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Index for Limited License Application Information

The index below identifies the location in this document of information required by the Oregon Administrative

Rules (OAR) for Artificial Recharge (AR). The index was prepared to assist the Oregon Water Resources
Department (OWRD) and the Oregon Department of Environmental Quality (DEQ) in reviewing Umatilla
County’s Central Area AR Project Limited License application.

OAR Requirement

690-350-0120 (2)
Pre-Application Conference

Location in Document

Section 2 - Project Description

690-350-0120 (3)(a) Section 2 - Project Description

Minimum Perennial Stream Flow or

Instream Water Right

690-350-0120 (3)(b) Not Applicable - Source water does not require a water quality permit

DEQ Water Quality Permit

from DEQ

690-350-0120 (3)(c)
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Section 1 - Introduction

690-350-0120 (3)(d)
Volume of Water Stored and Water
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Section 2 - Project Description
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Section 6 - Project Design
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Financial Capability

Section 2 - Project Description
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Project Description Report

Section 2 - Project Description

Section 7 - AR Monitoring Plan

690-350-0120 (3)(h)
Additional Information

Not Applicable—Not requested at this time

690-350-0120 (4)
Recharge Permit Processing

Not Applicable - Not a required element of an AR LL application

690-350-0120 (5)(a)
Maximum Rate and Volume

Section 2 - Project Description

Section 6 - Project Design
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OAR Requirement Location in Document

690-350-0120 (5)(b) Section 6 - Project Design

Meters Section 7 - AR Monitoring Plan

690-350-0120 (5)(c) Section 7 - AR Monitoring Plan

Recordkeeping

690-350-0120 (5)(d) Not Applicable - Not a required element of an AR LL application

Estimated Data

690-350-0120 (5)(e)(A) Section 7 - AR Monitoring Plan
Monitoring Program

690-350-0120 (5)(e)(B) Section 7 - AR Monitoring Plan
Key Wells and Target Levels

690-350-0120 (5)(f) Section 6 - Project Design
Determination of Stored Recharge Water

690-350-0120 (5)(g) Not Applicable - Not a required element of an AR LL application
Storage Account
690-350-0120 (5)(h) Section 8 - Reporting

Annual Report

690-350-0120 (5)(i) Section 6 - Project Design

Allowable Use of Stored Recharge Water Section 7 - AR Monitoring Plan

690-350-0120 (5)(j) through (5)(m) Not Applicable - Not a required element of an AR LL application
Permit Assignment

Condition Changes

Technical Oversight

Other Conditions

340-040 Section 5 - Groundwater Quality Protection
Conformance with the Oregon

Groundwater Protection Rules Section 7 - AR Monitoring Plan

690-310-0040(1)(a) Attachment A
Application Form
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SECTION 1: Introduction

This document presents supporting information for an Artificial Recharge (AR) Limited License application
that is being submitted by Umatilla County (County) for recharge of the Ordnance Gravel Aquifer at the
former Umatilla Army Depot (Depot) property in Umatilla County, Oregon (Figure 1). The Ordnance Gravel
Aquifer has been designated as a Critical Groundwater Area (CGWA) by the Oregon Water Resources
Department (OWRD), and the area surrounding the project has been designated as a Groundwater
Management Area (GWMA) for nitrate by the Department of Environmental Quality (DEQ). The County’s
project will help to improve the groundwater quantity limitations and groundwater quality impairment in the
Ordnance Gravel Aquifer that the CGWA and GWMA were established to address.

This section is organized as follows:

= Section 1.1: Background

=  Section 1.2: Project Overview

= Section 1.3: Project Objectives

= Section 1.4: Document Objectives

1.1 Background

The Ordnance Gravel Aquifer, denoted by the purple polygon in Figure 1, is an approximately 82 square mile
accumulation of coarse gravels that overlie basalt bedrock. Groundwater development of the Ordnance
Gravel Aquifer began in the 1950s and increased through 1970. In 1972, the state of Oregon designated
the Ordnance Gravel Aquifer as a CGWA due to excessive groundwater level declines [e.g., in irrigation well
MORR 960, water levels declined from about 60 feet below ground surface (bgs) in 1961 to about 90 feet
bgs in 1979] (OWRD, 2023a). Permitted groundwater uses were curtailed and the aquifer was closed to
further appropriation (OWRD, 2018).

In conjunction with the establishment of the CGWA, an artificial recharge project (the “Ordnance Gravel
Aquifer Recharge Project”) was initiated in 1980 to recover and stabilize groundwater levels in the aquifer
(OWRD, 2023b). While the Ordnance Gravel artificial recharge project resulted in some recovery and
stabilization of water levels (OWRD, 2018), groundwater levels in the aquifer continue to be below historic
levels (e.g., in MORR 960, water levels were historically at 60 to 65 feet bgs and are currently at 70 to 75
feet bgs) (OWRD, 2023a). This suggests that the Ordnance Gravel Aquifer still has capacity for recovery of
water levels by implementation of additional artificial recharge projects.

1.2 Project Overview

The Central Area AR Project described in this document will be operated by Umatilla County. Source water for
the County’s delivery to the AR project will be from the Columbia River. The application requests diversion of
Columbia River water for AR at rates up to 45 cubic feet per second (cfs). For reference, the Ordnance Gravel
Aquifer Recharge Project generally operated at average daily rates of between 20 cfs and 56 cfs during
20231, The total maximum volume requested for the Central Area AR Project is 18,000 acre-feet (AF) per
year. Initially, the project will infiltrate 5,000 AF per year and increase the annual recharge volume if the

1 The 10t percentile (56 cfs) and 90t percentile (20 cfs) of measured average daily discharge in 2023 (OWRD, 2023b)
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response of the Ordnance Gravel Aquifer and performance of the recharge basins indicate additional
capacity for recharge.

Recharge is planned to occur at six recharge basins located within the “Recharge Basin Area” shown in
Figure 2. The project has been designed to infiltrate the target volume with two basins offline to facilitate
basin maintenance activities (HDR, 2023).

1.3 Project Objectives

The objective of the County’s Central Area AR Project is to realize the benefits of AR for the Ordnance Gravel
Aquifer. According to OWRD (2003) and OWRD (2021a), benefits of AR include:

= Augment groundwater supply without adverse impacts to threatened and endangered species or
senior water right holders.

= Improve groundwater quality by diluting concentrations of groundwater contaminants. This benefit is
especially important to the County because DEQ has designated the Lower Umatilla Basin, where the
project is located, as a GWMA because of the elevated nitrate concentrations in groundwater. The
County and DEQ have a shared goal of working collaboratively to reduce the nitrate concentrations in
groundwater.

In addition to these benefits of AR, the County would like to create drought and climate resiliency, build
environmental wealth in the region, and contribute to the long-term recovery of the Ordnance Gravel Aquifer.

1.4 Document Objectives

In Oregon, AR projects are regulated under Oregon Administrative Rules (OAR) 690-350, and recharge
activities are authorized by OWRD with a limited license2. This document includes all information required by
the Oregon Administrative Rules to apply for a limited license, including the elements of the Project
Description Report and Hydrogeologic Feasibility Report3. The limited license application form is provided in
Attachment A. This document characterizes the local hydrogeology at the proposed recharge site,
summarizes an evaluation of the feasibility of the County’s Central Area AR Project, and develops required
plans and procedures for implementing the project.

It should be noted that portions of the Depot property to the west of the Central Area AR Project area have
been identified by the U.S. Environmental Protection Agency (EPA) as an operable unit in a superfund site
(see “OU3” in Figure 2). An evaluation of potential impacts of recharge on this operable unit (i.e.,
groundwater contamination associated with former explosives washout lagoons) has been conducted
previously in 2016 (GSI, 2016). The County is currently conducting a more detailed evaluation using a
numerical groundwater model, and plans to submit the results of the evaluation to OWRD, DEQ, and EPA
during fall 2023 in a separate report. The scope of this modeling evaluation was presented by GSI during a
meeting between OWRD, DEQ, EPA, the United States Army Corps of Engineers (USACE), and the Air National
Guard (ANG) on December 13, 2023.

2 Beneficial use of artificially recharged groundwater requires a secondary groundwater permit. See OAR 690-350-0120(1).

3 Requirements for AR applications are set forth in OAR 690-350-0120, OAR 690-310-0040, and OAR 340-040. The required
elements of the Project Description Report are listed in OAR 690-350-0120(3)(g), and the required elements of the
Hydrogeologic Feasibility Report are listed in OAR 690-350-0120(3)(f).
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SECTION 2: Project Description

This section provides a description of the County’s Central Area AR Project, and is organized as follows:

=  Section 2.1: Project Overview

= Section 2.2: Minimum Perennial Stream Flow or Instream Water Right
= Section 2.3: Recharge Site

= Section 2.4: Project Schedule

= Section 2.5: Financial Capability

2.1 Project Overview

The County’s Central Area AR Project proposes to divert Columbia River water during the winter months
when water is available between October 1 and April 14, as determined by the OWRD and the local
Watermaster District 5, and subject to the limitations provided in Division 33 rules and Oregon Department
of Fish and Wildlife (ODFW) minimum flow targets. The application requests diversion of Columbia River
water for AR at rates up to 45 cfs. The total maximum volume requested for the Central Area AR Project is
18,000 AF per year. Initially, the proposed recharge basin area will infiltrate 5,000 AF per year and increase
the annual recharge volume if the response of the Ordnance Gravel Aquifer and performance of the
infiltration basins indicate additional capacity for recharge.

Columbia River water will be diverted at the existing Columbia River Pump Station, which is shared by the
County and other water users (see Figure 2). The water will then be conveyed to the recharge basin area by a
new, 42-inch diameter conveyance pipe, and will be artificially recharged to the Ordnance Gravel Aquifer
(see “Proposed Conveyance Line” and “Recharge Basin Area” in Figure 2). Further information and
discussion of the Columbia River Pump Station (i.e., point of diversion), conveyance piping, and design
specifications for the recharge basins are presented in Section 6.

2.2 Minimum Perennial Stream Flow or Instream Water Right

There is currently no minimum perennial stream flow or instream water right for the protection of aquatic
and fish life established for the source stream (Columbia River). However, the County recognizes that the
proposed use is subject to public interest standards for new appropriations from the Columbia River, and
understands that ODFW typically recommends conditions regarding the use of water from the Columbia
River during October and November.

2.3 Recharge Site

Columbia River water will be infiltrated at the recharge basin area as shown in Figure 2. The recharge basin
area is located in Section 14, Township 4N, Range 27E of the Willamette Meridian, approximately 0.5 miles
west of Interstate 82. Six individual infiltration basins are proposed to be located in this area, and were
designed and sited based on infiltration rates measured at test pits that were excavated in June 2022 and
April 2023, modeling of groundwater mounding under various recharge scenarios, land ownership and
accessibility, and site hydrogeology. The recharge basins are rectangular-shaped and 54,000 square feet
(1.24 acres), for a total area of approximately 7.44 acres.

GSI Water Solutions, Inc. 7



2.4 Project Schedule

An anticipated schedule for project development is provided in Table 1.

Table 1. Anticipated Schedule for Project Development.

Activity Date

Pre-Application Conference February 23, 2023
Submit Limited License Application for AR to OWRD September 9, 2023
Submit Groundwater Modeling Evaluation to OWRD October 31, 2023

AR Limited License Issued by OWRD (12 month turn around time) September 9, 2024
Recharge Basin Design Completed December 31, 2023
Recharge Basin Bidding and Construction January 2024 - September 2024
Year 1 Recharge and Monitoring October 1, 2024 - April 14, 2025
Project Update Letter to OWRD (covers the 2024 WY, 7/19/24 to 9/30/24) February 15, 2025

Year 1 Annual Report (covers the 2025 WY, 10/1/2024 to 9/30/2025) February 15, 2026

NOTES:

WY = water year
OWRD = Oregon Water Resources Department

2.5 Financial Capability

Capital construction and all permitting costs are paid for by a combination of private and public dollars. In
addition to private construction funding the County has received 1.2 million dollars during the 2023
legislative session for recharge testing post construction.

