piezometer
installations, downhole televiewer logging, field testing (such as packer tests, permeability
tests, and in situ density tests), laboratory testing of soil and rock, and
reporting/documentation (GDR).

The GDR will include boring and test pit logs, in situ testing raw data, laboratory testing data,
and televiewer logging data. This data will be uploaded to the EIM database. This report will
summarize the geotechnical exploration activities and provide preliminary recommendations
and geotechnical design considerations at the site for dam construction.

Refer to Appendix C for the figure showing the study area and proposed boring locations. Refer
to Appendix D for the figure showing the study area and proposed test pit locations.

7.2 Field data collection

7.2.1  Sampling locations and frequency

The geotechnical exploration program consists of 36 geotechnical borings (see Table 2) and

14 test pits. Depending on drilling advancement rates, between 10 and 15 borings and up to

8 open standpipes (OSPs) will be completed along the primary, secondary, and saddle dams.
Between 3 and 4 borings and 1 OSP will be completed along with the inlet and outlet
alignments. Additionally, between 5 and 8 borings within the reservoir area to identify potential
borrow source areas.

Proposed boring locations are shown in Appendix C, but it is expected that these locations may
be modified based on findings of the geologic mapping and/or test pits.

A select number of borings along the dams will be inclined (see Table 2). At least one inclined
boring will be advanced at each abutment of the primary and secondary dams. The inclined
boreholes will be advanced up to 20 degrees from vertical. The borings’ orientation will be
determined based on results of geologic surface mapping and downhole televiewer logging of
vertical borings.

The 14 test pits will be excavated within the reservoir footprint to locate potential borrow
sources (Figure 3). Proposed test pit locations are shown in Appendix D.
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7.2.2  Field parameters and laboratory analytes to be measured

The piezometers will be installed to facilitate periodic observation of the depth to
groundwater. In each dam boring, two VWP will be installed (one in overburden soils and one in
the bedrock).

The VWPs will be unvented and manufactured by Geokon (Model Number 4500S) or similar.
Data from VWPs will be collected and stored on waterproof dataloggers

(Geokon 8002-WP-2, LC-2 series or similar) daily and downloaded periodically. This plan
assumes up to four download site visits for 1 year. Prior to installation, the initial zero reading
for each VWP sensor will be recorded according to manufacturer recommendations.

VWPs equipped with battery-operated dataloggers will be installed at each standpipe
piezometer to monitor daily groundwater fluctuations. The VWP sensor will be attached to the
outside of the standpipe casing, near the bottom of the screened interval.

VWPs installed in boreholes will be installed using installation method “C” in accordance with
Geokon’s manual (i.e., grouted directly into the borehole). The VWPs and wires at about 5 feet
on-center will be taped to a 1-inch tremie pipe and grouted from the bottom up using the 50
pounds per square inch (psi) grout mixture recommended in their manual and provided in Table
10.
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Table 10. Recommended mixture

50 PSI Grout for S [b]
Medium to Hard Soils!! 4 PSI Grout for Soft Soils
Material
Ratio by Ratio
Amount Weight Amount by Weight
Water 30 gallons 2.5 75 gallons 6.6
Portland 94 pounds (one sack) 1 94 pounds (one sack) 1
Cement P p
Bentonite 25 pounds (as 39 pounds (as
. 0.3 . 0.4
required) required)

[al The 28-day compressive strength of this mix is about 50 psi, similar to very stiff/hard clay.
The modulus is about 10,000 psi.

[b] The 28-day strength of this mix is about 4 psi, similar to very soft clay.

Ib = pound

The OSP will consist of 2 inch-diameter polyvinyl chloride casing and up to 20 feet of machine-
slotted screen. Sand will be placed in the annular space from 0 to 2 feet below the bottom of
the screen (0 to 6 inches if the piezometer will be installed at the bottom of borehole) to 2 to 3
feet above the top of the screen. A bentonite seal will be placed above the sand and up to

ground surface. Bentonite will also be used below the sand in locations where the screened
interval is installed above the bottom of the boring.

Piezometers will be protected at the surface with an aboveground casing and 2-foot by 2-foot
concrete pad. Piezometer construction details and measured water levels will be included on
the boring logs.

The actual number and locations of piezometers may change depending on the ability to access
the proposed boring locations and the findings of the field reconnaissance. Changes and
installation depths will be field determined and discussed with Jacobs senior engineer prior to
installation. Installation determination will be dependent on the depth to rock, groundwater
levels, groundwater conditions (artesian), and presence of aquifers and aquitards.

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.
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7.4 Study design assumptions
Not applicable.

7.5 Possible challenges and contingencies

7.5.1 Logistical problems

A Categorical Exclusion permit was obtained to conduct the initial fieldwork anticipated
between April through November 2026.

Section 106 compliance and a “call before you dig” notification with the Utility Notification
Center of Washington, as required by law, will be conducted as applicable, to inform utility
owners of the pending site improvements and field explorations to allow them to locate and
mark their utilities. Jacobs will coordinate with KRD regarding the timing of private utility locate
markings if it is needed.

Improvements to access roads may be required for access to the exploration locations. For the
borings on the steep slope along the outlet works and left abutment of the primary dam, some
road improvements such as placement of gravel may be required.

7.5.2 Practical constraints

Practical constraints include scheduling problems, budgetary constraints, unreliable
transportation, road conditions, and unexpected changes in site project design.

For this geotechnical fieldwork Jacobs is actively coordinating with the drillers, Cascade Drilling
Services, Reclamation, and Ecology on the schedule. Likewise, for the initial geotechnical
fieldwork anticipated between April to November 2026, the budget has been secured from the
Ecology grant.

7.5.3 Schedule limitations

Unexpected, restricted staff availability may limit project progress.
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8.0 Field Procedures

8.1 Invasive species evaluation
Not applicable.

8.2 Measurement and sampling procedures

While drilling in cohesive materials, sampling shall be performed in accordance with ASTM
D1587 (Standard Practice for Thin-Walled Tube Sampling of Soils for Geotechnical Purposes)
(2015). If cohesionless soils are encountered, SPT shall be performed in accordance with ASTM
D1586 (Standard Test Method for Penetration Test (SPT) and Split-Barrel Sampling of Soils)
(2018a). If rock is encountered, sampling shall be performed in accordance with ASTM D2113-
14 (Standard Practice for Rock Core Drilling and Sampling of Rock for Site Investigation) (2014).

Where cohesionless soils are encountered, SPTs will be performed. Samples shall be obtained
at 5 or 10-foot intervals, or when a significant change in materials is observed during drilling,
with a standard 2-inch outer diameter split-barrel drive sampler driven 18 inches per test. The
sampler will be driven by a 140-pound automatic hammer with a 30-inch drop. The sampler will
be driven 18 inches (or until refusal) with blow counts for each 6-inch increment noted on the
boring logs. Refusal will be defined as 10 blows with no advancement, 50 blows for less than 6
inches of advancement, and 100 blows for 6 to 18 inches of advancement. SPT samples will be
placed in Ziploc baggies or sealable jars and contain the project information, boring name,
sample number, and depth.

Undisturbed (intact) sampling of cohesive soil will be obtained by using a 30-inch long by 3-inch
outer diameter thin-walled Shelby tube sampler. Shelby tubes will be lowered to the bottom of
the borehole by the drill rod and hydraulically pushed (continuously) 24 inches, or a portion
thereof if refusal, into undisturbed soil. The subcontractor will be equipped to measure
downward pressure applied to the drill string as the Jacobs representative will note push
pressure on the soil boring log.

Potential very stiff to hard clays may be present in the soil profile; therefore, for sample
intervals where less than 6 inches of recovery is encountered, the sample interval should be
drilled and cleaned to the bottom of the push interval, and then an SPT will be taken. The rock
core samples shall be logged, marked, preserved, and placed into rock core boxes in accordance
with ASTM D2113-14.

Bulk samples from test pits shall be collected in double layers of sealable plastic bags (bag
samples) and 5-gallon buckets with lids (bulk sample). Samples in the Ziploc baggies will be used
to obtain in situ moisture. The remaining sample will be used for determining the physical
properties of soil.

The OSP wells will be installed according to Ecology’s regulations as outlined in the chapter
173-160 WAC (Minimum Standards for Construction and Maintenance of Wells),
WAC 173-160-151, and WAC 173-160-400.
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See Table 11 for a summary of the anticipated field methods and standards.

Table 11. Anticipated field methods/tests and standards

Field Method

Standard

SPTs for sampling in coarse-grained soils

ASTM D1586: Standard Test Method for SPT and Split-
Barrel Sampling of Soils (ASTM International 2018a)

Soil sampling in fine-grained soils

ASTM D1587: Standard Practice for Thin-Walled Tube
Sampling of Fine-Grained Soils for Geotechnical
Purposes (ASTM International 2015)

Rock core drilling and sampling

ASTM D2113-14: Standard Practice for Rock Core
Drilling and Sampling of Rock for Site Exploration
(ASTM International 2014)

Examination and visual classification of soil
samples recovered from the borings

USBR 5005-86: Procedure for Determining Unified Soil
Classification of Soils (Visual Method)
(Reclamation 1990a, 1990b)

Examination and visual classification of
rock cores

Chapters 4 and 5 of the Engineering Geology Field
Manual (Reclamation 2001)

Falling head permeability tests in the OSPs
installed within the overburden material

Seepage Analysis and Control for Dams (USACE 1986)

Stepped hydraulic pressure tests (also
known as packer tests) within rock

Chapter 16 of the Engineering Geology Field Manual
(Reclamation 2001)

Piezometer installation for groundwater
monitoring

Ecology regulations as outlined in chapter 173-160 WAC

Field/in situ density tests by sand cone
method

USBR 7205-89, Procedure for Determining Unit Weight
of Soils In-Place by the Sand Cone Method
(Reclamation 1990n)

8.3

Containers, preservation methods, holding times

Soil sample, and rock cores obtained from geotechnical borings will be placed in Ziploc baggies
or sealable jars and a rock coring box, respectively, after the field examination and verification.
Each container (baggie/jar, rock core box) will be labeled containing the project information,
boring number, sample number, sampling depth, and date of sampling.

8.4 Equipment decontamination
Not applicable.
8.5 Sample ID

A geotechnical sampling ID protocol during the exploration program will be followed in

accordance with the following guidelines:
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e Potential strength test samples extracted with thin wall Shelby tubes will be labeled
containing the project information, boring number, sample number, sampling depth,
and date of sampling.

e The representative soil samples collected at various depths during test pit excavations
will be placed in 5-gallon buckets (bulk samples) or double layers of sealable plastic bags
(bag samples) and labeled accordingly with project information, test pit number, sample
number, sampling depth, and date of sampling.

8.6 Chain of custody

Soil samples, and rock cores obtained during the exploration program, except for those that will
be sent for laboratory testing, will be stored at the KRD storage facility at the Springwood
Reservoir site. Laboratory test samples, including diamond rock core samples, will be
transported to the Kleinfelder Redmond laboratory accredited by AASHTO and/or USACE for
required testing. Sample boxes will have a letter of transmittal and preliminary drill hole logs
attached.

8.7 Field log requirements

Standard borehole logs and test pit logs will be prepared as outlined in Chapter 10 and
Chapter 11 of Engineering Geology Field Manual (Reclamation 2001) upon completion of each
of the geotechnical borings/test pits.

8.8 Other activities
Not applicable.
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9.0 Laboratory Procedures

9.1 Laboratory procedures table

Table 12 shows the anticipated laboratory tests and standards.

Table 12. Anticipated laboratory tests and standards

Parameter

Standard

Moisture %

USBR 5300-89 (Reclamation 1990c) or equivalent

Dry Density

USBR 5375-89 (Reclamation 1990i) or equivalent

Specific Gravity

USBR 5320-89 (Reclamation 1990d) or equivalent

Sieve Analysis

USBR 5325-89 (Reclamation 1990¢) or equivalent

Hydrometer

USBR 5330-89 (Reclamation 1990f) or equivalent

Atterberg (Multi-Point)

USBR 5360-89 (Reclamation 1990h) or equivalent

Organic Content

USBR 5430-89 (Reclamation 1990I) or equivalent

Triaxial Shear Strength - 3pt

ASTM D4767 or equivalent

Direct Shear - 3pt

ASTM D3080 or equivalent

LA Abrasion

ASTM C131 or equivalent

Soundness & Durability Testing

ASTM C289-94 or equivalent

Rock Coring - Lab Tests

Unconfined Compression with Youngs
Modulus

USBR 6210 (Reclamation 2015a, 2015b)/6220
(Reclamation 2015c) or equivalent

Point Load

USBR 6535 (Reclamation 2015d) or equivalent

Cerchar Abrasively Index

ASTM D7625-22 (ASTM International 2022) or equivalent

Brazilian Tensile Strength

ASTM D3967-23 or equivalent

Test Pits - Lab Tests

Moisture %

USBR 5300-89 (Reclamation 1990c) or equivalent

Sieve Analysis

USBR 5325-89 (Reclamation 1990e) or equivalent

Atterberg (Multi-Point)

USBR 5360-89 (Reclamation 1990h) or equivalent

Crumb Test

USBR 5400-89 (Reclamation 1990j) or equivalent

Pinhole Test

USBR 5410-89 (Reclamation 1990k) or equivalent

Soundness and durability testing

ASTM C289-07 (ASTM International 2003) or equivalent

Laboratory compaction of soils

USBR 5500-89 (Reclamation 1990m) or equivalent
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9.2 Sample preparation methods

Refer to Section 8.2, Measurement and sampling procedures, for a discussion on the sample
preparation methods.