GSI Water Solutions, Inc. 8



SECTION 3: Hydrogeologic Site Characterization

This hydrogeologic site characterization represents a compilation of previous work in the Umatilla Basin
completed by GSI and others, and evaluation of new site-specific data collected in 2022 and 2023. It is
anticipated that data developed during the limited license period will be used to update and supplement the
hydrogeologic information presented in this document as a part of annual report submittals. Ultimately, the
information collected during the limited license period will be used to develop and submit an AR permit
application that meets the requirements of OAR 690-350-120 if the project achieves the intended objectives
of improving water quality and quantity in the Ordnance Gravel Aquifer.

This section is organized as follows:

= Section 3.1: Regional Geology and Hydrogeology
= Section 3.2: Central Area AR Project Geology and Hydrogeology

3.1 Regional Geology and Hydrogeology

The Central Area AR Project area is located in the Umatilla Basin, which is a structural and topographic
depression situated between the Blue Mountains of Oregon and the Columbia Hills of Washington. An in-
depth discussion of the geology and hydrogeology of the Umatilla Basin is provided in Attachment B.

3.2 Central Area AR Project Geology and Hydrogeology

This section summarizes an overview of the geology and hydrogeology of the Central Area AR Project area
based on existing technical reports, well driller logs, data maintained by OWRD, and field work conducted in
2022 and 2023 to evaluate project feasibility. The results of the field work are documented in technical
memoranda that are provided in the following attachments to this document:

= Attachment C: June 2022 Shallow Soil Investigation and Infiltration Testing
= Attachment D: April 2023 Shallow Soil Investigation and Infiltration Testing
= Attachment E: Deep Soil and Groundwater Investigation

The field investigation involved excavating 16 test pits to classify shallow soils and/or measure soil
infiltration rates, advancing three temporary borings to the water table to characterize deep soils, and
constructing three monitoring wells to perform an aquifer test to measure aquifer permeability. In addition,
soil and groundwater quality samples were collected to confirm that the project would meet DEQ’s
groundwater protection rules.

3.2.1 Geology

Geologic Units
The geologic deposits present in the Central Area, from shallowest to deepest, include:

= Unconsolidated Sedimentary Deposits, and
= Basalts of the Columbia River Basalt Group (CRBG)

These units are briefly described in the following sections. A map showing surficial geology in the vicinity of
the study area is provided in Figure 3. Cross sections showing the occurrence and estimated thickness and
depths of geologic units are provided in Figure 4A (cross section A - A’) and Figure 4B (cross section B - B’).

GSI Water Solutions, Inc. 9



Unconsolidated Sedimentary Deposits

The Unconsolidated Sedimentary Deposits overly the basalts and consist of two primary stratigraphic units:
the Catastrophic Flood deposits and the Alkali Canyon Formation. Eolian deposits are also present in the
Central Area (see Figure 3) but are not discussed further because they are a surficial deposit ranging from 2
to 4 feet thick (see Attachment C).

= Catastrophic Flood Deposits: The Catastrophic Flood deposits were deposited in the late Pleistocene
Epoch# and, at the proposed recharge site, consist primarily of unconsolidated, poorly-sorted sand
and gravel. Thickness of the flood deposits is variable, reaching 140 feet thick at the proposed
recharge site based on observations from monitoring well RMW-3 (see Attachment E). The
Catastrophic Flood Deposits are highly permeable (Hogenson 1964).

= Alkali Canyon Formation. The Alkali Canyon Formation is an older sedimentary deposit that underlies
the Catastrophic Flood Deposits and consist of indurated gravels and tuffaceous silts and sands that
were eroded from the Blue Mountains during the Miocene Epoch and the Pliocene Epoch5 (Wozniak,
1995; Farooqui et al., 1981). The Alkali Canyon Formation reaches thicknesses of up to 250 feet but
has been scoured by flood deposits in the project area and is only a few feet thick based on
observations from monitoring well RMW-3 (see Attachment E). The Alkali Canyon Formation is
generally not highly permeable and acts as a confining unit where present (Wozniak, 1995).

The Catastrophic Flood Deposits are equivalent to the Ordnance Gravel Aquifer, which is the target water
bearing zone for recharge. In the project area, the Catastrophic Flood Deposits range from gravels with few
fines (i.e., silt and clay) to gravels with a significant fines content (see Attachment C, Attachment D, and
Attachment E). The gravels do not appear to follow a layer-cake geology. Specifically, the gravels with few
fines occur at different depths or may not be encountered at all, which suggests that they are comprised of
discontinuous gravel lenses nested within the gravels that contain significant amounts of fines. This is
consistent with the fact that, regionally, the Catastrophic Flood Deposits were deposited by about 25
individual flood events.

Vertical saturated hydraulic conductivity in the shallow gravel units measured during infiltration testing
ranged from about 2.0 feet per day to about 450 feet per day, indicating that shallow gravels at the site are
highly permeable. Based on test pit excavations in the recharge basin area, a cemented gravel layer was
observed to occur in the Catastrophic Flood Deposits between 5 and 8 feet bgs. The layer ranged from 0.5 to
1.0 feet thick. Because this layer will likely act as a barrier to infiltrating water, the infiltration basins will be
designed to infiltrate below the cemented gravel layer. Deeper cemented layers were encountered in
temporary borings and monitoring wells. However, the layers exhibited a large range of thicknesses (from a
few inches to a few feet thick) and did not occur at a consistent elevation or depth, suggesting that the
deeper cemented layers are not continuous across the project area. Additional evidence that cemented
gravels are not continuous in the Ordnance Gravel Aquifer includes the ability of residual concentrations of
explosives to migrate downwards from the Explosives Washout Lagoons into the Ordnance Gravel Aquifer.

Based on logging of soil core from temporary borings and monitoring wells, the deeper Catastrophic Flood
Deposits underlying the proposed recharge basin study area have a relatively course grained texture. Grain

4 The Pleistocene Epoch lasted from 2.58 million to 11,700 years ago
5 The Miocene Epoch lasted from about 23 million years ago to 5 million years ago; the Pliocene Epoch lasted from about 5
million years ago to 2.58 million years ago.
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size analysis from soil samples collected in the temporary borings and monitoring wells indicate that the
gravels have few fines, which is consistent with the high permeability of the unit. The unsaturated zone
underlying the recharge basin area ranges from about 55 to 60 feet thick.

Columbia River Basalt Group

The CRBG consists of a thick sequence of more than 300 continental theolitic flood-basalt lava flows. The
CRBG covers more than 63,000 square miles in Washington, Oregon, and Western Idaho, has a total
estimated volume of more than 41,700 cubic miles, and has a maximum thickness of more than 2 miles
near Pasco, Washington (Tolan and others, 1989). The uppermost CRBG unit that underlies the study area is
the Elephant Mountain Member of the Saddle Mountains Basalt Formation. The Elephant Mountain Member
is represented by a single basalt flow underlying the entire Central Area AR Project area and, based on a
geologic log for UMAT 5820, located about 5 miles north of the proposed recharge site, is up to 50 feet thick
in the area (USGS, 1993).

Structural Geology

As shown on Figures 4A and 4B, the study area is characterized by an east-west trending erosional and/or
structural trough. The Catastrophic Flood Deposits are thickest in this trough and become thinner and
unsaturated to the north and south. The trough appears to have eroded into the Elephant Mountain Member
of the CRBG, potentially cutting down into the underly Pomona Member of the CRBG.

3.2.2 Hydrogeology

Hydrogeologic Units

There are two aquifer systems in the Central Area. The uppermost aquifer is present in the Unconsolidated
Sedimentary Deposits that overlie the basalt. This aquifer, called the “alluvial aquifer” in this document, is
comprised of the Catastrophic Flood Deposits and Alkali Canyon Formationé. The alluvial aquifer is
unconfined, meaning that it is in hydraulic communication with the surface. In the CRBG, aquifers occur in
thin zones that comprise the boundaries between individual basalt flows (specifically, the flow top of an
older flow and the flow bottom of a younger flow). These zones, called interflow zones, are typically confined.
Interflow zones are highly productive if they are associated with pillow complexes or rubbly flow tops and
bottoms, but may not be productive if they are associated with paleosols.

Regionally, the water-bearing interflow zones within the CRBG are hydraulically isolated from the alluvial
aquifer and, therefore, comprise separate aquifers. However, the CRBG and alluvial aquifers may be locally
hydraulically connected where sediments abut against the interflow zones. Despite the fact that the alluvial
aquifer abuts against the CRBG in the trough that runs through the Central Area, hydraulic communication
between the alluvial aquifer and CRBG is likely limited because water levels in the alluvial aquifer and CRBG
are significantly different”. The lack of hydraulic communication could be related to the low-permeability

6 The Ordnance Gravel Aquifer corresponds with the Catastrophic Flood Deposits. However, because wells are commonly
completed in both the Catastrophic Flood Deposits and Alkali Canyon Formation, we use the more general term “alluvial
aquifer” to refer to water-bearing sediments above the basalt when describing groundwater elevations, flow directions, etc., in
this document.

7 See UMAT 57531, shown on cross section A-A’. When the well was drilled in 2015, a hydraulic head of 55 feet bgs was
measured in the alluvium, while a hydraulic head of 88 feet bgs was measured in the CRBG. This approximately 30-foot
difference in hydraulic head suggests that the trough depicted in cross section A to A’ does not hydraulically connect the
Alluvium and deeper interflow zones of the CRBG.
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Alkali Canyon Formation, or the basalt interflow zone locally not being permeables. Additional water level
data collected during recharge operations will provide more information about the potential for hydraulic
connection between the CRBG and the alluvial aquifer.

Groundwater Gradient and Flow Directions

Figure 5 shows the locations of water wells and monitoring wells in the vicinity of the Central Area AR Project.
Wells completed in the alluvial aquifer are represented by yellow-fill, and wells completed in the CRBG are
represented by gray fill.

Groundwater elevations in the alluvial aquifer are shown in Figure 6. Groundwater elevation measurements
are from synoptic water level monitoring events conducted by OWRD in February 2016 (OWRD, 2023a) and
USACE in April 2016 (USACE, 2016). As shown in Figure 6, the regional groundwater flow direction during the
spring is towards the northeast, with localized flow reversals related to the Depot’s groundwater pump and
treat system. Based on groundwater elevation measurements in the alluvial aquifer, the hydraulic gradient is
relatively flat (0.0015 ft/ft). The flat gradient is consistent with the high permeability of the alluvial aquifer.

Hydrographs from OWRD observation wells that are completed in the alluvial aquifer are shown in Figure 7.
Water levels fluctuate seasonally by up to about 10 feet. Typically, water levels are lowest from September to
November, and highest from March to June. Interpretation of groundwater flow directions in the Ordnance
Gravel Aquifer is complicated due to seasonably variable stresses, including agricultural water application,
recharge projects, groundwater pumping, and interaction of groundwater with surface water including canal
leakage. Groundwater flow directions in the Ordnance Gravel Aquifer vary seasonally; and have been

inferred to flow principally towards the southwest during the fall and winter and towards the northeast during
the summer. These flow directions are illustrated in Figure 7, which shows five alluvial water supply wells in
the Ordnance Gravel Aquifer with available water level data between July 2019 and July 2022.

= During the fall and early winter months, groundwater elevations in MORR 51990 (located in the
southwest corner of Figure 5) are lower than UMAT 57007 (located in the eastern part of Figure 5).
Therefore, groundwater flows predominantly towards the southwest during this time.

= Conversely, the water levels in MORR 51990 are higher than in UMAT 57007 during the spring and
summer months. Therefore, groundwater flows towards the northeast during these months.

Recharge Sources

The Ordnance Gravel Aquifer is recharged by limited precipitation in combination with the irrigated
agricultural practices in the basin (irrigation return flow and canal leakage) and the Ordnance Gravel Artificial
Recharge project. Natural recharge to the alluvial aquifer system is thought to be minor in comparison to the
other recharge sources.

Hydrogeologic Properties

The Ordnance Gravel Aquifer is highly permeable. In February 2023, the County completed a 48-hour
constant rate pumping test (e.g., aquifer test) in the vicinity of the proposed recharge basin area using
monitoring well RMW-3 (UMAT 59025) as the pumping well and adjacent monitoring well RMW-2 (UMAT
59024) as the observation well. RMW-3 and RMW-2 are separated by 25 feet. The objective of the aquifer

8 According to UMAT 575341, shown on Cross Section A-A’, the basalt interflow zone produces 15 gallons per minute (gpm).
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test was to estimate the hydraulic conductivity of the Ordnance Gravel Aquifer to facilitate estimation of
recharge volumes. The locations of the pumping and observation wells are shown in Figure 2.

Based on the aquifer test, the hydraulic conductivity of the Ordnance Gravel Aquifer was estimated to be
between 5,330 feet/day (ft/day) and 7,020 ft/day, depending on the test analysis method and the well
being analyzed (see Table 2). The resultant hydraulic conductivity is consistent with the high hydraulic
conductivities observed in the Catastrophic Flood Deposits in this region (Wozniak 1995) (i.e., 1,000 ft/day
to 4,000 ft/day). Based on a saturated aquifer thickness of 80 feet (the depth between top of static water
level and the bottom of the well), the transmissivity of the alluvial aquifer was calculated to range between
approximately 3,200,000 gallons per day per foot (gpd/ft) to 4,200,000 gpd/ft.

Table 2. Hydraulic Properties of the Ordnance Gravel Aquifer.
Horizontal Horizontal Hydraulic

Transmissivity : . : Specific Yield
Hydraulic Conductivi Gradient : )
(gpd/ft) v (ft/d) ty (ft/ft) (dimensionless)
RMW-3
Aquifer Test 3,200,000 - 4,200,000 6’785532'?5,8'652/')\/\/_2) 0.0015 0.191
Feb 2023 ’
NOTES:

(1) Specific yield of a “gravel” from Heath (1983)
gpd/ft = gallons per day per foot

ft/d = feet per day

ft/ft = feet per foot
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SECTION 4: Predicted Hydraulic Response of the Ordnance Gravel
Aquifer to Artificial Recharge

This section summarizes an evaluation of the response of the Ordnance Gravel Aquifer to artificial recharge.
This section is organized as follows:

= Section 4.1: Estimates of Maximum Groundwater Mounding and Recharge Volume
= Section 4.2: Potential Impacts to Nearby Groundwater Users

4.1 Estimates of Maximum Groundwater Mounding and Recharge
Volume

During artificial recharge, groundwater mounding occurs in the aquifer beneath the recharge basin. The
groundwater mound stabilizes when the rate of recharge is equivalent to the rate that water moves laterally
away from the recharge basin through the aquifer. The height of the mound depends on the recharge rate,
infiltration basin geometry, aquifer hydraulic conductivity, aquifer saturated thickness, and specific yield of
soils. The height of the water level mound is important to understand because recharge rate is at a
maximum when the groundwater level intersects the recharge basin floor. Therefore, an initial estimate for
the infiltration capacity of an AR project is determined by modeling the height of the groundwater mound
over a range of potential infiltration rates, and confirming that shallow soils are sufficiently permeable to
infiltrate at the infiltration rates.

The groundwater mounding analysis presented herein utilizes the aquifer and vadose zone hydraulic
parameters measured during the subsurface field investigations (summarized in the technical memoranda
in Attachment C, Attachment D, and Attachment E). Predictive mound height simulations were determined by
GeoSystems Analysis, Inc. using MOUNDSOLYV (Hydrosolve, 2023) to estimate groundwater mound growth
and decay beneath the study area. The Zlotnik (2017) analytical solution for groundwater mounding was
used in MOUNDSOLV. The Zlotnik analytical solution considers both horizontal and dipping aquifers that are
assumed to be of infinite areal extent, assumes that the vadose zone and aquifer properties are
homogeneous, and assumes that groundwater flow away from the basin symmetrical (i.e., isotropic). The
analysis does not take into account other potential influences on water levels, such as low permeability
layers, percolation of precipitation, or pumping of wells.

A detailed summary of the groundwater modeling analysis is presented in Attachment F. For the purpose of
this analysis, two potential recharge scenarios were evaluated: (1) 5,000 AF over 120 days of continuous
recharge and (2) 18,000 AF over 120 days of continuous recharge. These rates are assumed to be
achievable based on the saturated hydraulic conductivities of gravels below the cemented gravel layer at the
site, which were measured at 44 feet per day or greater during the April 2023 infiltration testing
(Attachment D).

The initial water level (prior to recharge) is about 60 feet bgs. The maximum predicted groundwater mound
for the 5,000 AF scenario ranged from 3 ft above the initial water level (assuming a hydraulic conductivity of
5,330 ft/day) to 2.5 feet above the initial water level (assuming a hydraulic conductivity of 7,020 ft/day).
The maximum predicted groundwater mound for the 18,000 AF recharge scenario ranged from 11 ft above
the initial water level (assuming a hydraulic conductivity of 5,330 ft/day) to approximately 9 feet above the
initial water level (assuming a hydraulic conductivity of 7,020 ft/day). These results provide an initial
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estimate that 18,000 AF of recharged water can be recharged to the Ordnance Gravel Aquifer. This estimate
may be updated based on observed water level changes during the first year of recharge.

4.2 Potential Impacts to Nearby Groundwater Users

Because the County’s Central Area AR Project area is located on relatively undeveloped Depot property,
there are no anticipated impacts on other groundwater users. The nearest alluvial-supply wells are located
approximately %4- to 1-mile east of the proposed recharge basin study area. We do not anticipate negative
impacts to these wells. Potentially higher water levels caused by mounding around the proposed recharge
basin area may be considered a benefit to nearby groundwater users because it will be indicative of
continued recovery of the Ordnance Gravel Aquifer to pre-groundwater development conditions.
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SECTION 5: Groundwater Quality Protection

Oregon’s groundwater protection rules® require that groundwater be protected from pollution that could

impair existing or potential beneficial uses. Among the potential beneficial uses of groundwater, Oregon
recognizes domestic water supply as the use that requires the highest level of water quality. It should be
noted that this project is anticipated to significantly improve groundwater quality in the Ordnance Gravel
Aquifer because the source water is characterized by significantly lower nitrate concentrations than the

receiving groundwater.

The potential for impairment of the beneficial use of groundwater as drinking water due to artificial recharge
was evaluated based on soil and water quality samples that were collected and analyzed during the
subsurface field investigations. Detailed discussion of the soil and groundwater quality data are provided in
the technical memoranda in Attachment C (shallow soil quality) and Attachment E (deep soil and
groundwater quality). Soil quality data were collected in addition to groundwater quality data to address
concerns related to the project being located on a Superfund Site (i.e., to confirm that contamination does
not extend to the recharge site). This section is organized as follows:

= Section 5.1: Soil Quality Evaluation
= Section 5.2: Source Water and Receiving Water Quality Evaluation

5.1 Soil Quality Evaluation

Because the County’s AR project is located on a property that is designated by the Environmental Protection
Agency as a Superfund site [although the AR project is not located near any of the Operable Units of the
Superfund Site, which indicate areas of contamination (see Figure 2)], soil quality samples were collected to
confirm that soil contamination that would cause Oregon’s groundwater protection rules to be violated is not
present.

In June 2022, soil samples were collected from three of the test pits within the study area at depths ranging
from about 4 to 5 feet below ground surface (bgs). The samples were analyzed for the following soil quality
parameters:

= Multi-residue pesticides by Modified EPA Method 8270D and Modified EPA Method 8321B
= Polychlorinated biphenyls (PCB) Aroclors by EPA Method 8082

= Metals by EPA Method 6020 and EPA Method 7471

= Explosives by EPA Method 8330

= Volatile organic compounds (VOCs) by EPA Method 8260

= Synthetic organic compounds (SVOCs) by EPA Method 8270

= Nitrate and nitrite by EPA Method 9056

9 OAR 340-040
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Because low levels of VOCs and nitrates were detected in the shallow soil samples from test pits, additional
soil samples were collected from temporary borings at 10 feet bgs and 20 feet bgs in February 2023 and
analyzed for VOCs and nitrates.

Based on the soil quality data collected at the proposed recharge site, the AR project does not appear to
impair the beneficial use of groundwater as drinking water; thereby meeting Oregon’s groundwater quality
protection rules. The following bullets provide an overview of the soil quality results in the project area:

= Pesticides, PCBs, Explosives, and Metals. Pesticides, PCBs, and explosives were not detected in soil,
and metals were below background concentrations for soil in the Deschutes-Columbia Plateau
Province (DEQ, 2019). Therefore, there is not a potential for leaching of pesticides, PCBs, explosives,
and metals from soils during infiltration to violate Oregon’s groundwater protection rules.

= VOCs and SVOCs. Low levels of eight VOCs and SVOCs were detected in soil, with detections shown
by the bold text in Table 3.

Table 3. Detected VOCs and SVOCs in Soil.

Regulatory
Standard
1,2,4-Trimethylbenzene 5 , , , <0.20 (10’) <0.22 (10)) <0.21 (10))
(ug/kg) 10,000 <0.059 (5) <0.054 (4’) <0.054 (4') 0.20J (20) 0.22J (20') <0.26 (20')
Acetone 18 J (10) 17 J (10") 5.6 J (10"
2 AT % A& A&
(ug/kg) 3,700 55() 25(4) 20(4) 14 ) (207) 26 (207) 101 (20)
2-butanone (MEK) s , , , <0.91 (10) <1.1(10) <1.1(10)
(ug/kg) 1,200 451(5) 184 @) 19 <0.96 (20') 3.6J)(20")** <1.3(20)
Carbon Disulfide <0.30 (10) <0.33(10) 4.3)(10))
1 ’ ’ ,
(ug/ke) 240 0.53J(5)) 0.29J) (4) 0.26J) (4) 1.7 1 (20')%* <0.30 (20) 4.71(20)
Methylene Chloride s , , , 1.3J(10)** 0.57 J (10') <0.54 (10’)
(ug/kg) 29 0.92J(5) 07414 0.76J(%) 1.2)(20')** 0.76 J (20') <0.65 (20")
4-isopropyltoluene , , , <0.20 (10" <0.22 (10" <0.21 (10"
(ug/kg) NA <0.07(8) 0.33J(#) <0.064 (4) <0.21 (20" <0.20 (20 <0.26 (20
Toluene <0.55 (10 <0.55 (10" <0.54 (10"
2 , , ,
(ug/kg) 460 <0.17.(5) 0.60J (#) <0.15(4) 0.49 J (20')** 0.68 J (20') 0.50 J (20')
Xylenes (total) 5 , , , <0.40 (10) <0.089 (10’) <0.43 (10)
(ug/kg) 23,000 <0.11(5) <0.10 (4) <0.10 (4) 0.31J(20)) 0.49 J (20)) <0.39 (20')
Notes
“_" = no sample collected ug/kg = micrograms per kilogram

“**” indicates that a constituent was detected in the method blank accompanying the sample run, which suggests laboratory
contamination

(1) EPA RSL for residential soil to groundwater

(2) DEQ RBC for leaching for soil to groundwater under the residential scenario

(3) Bromomethane, diethyl phthalate, and naphthalene were detected in soil. However, the detections are not shown in Table 2
because all detections in samples were also detected in the method blank accompanying the sample run, suggesting that the all
detections were due to laboratory contamination.

Note that all detections are either related to laboratory contamination because the contaminant was
detected in the method blank accompanying the sample run (denoted by the “**”) or are extremely
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low (denoted by the “J,” which indicates that the concentration had to be estimated because it is
below the accuracy of the lab equipment (i.e., the method reporting limit) but above the accuracy of
EPA’s analysis method (i.e., the method detection limit). The remaining constituent concentrations
would not impair the beneficial use of groundwater as drinking water because: (1) concentrations
are generally one or more orders of magnitude below their respective regulatory standards for
leaching to groundwater, (2) the concentrations are extremely low and will be diluted to
nondetectable levels during recharge, and (3) the detections of many of the constituents are of fuel-
related compounds that may be related to cross contamination due to vehicle exhaust from the
backhoe or drilling rig during sampling. Therefore, there does not appear to be the potential for
leaching of VOCs and SVOCs from soils during infiltration to violate Oregon’s groundwater protection
rules.