9.3 Special method requirements
Not applicable.

9.4 Laboratories accredited for methods

The laboratory testing of the soil and rock samples shall be performed by Kleinfelder, Inc., a
certified laboratory accredited by AASHTO and USACE, following the testing standards listed in
Table 9 and Table 12.
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10.0 Quality Control Procedures
10.1 Table of field and laboratory quality control

During field exploration, the sampling of subsurface materials (soils and/or rock) and associated
field and laboratory testing will be conducted in accordance with ASTM and USBR standards
listed and summarized in Section 8.2, Section 9.1, and Section 9.2 to meet the quality of the
field and laboratory data.

The field exploration works will be completed in the presence of the qualified geotechnical
engineer or geologist who will direct the drilling operations, test pit excavations, and sample
collection and provide continuous observation and logging of each of the boreholes/test pits.
Upon completion of the field exploration and laboratory testing, the data will be reviewed by
the senior geotechnical engineer to meet the DQOs and measurement quality objectives
(MQO).

10.2 Corrective action processes

During the field exploration, if explorations and /or field tests are determined to be not
conducted in accordance with the appropriate standards Jacobs geotechnical engineers will
send an initial notification to the subcontractor and provide recommended corrective actions. If
the exploration and /or field test has been grossly mis performed the boring and/or field test
will be recompleted at the cost of the subcontractor.

During laboratory testing, if testing procedures are not being conducted in accordance with the
appropriate standards Jacobs geotechnical engineers will send an initial notification to the
laboratory manager and provide recommended corrective actions. If the lab test has been
grossly mis performed additional samples maybe tested (above and /or below the selected
sample) at the cost of the subcontractor.
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11.0 Data Management Procedures

11.1 Datarecording and reporting requirements

The standard soil and rock boring log and test pit log will be used for geotechnical borings and
test pit excavation, respectively, for field logging soil and rock. The standard logs provide a
template to document information recommended by Engineering Geology Field Manual
(Reclamation 2001), ASTM D5434-25 (Standard Guide for Field Logging of Subsurface
Explorations of Soil and Rock) (2025), ASTM D2488-17e1 (Standard Practice for Description and
Identification of Soils (Visual-Manual Procedure)) (2018b), and ASTM D2113-14 (Standard
Practice for Rock Core Drilling and Sampling of Rock for Site Investigation) (2014). Borehole
abandonment details and piezometer installation will be recorded in the field logs.

Field and laboratory testing data will be recorded in the test data sheets as in accordance with
applicable ASTM/USBR testing standards listed in Table 10 and Table 11. The recorded field
data will be reviewed by the senior geotechnical engineer to prepare the final logs.

11.2 Laboratory data package requirements

Laboratory test results will be provided as a factual report consisting of the data required by the
applicable USBR/ASTM test procedures.

11.3 Electronic transfer requirements

The laboratory data will be submitted as a PDF report and uploaded to EIM (only Ecology

required data) in a CSV file, and in accordance with the Ecology EIM coordinator’s request for
upload.
11.4 Dataupload procedures

All electronic transfer requirements will be executed in readily usable formats to minimize data
entry problems and to facilitate data analysis. All Ecology required data will be formatted and
entered into Ecology’s EIM system.

11.5 Model information management
Not applicable.
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12.0 Audits and Reports
12.1  Audits

Audit and report procedures will be followed as outlined in this QAPP. In situ field collection
audits will occur during sample collection.

12.2 Responsible personnel

Responsible personnel include the following:

e Field audit: project managers and geotechnical staff
e Field consistency review: geotechnical staff

e Data analysis: project manager and others familiar with analyses

12.3 Report frequency and distribution

A report will be drafted and submitted to Ecology’s Administration of Grants and Loads system
describing testing results for each round of funding and respective testing.

12.4 Responsibility for reports

The project manager for Jacobs will analyze data with assistance from field staff and others. The
project manager from Jacobs, KRD, Ecology, and other personnel will be responsible for
verifying completeness prior to producing the technical report or entering applicable data into
Ecology’s EIM system.
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13.0 Data Verification

13.1 Field data verification, requirements, and
responsibilities

The following will be conducted to ensure verification is completed in the field prior to leaving
the site:

e For each of the geotechnical borings or test pits, the field engineer/geologist will
complete any documentation related to subsurface materials (soil and/or rock) on the
standard borehole logs or test pit logs as outlined in Chapter 10 and Chapter 11 of the
Engineering Geology Field Manual (Reclamation 2001).

e The field engineer/geologist will complete the standard in situ test data sheet, including
preliminary test results (if any), after completing each field tests (e.g., water percolation
test, packer test, in situ density test). The field tests will be performed in accordance
with the standard testing procedures outlined in Table 10.

After the site visit:

e The field engineer/geologist will upload draft/preliminary field borehole logs, test pit
logs, in situ test data sheet, and photographs taken during the field event.

e The draft field logs and in situ test data will be reviewed by the senior geotechnical
engineer for accuracy/acceptance. After internal review, the updated draft field
exploration logs, field data, and laboratory results can be provided to Ecology by
uploading applicable data to the EIM database. Once all fieldwork is complete, a GDR
will be developed.

13.2 Laboratory data verification

Data verification involves examining the data for errors, omissions, and compliance with QC
acceptance criteria. The geotechnical laboratory testing manager will perform laboratory
verification following standard ASTM/USBR laboratory practices as outlined in Table 11. The
laboratory manager will also provide a written report of their data review, which will include a
discussion of whether:

1. MQOs were met.
2. Calibrations and controls were within limits.
3. Data was consistent, correct, and complete, without errors or omissions.

The senior geotechnical engineer will review the laboratory testing data for final acceptance
prior to uploading applicable data to the EIM database. At the end of this geotechnical
fieldwork, a GDR will be developed. This report will include boring and test pit logs, in situ
testing raw data, laboratory testing data, and
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televiewer logging data. The required Ecology data will be uploaded to the EIM database. This
report will summarize the geotechnical exploration activities and provide preliminary
recommendations and geotechnical design considerations at the site for dam construction.

As more funding is available, continued geotechnical activities will be conducted, as described
herein. A final GDR will be developed once all geotechnical activities are complete.

13.3 Validation requirements
Not applicable.

13.4 Model quality assessment
Not applicable.

13.4.1 Calibration and validation
Not applicable.

Precision

Not applicable.
Bias
Not applicable.

Representativeness

Not applicable.

Qualitative assessment

Not applicable.

13.4.2 Sensitivity and uncertainty analysis

Not applicable.
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14.0 Data Quality (Usability) Assessment

14.1 Process for determining project objectives were met

All geotechnical field and laboratory data will be assessed to determine if data collection meets
project objectives, and results will be verified against compliance with MQOs during GDR
preparation.

14.2 Treatment of non-detects
Not applicable.

14.3 Data Analysis and presentation methods

At the end of this geotechnical fieldwork (see scheduled presented in Section 4.4), a GDR will be
developed. This report will include boring and test pit logs, in situ testing raw data, laboratory
testing data, and televiewer logging data. The required Ecology data will be uploaded to the
EIM database. This report will summarize the geotechnical exploration activities and provide
preliminary recommendations and geotechnical design considerations at the site for potential
dam construction.

The GDR will include documentation of all fieldwork completed, including geologic mapping

findings; photographs and discussions; a narrative of geologic units encountered; borings and
test pits logs; installation data logs; laboratory test results; photographs of site geology, rock
cores, and test pits; geologic maps; and cross sections developed from existing and new data.

14.4 Sampling design evaluation

The senior geotechnical engineer, along with other key personnel, will determine which data
meets the MQOs. The study will be considered successful if the data collected is analyzed as
within the ranges listed in Table 8 and at the discretion of the geotechnical engineers.

14.5 Assessment documentation

The senior geotechnical engineer will review the laboratory testing data for final acceptance
prior to uploading applicable data to the EIM database. At the end of this geotechnical
fieldwork, a GDR will be developed. This report will include boring and test pit logs, in situ
testing raw data, laboratory testing data, and televiewer logging data. Ecology required data
will be uploaded to the EIM database. This report will summarize the geotechnical exploration
activities and provide preliminary recommendations and geotechnical design considerations at
the site for potential dam construction.
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	2.0 Abstract
	This Quality Assurance Project Plan (QAPP) addresses the scope of the proposed 2026 geotechnical explorations (aka Phase II) at the Springwood Reservoir site to support the Upper Yakima System Multi-Benefit Water Storage (UYSS) Project using funds provided by the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP2527KittRD00089). The Phase II exploration is a continuation of the Phase I field exploration that was completed in 2025, which was limited based on available funding at the time. 
	The overall goal of the UYSS Feasibility Study is to provide multiple benefits for improving the water supply for agriculture and fish and address drought mitigation concerns. The systematic planning process of the QAPP includes a description of the project, goals, and objectives; the project organization, key staff, and schedule; the study design; the specification of quality assurance (QA) and quality control (QC) to assess the quality performance criteria; and a description of the analyses, data storage, and reporting of acquired data.
	By way of background, in November 2023, a Geotechnical Field Exploration Plan – Springwood Reservoir document (2023 Exploration Plan) (Jacobs 2023b) was developed to describe all the exploration activities anticipated at the Springwood Reservoir site (Appendix A). In May 2024, the 2024 Geotechnical Field Exploration Plan – Springwood Reservoir document (2024 Phase I Exploration Plan) (Jacobs 2024b) was developed to describe the anticipated activities that will occur using the funds provided in the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP-2325-KittRD-00052). A separate QAPP was developed for Phase I under the same Ecology grant as well; however, the nature of the work is similar, geotechnical exploration, sample collection, laboratory testing, and reporting. The Phase I explorations started and completed in 2025.
	In January 2026, the 2026 Geotechnical Field Phase II Exploration Plan – Springwood Reservoir document (2026 Phase II Exploration Plan) (Jacobs 2026) was developed to describe the anticipated activities that will occur using the funds provided in the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP-2527-KittRD-00089) (Appendix B). This QAPP is intended for the exploration activities anticipated at the Springwood Reservoir site using funds provided by the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP-2527-KittRD-00089) and therefore describes the details provided in the 2026 Phase II Exploration Plan.
	The 2026 Phase II Exploration Plan describes the proposed geotechnical explorations and procedures that will be implemented at the Springwood Reservoir site to acquire geotechnical information in support of the feasibility study and the ultimate design and construction of the proposed Springwood dam and reservoir. The exploration program includes field reconnaissance, site survey, geotechnical borings, test pits, soil and rock sampling, piezometer installations, downhole televiewer logging, field testing (such as packer tests, permeability tests, and in situ density tests), laboratory testing of soil and rock, and reporting/documentation (Geotechnical Data Report [GDR]). Additionally, preliminary evaluations of the primary and secondary dams, foundation cutoff walls, and borrow source materials are also included. These preliminary evaluations will be reported in separate technical memos. This work is supplemental, and a continuation of the Phase I Geotechnical Exploration funded through Ecology Grant No. WRYBIP-2325-KittRD-00052.
	Table 1 presents a summary of original planned explorations (2023 Exploration Plan), the completed explorations in Phase I, and the planned explorations for Phase II. 
	Table 1. Summary of planned, completed, and proposed explorations
	Phase II Planned Explorations
	Phase I Completed Explorations
	2023 Exploration Plan
	Facility
	No. of Test Pits
	No. of Borings
	No. of Test Pits
	No. of Borings
	No. of Test Pits
	No. of Borings
	4
	4
	Primary Dam 
	-
	7
	7
	8
	(+3 OSP)
	(+2 OSP)
	3
	Secondary Dam 
	-
	3
	1
	3
	4
	(+2 OSP)
	8
	Saddle Dams 
	-
	7
	-
	7
	8
	(+3 OSP)
	4
	Outlet Works Tunnel 
	-
	2
	-
	2
	4
	(+1 OSP)
	-
	-
	4
	-
	4
	-
	Inlet Channel/ Pipeline 
	14
	8
	14
	2
	14
	10
	Borrow Area 
	27
	7
	14
	37
	37
	34
	Total
	(36 w/ OSPs)
	(9 w/ OSPs)
	OSP = Open Standpipe (to be completed adjacent to boring)
	This QAPP also outlines the purpose, parameters of interest, and standard testing methods and procedures, including data quality objectives (DQO) and measurement quality objectives (MQO) for each planned field and laboratory test noted in the 2026 Phase II Exploration Plan. 
	3.0 Background
	3.1 Introduction and problem statement
	3.2 Study area and surroundings
	3.2.1 History of study area
	3.2.2 Summary of previous studies and existing data
	3.2.3 Parameters of interest and potential sources
	3.2.4 Regulatory criteria or standards