= Nitrate. Nitrate was detected in soil at low concentrations ranging from 0.09 milligrams per kilogram
(mg/kg) to 1.08 mg/kg. These concentrations are not expected to degrade groundwater quality,
which is characterized by elevated nitrate concentrations ranging from 5.75 milligrams per liter
(mg/L) to 12.0 mg/L at the Depot (see discussion of groundwater quality results at RMW-1, RMW-2
and RMW-3 in Section 5.2). Therefore, there does not appear to be the potential for leaching of
nitrate from soils during infiltration to violate Oregon’s groundwater protection rules.

As discussed in the bullets above, there does not appear to be soil contamination at the recharge site that
would result in a violation of Oregon’s groundwater protection rules.

5.2 Source Water and Receiving Water Quality Evaluation

This section summarizes an evaluation of source water quality (Columbia River quality) and receiving water
quality (groundwater quality) in the context of Oregon’s groundwater protection rules. In March 2023, a
source water quality sample was collected from the Columbia River Pump Station to characterize Columbia
River water quality during the period of recharge. Groundwater quality samples were collected from
monitoring wells RMW-1, RMW-2, and 4-166 to characterize background (i.e., pre-recharge) groundwater
quality. Water quality samples were analyzed for geochemical parameters, metals, synthetic organic
compounds, volatile organic compounds, radionuclides, and explosives as shown in Table 4.

5.2.1 Columbia River Source Water

Water quality data for the Columbia River is provided on Table 4. Source water quality data indicate that:

= VOCs, SOCs, and explosives were not detected in source water.

= All detections are naturally-occurring geochemical and inorganic constituents and are below
pollutant limits in the Safe Drinking Water Act (SDWA) (which are used by the groundwater protection
rules to evaluate the significance of a particular contaminant concentration).

5.2.2 Groundwater Quality

Water quality data from monitoring wells RMW-1, RMW-2, and 4-166 are provided in Table 4. Groundwater
quality data indicate that:

= S0Cs and VOCs were not detected in groundwater (note that the herbicide 2,4-DB was detected in all
groundwater samples at a low level, but the detection appears to be caused by laboratory
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Table 4

Source Water (Columbia River) and Receiving Water (Groundwater) Quality

Central Area Artificial Recharge Project - Umatilla County

Source Receiving Water
Water (Groundwater)
Criteria Unit (Columbia River)
Sample Location Columbia River PS RMW-1 RMW-2 4-166
Sampling Date 3/29/2023 4/5/2023 4/6/2023 4/6/2023

Geochemical and Inorganic Constituents
Alkalinity as CaCO; - - mg/L 90.4 (1) 174 (1) 169 (1) 227 (1)
Antimony (Total) 0.006 MCL mg/L 0.000118 (1) 0.000146 (1) 0.000091 (1) 0.000085 (1)
Aluminum (Total) 0.05-0.2 SMCL mg/L 0.0402 (1) 0.0042 (1) 0.0062 (1) 0.0031 J (1)
Arsenic (Total) 0.01 MCL mg/L 0.00138 (1) 0.00678 (1) 0.00483 (1) 0.00326 (1)
Barium (Total) 2 MCL mg/L 0.0301 (1) 0.0337 (1) 0.0333 (1) 0.0511 (1)
Beryllium (Total) 0.004 MCL mg/L 0.00002 U (1) 0.00002 U (1) 0.00002 U (1) 0.00002 U (1)
Cadmium (Total) 0.005 MCL mg/L 0.00001 J (1) 0.00002 U (1) 0.00002 U (1) 0.00002 U (1)
Calcium - - mg/L 27.9 (1) 50.0 (1) 54.2 (1) 82.2 (1)
Carbonate as CaCO, - - mg/L 2.0 U (1) 2.0 U (1) 2.0 U (1) 2.0 U (1)
Chloride 250 SMCL mg/L 6.81 (1) 11.8 (1) 14.2 (1) 23.6 (1)
Chromium (Total) 0.1 MCL mg/L 0.00027 (1) 0.00117 (1) 0.00144 (1) 0.00172 (1)
Copper (Total) 1.3 MCL mg/L 0.0019 (1) 0.00028 (1) 0.00019 J (1) 0.00036 (1)
Cyanide (Total) 0.2 MCL mg/L 0.02 U (1) 0.02 U (1) 0.02 U (1) 0.02 U (1)

MCL,
Fluoride (Total) 2 MML, mg/L 0.17 J (1) 0.30 (1) 0.28 (1) 0.24 (1)

SMCL
Hardness (as CaCO3) 250 - mg/L 103 (1) 189 (1) 198 (1) 297 (1)
Iron (Total) 0.3 SMCL mg/L 0.0582 (1) 0.0059 (1) 0.0025 (1) 0.0138 (1)
Lead (Total) 0.015 MCL mg/L 0.000151 (1) 0.000011 J (1) 0.00002 U (1)) 0.000009 J (1)
Magnesium (Total) - - mg/L 8.1 (1) 15.5 (1) 15.2 (1) 22.4 (1)
Manganese (Total) 0.05 SMCL mg/L 0.00988 (1) 0.0034 (1) 0.00107 (1) 0.0006 (1)
Mercury (Total) 0.002 MCL mg/L 0.0002 U (1) 0.0002 U (1) 0.0002 U (1) 0.00002 J (1)
Total Nitrate-Nitrite 10 MCL mg/L 0.824 (1) 5.75 (1) 6.71 (1) 12.9 (1)
Nickel (Total) - - mg/L 0.00041 (1) 0.00025 (1) 0.00007 J (1) 0.00094 (1)
Potassium - - mg/L 1.91 (1) 4.61 (1) 4.45 (1) 5.45 (1)
Selenium (Total) 0.01 MML mg/L 0.0003 J (1) 0.0006 J (1) 0.0007 J (1) 0.0004 J (1)
Silver (Total) 0.05 MML mg/L 0.00002 U (1) 0.00002 U (1) 0.00002 U (1) 0.00002 U (1)
Sodium - - mg/L 11.6 (1) 234 (1) 22.7 (1) 29.6 (1)
Sulfate 250 SMCL mg/L 20.0 (1) 19.7 (1) 22.6 (1) 344 (1)
Thallium (Total) 0.002 MCL mg/L 0.00003 (1) 0.00002 U (1) 0.00002 U (1)) 0.000021 (1)
Total Dissolved Solids 500 SMCL mg/L 136 (1) 279 (1) 291 (1) 421 (1)
Total Organic Carbon - - mg/L 1.60 (1) 0.5 J (1) 0.46 J (1) 1.10 (1)
Total Suspended Solids - - mg/L 5.0 U (1) 5.0 U (1) 5.0 U (1) 5.0 U (1)
Zinc (Total) 5 SMCL mg/L 0.0028 (1) 0.0005 J (1) 0.002 U (1) 0.002 U (1)

Synthetic Organic Compounds (SOCs)

2,4-D 70 MCL, MML ug/L 0.10 U (1) 0.20 U (1) 0.20 U (1) 0.20 U (1)
2, 4-DB - - ug/L 0.20 U (1) 0.18** J () 0.12** J () 0.15** J ()
2,4,5T - - ug/L 0.10 U (1) 0.20 U (1) 0.20 U (1) 0.20 U (1)
2, 4, 5-TP (Silvex) 10 MCL, MML ug/L 0.10 U (1) 0.20 U (1) 0.20 U (1) 0.20 U (1)
Alachlor (Alanex) 2 MCL ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Aldicarb (temik) - - ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Aldrin - - ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Atrazine 3 MCL ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Benzo(a)Pyrene 0.2 MCL ug/L 0.75 U (1) 10 U (1) 10 U (1) 13 U (1)
BHC-gamma (Lindane) 0.2 MCL, MML ug/L 0.010 U (1) 0.010 U (1) 0.010 U (1) 0.010 U (1)
Carbaryl - - ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Carbofuran 40 MCL ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Chlordane 2 MCL ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Dalapon 200 MCL ug/L 0.28 U (1) 0.40 U (1) 0.40 U (1) 0.40 U (1)
Di(2-ethylhexyl)adipate (adipates) 400 MCL ug/L 0.200 U (3) 0.210 U (3) 0.209 U (3) 0.215 U (3)
Di(2-ethylhexyl)phthalate (phthalates) 6 MCL ug/L 0.75 U (1) 10 U (1) 10 U (1) 13 U (1)
Dicamba - - ug/L 0.10 U (1) 0.20 U (1) 0.20 U (1) 0.20 U (1)
Dichlorprop - - ug/L 0.10 U (1) 0.40 U (1) 0.40 U (1) 0.40 U (1)
Dieldrin - ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Dinoseb 7 MCL ug/L 0.06 U (1) 0.20 U (1) 0.20 U (1) 0.20 U (1)
Endothall 100 MCL ug/L 9.00 U (3) 9.00 U (3) 9.00 U (3) 9.00 U (3)
Endrin 0.2 MCL, MML ug/L 0.010 U (1) 0.010 U (1) 0.010 U (1) 0.010 U (1)
Glyphosate 700 MCL ug/L 10 U (2) 10 U (2) 10 U (2) 10 U (2)
Heptachlor 0.4 MCL ug/L 0.010 U (1) 0.010 U (1) 0.010 U (1) 0.010 U (1)
Heptachlor Epoxide 0.2 MCL ug/L 0.010 U (1) 0.010 U (1) 0.010 U () 0.010 U (1)
Hexachlorobenzene (HCB) 1 MCL ug/L 0.010 U (1) 0.010 U (1) 0.010 U (1) 13 U (1)
Hexachlorocyclopentadiene 50 MCL ug/L 0.75 U (1) 51 U (1) 51 U (1) 64 U (1)
Methoxychlor 40 MCL, MML ug/L 0.025 U (1) 0.010 U (1) 0.010 U (1) 0.010 U (1)
Pentachlorophenol 1 MCL ug/L 10 U (1) 26 U (1) 26 U (1) 32 U (1)
Picloram 500 MCL ug/L 0.080 U (2) 0.086 U (2) 0.086 U (2) 0.086 U (2)
Simazine 4 MCL ug/L 0.060 U (2) 0.060 U (2) 0.060 U (2) 0.060 U (2)
Total Polychlorinated Biphenyls (PCBs) 0.5 MCL ug/L 0.04 U (1) 0.04 U (1) 0.04 U (1) 0.04 U (1)
Toxaphene 3 MCL, MML ug/L 0.60 U (1) 0.60 U (1) 0.60 U (1) 0.60 U (1)

1, 1-Dichloroethylene 7 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
1, 2-Dichloroethane (EDC) 5 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
1, 2-Dichloropropane 5 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
1, 2 ,4-Trichlorobenzene 70 MCL ug/L 2.0 U (1) 2.0 U (1) 2.0 U (1) 2.0 U (1)
1, 1, 1-Trichloroethane 200 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
1, 1, 2-Trichloroethane 5 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)

r=
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Source Receiving Water
Water (Groundwater)
Criteria Unit (Columbia River)
Sample Location Columbia River PS RMW-1 RMW-2 4-166
Sampling Date 3/29/2023 4/5/2023 4/6/2023 4/6/2023

Benzene 5 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Chlorobenzene (monochlorobenzene) 100 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
cis-1,2-Dichloroethylene 70 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Ethylbenzene 700 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Methylene Chloride 0.005 MCL ug/I 2.0 U (1) 2.0 U (1) 2.0 U (1) 2.0 U (1)
Styrene 100 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Tetrachloroethylene (PCE) 5 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Toluene 1000 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Total Xylenes 10000 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
trans-1,2-Dichloroethylene 100 MCL ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Trichloroethylene (TCE) 5 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Vinyl chloride 2 MCL, MML ug/L 0.50 U (1) 0.50 U (1) 0.50 U (1) 0.50 U (1)
Radionuclides
Alpha, Gross 15 MML pCi/L 1.52 U (1) 4.34 (1) 1.79 U (1) 3.51 (1)
Beta, Gross 50 MML pCi/L 1.08 U (1) 4.42 (1) 2.45 U (1) 4.15 (1)
Radium 226, 228 Combined 5 MML pCi/L 0.627 (1) 2.95 (1) 2.00 (1) 4.16 (1)
Uranium 30 MCL ug/L 1.51 (1) 3.01 (1) 2.22 (1) 3.95 (1)
1,3,5-Trinitrobenzene - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
1,3-Dinitrobenzene - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
2,4,6-Trinitrotoluene - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
2,4-Dinitrotoluene - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
HMX - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
Nitrobenzene - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
RDX - - ug/L 0.29 U (1) 0.31 U (1) 0.97 (1) 0.30 U (1)
Tetryl - - ug/L 0.29 U (1) 0.31 U (1) 0.30 U (1) 0.30 U (1)
Notes:
(1) Data from ALS Laboratories
(2) Data from Matrix Laboratories
(3) Data from Anatek Laboratories
MCL = Maximum Contaminant Level SMCL = Secondary Maximum Contaminant Level PS = Pump Station
U = Analyte note detected above the method reporting limit J = Estimated concentration (concentration between detection limit and reporting limit)
mg/L = milligrams per liter ug/L = micrograms per liter pCi/L = picoCuries per liter

** = Constituent also detected in the method blank; therefore, detection is likely due to laboratory contamination
Black Bold indicates constituent was detected
Blue Bold indicates constituent concentration in source water is lower than groundwater (i.e., groundwater quality improvement)

r=
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contamination because 2,4-DB was also detected in the method blank accompanying the sample
run).

= Asingle explosive (RDX) was detected in monitoring well RMW-2 at a concentration of 0.97
micrograms per liter (ug/L), below the remedial level of 2.1 ug/L. This remedial level is used to
delineate the RDX plume for cleanup purposes (USACE, 2016). The AR project will improve the
groundwater quality by diluting this low-level concentration of RDX.

5.2.3 Water Quality Comparison
A comparison of source water quality data and groundwater quality data indicates that:

= The blue-bold constituents in Table 4 have lower concentrations in source water than receiving
water. The County’s Central Area AR Project will improve groundwater quality for these constituents
[nitrate, radionuclides, certain geochemical and inorganic parameters, and various metals (arsenic,
barium, chromium, copper, magnesium, and selenium)]. The reduction in nitrate concentrations is
notable given that the project is located within the DEQ-delineated GWMA for nitrate.

= The constituents in Table 5 have higher concentrations in source water than in receiving water.
Constituent concentrations in source water range from slightly higher (i.e., antimony, cadmium,
thallium) to moderately higher (aluminum, iron, lead, manganese, total organic carbon, and zinc). All
constituents that are higher in source water are naturally-occurring geochemical and inorganic
constituents and are below pollutant limits in the Safe Drinking Water Act (SDWA) (which are used by
the groundwater protection rules to evaluate the significance of a particular contaminant
concentration).

Table 5. Constituents With Source Water Concentrations Exceeding Receiving Water
Concentrations?.

Average Receiving Water

Constituent Surface Water Concentration Concentration
Antimony 0.118 ug/L 0.107 ug/L
Aluminum 40.2 ug/L 4.5 ug/L
Cadmium 0.01J ug/L ND

Iron 58.2 ug/L 7.4 ug/L
Lead 0.151 ug/L 0.010 ug/L

Manganese 9.88 ug/L 1.69 ug/L

Thallium 0.03 ug/L 0.02 ug/L
Total Organic Carbon 1,600 ug/L 687 ug/L
Zinc 2.8 ug/L 0.833 ug/L

NOTES:

(1) Note that bacteriological parameters were not analyzed in source water. We assume that bacteriological parameters
will be higher in source water that receiving water, and the monitoring plan in Section 7 includes analysis of
bacteriological parameters to confirm that Oregon’s groundwater protection rules are met.

ug/L = micrograms per liter

The sampling plan for the project will focus on these pollutants (certain geochemical and inorganic
parameters) to ensure that the project meets Oregon’s groundwater protection rules. Specifically, the

GSI Water Solutions, Inc. 19



County will monitor concentrations of these constituents to determine if they remain below
background at downgradient monitoring wells RMW-1 and RMW-2. If concentrations exceed
background, then the significance of the exceedance will be assessed by comparison to SDWA
standards, and the appropriate action will be taken to address the exceedance.

Currently, background is calculated as the average concentration at monitoring wells RMW-1, RWM-2
and 4-161. Following pre-recharge groundwater quality sampling at these wells prior to Year 1 of
recharge (see the AR monitoring plan in Section 7), background will be re-calculated using the new
data. Background concentrations will be calculated using statistical methods to indicate when an
exceedance of a background concentration at a monitoring well is statistically significant (e.g., upper
tolerance levels).

Overall, the source water quality is good and will improve the quality of native groundwater. It should be
noted that the constituents with source water concentrations that are higher than receiving water
concentrations are naturally-occurring, below limits in the SDWA (based on the groundwater protection rules,
concentrations that exceed SDWA limits may be considered to be “significant”), and will be incorporated in
the AR monitoring plan (Section 7) to confirm that the project meets Oregon’s groundwater protection rules.

GSI Water Solutions, Inc. 20



SECTION 6: Project Design and Operation

This section provides an overview of the recharge basin and conveyance piping designs and project
operation. This section is organized as follows:

= Section 6.1: Recharge Source, Recharge Period, and Recharge Rates/Volumes
= Section 6.2: Recharge Basins
= Section 6.3: Recovery of Recharged Water

6.1 Recharge Source, Recharge Period, and Recharge Rates/Volumes

The County proposes to divert Columbia River water when water is available between October 1 and April 14,
or as determined by OWRD, and subject to interpretations provided in Division 33 rules and ODFW’s
minimum flow targets. The application requests diversion of Columbia River water for AR, up to 45 cfs and
maximum volume of 18,000 AF annually for the Central Area AR Project. It is anticipated that the first year of
recharge will target a recharge volume of 5,000 AF, with the potential to increase the recharge volume
based on aquifer response and infiltration basin performance. The locations of the existing point of
diversion, proposed conveyance piping and proposed recharge basin area are shown on Figure 1 and

Figure 2.

6.2 Recharge Basins

Figure 1 and Figure 2 show the proposed recharge basin area for the County’s Central Area AR Project.
Recharge water will be conveyed from the Columbia River Pump Station to the recharge basin area through
a single 42-inch diameter pipeline. The entire recharge facility is designed to infiltrate up to 45 cfs. The
preliminary design assumptions for the recharge basin area were developed by IRZ Engineering & Consulting
(IRZ) and HDR, Inc. (HDR), the design drawings for which are included in Attachment H.

= Six rectangular-shaped infiltration basins, each with bottom infiltration areas of 54,000 square feet
and a designed receiving capacity of 11.25 cfs infiltration (infiltration rate of 18 feet per day).

= Qperating four of the infiltration basins will provide the 45 cfs design total capacity while two
additional basins are provided for redundancy.

= Maximum side slope of 3 to 1.

= Basins shall be equipped with overflow culverts in the event of high water levels are exceeded.
Overflow piping will be used to prevent basin overtopping and erosion if flow control and level
monitoring and alarm malfunction or are not attended.

Note that the recharge basins are currently based on preliminary engineering designs, and may change as
designs are finalized.

6.3 Recovery of Recharged Water

Per the Oregon Administrative Rules, the availability of stored water for recovery will be based on: (1) a
formula which relies primarily on water levels in wells, metered quantities of recharge, hydrogeologic
conditions, and secondary permit withdrawals, (2) geochemical parameters in groundwater, and/or (3) a
definitive groundwater investigation. Storage water may be credited at up to 85% of water metered to the
place of recharge. Recovery will occur under a secondary permit for use of artificially recharged water.
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SECTION 7: Artificial Recharge Monitoring Plan

This section summarizes a plan for monitoring flows, water levels, and groundwater quality for the County’s
Central Area AR Project. The purpose of the monitoring plan is to collect data that can be used to evaluate
the effect of the project on the Ordnance Gravel Aquifer and apply for a secondary permit for the use of
artificially recharged water. The objectives of the monitoring plan are to: (1) track the volume of water that is
recharged by the project, (2) evaluate impacts of recharge on the aquifer, and (3) confirm that the project
meets the requirements of Oregon’s groundwater protection rules.

This section is organized as follows:

= Section 7.1: Flow Monitoring
= Section 7.2: Groundwater Level Monitoring
= Section 7.3: Water Quality Monitoring

7.1 Flow Monitoring

Flow (both instantaneous rate and total volume) will be metered at the following locations during recharge to
track the volume of water recharged to the Ordnance Gravel Aquifer.

= Source of Recharge. Points of diversion from: (1) the Columbia River Pump Station and (2) Umatilla
River Pump Station. Note that recharge authorized by this limited license shall only be from the
Columbia River Pump Station; however, the monitoring plan for this limited license will also track
flows at the Umatilla River Pump Station for accounting purposes because Umatilla River water may
be used for recharge, under a separate limited license, at the same infiltration basins and using
some shared segments of conveyance piping.

= Place of Recharge. Conveyance pipe prior to discharge at the proposed recharge basin area.

While no loss of recharge water is anticipated between the point of diversion and the place of recharge, this
flow monitoring program can confirm that no water is lost by comparing data from the Columbia River Pump
Station and Entry to the Project Site. Planned detail for the flowmeters is shown in Sheet 001 (Overall Site
Plan) and Sheet 00Y-002 (Instrumentation & Controls Piping & Instrumentation Diagram) of Attachment H.
Table 6 summarizes the frequency and locations for flow monitoring,

Table 6. Flow Monitoring Plan.

Monitoring Location Manual Measurement Frequency Automated Measurement Frequency

Columbia River Pump Station 1 Weekly During Recharge Hourly
Umatilla River Pump Station 1 Weekly During Recharge Hourly
Entry to Project Site 2 Weekly During Recharge Hourly

Notes

(1) See Sheet 00Y-002 in Attachment H
(2) See Sheet 001 in Attachment H for the currently-planned location of the flowmeter at the entry to the project site (labeled
“External GE Panametrics Flowmeter FM-1007)
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Quantities of water pumped under secondary permits will be recorded by the secondary permit holders and
reported to OWRD on an annual basis.

7.2 Groundwater Level Monitoring

Groundwater levels will be monitored at 17 observation wells to evaluate the effectiveness of recharge,
determine the availability of stored recharge water for recovery under secondary permits, evaluate the
potential for hydraulic connection between the basalt aquifer and Ordnance Gravel Aquifer, and evaluate the
volume of water that can be recharged to the Ordnance Gravel Aquifer. We anticipate that this groundwater
level monitoring network will be used to select the key wells and target levels upon which recovery volumes
will be in part based. Table 7 summarizes the frequency and locations for groundwater level monitoring;
monitoring locations are shown in Figure 8.

Table 7. Groundwater Level Monitoring Plan.