	3.3 Water quality impairment studies
	3.4 Effectiveness monitoring studies

	The Kittitas Reclamation District (KRD), the U.S. Bureau of Reclamation (Reclamation), and Ecology identified KRD’s unique location relative to many important tributaries in the Upper Yakima River Basin as an opportunity to facilitate projects that provide multiple benefits to improve the water supply for agriculture and fish. 
	In 2022, Reclamation, Ecology, and the Yakama Nation agreed to continue studying the KRD UYSS Springwood Reservoir site as a new proposed storage reservoir to meet the goals of the Yakima Basin Integrated Plan (YBIP) with the desired benefit to increase overall smolt outmigration survival in the Yakima Basin during early spring and early summer.
	The purpose of UYSS is to provide additional stored water that would allow greater operational flexibility to supplement salmon and steelhead smolt outmigration pulse flows. Storage at the Springwood Reservoir site is an opportunity to incrementally increase storage in the Yakima River Basin and to support the purposes of the YBIP. The purposes of the YBIP are to implement a comprehensive program of water resource and habitat improvements in response to existing and forecast needs of the Yakima River Basin and to develop an adaptive approach for implementing these initiatives and for long-term management of basin water supplies that contributes to the vitality of the regional economy and sustains the health of the riverine environment.
	There is a need to restore ecological functions in the Upper Yakima River Basin and to provide reliable and sustainable water resources for the health of the Yakima River. Yakima River flows and natural riverine function are impaired due to the current demands of federal Yakima Project Operations and other irrigation water usage. Reduced snowpack additionally lowers instream flows during critical stages of salmon and steelhead life cycles — juvenile salmon rearing and migration and adult upstream migration and spawning timing (Reclamation and Ecology 2012). 
	The proposed storage reservoir and associated infrastructure improvements could facilitate restoration and spring flow supplementation to the Yakima River. The additional Springwood Reservoir site water storage volume would allow for flexible Yakima Project Operations, including storing off-season, available water to be retimed to a more biologically beneficial use.
	The primary goals of the overall project are guided by the YBIP — to provide additional stored water that would be used to allow flexibility to supplement salmon and steelhead smolt outmigration pulse flows in late spring and early summer each year. The desired benefit is to increase overall smolt outmigration survival in the Yakima Basin. The primary goals of the geologic investigation described herein are to continue to acquire geotechnical design information at the Springwood site in support of alternatives evaluation for the feasibility study, and ultimate construction of the Springwood Dam and Reservoir using funds provided under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089). The project activities include conducting a field reconnaissance, survey coordination, geotechnical borings, test pits, associated laboratory testing and reporting. Table 1 presents a summary of original planned explorations (2023 Exploration Plan), the completed explorations in Phase I (2025), and the planned explorations for Phase II (2026).
	Additionally, this scope will include the preliminary evaluation of the primary and secondary dams, the foundation cutoff, and potential borrow source material. The evaluations will be presented as separate technical memos. 
	The study area is the Springwood Reservoir site which is located approximately 9 miles northwest of Ellensburg in Kittitas County, Washington, and along the western edge of Kittitas Valley. The property is situated between Interstate 90 and the Yakima River in Sections 19, 20, 28, 29, 30 and 32 of Township 19 North, Range 17 East, Willamette Meridian (Figure 1).
	/
	Figure 1. Vicinity map
	The Springwood Reservoir site straddles the Columbia Plateau and the East Cascades ecoregions of the Pacific Northwest in central Washington (DNR 2019). The climate in this area is characterized by low rainfall; cold winters; and hot, dry summers. Habitat within the Springwood Reservoir site is generally characterized as non-native grasslands with small patches of low to moderate quality shrub-steppe. The site is situated in a hilly landscape with basalt outcroppings and ephemeral drainages leading to a natural basin area with elevations ranging from approximately 2,280 feet to 1,720 feet at the outlet of an unnamed perennial drainage. The unnamed perennial drainage at the eastern edge of the site flows a short distance to the Yakima River.
	The KRD owns and operates two canals within close proximity to the site: the North Branch Canal and the South Branch Canal. The North Branch Canal flows west to east to the north of the site. The South Branch Canal flows to the west of the site. Several ephemeral and intermittent drainages occur within the site and flow to an unnamed perennial drainage which then flows to the Yakima River (see Figure 2) (Jacobs 2025). 
	The closest downstream impaired water listed as impaired under Section 303(d) of the Clean Water Act is the Yakima River, approximately 1.5 miles downstream of the study area, near Thorp, Washington.  
	The Springwood Reservoir site is located on the northwestern edge of the Kittitas Valley, in an area that is primarily rangeland. There are no residences located within the Springwood Reservoir site. The Palouse to Cascades State Park Trail occurs along the eastern and northern boundary of the site, adjacent to the Yakima River.
	The Springwood Reservoir site is within Kittitas County’s Comprehensive Plan land use designation “Rural Working” (Kittitas County 2021). The Springwood Reservoir site is currently used for cattle grazing. The Natural Resources Conservation Service’s Web Soil Survey (2025) identifies several soils as farmland of statewide importance and prime farmland within the Springwood Reservoir site. 
	The 2022 census of agriculture data indicates there are 165,205 acres of farms in Kittitas County, of which 49,757 acres were irrigated (USDA 2022). Approximately 93% of farms in Kittitas County are either cropland or pastureland and over half of that farmland is used as pasture. Derelict canals on the site indicate portions of the Springwood Reservoir site were irrigated in the past; however, it is likely farming this land was not as productive compared to other parcels currently in agriculture in the county, which could explain why farming it was abandoned.
	/
	Figure 2. KRD canals and drainages
	To address multi-benefit surface water storage options in the Upper Yakima River Basin, KRD, Ecology, and Reclamation initiated a study in 2017 to provide an initial assessment of geographic locations for consideration of siting water storage facilities. The initial assessment considered the physical location and other readily differentiating critical factors for determining the validity and priority for further evaluation of these potential sites. The KRD Phase 1 Initial Water Storage Assessment (Jacobs 2017) identified 51 sites, with 10 sites identified as priority locations for potential water storage. 
	KRD continued the analysis of potential UYSS locations in 2020 in coordination with Ecology, initiating the UYSS Study Phase 2. Phase 2 of the evaluation was executed in two subphases, 2A and 2B. Phase 2A assessed the 10 priority locations and identified the highest-ranked sites or alternatives as the Springwood Reservoir site and the Wymer Tunnel (Jacobs 2021). Phase 2B conducted site-specific data collection and evaluation, resulting in an appraisal-level evaluation of the Springwood Reservoir site (Figure 1) (Jacobs 2022). 
	In July 2023, in preparation for the UYSS primary value planning study (VPS) meeting, Jacobs summarized the existing geotechnical data, evaluations completed, and recommendations for further geotechnical studies for five storage alternatives at the Springwood Reservoir site (varying by full pool water surface elevation [WSE], associated storage volume, and footprint extent), as well as three other locations (Currier Creek Reservoir, Shale Pit Reservoir, and Wymer Tunnel) previously identified in the UYSS Phase 2A reports (Jacobs 2021, 2023a). The Springwood Reservoir site alternative with full pool WSE at 2,200 feet (selected alternative) was selected by the value planning team for further evaluation. 
	A second VPS meeting, with a more focused group of attendees, was conducted in January 2024 to refine the alternatives that would go forward in the feasibility phase. VPS workshop outcomes included identifying three alternatives to advance to 5% conceptual design:
	1. Springwood Reservoir Site (2,175 feet WSE)
	2. Springwood Reservoir Site (2,200 feet WSE)
	3. Springwood Reservoir Site (2,230 feet WSE)
	Based on the outcomes of the January 2024 VPS workshop, Jacobs developed preliminary construction quantities for these three storage alternatives at the Springwood Reservoir site for screening-level cost estimating purposes. For each storage alternative, earthwork quantities and foundation and reservoir preparation items were developed that considered a range of parameters to reflect a Probable Low, a Most Probable, and a Probable High estimate.
	Jacobs developed a preferred alternatives geologic summary (Jacobs 2024a) to summarize the geologic considerations of the Springwood Reservoir site and the screening-level design assumptions considered in developing the quantities to support the second VPS meeting. 
	The 2023 Exploration Plan was developed to describe all the exploration activities anticipated at the Springwood Reservoir site (Appendix A). The 2024 Exploration Plan (aka Phase I) was developed to describe the anticipated activities and to describe the anticipated activities that will occur using the funds provided in the Ecology grant (Agreement No. WRYBIP2325KittRD00052). A separate QAPP was developed for Phase I under the same Ecology grant as well, however, the nature of the work is similar, geotechnical exploration, sample collection, laboratory testing, and reporting. The Phase I explorations were started and completed in 2025, and the total completed explorations can be referenced in Table 1. At the time of this QAPP the reporting for Phase I is on-going and is anticipated to be completed in the summer of 2026. 
	The 2026 Phase II Exploration Plan (Jacobs 2026) was developed to describe the anticipated activities that will occur using the funds provided in the Ecology grant (WRYBIP2527KittRD00089) (Appendix B). 
	This QAPP describes anticipated activities for the second round of funding by the Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089), as summarized in the 2026 Phase II Exploration Plan. 
	The below-mentioned parameters will be useful to interpret the variability of foundation conditions. The permeability testing data of the overburden materials and rock will define the foundation conditions to reduce bedrock seepage, including the need for and extent of a trench or grout curtain cutoff for seepage control. The geotechnical borings and test pit excavations within the reservoir limit will support assessing potential borrow sources for different dam construction alternatives. 
	Geotechnical parameters of interest for feasibility of reservoir design and construction include the following:
	 Subsurface stratigraphy (material type, layer thickness, physical properties and permeability of overburden materials) beneath the dam foundation
	 Depth to groundwater
	 Depth to bedrock, bedrock quality, types of bedrock, strength of the rock (unconfined compressive strength, elastic moduli), degree and orientation of jointing and fracture, and permeability of the rock
	Drilling activities will comply with chapter 173-160 WAC, specifically under WAC 173-160-151 (notification process and associated fees) and WAC 173-160-400, which describes the standards for resource protection wells and geotechnical soil borings.
	Not applicable.
	Not applicable.
	4.0 Project Description
	4.1 Project goals
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	4.3 Information needed and sources
	4.4 Tasks required
	4.5 Systematic planning process