Monitoring Location Aquifer Manual Measurement Automated Measurement

Frequency Frequency

County-Owned Wells

RMW-1 Ordnance Gravel Quarterly Hourly
RMW-2 Ordnance Gravel Quarterly Hourly
RMW-3 Ordnance Gravel Quarterly Hourly
USACE Monitoring Wells 1
4-115 Ordnance Gravel Annually Daily
4-116 Ordnance Gravel Annually Daily
4-122 Ordnance Gravel Annually Daily
4-131 Ordnance Gravel Annually Daily
OWRD Monitoring Wells 2
4-166 (U58259) 3 Ordnance Gravel Quarterly (Approximate) Daily
uUs57006 Ordnance Gravel Quarterly (Approximate) Daily
us7007 Ordnance Gravel Quarterly (Approximate) Daily
uUs7115 Ordnance Gravel Quarterly (Approximate) Daily
us7114 Ordnance Gravel Quarterly (Approximate) Daily
U57546 Basalt Quarterly (Approximate) Daily
us857 Basalt Quarterly (Approximate) Daily
M955 Ordnance Gravel Quarterly (Approximate) Daily
M50489 Ordnance Gravel Quarterly (Approximate) Daily
M51990 Ordnance Gravel Quarterly (Approximate) Daily

Notes

(1) USACE downloads data from transducers twice annually and measures groundwater levels

(2) Data are available from OWRD through the OWRD Groundwater Information System
(3) Well is also monitored by the USACE

GSI Water Solutions, Inc.
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Table 8
Water Quality Monitoring Analyte List
Central Area Artificial Recharge Project - Umatilla County

Microorganisms/Microparticulate

General Geochemical and
Groundwater Protection List

Full Suite

Group A

Group B

Geochemical
Bicarbonate as CaCO3

Total Coliforms (including fecal coliform and E. Coli) X X
Coliform Bacteria X X
Turbidity X X

Calcium

Carbonate as CaCO;

Chloride

Cyanide (Total)

Fluoride (Total)

Hardness (as CaCOs)

Magnesium (Total)

Nitrite as N

Nitrate as N

Total Nitrate-Nitrite

Potassium

Silica

Sodium

Sulfate

Total Alkalinity

Total Organic Carbon
Metals

$ (X XXX XXX |X XX | X X |X|X|X X

*

>

XIX[IX X XX X[ X X X | X X X X|X|X | X

Miscellaneous
Total Dissolved Solids (TDS)

Aluminum (Total) X ** X
Antimony (Total) X ** X
Arsenic (Total) X X
Barium (Total) X X
Beryllium (Total) X X
Cadmium (Total) X ** X
Chromium (Total) X X
Copper (Total) X X
Iron (Total) X ** X
Lead (Total) X ** X
Manganese (Total) X ** X
Mercury (Total) X X
Nickel (Total) X ** X
Selenium (Total) X X
Silver (Total) X X
Thallium (Total) X ** X
Zinc (Total) X ** X

>

Total Suspended Solids (TSS)
Synthetic Organic Compounds (SOCs)
2,4-D

>

2, 4, 5-TP (Silvex)

Alachlor (Alanex)

Atrazine

Benzo(a)Pyrene

BHC-gamma (Lindane)

Carbofuran

Chlordane

Dalapon

Di(2-ethylhexyl)adipate (adipates)

Di(2-ethylhexyl)phthalate (phthalates)

Dibromochloropropane (DBCP)

Dinoseb

Diquat

Ethylene Dibromide (EDB)

Endothall

Endrin

Glyphosate

Heptachlor

Heptachlor Epoxide

Hexachlorobenzene (HCB)

Hexachlorocyclopentadiene

Methoxychlor

Pentachlorophenol

g
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Table 8
Water Quality Monitoring Analyte List
Central Area Artificial Recharge Project - Umatilla County

General Geochemical and

Full Suite
Groundwater Protection List

Group A Group B

Picloram X
Simazine

Total Polychlorinated Biphenyls (PCBs)
Toxaphene

Vydate (Oxamyl)

1, 1-Dichloroethylene

1, 2-Dichloroethane (EDC)

1, 2-Dichloropropane

1, 2 ,4-Trichlorobenzene

1, 1, 1-Trichloroethane

1, 1, 2-Trichloroethane

Benzene

Chlorobenzene (monochlorobenzene)
cis-1,2-Dichloroethylene
Dichloromethane

X X | X | X

Ethylbenzene

Styrene
Tetrachloroethylene (PCE)
Toluene

Total Xylenes
trans-1,2-Dichloroethylene
Trichloroethylene (TCE)
Vinyl chloride

Alpha, Gross

Beta, Gross

Radium 226, 228 Combined
Uranium

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

X X | X | X

Notes:
X = Constituent will be monitored
"**" = Concentration of constituent in source water exceeds concentration of constituent in groundwater

r¥
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After the first year of recharge testing and monitoring, additional observation wells may be identified, if
necessary. In addition, observation wells may be removed from the network if data from the wells do not
meet the objectives of groundwater level monitoring.

Note that observation wells will be monitored by several monitoring parties, including the County (County-
Owned Wells), U.S. Army Corps of Engineers (USACE Monitoring Wells), and/or the Oregon Water Resources
Department (OWRD Monitoring Wells). Inclusion of the non-County-owned wells under the monitoring plan in
this limited license is contingent on the future existence of the wells, continued monitoring by the monitoring
parties, and/or data sharing by monitoring the parties.

7.3 Water Quality Monitoring

Source and receiving water quality will be monitored to determine if water quality standards are being met,
evaluate the response of the Ordnance Gravel Aquifer to recharge, and to demonstrate the availability of
stored water for recovery. The water quality monitoring consists of two analyte groups, which are listed in
Table 8:

= Group A includes general geochemical parameters to evaluate aquifer response to recharge and
water availability for recovery, and facilitate frequent evaluation of whether the project meets
Oregon’s groundwater protection rules (denoted by “X**” in Table 8).

= Group B is a comprehensive analytical list to provide confirmation that Oregon’s groundwater
protection rules are being met and includes most contaminants regulated under OAR 340-040 and
OAR 333-061. Disinfection by-products are not included in Group B because source water will not be
chlorinated prior to recharge.

Note that additional water quality analytes may be added to Group A based on Group B analytical results
from baseline water quality monitoring (i.e., if Group B analyte concentrations exceed background). Water
quality monitoring will be conducted at monitoring wells RMW-1, RMW-2, 4-166, and from the pipe where
source water enters the recharge site. The schedule for water quality monitoring during the first year of water
quality monitoring is provided in Table 9.

Table 9. Groundwater Quality Monitoring Plan During Year 1 of Recharge.

T::;:‘i’;:lnf Baseline Monitoring Monthly During Recharge
Source Water Group B Group A Group A Group A
RMW-1 Group A Group A Group A Group A
RMW-2 Group A Group A Group A Group A
4-166 Group A Group A Group A Group A
Notes

(1) Additional wells may be added to the water quality monitoring network based on well owner agreement and the results of
groundwater quality sampling.

GSI Water Solutions, Inc. 24



The analyte list, schedule, and monitored wells during subsequent years’ water quality monitoring may be
changed based on the results of the first year’'s water quality monitoring. Updates will be developed and
submitted to OWRD following evaluation of the first year analytical results.

GSI Water Solutions, Inc.
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SECTION 8: Reporting

An annual report summarizing the first year of artificial recharge will be submitted on February 15 following
each year of AR in accordance with OAR 690-350. The report will present the system design and
modifications, operation, water volumes, estimated storage account volumes, water quality data, and water

level response in the aquifer. The report will present modifications to the monitoring (if any) and operation
schedule for the following year.
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—ATTACHMENT A

Application for a Limited Water Use License




Oregon Water Resources Department

725 Summer Street NE. Suite A A
Salem Oregon 97301-1271
(503) 986-0900
www.wrd.stuate.or.us

lication r
ite ater se ice se

i @

License No.:
nt Information

NAME John Shafer PHONE (M) 4 786203

PHONEIWI) 541.278-6203 L None "X None

ADDRESS 216 SE 4th Street

CITY Pendieton OR"  §7801 E-MAIL® iohn.shafer@umatillacounty.net
t Information

NAME Matt Kohlbecker 971-200-8531 X None

APPRESS 650 NE Holladay Street, Suite 900 B 503-877-8086

“™ Portland gﬁTE zp BMAIL® mkohlbecker@gsiws.com

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

1. SOURCE(S) OF WATER: Columbia River a tributary nf None
2. AMOUNT OF WATER to be diverted;
Maximum and instantaneous rate (cubic feet or gallons per minute) 45 cfs
Total volume (gallons or acre-feet) 90,000 AF  If water is to be used from more than one

source, give the quantity from sach- N4
3. INTENDED USE(S) OF WATER: (check all that apply)
[ Road construction or maintenance

[0 General construction

L] Forestland and rangeland management; or
(X Other: Artificial Recharge

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

Water will be diverted from the Columbia River Pump Station as shown in the attached map,
conveyed to the recharge site through a new, 42-inch diameter pipe, and recharged at six
infiltration basins. See report for additional details.

5. PROJECT SCHEDULE: (List day, month, and year)
Date water use will begin  Date of LL issuance

Date water use will be completed: L insuance
Months of the year water would be diverted and used: Months permitted from LL issuance
If for other than irrigation from stored where will water be discharged after use:
NA
) F-(0-23
z Date
=z O =
Exe) S

Updated: 3/29,2017 - MA 1

/////


mkohlbecker
Rectangle


PLEASE READ CAREFULLY

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

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

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

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

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

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

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

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

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

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

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

REMARKS:

For WRD Use Only

Updated: 3/29/2017 - MA S:\groups\wr\forms 2


http://www.oregon.gov/owrd/pages/pubs/forms.aspx

Application reviewed by Watermaster via email. Application reviewed was attached to Matt Kohlbeckers email
dated 9/20/2023 at 3:31PM. :

This page to be completed by the local Watermaster.

WATER AVAILABILITY STATEMENT

Name of Applicant: ___Umatilia County - . .. Limited License Number:
1. To your knowledge, has the stream or basin that is the source for this application ever been regulated

for prior rights?

X[JYes - [JNo
If yes, please explain: The Columbia River water us is limited under OAR 690 - Division 33 - Above
Bonneyville rules. The applicant has not identified a season in which diversion will take place, Therefore, it
shall be within Division 33 rules unless a shorter season is requested. Allowable diversion dates are
QOctober 1st-April 14th. :

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

X 'Yes [ Ne
For clarity, applicant proposed a quantity of 90K Acre-Feet. This is a total for the 5 year project.

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

‘ X D Yes D No
If yes, what are your observations for the stream?
Staff have not witnessed the Columbia River go dry and believe there is water available.

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

[ Yes JNo Finva
What would you recommend for conditions on a limited license that may be issued approving this
e é’%}é n;?ed metering is required at the Columbia River Pump Station and at the Recharge
facility due to multiple sources of water in pipeline and security of properties involved.
Watermaster will be provided access to instantaneous rate and historical daily totalized
metering data via online portal during entirety of limited license. -
5. Any other recommendations you would like to make?

Annual report due to Watermaster and Groundwater staff. Defer to groundwater
section on monitoring and reporting requirements.

Signature 7%%@, / WM District # _3__ Date: 9404023

Application for Limited Water Use Livense/3 WTR




Oregon Water Resources Department

a S e 725 Summer Street NE, Suite A
o Salem, Oregon 97301-1266
r atio or (503) 986-0900

www.wrd.state.or,us

Applicant: JOII Shafer
First Last
Mailing Address: 216 SE 4th Street
Pendleton OR 97801 Daytime Phone: 541-278-6203
City State Zip

A. Land and Location

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

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

~ Di C d Used

See attacl ed Table ODiverted [ Conveyed [ Use
[ Diverted [ Conveyed [ Used
[ Diverted [ Conveyed [ Used

[ Diverted [ Conveyed [J Used

List all counties and cities where water is to be and/or used or

Umatilla County

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

Source of water: [] Reservoir/Pond [] Ground Water [X] Surface Water (name) Columbia
Estimated quantity of water needed: 45 [X] cubic feet per second  [] gallons per minute [ acre-feet
Intended use of water: Irrigation [] Commercial [] Industrial Domestic for
Municipal ] Quasi-Municipal [] Tnstream Other rge
describe:

An application for a limited water use license is being submitted to the Oregon Water Resources Department
requesting to use water from the Columbia River for artificial groundwater use.

Note to applicant: If the Land Use Information Form cannot be completed while you wait, please have a local government
representative sign the receipt at the bottom of the next page and include it with the application filed with the Water Resources

Department.

See bottom of Page 3. —

Revised 2/8/2010 Land Use Information Form - Page 2 of 3 WR/FS



For Local Government Use Only

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

Please check the appropriate box below and provide the requested information

B3 Land uses to be served by the proposed water uses (including proposed construction) are allowed outright or are not regulated by
your comprehensive plan. Cite applicable ordinance section(s): y 153 .13] .

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

(e "liyse O1f L:nd-U[:c R Nz?ged | Cite Most Significant, Applicable Plan Policies & Land-Use Approval:
.., plan amendments, rezones, conditional-use Ordinance Section References
permits, etc.)
159,938 Uses pe,rmi'lfad with o | O0btained [ Being Pursued
Zoni p n,“j-f Z onian mmjé?/ Zowa, [ Denied [ Not Being Pursued
:; d [J Obtained [ Being Pursued
[ Denied ] Not Being Pursued
3 Obtained [1 Being Pursued
] Denied [0 Not Being Pursued
[ Obtained [ Being Pursued
[ Denied [] Not Being Pursued
[ Obtained [ Being Pursued
[ Denied [ Not Being Pursued

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

Name: M‘[' T Waldher Title: Pirector

Signature: MMMF— Phone: 541-27%- 635 ) Date: 04 [I13]23
Government Entity: __ Uruadilla, Coondy Cdmm-kir Develeprnaut

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

Receipt for Request for Land Use Information

Applicant name:

City or County: Staff contact:

Signature: Phone: Date:

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

WR/FS




UMATILLA COUNTY ZONING PERMIT Permit No.
DEPARTMENT OF LAND USE

216 SE 4™ ST. Pendleton, OR 97801 (] Zoning Permit S100
Phone: 341-278-6252 + Fax 541-278-3480 L] Cade Viofation stoo
[J Dexign Review $350
Email completed applications to: {J Floodplain Dev Permit  $250
[ Replace Dwelling Verily §73
[J Rural Address $50
Website: O Towers (Cell. Met. etc.} $200
EvialL: john.shafer@umatillacounty.gov Home or Cell (541)278-6203
APPLICANT NAME Umatilla County - John Shafer PHONE Work { )
MAILING ADDRESS 216 SE 4th Street, Courthouse Pendieton, OR 97801
STRFLET (VRN STATE yald
PROPERTY OWNER(S) Columbia Development Authority PHONE (541)481-3693
MAILING ADDRESS PO Box 200 Boardman. OR 97818
STREET CITY STATE
Twp NEN  one 27 gEe ACCT g 1I8ESSNIIST )y 4N27;200 & 5N27:900 4.\ 1014 200 & 900
LanD USE zone UDR PARCEL $Q F1/ACRES SITE ADDRESS
REQUIRED (Stream Sethack 100-ft;  FRONT N/Af_ wosoe NA e NA - g AR _ TV N/A i
s the property ina 7 [@No [ Yes. FLOODZONLE ___ 15 a Flood Development Permit required? [ No [] Yes

1i'the permit is for an accessory building focated within the Chow will itbe used?  [J Personal Use  [] Farm Use Not Applicable
- Has an access permit been issued from the County or ODOT? [ No [J Yes [] In Process [ Not Applicable

(placement/removal) — Has the County Assessor’s Office been contacted? [ No [ Yes Not Applicable

PROPOSED USE or 1) Umatilla County Groundwater Recharge YEAR - SIZE 45 cfs
STRUCTURES: o . - o
Brieflv descrive the use 2 Pipeline Project YEAR - SIZE
These conditions apply 10 various uses authorized via a zoning permit. Planning Staff will check thase that apply, any
| pursuant to UCDC 152,013 [ . The dwelling
the mobile home unit shall be inanufactured after January 1, to be replaced MUST be removed, demolished or converted to
1972. and bear the “Insignia of Compliance™ if prior to 1976. an approved nonresidential use within one year of the date of

certification ol occupancy of the new dwelling. A Replacement
Covenant and the Covenant Not to Sue must be recorded.

[J Met Towers. Temporary met towers must be removed within [l
two years from the date of a zoning permit; an extension of The home MUST be removed within 90 days from the date the
one year may be requested prior to the permit expiration. hardship ends. (Contact County Planning as soon as the

hardship ends.)

I hereby certify that the above information is correct and understand that issuance of a permit based on this application will not excuse

mce from complying with effective Ordinances and Resolutions of the County of Umatilla and Statutes of Oregon, despite any errors

on the part of the issuing authority in checking this application. The applicant must notify the Planning Department if theie arte ANY

Lhan"es in the details of this Zoning Permit. This Zoning Permit may be REVOKED if the information provided is found to be false.
(additional signature pages are available upon request)

®

Owner, Title Signature of Property Owner. Title Date
Greg Smith - CDA Executive Director
Printed Name of Property Owner Printed Name of Property Owner
DBATE APPROVED AR APPROVED BY PERMITNO  ZP - 93 - Oblp
'
RELATED: LUD CUP and’or VARIANCE NO
EXTENDED or AMENDED, DATE APPROVED APPROVED BY

This 1s NOT a Buslding or Subsurface Disposal Permit Revision Dare: April 19,2022
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Table A - Umatilla County Land Use

Township

Range

Section

1/41/4 |Tax Lot#

Plan Designation

Water To Be:

Proprosed Land Use:

4N

27E

NENW
SENW
NESW
SESW

200

Depot Refuge

Conveyed

Artificial groundwater recharge

4N

27E

12

NENW
SENW
NESW
SESW

200

Depot Refuge

Conveyed

Artificial groundwater recharge

4N

27E

13

NENW
SENW
SWNW

200

Depot Refuge

Conveyed

Artificial groundwater recharge

4N

27E

14

SENE
SWNE

200

Depot Refuge

Conveyed/Used

Artificial groundwater recharge

5N

27E

13

SWSW

3301

Exclusive Farm Use

Conveyed

Artificial groundwater recharge

SN

27E

13

SWSW

200
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Umatilla Basin Geology and Hydrogeology

1.1 Physiography

The Umatilla Basin is bordered by the Columbia Hills on the north and the Blue Mountains to the
east and south. The Umatilla Basin varies in elevation from 5,000 feet in the upland areas of the
Blue Mountains to approximately 300 feet near the Columbia River.

The Umatilla Basin uplands receive an average of approximately 35 inches of precipitation per year,
while the lowlands and CGWAs receive approximately 8 to 10 inches a year (Wozniak, 1995).
Precipitation falls mostly in the winter months as rain in the lowlands, and as snow and rain in the
upland areas to the south. The regional climate can be described as mild and semi-arid, consisting
of hot, dry summers and cool, moist winters.

The Columbia River and Umatilla River are the primary surface water features in the Umatilla Basin.
The Umatilla River collects surface water runoff and groundwater discharge from springs within the
Umatilla Basin before it flows into the Columbia River. Creeks that are significant tributaries to the
Umatilla River include Birch, Butter Creek, and Cold Springs Canyon. Springs are numerous in the
area and help to maintain summer flow in the Umatilla River and its tributaries. Ephemeral and
intermittent streams drain the hills in the southern portion of the basin. The Umatilla River supports
resurging salmon and lamprey populations as a result of programs to enhance stream water quality
and fish habitat. The Umatilla River (and some associated tributaries) is listed as a water quality
impaired 303 (d) stream for flow modifications, temperature, pH, iron, manganese, and nitrate (DEQ,
2008).

1.2 Umatilla Basin Geology

A relatively limited number of geologic mapping studies have been conducted in the Umatilla Basin
(Wagner, 1949; Hogenson, 1964; Robison, 1971; Shannon and Wilson, Inc., 1972, 1973a, 1973b,
1975; Walker, 1973; Bechtel, Inc., 1973a, 1973b; Farooqui and others, 1981a, 1981b; Swanson
and others, 1981; U.S. ACE, 1982, 1984; State of Oregon, 1987; Miklancic, 1989; Wozniak, 1995).
Recently, Oregon Department of Geology and Mineral Industries (DOGAMI) released an updated,
preliminary geologic map (Madin and Geitgey, 2007). From these studies, a basic stratigraphic
(Figure B.1) and structural geology framework for this area has been developed and is briefly
reviewed in the following sections.

1.2.1 Suprabasalt Sediments

The sediments that overlie the Columbia River Basalt Group (CRBG) in the Umatilla Basin area are
informally called the “suprabasalt sediments.” Depending upon location within the Umatilla Basin,
the suprabasalt sediments can consist of several different mappable stratigraphic units. The Central
Area AR project is being conducted within portions of these suprabasalt sediments. It is anticipated
that these and other shallow artificial recharge sites within suprabasalt sediments may provide
storage for irrigation users and recharge source water for Aquifer Storage and Recovery in the
deeper CRBG units. Additional discussion of the CRBG units with respect to alluvial AR and natural
treatment feasibility was presented in separate reports prepared by GSI (2009) and HDR (2009).



The major suprabasalt sedimentary units that occur within the Umatilla Basin are described in the
following sections.

1.2.1.1 Holocene Eolian Sand

The Holocene eolian sand (Figure B.1) predominantly consists of stratified to massive,
unconsolidated, friable fine sand to silty fine sand (Kennedy/Jenks, 2001; Madin and Geitgey,
2007). These strata are typically felsic to moderately mafic and display little or no induration
(cementation). Colors range from light tan to brown. This unit typically ranges from a few feet thick to
more than 50 feet thick. Based on mineralogy and grain size, these eolian strata are inferred to have
been derived from wind reworking older Cataclysmic Flood deposits, and post-flood Columbia River
floodplain deposits (Kennedy/Jenks, 2001). This unit can overlie all older suprabasalt sediment
units.

1.2.1.2 Holocene to Pleistocene Alluvium

This unit (Figure B.1) consists of sand, gravel, and silt deposited along local perennial (and
intermittent) stream channels and floodplains (e.g., Butter Creek, Willow Creek, and Umatilla River).
These deposits typically are stratified and exhibit little to poor induration. Deposits of this unit often
are found unconformably overlying older suprabasalt sediment units and the CRBG within the
Umatilla Basin.

1.2.1.3 Pleistocene Cataclysmic (Missoula) Flood Deposits

Largely uncemented, typically poorly indurated (loose), well-stratified interbedded silt and sand,
sand, gravelly sand, and pebble to boulder gravel is present within the Umatilla Basin (Wozniak,
1995; Madin and Geitgey, 2007). These strata (Figure B.1) have been interpreted as having been
deposited by the Pleistocene Cataclysmic Floods that were released from glacial Lake Missoula
periodically between approximately 1,000,000 and 13,000 years ago (Bretz and others, 1956;
Baker and Nummedal, 1978; Waitt, 1980, 1985; Baker and Bunker, 1985; Kiver and others, 1989;
McDonald and Busacca, 1989; Baker and others, 1991). It is estimated that the maximum level of
Cataclysmic floodwaters within the Umatilla Basin reached an elevation of 1,000 feet above mean
sea level (Allen and others, 1986; Waitt and others, 1994).

Where present, Pleistocene Cataclysmic Flood deposits range from a few feet thick to more than 100
feet thick, with the thickest deposits being found in the lee of topographic barriers (e.g., Service
Anticline), proximal to the Columbia River, and in local stream valleys (e.g., Butter Creek Valley;
Wozniak, 1995; Madin and Geitgey, 2007). Cataclysmic floodwaters also scoured and removed
much of the older suprabasalt sediment deposits from some areas within the Umatilla Basin and, in
some cases, left the older CRBG exposed.

1.2.1.4 Pleistocene Loess

A sequence of wind-deposited, massive to poorly stratified, light colored, silt and very fine sand
underlies the younger units and commonly is found overlying the older Alkali Canyon Formation in
the upland areas (Figure B.1). These strata, commonly referred to as loess (or Palouse Formation or
“Palouse loess”), typically display evidence of pedogenic alteration (i.e., soil forming processes,
including animal burrow and root casts). In some areas this unit contains air-fall ash, and displays



evidence of multiple, stacked, and superimposed soil horizons reflecting subtle changes in climate
and erosion conditions in the region during the Quaternary. Minor (less than 0.5 inch wide) stringers
of caliche (discussed below) are occasionally observed transecting these strata.

The fine-grained material comprising the Pleistocene loess generally is thought to consist of glacial
“rock flour.” The source of this rock flour is thought to be the Pleistocene Cordilleran and Continental
ice sheets. This rock flour was transported and deposited in the Columbia Plateau region by glacial
melt waters (possibly including Cataclysmic Floods). Following deposition, the rock flour was
reworked (transported) and deposited by wind across much of the region (Rigby and others, 1979;
Baker and others, 1991; Busacca and McDonald, 1994). Air- fall ash found intermittently within the
loess came from volcanic eruptions in the Cascade Range. Caliche, where found in the loess,
suggests semi-arid conditions periodically occurred throughout this area during the Quaternary.
Where they occur, Pleistocene loess deposits are generally less than 50 feet thick (Madin and
Geitgey, 2007).