	This QAPP describes the anticipated geotechnical exploration activities using the funds provided by the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP2527KittRD-00089). However, a full geotechnical exploration plan, as provided in Appendix A, was developed to describe all the exploration activities anticipated at the Springwood Reservoir site. An initial investigation was completed under the 2024 Exploration Plan (i.e., Phase I) and included its own QAPP. The proposed second investigation (2026 Phase II Exploration Plan) will advance data collection for the site and will also have its own QAPP. Refer to Figure 3 for a project flow chart. 
	 /
	Figure 3. Project flow chart 
	The Springwood Reservoir site and proposed reservoir footprint along with other salient features are shown in Figure 4 below. Within this study area, geotechnical explorations will be conducted to acquire geotechnical design information in support of an alternatives evaluation for the feasibility study and the ultimate construction of the Springwood Reservoir. Project activities include conducting field reconnaissance, geotechnical borings, test pits, associated field and laboratory testing, site survey and reporting.
	The expected outcome of this work is to summarize the geotechnical exploration activities within the Geotechnical Data Report (GDR) and provide technical memos for the preliminary evaluations of the primary and secondary dams, foundation cutoff walls, and borrow source materials.
	/
	Figure 4. Proposed reservoir footprint and salient features 
	The geotechnical exploration program described herein is planned to evaluate subsurface conditions along the profile of the proposed primary, secondary, and saddle dams as well as within the reservoir limit to aid in feasibility design. It supports the goals and objectives of the overall drilling program. The goals for the geotechnical exploration program that will be done with this first round of funding include the following: 
	 Conduct geotechnical explorations to gather data for evaluating the feasibility of the Springwood Reservoir site.
	 Gather information on the subsurface conditions, including stratigraphy, physical properties of the soil/rock, depth to bedrock, rock quality, and permeability, to help interpret the variability of foundation conditions for the proposed dams.
	 Collect data that will ultimately support the design and construction plans for the primary dam, secondary dam, and saddle dams associated with the potential reservoir, ensuring they meet safety and operational requirements.
	 Assess potential borrow sources for different dam construction alternatives. The explorations will be used to evaluate characteristics and thicknesses of recent alluvium, till, and bedrock.
	 Provide preliminary evaluations of the primary and secondary dam with associated foundation cutoff evaluations. This will support the feasibility study of the project.
	The objectives to meet the goals described above are as follows:
	 Field Reconnaissance: Jacobs will conduct a field reconnaissance to review the proposed locations of geotechnical explorations and to identify access requirements. Locations of some borings and test pits may be revised so that they can be advanced from areas that have better access, improved site safety, or less impact to sensitive vegetation and potential cultural resources. The field reconnaissance will also be used to evaluate topography and determine anticipated boring and test pit depths. All federal and state requirements for cultural resources and environmental evaluation will be followed.
	 Geotechnical Dam Profile Borings: Complete borings along the dam profiles to assess subsurface geological conditions.
	 Open Standpipe Piezometer (OSP) Wells: Advance OSP wells for in situ testing and groundwater monitoring.
	 Geotechnical Borrow Borings: Complete borings in the reservoir area to identify construction material sources.
	 Test Pit Excavation: Excavate test pits to evaluate soil variability and conditions at strategic locations.
	 Laboratory Testing: A Jacobs Senior Engineer is to assign laboratory testing after reviewing samples and field logs. Laboratory assignment to be reviewed by a Jacobs independent technical reviewer (ITR). Once laboratory assignment concurrence is achieved between the Senior Engineer and ITR the samples will be transported to Kleinfelder’s Redmond laboratory. Kleinfelder is a United States Army Corp of Engineers (USACE) and American Association of State Highway and Transportation (AASHTO) accredited laboratory.
	 Exploration/Site Survey: Perform a site survey to obtain coordinates and elevations of test pits and boreholes.
	Table 2 summarizes the proposed geotechnical explorations that will be conducted with the first round of funding for the Springwood Reservoir site. The number of explorations determined based on estimated production rates and available funding. Selected exploration locations were coordinated between Jacobs Senior Engineers and the Bureau of Reclamation reviewers. The selected borings are located primarily at main dam features such as the primary and secondary dams. Additionally, borrow borings were included to evaluate potential borrow sources, one of the biggest potential construction costs.
	Table 2. Summary of proposed borings for 2026 Geotechnical Field Exploration Plan (Phase II)
	Boring Depth (feet)
	Installs
	In Situ Tests
	Angle
	Description
	Boring
	2 VWPs
	Televiewer
	360
	Secondary
	J-B01-25
	1 OSP / 1 VWP
	Falling Head Permeability
	80
	Secondary
	J-B01P-25*
	Televiewer & Packer Tests
	Up to 20 Degrees
	2 VWPs
	385
	Secondary
	J-B02-25
	Televiewer & Packer Tests
	2 VWPs
	390
	-
	Secondary
	J-B04-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	-
	Secondary
	J-B04P-25*
	Televiewer & Packer Tests
	Up to 20 Degrees
	2 VWPs
	405
	Primary
	J-B08-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Primary
	J-B08P-25*
	Televiewer & Packer Tests
	2 VWPs
	475
	-
	Primary
	J-B09-25
	1 OSP / 1 VWP
	Falling Head Permeability
	80
	Primary
	J-B10P-25*
	Televiewer & Packer Tests
	Up to 20 Degrees
	2 VWPs
	480
	Primary
	J-B11-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Primary
	J-B11P-25*
	2 VWPs
	Packer Tests
	465
	Primary
	J-B12-25
	Televiewer & Packer Tests
	2 VWPs
	475
	-
	Saddle
	J-B13-25
	Televiewer & Packer Tests
	2 VWPs
	260
	-
	Saddle
	J-B14-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Saddle
	J-B14P-25*
	2 VWPs
	230
	-
	Saddle
	J-B15-25
	2 VWPs
	210
	-
	Saddle
	J-B16-25
	Televiewer & Packer Tests
	2 VWPs
	175
	-
	Saddle
	J-B17-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Saddle
	J-B17P-25*
	2 VWPs
	210
	-
	Saddle
	J-B18-25
	Televiewer & Packer Tests
	2 VWPs
	200
	-
	Saddle
	J-B19-25
	Televiewer & Packer Tests
	2 VWPs
	240
	Saddle
	J-B20-25
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Saddle
	J-B20P-25*
	Televiewer & Packer Tests
	2 VWPs
	175
	-
	Outlet Works
	J-B21-25
	Televiewer & Packer Tests
	2 VWPs
	245
	-
	Outlet Works
	J-B22-25
	Televiewer & Packer Tests
	J-B23-25 (A)
	2 VWPs
	220
	-
	Outlet Works
	1 OSP / 1 VWP
	Falling Head Permeability
	100
	Outlet Works
	J-B23P-25*
	Televiewer & Packer Tests
	2 VWPs
	100
	-
	Outlet Works
	J-B24-25
	200
	Borrow Area
	J-B25-25
	155
	-
	Borrow Area
	J-B26-25
	160
	Borrow Area
	J-B27-25
	165
	-
	Borrow Area
	J-B28-25
	150
	-
	Borrow Area
	J-B30-25
	310
	-
	Borrow Area
	J-B32-25
	280
	-
	Borrow Area
	J-B33-25
	260
	-
	Borrow Area
	J-B34-25
	* The OSP wells are designated with adding letter “P” at the end of original boring label. The OSP wells will be advanced close to the original boring to facilitate in situ testing and installation of open standpipe piezometers. 
	The following information will be collected to meet the project goals:
	 Elevations: Elevations of the completed borehole locations will be used to develop accurate soil profiles along the dam alignment. The site survey will provide the elevations and coordinates of borehole locations.
	 Depth of Overburden Material: The depth of the overburden materials (non-rock material) will be obtained through Standard Penetration Tests (SPT), soil sampling, and visual observation/classification of the materials.
	 Overburden Material Lithology and Physical Properties: The lithology (soil layering) and physical properties (density, strength, and permeability) of the overburden material will be obtained from in situ field tests (SPTs and percolation tests) and laboratory tests (Atterberg limits, sieve analysis, moisture content, etc.). A list of anticipated laboratory tests is presented in Section 9.0.
	 Obtaining accurate lithology and soil property information will aid in evaluating dam stability, potential seepage issues, and potential borrow source material.
	 Rock Properties: Key rock properties to be obtained consist of strength, durability, structural integrity, jointing and discontinuities, and permeability. Physical properties will be obtained from in situ field tests (rock quality designation, packer testing, and downhole geophysics), and laboratory tests (unconfined compression, point load, and Cerchar abrasivity index, etc.). A list of anticipated laboratory tests is presented in Section 9.0.
	 Obtaining accurate rock property information will aid in evaluating dam stability and potential seepage issues.
	 Groundwater: Long-term static groundwater levels and seasonal fluctuations will be monitored through the use of vibrating wire piezometers (VWP) and data loggers installed at the surface. Data will be downloaded approximately every quarter. The long-term static groundwater levels and seasonal fluctuations will be used to evaluate dam stability and potential seepage issues.
	The specific activities planned for the Springwood Reservoir site geotechnical investigation using the current grant funding are as follows: 
	 Geotechnical Borings: For this field program the following borings are anticipated to be completed:
	o Between 10 and 15 borings along the profile of the primary, secondary, and saddle dams
	o Up to eight open standpipe (OSPs) wells along the profile of dams
	o Between 3 and 4 borings and 1 OSP along the inlet and outlet alignments
	o Between 5 and 8 borings within the reservoir area to identify potential borrow source areas. 
	 Test Pits: For this field program a total of 14 test pits will be completed within the potential borrow source locations.
	 Packer Testing: Stepped hydraulic pressure tests (packer tests) will be completed in select boreholes along the primary dam, secondary dam, and saddle dams. The packer tests will be completed within rock and in accordance with Chapter 16 of the Engineering Geology Field Manual (Reclamation 2001) to estimate the hydraulic conductivity and seepage behavior of the rock.
	 Falling Head Permeability: In situ water percolation tests will be completed in select borings with the till material to estimate the permeability of the foundation material. The tests will be completed in general accordance with the U.S. Army Corps of Engineers’ approach (USACE 1986).
	 Downhole Televiewer Logging: Downhole teleview logging will be completed at select boreholes along the primary dam, secondary dam, and saddle dams. Televiewer logging, either optical or acoustic, will provide information to interpret the geology in the dam foundations and outlet works alignment.
	 Laboratory Testing: A Jacobs Senior Engineer is to assign laboratory testing after reviewing samples and field logs. Laboratory assignment to be reviewed by a Jacobs ITR. Once laboratory assignment concurrence is achieved between the Senior Engineer and ITR the samples will be transported to Kleinfelder’s Redmond laboratory. Kleinfelder is a USACE and American Association of State Highway and Transportation (AASHTO) accredited laboratory.
	 Geotechnical Data Report: At the completion of all geotechnical activities, a GDR will be developed that summarizes the subsurface conditions at the site, including soil and rock properties, groundwater levels to inform design and construction decisions.
	 Site Survey: Coordinates and elevations of test pits and boreholes will be obtained.
	 Preliminary Primary & Secondary Dam Evaluation Technical Memo: A preliminary evaluation of the primary and secondary dams will be performed to evaluate the seepage and slope stability of the dams at full pool WSE of 2,200 feet. Geologic field data and laboratory results in the primary and secondary dam location will be needed to assist in the evaluation of the primary and secondary dam. The technical memo will evaluate a single cross section of the primary and secondary dams.
	 Preliminary Foundation Cutoff Evaluation: A preliminary evaluation foundation cutoff will be conducted to assess the risk of water seepage through the foundation by analyzing the site’s subsurface geology and groundwater conditions. Geologic field data and laboratory results in the primary and secondary dam location will be needed to assist in the evaluation of the foundation cutoff. The technical memo will include preliminary discussions and evaluations of three foundation cutoff methods.
	 Preliminary Borrow Source Evaluation Technical Memo: A preliminary evaluation of the on-site potential borrow source material. The purpose of this evaluation is to identify potential dam core (low permeability) material and potential embankment material. This evaluation will consist of estimating quantities of borrow material required for the project and reviewing boring and laboratory data to estimate available on-site material. Geologic field data and laboratory results in the potential borrow source location will be needed to assist in the evaluation of the on-site borrow material. A technical memorandum will be developed to present the results of the borrow source evaluation.
	This QAPP represents the systematic planning process and includes the following:
	 The project description, goals, and objectives
	 The project organization, key staff, and schedule
	 The study design
	 The specification of QA/QC to assess the quality performance criteria
	 The description of analyses and data storage and reporting on acquired data
	5.0 Organization and Schedule
	5.1 Key individuals and responsibilities
	5.2 Special training and certifications
	5.3 Organization chart
	5.4 Proposed project schedule
	5.5 Budget and funding

	Table 3 shows the responsibilities of those who will be involved in this project.
	Table 3. Project staff organization and responsibilities
	Responsibilities
	Title
	Staff
	Clarifies the project scope. Provides internal review of the QAPP and approves the final QAPP.
	Client
	Urban EberhartKRD
	Phone: 509-925-6158 
	Provides external review of the QAPP. Manages the overall project for Reclamation.
	Project Manager
	Rebeka TrioloBureau of Reclamation
	Phone: 208-378-5336 
	Oversees field sampling and transporting samples to the laboratory. Conducts QA data review, analyzes and interprets data, and enters data into Water Quality Exchange. Writes a draft report and final report.
	Principal Investigator / Project Manager
	Brett CampbellJacobs
	Manages project and works with the Assistant Project Manager and Field Assistant to oversee field sampling and transportation of samples to the laboratory.
	Phone: 425-879-7555
	Assists in the management of the project and works with the Principal Investigator to oversee field sampling and transportation of samples to the laboratory. 
	Assistant Project Manager
	Ken HardinJacobs 
	Phone: 502-316-0175
	Supports the project.
	Hydrogeologist
	Maria DaughertyJacobs
	Phone: 541-214-5599
	Oversees field sampling and transporting samples to the laboratory. Conducts QA data review, analyzes and interprets data, and enters data into Water Quality Exchange. Writes the draft report and final report.
	Principal Investigator / Project Manager
	Brett CampbellJacobs
	Phone: 425-879-7555
	Helps collect samples and records field information.
	Field Assistant
	Jacob ReactorJacobs
	Phone: 360-594-2734
	Provides internal review of the QAPP, approves the budget, and approves the final QAPP.
	Supervisor for the Project Manager
	Andrew BehnkeJacobs 
	Phone: 425-453-5000
	Drilling Contractor. 
	Senior Operations Manager
	Kasey GobleCascade Drilling
	Phone: 425-466-8588
	Reviews draft QAPP, coordinates with Jacobs’ QA coordinator.
	Laboratory Director
	Laboratory Contact 
	Dan HootmanKleinfelder
	Phone: 425-539-9065
	Reviews and approves the draft QAPP and the final QAPP.
	Program Planner/Project Manager
	Kevin HaydonEcology
	Office of Columbia River 
	Phone: 509-823-6947
	Reviews and approves the draft QAPP and the final QAPP.
	QA Coordinator/Hydrogeologist
	McKenna MurrayEcology
	Office of Columbia River
	Phone: 509-823-0996
	Reviews and approves the draft QAPP and the final QAPP.
	Environmental Engineer
	Leif KrapasEcology
	Office of Columbia River/Dam Safety Program
	Phone: (509) 514-5440
	Drilling and test pit excavation, including various field/in situ testing, will be completed in the presence of the qualified geotechnical engineer or geologist who will direct the drilling operations, test pit excavations, and sample collection and will provide continuous observation and logging of each of the boreholes/test pits. The geotechnical engineer or geologist will have at least 2 to 3 years of relevant experience with subsurface investigation and material characterization training and field safety training. 
	Not applicable; see Table 3.
	Tables 4 through 6 list key activities, due dates, and lead staff for this project.
	Table 4. Schedule for completing field and laboratory work
	Lead staff
	Due date
	Task
	Brett Campbell
	April - November 2026
	Fieldwork
	Brett Campbell
	May 2026 – January 2027
	Laboratory analyses
	Due dates listed in Table 3 refer to activities anticipated with the current available funding, under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089), corresponding to activities discussed within the 2026 Phase II Exploration Plan (Jacobs 2026). 
	Table 5. Schedule for data entry
	Lead staff
	Due date
	Task
	Elyse Woda
	At the conclusion of fieldwork, laboratory analysis, and reporting (estimated December 31, 2027)
	Upload data to Ecology’s Environmental Information Management EIM as appropriate
	Table 6. Schedule for GDR reporting & preliminary evaluations
	Lead staff
	Anticipated Due date
	Task
	Report / Memo
	Brett Campbell
	April 1, 2027
	Draft to Client / Reviewers
	Brett Campbell
	May 3, 2027
	End of Review Period #1
	Geotechnical Data Report
	June 1, 2027
	Draft Resubmittal to Client / Reviewers
	Brett Campbell
	(GDR)
	Brett Campbell
	July 1, 2027
	End of Review Period #2
	Brett Campbell
	August 2, 2027
	Final Report
	Brett Campbell
	July 1, 2027
	Draft to Client / Reviewers
	Preliminary Primary & Secondary Dam Evaluation Technical Memo
	Brett Campbell
	August 2, 2027
	End of Review Period #1
	Brett Campbell
	September 1, 2027
	Final report due on web
	Brett Campbell
	August 2, 2027
	Draft to Client / Reviewers
	Preliminary Foundation Cutoff Evaluation Technical Memo
	Brett Campbell
	September 1, 2027
	End of Review Period #1
	Brett Campbell
	November 1, 2027
	Final Report
	Brett Campbell
	September 1, 2027
	Draft to Client / Reviewers
	Preliminary Borrow Source Evaluation Technical Memo
	Brett Campbell
	October 1, 2027
	End of Review Period #1
	Brett Campbell
	November 1, 2027
	Final Report
	Due dates listed in Table 6 refer to activities anticipated with the current available funding, under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089), corresponding to activities discussed within the 2026 Phase II Exploration Plan (Jacobs 2026).
	Tables 7 and 8 show the project budget and laboratory costs for the 2026 Phase II geotechnical activities that is to occur from April 2026 to December 2027, using funds provided under the existing Ecology grant (Agreement No. WRYBIP-2527-KittRD-00089). 
	Table 7. Project budget and funding
	Cost
	Cost Category
	$437,075
	Laboratory
	$3,417,555
	Field Explorations
	$195,200
	Downhole Geophysics
	$2,424,800
	Labor Cost
	$326,000
	Travel
	Table 8. Laboratory budget details
	Estimated
	Unit Cost (each)
	Notes
	Total
	ASTM
	Test
	Quantity
	Soil Testing - Borings
	Soil Chemistry Tests
	$6,250
	$250
	25
	ASTM G51
	Moisture Content
	$20,085 
	$39
	515
	D2216-19
	$4,550 
	$70
	65
	D2216-19
	Dry Density
	Specific Gravity
	$22,100 
	$340
	65
	D854-23
	Includes SA’s for hydrometer samples
	D422-63(2007)e2, D6913
	Sieve Analysis (C+F)
	$65,000 
	$250
	260
	Requires a sieve analysis, not included
	Hydrometer
	D422-63(2007)e2
	$14,950 
	$230
	65
	Soundness & Durability Testing
	$7,200
	$720
	10
	C289-94
	$4,750
	$475
	10
	C131
	LA Abrasion
	D4318-17e1
	Atterberg (Multi-Point)
	$23,000 
	$230
	100
	Organic Content
	$10,400 
	$160
	65
	D2974-25
	Triaxial Shear Strength - 3pt
	$16,800
	$1,680
	10
	D4767
	Direct Shear - 3pt
	$9,200
	$920
	10
	D3080
	Total
	$204,285
	Rock Testing
	Includes specimen preparation to ASTM D4543-19, specimen unit weight, unconfined compression strength, and specimen
	 $81,000 
	$600
	135
	D7012-23
	Unconfined Compression with Youngs Modulus
	Specify diametral, axial, block, or lump
	 $16,200 
	$120.
	135
	D5731-16
	Point Load
	Specify stylus and surface type
	 $9,400 
	$235
	40
	D7625-22
	Cerchar Abrasivity Index
	 $6,000 
	$120
	50
	D3967-23
	Brazilian Tensile Strength Test
	 $23,750 
	$475
	50
	C131
	LA Abrasion
	Specify magnesium sulfate or sodium sulfate; includes five cycles; if gradation is needed add $105
	 $36,000 
	$720
	50
	C88
	Sodium Sulfate Soundness
	Rock Specific Gravity and Absorption
	 $6,000 
	$120
	50
	D6473
	$178,350
	Total
	Soil Testing – Test Pits
	$2,340
	$39
	60
	D2216-19
	Moisture Content
	$15,000
	$250.00
	60
	D6913
	Sieve Analysis (C+F)
	$11,500
	$230.00
	50
	D4318-17e1
	Atterberg (Multi-Point)
	$1,700
	$170.00
	10
	D6572-21
	Crumb Test
	Add $50.00 for each remolded specimen and specify density and moisture condition
	$4,200
	$420.00
	10
	D4647
	Pinhole Test
	Aggregate only; tests are billed by each size fraction tested. The quantity of fractions tested is dependent on the sample gradation and test method. Specify magnesium sulfate or sodium sulfate. Includes five cycles; if gradation is needed add $105
	$7,200
	$720.00
	10
	C88 (Corrected from C289-07)
	Soundness and Durability Test
	$4,750
	$475
	10
	C131
	LA Abrasion
	6-point
	$3,200
	$320.00
	10
	D1557-12(2021)
	Modified Proctor Test
	$950
	$95.00
	10
	D4718
	Proctor Oversize Correction
	$50,840
	Total
	$433,475
	Grand Total
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	The main DQO for this project is to complete the following:
	 Between 10 and 15 borings along the profile of the primary, secondary, and saddle dams
	 Up to eight open standpipe (OSPs) wells along the profile of dams
	 Between 3 and 4 borings and 1 OSP along the inlet and outlet alignments
	 Between 5 and 8 borings within the reservoir area to identify potential borrow source areas.
	Additionally, the proposed geotechnical exploration program includes excavation of 14 test pits (designated T-38 through T-51). The 14 test pits will be excavated at the following locations:
	 14 test pits (TP-38 through TP-51) to locate potential borrow source areas
	Samples collected from borings and test pits will undergo laboratory tests. The data will be collected from certified laboratories using standards set forth by U.S. Bureau of Reclamation (USBR), ASTM International methods, or both to obtain subsurface information for the feasibility study of the Springwood Reservoir site. Refer to Section 8 for the laboratory testing standards. 
	The exploration quantities noted above are limited to the available funding at this time. Subsequent explorations may be warranted depending on data obtained, engineering analysis, and when additional funding is available. 
	The number of explorations were determined based on estimated production rates and available funding. Selected exploration locations were coordinated between Jacobs Senior Engineers and the Bureau of Reclamation reviewers. 
	During the field exploration MQOs will be completed by Jacobs senior engineer’s site visits and confirming that appropriate equipment is on-site and that the exploration and sampling methods are being performed to the appropriate standards. 
	For laboratory testing accredited geotechnical laboratories will have equipment calibrated and certified annually from a third-party testing firm. Accreditation of laboratory testing procedures will be the primary determination of achieving laboratory MQOs. Additional laboratory MQOs such as site visits by Jacob’s personnel will be performed to confirm that testing is being completed in accordance with the appropriate standards. 
	Table 9. Measurement quality objectives for results
	Test Information
	Expected Range
	Precision
	Standard
	Parameter
	Range
	Resolution
	Accuracy
	Soil Drilling and Test Pits– Laboratory Tests
	USBR 5300-89
	—
	+/- 1.0 – 1.5%
	0% – 500+%
	0.01 – 0.1%
	+/-1%
	Moisture Content
	Adaptable to sample size and moisture content
	USBR 5375-89
	—
	+/-0.5% – 2%
	0.01 grams
	+/-0.5% – 1%
	Dry Density
	USBR 5320-89
	Clay +/- 0.02; Sand and Gravel +/- 0.01
	1.5 – 3
	1.5 – 3.0
	0.001
	+/- 0.01
	Specific Gravity
	ASTM D854-23
	0.075 mm (No. 200 sieve) – 75 mm (3-inch sieve)
	Sieve dependent (typically logarithmic, following a √2 or 4√2 progression)
	+/-0.01 mm for a 4.75 mm sieve
	USBR 5325-89
	—
	±1 – 3%
	Sieve Analysis
	±1% – ±2% for mass retained on each sieve
	0.001 mm (clay) and 0.075 mm (silt)
	Smallest Detectable Change
	USBR 5330-89
	—
	1% – ±3% 
	Hydrometer
	20% to >100% depending on soil plasticity. High plastic clays may exceed 100%.
	+/- 5% – 7% water content 
	Water content reported to 0.1% – 1% 
	USBR 5355-89 (1990g)
	No absolute true value
	Atterberg (Liquid Limit)
	—
	+/- 3% – 5% cone penetrometer method
	10 to 40% for plastic soils. Non-plastic soils lack a measurable plastic limit.
	Relies on adherence to the thread-rolling method (3 mm diameter criterion)
	Water content reported to 0.1% – 1%
	USBR 5355-89 (1990g)
	+/- 1% – 2% (water content)
	Atterberg (Plastic Limit)
	—
	5% – 30% representing the water content where soil volume stabilizes during drying
	USBR 5355-89 (1990g)
	Water content reported to 0.1 – 1%
	Sensitive to method details
	Atterberg (Shrinkage Limit)
	—
	+/-2% – 3%
	Near-true value for organic carbon (+/-1% – 2%)
	USBR 5430-89
	—
	+/- 0.1% – 0.5%
	0.01% – 100%
	0.01%
	Organic Content
	Moderate (screening)
	USBR- 5400-89
	—
	Low
	Clayey soils
	Low
	Crumb Test
	USBR 5410-89
	—
	High
	Fine-grained
	Moderate
	High
	Pinhole Test
	+/- 5% – 10% repeatability; +/-15% – 20% reproducibility
	+/-0.01 – 0.1 mmol/L (silica); +0.05 mmol/L (alkalinity)
	10 – 100+ mmol/L (fine aggregates)
	ASTM C289-07
	Soundness and Durability Testing
	—
	Moderate
	5% – 30% (moisture); 90% – 150 lb/ft^3 (density)
	+/- 0.5% (moisture); +/- 1.5 lb/ft^3 
	0.1 gram (mass), 0.05% (moisture)
	+/-0.1% (mass); +/- 1% (volume)
	USBR 5500-89
	—
	Modified Proctor Test
	Rock Drilling – Laboratory Tests
	1 με (strain), 0.001 mm (Linear Variable Differential Transformer) 
	Unconfined Compression w/ Youngs Modulus
	1 – 100 GPa, 0.01% – 1% strain
	USBR 6210/6220
	—
	~5%
	+/- 5-%
	Load: 0.1% – 1% of full scale; Displacement: 0.01 –0.1 mm
	—
	5-15%
	2 – 300 MPa
	+/-15-25%
	USBR 6535
	Point Load
	ASTM D7625-22 (2022)
	0.01 grams (high-precision scale)
	Cerchar Abrasivity Index
	—
	+/- 2% – 5%
	0 - 100
	+5% – 10%
	Standard Test Methods for Compressive Strength and Elastic Moduli of Intact Rock 
	ASTM D7012-23 (2023)
	—
	 ±1% – 2% 
	5 – 300+ MPa 
	0.1 – 1 MPa 
	±1% – 3% 
	Standard Test Methods for Compressive Strength and Elastic Moduli of Intact Rock (Youngs Modulus)
	ASTM D7012-23 (2023)
	—
	± 2% – 5% 
	1 – 100 GPa 
	0.1 – 1 GPa 
	±3% – 7% 
	Standard Test Methods for Compressive Strength and Elastic Moduli of Intact Rock (Poisson’s Ratio)
	ASTM D7012-23 (2023)
	—
	±5% – 10% 
	0.1 – 0.35 
	0.01 – 0.05 
	±10% – 15% 
	Downhole Geophysics Program
	75 – 300 mm, 0 – 5,000 m, 0 – 175°C 
	ASTM D5753-18 (2018c)
	±1° azimuth, ±0.1 m depth 
	1 – 5 mm (optical), 5 – 10 mm (acoustic) 
	±2° azimuth, ±0.1 m depth 
	Borehole Televiewer Acoustic and Optical
	—
	Drilling
	Consistency in achieving target depths and maintaining borehole alignment
	Depending on equipment and ground conditions. 
	ASTM D6914(2024)
	Captures layers as thin as 1 – 10 cm
	98% – 100% core recovery
	—
	Sonic Drilling
	In Situ Field Testing
	0.5 – 1 mm (markings); 0.1 – 1 second (time)
	USACE (1986)
	Falling Head Permeability Test
	—
	+/- 10 – 20%
	0.01 – 1 m (head)
	+/- 20% – 50%
	0.1 – 1kPa (pressure); 0.01 – 0.1 L/min (flow)
	K: 10^-6 – 10^-12 cm/s
	Reclamation (2001)
	Stepped Hydraulic Pressure Testing 
	—
	+/- 10 – 20%
	+/- 15% – 30%
	USBR 7205-89(1990n)
	Field In Situ Density Test (Sand Cone)
	—
	+2 – 5 lb/ft3
	90 – 140 lb/ft3
	0.5 – 1 lb/ft3
	+/- 3% – 5%
	Hourly Groundwater Level Measurements
	+/-0.01% FS or better
	+/-0.05% from 0°F – 122oF
	EAP074, v. 1.2
	Piezometer Data Collection
	0 to 15 ft
	—
	16 – 162 feet
	MPa = megapascal
	m = meter lb/ft = pound per footmm = millimetermmol = millimole or one-thousandth of a mole
	GPa = gigapascallb/ft3 = pound per cubic footL/min = liters per minute
	°C = degree(s) Celsius°F = degree(s) Fahrenheitcm/s = centimeters per secondFS = % of full scale
	High-precision calibrated instruments in a certified laboratory setting will be used to conduct testing. 
	Systematic errors through laboratory protocols, equipment checks, and QA improves accuracy and will ensure results reflect true material properties. Field bias will be reduced through instrument calibration according to field measurement protocols. Other field biases include measurement procedures and will be minimized through protocol training and field visit expectations. 
	Sensitivity, described by equipment range, accuracy, and resolution, is reported in Table 8. The recorded value shown in this table is a measure of the capacity of the equipment used to detect change. 
	The field exploration includes geotechnical borings and test pit excavations for sampling of subsurface materials (soils and/or rock), and associated field and laboratory testing will be conducted following standard methods provided in Section 8.2, Section 9.1 and Section 9.2. As the field geotechnical exploration and data collection are progressed in the field, the data will be reviewed by the senior geotechnical engineer for comparability. 
	Field and laboratory samples will be considered representative of existing conditions based on professional judgment of geotechnical engineers and standards listed in Table 8. Laboratory tests will overrule field descriptions.
	This study from the initial field program will be considered successful if measured data is gathered from 95% of the test pits and 75% of the borings. The information gathered from these test pits and borings will provide useful preliminary information on the primary dam, secondary dam, saddle dams, inlet pipeline and intake structure, outlet and dissipation structure, and potential borrow sources. This data will provide useful geotechnical information in support of the feasibility study and the ultimate design and construction or the proposed Springwood dam and reservoir.
	Field and laboratory samples will be considered representative of existing conditions based on professional judgment of geotechnical engineers during sample collection and prior to reviewing laboratory results. 
	Not applicable. 
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	This Geotechnical Field Exploration Plan has been developed to describe the proposed geotechnical explorations and procedures that will be implemented at the Springwood Reservoir site to acquire geotechnical design information in support of an alternatives evaluation for the feasibility study and the ultimate construction of the Springwood Ranch Dam and Reservoir using funds provided by the Washington State Department of Ecology (Ecology) Grant (Agreement No. WRYBIP-2527-KittRD-00089). The exploration program includes field reconnaissance, site survey, geotechnical borings, test pits, soil and rock sampling, piezometer installations, downhole televiewer logging, field testing (such as packer tests, permeability tests, and in situ density tests), laboratory testing of soil and rock, and reporting/documentation (GDR). 
	The GDR will include boring and test pit logs, in situ testing raw data, laboratory testing data, and televiewer logging data. This data will be uploaded to the EIM database. This report will summarize the geotechnical exploration activities and provide preliminary recommendations and geotechnical design considerations at the site for dam construction.
	Refer to Appendix C for the figure showing the study area and proposed boring locations. Refer to Appendix D for the figure showing the study area and proposed test pit locations.
	The geotechnical exploration program consists of 36 geotechnical borings (see Table 2) and 14 test pits. Depending on drilling advancement rates, between 10 and 15 borings and up to 8 open standpipes (OSPs) will be completed along the primary, secondary, and saddle dams. Between 3 and 4 borings and 1 OSP will be completed along with the inlet and outlet alignments. Additionally, between 5 and 8 borings within the reservoir area to identify potential borrow source areas.
	Proposed boring locations are shown in Appendix C, but it is expected that these locations may be modified based on findings of the geologic mapping and/or test pits. 
	A select number of borings along the dams will be inclined (see Table 2). At least one inclined boring will be advanced at each abutment of the primary and secondary dams. The inclined boreholes will be advanced up to 20 degrees from vertical. The borings’ orientation will be determined based on results of geologic surface mapping and downhole televiewer logging of vertical borings.
	The 14 test pits will be excavated within the reservoir footprint to locate potential borrow sources (Figure 3). Proposed test pit locations are shown in Appendix D.
	The piezometers will be installed to facilitate periodic observation of the depth to groundwater. In each dam boring, two VWP will be installed (one in overburden soils and one in the bedrock).
	The VWPs will be unvented and manufactured by Geokon (Model Number 4500S) or similar. Data from VWPs will be collected and stored on waterproof dataloggers (Geokon 8002WP2, LC-2 series or similar) daily and downloaded periodically. This plan assumes up to four download site visits for 1 year. Prior to installation, the initial zero reading for each VWP sensor will be recorded according to manufacturer recommendations.
	VWPs equipped with battery-operated dataloggers will be installed at each standpipe piezometer to monitor daily groundwater fluctuations. The VWP sensor will be attached to the outside of the standpipe casing, near the bottom of the screened interval.
	VWPs installed in boreholes will be installed using installation method “C” in accordance with Geokon’s manual (i.e., grouted directly into the borehole). The VWPs and wires at about 5 feet on-center will be taped to a 1-inch tremie pipe and grouted from the bottom up using the 50 pounds per square inch (psi) grout mixture recommended in their manual and provided in Table 10.
	Table 10. Recommended mixture
	50 PSI Grout for Medium to Hard Soils[a]
	4 PSI Grout for Soft Soils[b]
	Material
	Ratio by Weight
	Ratio by Weight
	Amount
	Amount
	6.6
	75 gallons
	2.5
	30 gallons
	Water
	Portland Cement
	1
	94 pounds (one sack)
	1
	94 pounds (one sack)
	39 pounds (as required)
	25 pounds (as required)
	Bentonite
	0.4
	0.3
	[a] The 28-day compressive strength of this mix is about 50 psi, similar to very stiff/hard clay. The modulus is about 10,000 psi.
	[b] The 28-day strength of this mix is about 4 psi, similar to very soft clay.
	lb = pound
	The OSP will consist of 2 inch-diameter polyvinyl chloride casing and up to 20 feet of machine-slotted screen. Sand will be placed in the annular space from 0 to 2 feet below the bottom of the screen (0 to 6 inches if the piezometer will be installed at the bottom of borehole) to 2 to 3 feet above the top of the screen. A bentonite seal will be placed above the sand and up to ground surface. Bentonite will also be used below the sand in locations where the screened interval is installed above the bottom of the boring.
	Piezometers will be protected at the surface with an aboveground casing and 2-foot by 2-foot concrete pad. Piezometer construction details and measured water levels will be included on the boring logs.
	The actual number and locations of piezometers may change depending on the ability to access the proposed boring locations and the findings of the field reconnaissance. Changes and installation depths will be field determined and discussed with Jacobs senior engineer prior to installation. Installation determination will be dependent on the depth to rock, groundwater levels, groundwater conditions (artesian), and presence of aquifers and aquitards. 
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	A Categorical Exclusion permit was obtained to conduct the initial fieldwork anticipated between April through November 2026. 
	Section 106 compliance and a “call before you dig” notification with the Utility Notification Center of Washington, as required by law, will be conducted as applicable, to inform utility owners of the pending site improvements and field explorations to allow them to locate and mark their utilities. Jacobs will coordinate with KRD regarding the timing of private utility locate markings if it is needed. 
	Improvements to access roads may be required for access to the exploration locations. For the borings on the steep slope along the outlet works and left abutment of the primary dam, some road improvements such as placement of gravel may be required. 
	Practical constraints include scheduling problems, budgetary constraints, unreliable transportation, road conditions, and unexpected changes in site project design. 
	For this geotechnical fieldwork Jacobs is actively coordinating with the drillers, Cascade Drilling Services, Reclamation, and Ecology on the schedule. Likewise, for the initial geotechnical fieldwork anticipated between April to November 2026, the budget has been secured from the Ecology grant. 
	Unexpected, restricted staff availability may limit project progress.
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	While drilling in cohesive materials, sampling shall be performed in accordance with ASTM D1587 (Standard Practice for Thin-Walled Tube Sampling of Soils for Geotechnical Purposes) (2015). If cohesionless soils are encountered, SPT shall be performed in accordance with ASTM D1586 (Standard Test Method for Penetration Test (SPT) and Split-Barrel Sampling of Soils) (2018a). If rock is encountered, sampling shall be performed in accordance with ASTM D2113-14 (Standard Practice for Rock Core Drilling and Sampling of Rock for Site Investigation) (2014). 
	Where cohesionless soils are encountered, SPTs will be performed. Samples shall be obtained at 5 or 10-foot intervals, or when a significant change in materials is observed during drilling, with a standard 2-inch outer diameter split-barrel drive sampler driven 18 inches per test. The sampler will be driven by a 140-pound automatic hammer with a 30-inch drop. The sampler will be driven 18 inches (or until refusal) with blow counts for each 6-inch increment noted on the boring logs. Refusal will be defined as 10 blows with no advancement, 50 blows for less than 6 inches of advancement, and 100 blows for 6 to 18 inches of advancement. SPT samples will be placed in Ziploc baggies or sealable jars and contain the project information, boring name, sample number, and depth.
	Undisturbed (intact) sampling of cohesive soil will be obtained by using a 30-inch long by 3-inch outer diameter thin-walled Shelby tube sampler. Shelby tubes will be lowered to the bottom of the borehole by the drill rod and hydraulically pushed (continuously) 24 inches, or a portion thereof if refusal, into undisturbed soil. The subcontractor will be equipped to measure downward pressure applied to the drill string as the Jacobs representative will note push pressure on the soil boring log. 
	Potential very stiff to hard clays may be present in the soil profile; therefore, for sample intervals where less than 6 inches of recovery is encountered, the sample interval should be drilled and cleaned to the bottom of the push interval, and then an SPT will be taken. The rock core samples shall be logged, marked, preserved, and placed into rock core boxes in accordance with ASTM D2113-14.
	Bulk samples from test pits shall be collected in double layers of sealable plastic bags (bag samples) and 5-gallon buckets with lids (bulk sample). Samples in the Ziploc baggies will be used to obtain in situ moisture. The remaining sample will be used for determining the physical properties of soil. 
	The OSP wells will be installed according to Ecology’s regulations as outlined in the chapter 173160 WAC (Minimum Standards for Construction and Maintenance of Wells), WAC 173160151, and WAC 173-160-400.
	Table 11. Anticipated field methods/tests and standards
	Standard
	Field Method
	ASTM D1586: Standard Test Method for SPT and Split-Barrel Sampling of Soils (ASTM International 2018a)
	SPTs for sampling in coarse-grained soils 
	ASTM D1587: Standard Practice for Thin-Walled Tube Sampling of Fine-Grained Soils for Geotechnical Purposes (ASTM International 2015)
	Soil sampling in fine-grained soils 
	ASTM D2113-14: Standard Practice for Rock Core Drilling and Sampling of Rock for Site Exploration (ASTM International 2014)
	Rock core drilling and sampling
	USBR 5005-86: Procedure for Determining Unified Soil Classification of Soils (Visual Method) (Reclamation 1990a, 1990b)
	Examination and visual classification of soil samples recovered from the borings 
	Chapters 4 and 5 of the Engineering Geology Field Manual (Reclamation 2001) 
	Examination and visual classification of rock cores
	Seepage Analysis and Control for Dams (USACE 1986)
	Falling head permeability tests in the OSPs installed within the overburden material 
	Chapter 16 of the Engineering Geology Field Manual (Reclamation 2001)
	Stepped hydraulic pressure tests (also known as packer tests) within rock
	Ecology regulations as outlined in chapter 173-160 WAC
	Piezometer installation for groundwater monitoring 
	USBR 7205-89, Procedure for Determining Unit Weight of Soils In-Place by the Sand Cone Method (Reclamation 1990n)
	Field/in situ density tests by sand cone method
	Soil sample, and rock cores obtained from geotechnical borings will be placed in Ziploc baggies or sealable jars and a rock coring box, respectively, after the field examination and verification. Each container (baggie/jar, rock core box) will be labeled containing the project information, boring number, sample number, sampling depth, and date of sampling.
	Not applicable.
	A geotechnical sampling ID protocol during the exploration program will be followed in accordance with the following guidelines:
	 Potential strength test samples extracted with thin wall Shelby tubes will be labeled containing the project information, boring number, sample number, sampling depth, and date of sampling.
	 The representative soil samples collected at various depths during test pit excavations will be placed in 5-gallon buckets (bulk samples) or double layers of sealable plastic bags (bag samples) and labeled accordingly with project information, test pit number, sample number, sampling depth, and date of sampling.
	Soil samples, and rock cores obtained during the exploration program, except for those that will be sent for laboratory testing, will be stored at the KRD storage facility at the Springwood Reservoir site. Laboratory test samples, including diamond rock core samples, will be transported to the Kleinfelder Redmond laboratory accredited by AASHTO and/or USACE for required testing. Sample boxes will have a letter of transmittal and preliminary drill hole logs attached.
	Standard borehole logs and test pit logs will be prepared as outlined in Chapter 10 and Chapter 11 of Engineering Geology Field Manual (Reclamation 2001) upon completion of each of the geotechnical borings/test pits. 
	Not applicable.
	9.0 Laboratory Procedures
	9.1 Laboratory procedures table
	9.2 Sample preparation methods
	9.3 Special method requirements
	9.4 Laboratories accredited for methods

	Table 12 shows the anticipated laboratory tests and standards. 
	Table 12. Anticipated laboratory tests and standards
	Standard
	Parameter
	USBR 5300-89 (Reclamation 1990c) or equivalent
	Moisture % 
	USBR 5375-89 (Reclamation 1990i) or equivalent 
	Dry Density 
	USBR 5320-89 (Reclamation 1990d) or equivalent 
	Specific Gravity 
	USBR 5325-89 (Reclamation 1990e) or equivalent  
	Sieve Analysis 
	USBR 5330-89 (Reclamation 1990f) or equivalent 
	Hydrometer 
	USBR 5360-89 (Reclamation 1990h) or equivalent 
	Atterberg (Multi-Point)  
	USBR 5430-89 (Reclamation 1990l) or equivalent 
	Organic Content 
	ASTM D4767 or equivalent
	Triaxial Shear Strength - 3pt
	ASTM D3080 or equivalent
	Direct Shear - 3pt
	ASTM C131 or equivalent
	LA Abrasion
	ASTM C289-94 or equivalent
	Soundness & Durability Testing
	Rock Coring - Lab Tests
	USBR 6210 (Reclamation 2015a, 2015b)/6220 (Reclamation 2015c) or equivalent  
	Unconfined Compression with Youngs Modulus  
	USBR 6535 (Reclamation 2015d) or equivalent 
	Point Load 
	ASTM D7625-22 (ASTM International 2022) or equivalent 
	Cerchar Abrasively Index 
	ASTM D3967-23 or equivalent
	Brazilian Tensile Strength
	Test Pits - Lab Tests
	USBR 5300-89 (Reclamation 1990c) or equivalent 
	Moisture % 
	USBR 5325-89 (Reclamation 1990e) or equivalent 
	Sieve Analysis 
	USBR 5360-89 (Reclamation 1990h) or equivalent 
	Atterberg (Multi-Point) 
	USBR 5400-89 (Reclamation 1990j) or equivalent
	Crumb Test
	USBR 5410-89 (Reclamation 1990k) or equivalent 
	Pinhole Test 
	ASTM C289-07 (ASTM International 2003) or equivalent
	Soundness and durability testing 
	USBR 5500-89 (Reclamation 1990m) or equivalent 
	Laboratory compaction of soils 
	Refer to Section 8.2, Measurement and sampling procedures, for a discussion on the sample preparation methods. 
	Not applicable.
	The laboratory testing of the soil and rock samples shall be performed by Kleinfelder, Inc., a certified laboratory accredited by AASHTO and USACE, following the testing standards listed in Table 9 and Table 12. 
	10.0 Quality Control Procedures
	10.1 Table of field and laboratory quality control
	10.2 Corrective action processes

	During field exploration, the sampling of subsurface materials (soils and/or rock) and associated field and laboratory testing will be conducted in accordance with ASTM and USBR standards listed and summarized in Section 8.2, Section 9.1, and Section 9.2 to meet the quality of the field and laboratory data. 
	The field exploration works will be completed in the presence of the qualified geotechnical engineer or geologist who will direct the drilling operations, test pit excavations, and sample collection and provide continuous observation and logging of each of the boreholes/test pits. Upon completion of the field exploration and laboratory testing, the data will be reviewed by the senior geotechnical engineer to meet the DQOs and measurement quality objectives (MQO). 
	During the field exploration, if explorations and /or field tests are determined to be not conducted in accordance with the appropriate standards Jacobs geotechnical engineers will send an initial notification to the subcontractor and provide recommended corrective actions. If the exploration and /or field test has been grossly mis performed the boring and/or field test will be recompleted at the cost of the subcontractor. 
	During laboratory testing, if testing procedures are not being conducted in accordance with the appropriate standards Jacobs geotechnical engineers will send an initial notification to the laboratory manager and provide recommended corrective actions. If the lab test has been grossly mis performed additional samples maybe tested (above and /or below the selected sample) at the cost of the subcontractor.
	11.0 Data Management Procedures
	11.1 Data recording and reporting requirements
	11.2 Laboratory data package requirements
	11.3 Electronic transfer requirements
	11.4 Data upload procedures
	11.5 Model information management

	The standard soil and rock boring log and test pit log will be used for geotechnical borings and test pit excavation, respectively, for field logging soil and rock. The standard logs provide a template to document information recommended by Engineering Geology Field Manual (Reclamation 2001), ASTM D5434-25 (Standard Guide for Field Logging of Subsurface Explorations of Soil and Rock) (2025), ASTM D2488-17e1 (Standard Practice for Description and Identification of Soils (Visual-Manual Procedure)) (2018b), and ASTM D2113-14 (Standard Practice for Rock Core Drilling and Sampling of Rock for Site Investigation) (2014). Borehole abandonment details and piezometer installation will be recorded in the field logs. 
	Field and laboratory testing data will be recorded in the test data sheets as in accordance with applicable ASTM/USBR testing standards listed in Table 10 and Table 11. The recorded field data will be reviewed by the senior geotechnical engineer to prepare the final logs. 
	Laboratory test results will be provided as a factual report consisting of the data required by the applicable USBR/ASTM test procedures.
	The laboratory data will be submitted as a PDF report and uploaded to EIM (only Ecology required data) in a CSV file, and in accordance with the Ecology EIM coordinator’s request for upload. 
	All electronic transfer requirements will be executed in readily usable formats to minimize data entry problems and to facilitate data analysis. All Ecology required data will be formatted and entered into Ecology’s EIM system.
	Not applicable.
	12.0 Audits and Reports
	12.1 Audits
	12.2 Responsible personnel
	12.3 Report frequency and distribution
	12.4 Responsibility for reports

	Audit and report procedures will be followed as outlined in this QAPP. In situ field collection audits will occur during sample collection.
	Responsible personnel include the following:
	 Field audit: project managers and geotechnical staff
	 Field consistency review: geotechnical staff
	 Data analysis: project manager and others familiar with analyses
	A report will be drafted and submitted to Ecology’s Administration of Grants and Loads system describing testing results for each round of funding and respective testing.
	The project manager for Jacobs will analyze data with assistance from field staff and others. The project manager from Jacobs, KRD, Ecology, and other personnel will be responsible for verifying completeness prior to producing the technical report or entering applicable data into Ecology’s EIM system. 
	13.0 Data Verification
	13.1 Field data verification, requirements, and responsibilities
	13.2 Laboratory data verification
	13.3 Validation requirements
	13.4 Model quality assessment
	13.4.1 Calibration and validation
	Precision
	Bias
	Representativeness
	Qualitative assessment

	13.4.2 Sensitivity and uncertainty analysis


	The following will be conducted to ensure verification is completed in the field prior to leaving the site:
	 For each of the geotechnical borings or test pits, the field engineer/geologist will complete any documentation related to subsurface materials (soil and/or rock) on the standard borehole logs or test pit logs as outlined in Chapter 10 and Chapter 11 of the Engineering Geology Field Manual (Reclamation 2001).
	 The field engineer/geologist will complete the standard in situ test data sheet, including preliminary test results (if any), after completing each field tests (e.g., water percolation test, packer test, in situ density test). The field tests will be performed in accordance with the standard testing procedures outlined in Table 10.
	After the site visit:
	 The field engineer/geologist will upload draft/preliminary field borehole logs, test pit logs, in situ test data sheet, and photographs taken during the field event.
	 The draft field logs and in situ test data will be reviewed by the senior geotechnical engineer for accuracy/acceptance. After internal review, the updated draft field exploration logs, field data, and laboratory results can be provided to Ecology by uploading applicable data to the EIM database. Once all fieldwork is complete, a GDR will be developed.
	Data verification involves examining the data for errors, omissions, and compliance with QC acceptance criteria. The geotechnical laboratory testing manager will perform laboratory verification following standard ASTM/USBR laboratory practices as outlined in Table 11. The laboratory manager will also provide a written report of their data review, which will include a discussion of whether:
	1. MQOs were met.
	2. Calibrations and controls were within limits.
	3. Data was consistent, correct, and complete, without errors or omissions.
	The senior geotechnical engineer will review the laboratory testing data for final acceptance prior to uploading applicable data to the EIM database. At the end of this geotechnical fieldwork, a GDR will be developed. This report will include boring and test pit logs, in situ testing raw data, laboratory testing data, and 
	televiewer logging data. The required Ecology data will be uploaded to the EIM database. This report will summarize the geotechnical exploration activities and provide preliminary recommendations and geotechnical design considerations at the site for dam construction.
	As more funding is available, continued geotechnical activities will be conducted, as described herein. A final GDR will be developed once all geotechnical activities are complete.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	Not applicable.
	14.0 Data Quality (Usability) Assessment
	14.1 Process for determining project objectives were met
	14.2 Treatment of non-detects
	14.3 Data Analysis and presentation methods
	14.4 Sampling design evaluation
	14.5 Assessment documentation

	All geotechnical field and laboratory data will be assessed to determine if data collection meets project objectives, and results will be verified against compliance with MQOs during GDR preparation.
	Not applicable.
	At the end of this geotechnical fieldwork (see scheduled presented in Section 4.4), a GDR will be developed. This report will include boring and test pit logs, in situ testing raw data, laboratory testing data, and televiewer logging data. The required Ecology data will be uploaded to the EIM database. This report will summarize the geotechnical exploration activities and provide preliminary recommendations and geotechnical design considerations at the site for potential dam construction.
	The GDR will include documentation of all fieldwork completed, including geologic mapping findings; photographs and discussions; a narrative of geologic units encountered; borings and test pits logs; installation data logs; laboratory test results; photographs of site geology, rock cores, and test pits; geologic maps; and cross sections developed from existing and new data.
	The senior geotechnical engineer, along with other key personnel, will determine which data meets the MQOs. The study will be considered successful if the data collected is analyzed as within the ranges listed in Table 8 and at the discretion of the geotechnical engineers.
	The senior geotechnical engineer will review the laboratory testing data for final acceptance prior to uploading applicable data to the EIM database. At the end of this geotechnical fieldwork, a GDR will be developed. This report will include boring and test pit logs, in situ testing raw data, laboratory testing data, and televiewer logging data. Ecology required data will be uploaded to the EIM database. This report will summarize the geotechnical exploration activities and provide preliminary recommendations and geotechnical design considerations at the site for potential dam construction.
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	Reclamation U.S. Bureau of Reclamation (USBR)
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	cm/s centimeter(s) per second
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	Accreditation: A certification process for laboratories, designed to evaluate and document a lab’s ability to perform analytical methods and produce acceptable data (Kammin, 2010). For Ecology, it is defined according to WAC 173-50-040: “Formal recognition by [Ecology] that an environmental laboratory is capable of producing accurate and defensible analytical data.”
	Accuracy: The degree to which a measured value agrees with the true value of the measured property. USEPA recommends that this term not be used, and that the terms precision and bias be used to convey the information associated with the term accuracy (USEPA, 2014).
	Analyte: An element, ion, compound, or chemical moiety (pH, alkalinity) which is to be determined. The definition can be expanded to include organisms, e.g., fecal coliform, Klebsiella (Kammin, 2010).
	Bias: Discrepancy between the expected value of an estimator and the population parameter being estimated (Gilbert, 1987; USEPA, 2014).
	Blank: A synthetic sample, free of the analyte(s) of interest. For example, in water analysis, pure water is used for the blank. In chemical analysis, a blank is used to estimate the analytical response to all factors other than the analyte in the sample. In general, blanks are used to assess possible contamination or inadvertent introduction of analyte during various stages of the sampling and analytical process (USGS, 1998).
	Calibration: The process of establishing the relationship between the response of a measurement system and the concentration of the parameter being measured (Ecology, 2004).
	Check standard: A substance or reference material obtained from a source independent from the source of the calibration standard; used to assess bias for an analytical method. This is an obsolete term, and its use is highly discouraged. See Calibration Verification Standards, Lab Control Samples (LCS), Certified Reference Materials (CRM), and/or spiked blanks. These are all check standards but should be referred to by their actual designator, e.g., CRM, LCS (Kammin, 2010; Ecology, 2004).
	Comparability: The degree to which different methods, data sets and/or decisions agree or can be represented as similar; a data quality indicator (USEPA, 2014; USEPA, 2020).
	Completeness: The amount of valid data obtained from a project compared to the planned amount. Usually expressed as a percentage. A data quality indicator (USEPA, 2014; USEPA 2020).
	Continuing Calibration Verification Standard (CCV): A quality control (QC) sample analyzed with samples to check for acceptable bias in the measurement system. The CCV is usually a midpoint calibration standard that is re-run at an established frequency during the course of an analytical run (Kammin, 2010).
	Control chart: A graphical representation of quality control results demonstrating the performance of an aspect of a measurement system (Kammin, 2010; Ecology 2004).
	Control limits: Statistical warning and action limits calculated based on control charts. Warning limits are generally set at +/- 2 standard deviations from the mean, action limits at +/- 3 standard deviations from the mean (Kammin, 2010).
	Data integrity: A qualitative data quality indicators that evaluates the extent to which a data set contains data that is misrepresented, falsified, or deliberately misleading (Kammin, 2010).
	Data quality indicators (DQI): Commonly used measures of acceptability for environmental data. The principal DQIs are precision, bias, representativeness, comparability, completeness, sensitivity, and integrity (USEPA, 2006).
	Data quality objectives (DQO): Qualitative and quantitative statements derived from systematic planning processes that clarify study objectives, define the appropriate type of data, and specify tolerable levels of potential decision errors that will be used as the basis for establishing the quality and quantity of data needed to support decisions (USEPA, 2006).
	Data set: A grouping of samples organized by date, time, analyte, etc. (Kammin, 2010).
	Data validation: The process of determining that the data satisfy the requirements as defined by the data user (USEPA, 2020). There are various levels of data validation (USEPA, 2009).
	Data verification: Examination of a data set for errors or omissions, and assessment of the DQIs related to that data set for compliance with acceptance criteria (MQOs). Verification is a detailed quality review of a data set (Ecology, 2004).
	Detection limit (limit of detection): The concentration or amount of an analyte which can be determined to a specified level of certainty to be greater than zero (Ecology, 2004).
	Duplicate samples: Two samples taken from and representative of the same population and carried through and steps of the sampling and analytical procedures in an identical manner. Duplicate samples are used to assess variability of all method activities including sampling and analysis (USEPA, 2014).
	Field blank: A blank used to obtain information on contamination introduced during sample collection, storage, and transport (Ecology, 2004).
	Initial Calibration Verification Standard (ICV): A QC sample prepared independently of calibration standards and analyzed along with the samples to check for acceptable bias in the measurement system. The ICV is analyzed prior to the analysis of any samples (Kammin, 2010).
	Laboratory Control Sample (LCS)/LCS duplicate: A sample of known composition prepared using contaminant-free water or an inert solid that is spiked with analytes of interest at the midpoint of the calibration curve or at the level of concern. It is prepared and analyzed in the same batch of regular samples using the same sample preparation method, reagents, and analytical methods employed for regular samples. Monitors a lab’s performance for bias and precision (USEPA, 2014).
	Matrix spike/Matrix spike duplicate: A QC sample prepared by adding a known amount of the target analyte(s) to an aliquot of a sample to check for bias and precision errors due to interference or matrix effects (Ecology, 2004).
	Measurement Quality Objectives (MQOs): Performance or acceptance criteria for individual DQIs, usually including precision, bias, sensitivity, completeness, comparability, and representativeness (USEPA, 2006).
	Measurement result: A value obtained by performing the procedure described in a method (Ecology, 2004).
	Method: A formalized group of procedures and techniques for performing an activity (e.g., sampling, chemical analysis, data analysis), systematically presented in the order in which they are to be executed (USEPA, 2001).
	Method blank: A blank prepared to represent the sample matrix, prepared and analyzed with a batch of samples. A method blank will contain all reagents used in the preparation of a sample, and the same preparation process is used for the method blank and samples (Ecology, 2004; Kammin, 2010).
	Method Detection Limit (MDL): The minimum measured concentration of a substance that can be reported with 99% confidence that the measured concentration is distinguishable from method blank results (USEPA, 2016). MDL is a measure of the capability of an analytical method of distinguished samples that do not contain a specific analyte from a sample that contains a low concentration of the analyte (USEPA, 2020).
	Minimum level: Either the sample concentration equivalent to the lowest calibration point in a method or a multiple of the MDL, whichever is higher. For the purposes of National Pollutant Discharge Elimination System compliance monitoring, USEPA considers the following terms to be synonymous: “quantitation limit,” “reporting limit,” and “minimum level” (40 CFR 136).
	Parameter: A specified characteristic of a population or sample. Also, an analyte or grouping of analytes. Benzene and nitrate + nitrite are all parameters (Kammin, 2010; Ecology, 2004).
	Population: The hypothetical set of all possible observations of the type being investigated (Ecology, 2004).
	Precision: The extent of random variability among replicate measurements of the same property; a data quality indicator (USGS, 1998).
	Quality assurance (QA): A set of activities designed to establish and document the reliability and usability of measurement data (Kammin, 2010).
	Quality Assurance Project Plan (QAPP): A document that describes the objectives of a project, and the processes and activities necessary to develop data that will support those objectives (Kammin, 2010; Ecology, 2004).
	QC: The routine application of measurement and statistical procedures to assess the accuracy of measurement data (Ecology, 2004).
	Relative Percent Difference (RPD): RPD is commonly used to evaluate precision. The following formula is used:
	RPD = [Abs(a-b)/((a + b)/2)] * 100%
	where “Abs()” is absolute value and a and b are results for the two replicate samples. RPD can be used only with two values. Percent Relative Standard Deviation is (%RSD) is used if there are results for more than two replicate samples (Ecology, 2004).
	Relative Standard Deviation (RSD): A statistic used to evaluate precision in environmental analysis. It is determined in the following manner:
	RSD = (100% * s)/x
	where s is the sample standard deviation and x is the mean of results from more than two replicate samples (Kammin, 2010).
	Replicate samples: Two or more samples taken from the environment at the same time and place, using the same protocols. Replicates are used to estimate the random variability of the material sampled (USGS, 1998).
	Reporting level: Unless specified otherwise by a regulatory authority or in a discharge permit, results for analytes that meet the identification criteria (i.e., rules for determining qualitative presence/absence of an analyte) are reported down to the concentration of the minimum level established by the laboratory through calibration of the instrument. EPA considers the terms “reporting limit,” “quantitation limit,” and “minimum level” to be synonymous (40 CFR 136).
	Representativeness: The degree to which a sample reflects the population from which it is taken; a data quality indicator (USGS, 1998).
	Sample (field): A portion of a population (environmental entity) that is measured and assumed to represent the entire population (USGS, 1998).
	Sample (statistical): A finite part or subset of a statistical population (USEPA, 1992).
	Sensitivity: In general, denotes the rate at which the analytical response (e.g., absorbance, volume, meter reading) varies with the concentration of the parameter being determined. In a specialized sense, it has the same meaning as the detection limit (Ecology, 2004).
	Spiked blank: A specified amount of reagent blank fortified with a known mass of the target analyte(s); usually used to assess the recovery efficiency of the method (USEPA, 2014).
	Spiked sample: A sample prepared by adding a known mass of target analyte(s) to a specified amount of matrix sample for which an independent estimate of target analyte(s) concentration is available. Spiked samples can be used to determine the effect of the matrix on a method’s recovery efficiency (USEPA, 2014).
	Split sample: A discrete sample subdivided into portions, usually duplicates (Kammin, 2010).
	Standard Operating Procedure (SOP): A document which describes in detail a reproducible and repeatable organized activity (Kammin, 2010).
	Surrogate: For environmental chemistry, a surrogate is a substance with properties similar to those of the target analyte(s). Surrogates are unlikely to be native to environmental samples. They are added to environmental samples for quality control purposes, to track extraction efficiency and/or measure analyte recovery. Deuterated organic compounds are examples of surrogates commonly used in organic compound analysis (Kammin, 2010).
	Systematic planning: A step-wise process which develops a clear description of the goals and objectives of a project, and produces decisions on the type, quantity, and quality of data that will be needed to meet those goals and objectives. The DQO process is a specialized type of systematic planning (USEPA, 2006).
	40 CFR 136. Title 40 Code of Federal Regulations, Part 136: Guidelines Establishing Test Procedures for the Analysis of Pollutants. https://www.ecfr.gov/cgi-bin/text-idx?SID=3cf9acace214b7af340ea8f6919a7c39&mc=true&node=pt40.25.136&rgn=div5 (accessed 26 Feb. 2020).
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