1.2.1.5 Pliocene-Pleistocene Calcrete (“Caliche”)

The Pliocene-Pleistocene calcrete (commonly referred to as “caliche”) is a pedogenic calcium
carbonate deposit that typically is developed on older suprabasalt sediment units and CRBG. This
calcrete is present throughout much of the Umatilla Basin, except in areas where it has been
removed by Pleistocene Cataclysmic Floods or recent stream erosion. Calcrete in the Umatilla Basin
area usually consists of multiple, thin (less than 1 foot thick), individual layers of discontinuous platy,
hard, cemented calcrete typical of Machette’s (1985) stage IV and V carbonate (Kennedy/Jenks,
2001). Carbonate calcrete coatings on sediments (stage 1), calcrete filaments (stage Il) , and
nodules (stage Ill) of calcrete are also present but are laterally discontinuous. The calcrete layers
and material range in color from white, to light gray, to pinkish white/gray. Typically the individual
calcrete layers are highly fractured with poor to moderate cementation (Kennedy/Jenks, 2001). The
total thickness of caliche is highly variable, ranging from less than 1 foot to more than 15 feet thick.

When present, the Pliocene-Pleistocene calcrete forms a generally easily recognized horizon both in
outcrop and in the subsurface. However given the fact that the Pliocene-Pleistocene calcrete may be
present on different stratigraphic units, it is generally not mapped as a separate unit by most
investigators (e.g., Wozniak, 1995; Madin and Geitgey, 2007).

1.2.1.6 Miocene-Pliocene Alkali Canyon Formation

The Alkali Canyon Formation (Figure B.1) consists of interbedded fluvial (conglomerate, sandstone,
siltstone, and claystone), lacustrine (claystone, siltstone, and diatomite), and minor pyroclastic
(volcanic air-fall tuffs) deposits and represents the oldest suprabasalt sediment unit in the Umatilla
Basin (Hodge, 1938; Piper, 1932; Newcomb, 1966; Farooqui and others, 1981a and 1981b;
Lindsey and other, 1993; Lindsey and Tolan, 1996; Tolan and others, 1996). The fluvial Miocene to
Pliocene-age sediments were deposited in the Umatilla Basin as it subsided, by both local and
regional (i.e., ancestral Snake River) tributaries to the ancestral Columbia River (Lindsey and others,
1993; Lindsey and Tolan, 1996; Tolan and others, 1996) and later (after 6 million years ago) by the
ancestral Columbia River (Fecht and others, 1987). Alkali Canyon sediments can display a wide
range of induration (cementation), from very little to very well indurated (Kennedy/Jenks, 2001). In
outcrop, Alkali Canyon fluvial and lacustrine sediments typically exhibit light brown, light reddish



brown, light tan, or light grayish-tan colors. Because of Pliocene-Pleistocene erosion (e.g.,
Cataclysmic Floods, local stream/river incision), the thickness of the Alkali Canyon Formation is
highly variable, ranging from absent to more than 300 feet thick (Farooqui and others, 1981a, and
1981b; Wozniak, 1995; Madin and Geitgey, 2007).

As noted above, the base of the Alkali Canyon Formation is defined as the top of the CRBG. However,
the CRBG unit upon which these Miocene-Pliocene sediments were deposited is not always the same
CRBG unit. In the Umatilla Basin, both Saddle Mountains and Wanapum flows within the CRBG
terminate as one travels south from the Columbia River onto the flanks of the Blue Mountains. This
means as one moves south from the Columbia River (and the axis of the Umatilla Syncline), the
Alkali Canyon Formation progressively lies atop older CRBG units. Thus the age of the base of the
“Alkali Canyon Formation” can vary from 10.5 Ma, where it overlies the Elephant Mountain Member
of the Saddle Mountains Basalt, to 15.3 Ma where it overlies the Frenchman Springs Member of the
Wanapum Basalt (Figure B.1). The termination of CRBG flows also results in the “merging” of some
Ellensburg Formation members (i.e., Mabton, Selah, and Rattlesnake Ridge sedimentary interbeds
within the CRBG) with the Alkali Canyon Formation.

1.2.2 Columbia River Basalt Group (CRBG)

The oldest exposed unit within the central portion of the Umatilla Basin is the CRBG (Figures B.1
and B.2). Early geologic studies within the Umatilla Basin mapped the CRBG as simply an
undifferentiated unit (Wagner, 1949; Hogenson, 1964; Robison, 1971; Walker, 1973). Subsequent
investigations did differentiate and map individual CRBG units, however most were for small areas
(site-specific) within the Umatilla Basin (Shannon and Wilson, Inc., 1972, 1973a, 1973b, 1975;
Bechtel, Inc., 1973a, 1973b; U.S. ACE, 1982, 1984; Sweet, Edwards & Associates, Inc., 1987;
Bentley, 1989; Miklancic, 1989). The first reconnaissance geologic map of the CRBG units in the
Umatilla Basin area was produced by Swanson and others (1981). Subsequent investigations by the
State of Oregon (1987) and Wozniak (1995) have provided additional refinement and details of the
CRBG unit stratigraphy and distribution within selected portions of the Umatilla Basin. Recently an
updated, preliminary geologic map of the Umatilla Basin (Madin and Geitgey, 2007) was published
by DOGAMI and serves as the primary geologic map for the Umatilla Basin.

The CRBG consists of a thick sequence of more than 300 continental tholeiitic flood-basalt lava
flows (Tolan and others, 1989). The CRBG covers more than 63,000 square miles in Washington,
Oregon, and western Idaho, has a total estimated volume of more than 41,700 cubic miles (Tolan
and others, 1989), and has a maximum thickness of more than 2 miles near Pasco, Washington,
based on data from geophysical surveys and deep hydrocarbon exploration wells (Reidel and others,
1982, 1989a). Each CRBG flow typically represents the product of a single eruptive event (Reidel
and others, 1989b; Reidel and Tolan, 1992; Reidel and others, 1994; Reidel, 1998, 2005). CRBG
flows were erupted during an 11 million year period, from approximately 17 to 6 million years ago
(Tolan and others, 1989; Swanson and others, 1979a).

1.3 Umatilla Basin Structural Geology

The present-day Umatilla Basin lies within the Columbia Basin and the eastern portion of the
Columbia Trans-Arc Lowland. The Columbia Basin and Columbia Trans-Arc Lowland have



experienced considerable regional-scale subsidence (5,000 to 10,000+ feet) since the onset of
CRBG volcanism approximately 17 million years ago (Myers and Price, 1979; Reidel and others,
1982, 1989b; Caggiano and Duncan, 1983; U.S. DOE, 1988; Watters, 1989). In addition to regional
subsidence, this region has been under a general north-south compression/east-west extension
stress regime from the beginning of CRBG time (Davis, 1981; Myers and Price, 1979, 1981; Reidel
and others, 1982, 1989a; Caggiano and Duncan, 1983; U.S. DOE, 1988; Watters, 1989) to the
present-day (U.S. DOE, 1988; Geomatrix, 1988, 1990). This stress regime has led to the formation
of folds and faults in the Columbia Basin. These folds and faults play a role in the thickness and
distribution of the overlying sediments and also the occurrence and direction of groundwater
movement within the sediments.

A map of structural features in the Umatilla Basin is shown on Figure B.3. The Umatilla structural
basin often is described as lying within the Dalles-Umatilla Syncline, which is a major, regional-scale
Yakima Fold Belt feature. However, the actual extent of this structural basin is delineated and
controlled by a number of structural features:

e The northern edge of the Umatilla structural basin is delineated by the east-northeast-
trending Columbia Hills (Yakima Fold Belt anticlinal ridge).

e The southern boundary is less well defined, but lies along the flanks of the Blue Mountains.
West of the Service Anticline (or Service Fold Belt of Madin and Geitgey [2007]), the southern
edge of this structural basin lies in the area between the Willow Creek monocline (Hogenson,
1964; Oberlander and Miller, 1981; Davies-Smith and others, 1988) and the Milk Canyon
Fold Belt of Madin and Geitgey (2007).

e The eastern boundary of the structural basin is not the Service Anticline as stated by
Farooqui and others (1981a,b), but is defined by the area where the Columbia Hills and the
uplands formed by the Horse Heaven Hills/Wallula Fault Zone come together (Newcomb
1969; Oberlander and Miller, 1981; Davies-Smith and others, 1988; Wozniak, 1995).

e The western boundary of the Umatilla structural basin was defined by Farooqui and others
(1981a,b) as the upland area (immediately east of the John Day River) created by uplift along
the northwest-trending Luna Butte-Arlington Shutler Butte fault zone.

The principal structures in the Umatilla Basin are the Dalles-Umatilla Syncline, Willow Creek
Monocline and Service Anticline (Figure B.3). The Service Anticline is a generally north-south-
trending structural zone that has a mapped extent of more than 50 miles and consists of multiple
faults and associated doubly plunging, faulted, anticlinal folds (Kienle, 1980; Swanson and others,
1981; U.S. ACE, 1982, 1984, State of Oregon, 1987; U.S. DOE, 1988; Tolan and Reidel, 1989;
Madin and Geitgey, 2007). This structural feature dies out immediately north of its intersection with
the Columbia Hills (Figure B.3), appearing to merge into a northeast-trending, faulted anticline
(Yakima Fold). To the south, this feature turns to the southwest and becomes part of the Milk
Canyon Fold Belt (Figure B.3) of Madin and Geitgey (2007). The axes of the anticlinal folds
associated with the Service Anticline structural zone are aligned roughly parallel to the overall north-
south-trend of this zone (Kienle, 1980; Swanson and others, 1981). The amount of vertical
structural relief developed on some of the anticlinal folds is estimated to be more than 500 feet. The



Willow Creek Monocline (Shannon and Wilson, 1973; Bela, 1982; Davies-Smith and others, 1988;
Madin and Geitgey, 2007) is a sinuous, southwest-trending structural feature that extends from near
the Service Anticline, west to at least the Arlington-Shutler Butte trend (Figure B.3). The sinuosity in
the trace of the axis of this monocline appears to be the result of a series of right-hand “steps.”
These steps in the trace of the Willow Creek Monocline appear to coincide with the intersection with
several of the major northwest-trending, dextral wrench faults (Figure B.3).



FIGURE B.1

Stratigraphic Chart Showing the Relationship
Between Geologic Units within the Umatilla Basin
Umatilla Basin Aquifer Recharge Project

From Kennedy/Jenks (2001).
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Umatilla Basin Stratigraphic Relationship of Geologic Units

Umatilla Basin Aquifer Recharge Project

P:\Portland\375-Umatilla_Basin_Wtr_Comm\002\Figures




FIGURE B.3

Map of Structural Features
in the Umatilla Basin
Umatilla Basin Aquifer Recharge Project

Modified from Tolan and Reidel (1989) and
Madin and Geitgey (2008)

Approximate Scale
1.1 inches = 10 Miles
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TECHNICAL MEMORANDUM

Phase | Subsurface Characterization Results, Umatilla Army Depot
Artificial Recharge Project, Umatilla County, Oregon

To: Gibb Evans / IRZ Consulting, Inc.
JR Cook / Northeast Oregon Water Association

From: Matt Thomas / GSI Water Solutions, Inc.
Matt Kohlbecker, RG / GSI Water Solutions, Inc.
Jason Keller, RG / GeoSystems Analysis, Inc.

CC: John Shafer / Umatilla County
Curtis Engbretson / Westland Irrigation District
Rupeet Malhotra, PE / Amazon Web Services
Michele Lanigan / U.S. Army Environmental Division
Kelly Toynton / Oregon ARNG
Kristin Addis / U.S. Army
Rebecca Rule / U.S. Army

Attachments: Attachment A. Infiltration Testing Methods and Results Memorandum.
Attachment B. Test Pit Logs.
Attachment C. Test Pit Photolog.
Attachment D. Soil Quality and Physical Parameters.
Attachment E. Laboratory Analytical Reports.

Date: March 13, 2023

This Technical Memorandum (TM), prepared by GSI Water Solutions, Inc. (GSI) and GeoSystems Analysis,
Inc. (GSA), summarizes the first phase of a subsurface characterization at the Umatilla Army Depot in
Umatilla County, Oregon, to evaluate site suitability for artificial recharge (AR). The first phase of the
subsurface characterization consisted of excavating test pits to log soils, conducting infiltration tests, and
collecting soil samples.

1. Introduction

Umatilla County (the County) and Westland Irrigation District (WID) are planning to artificially recharge the
shallow groundwater system at the Umatilla Army Depot (the Depot) in Umatilla County, Oregon, using
infiltration basins. Figure 1 shows the study area encompassing the potential infiltration basins. Source
water for the County’s delivery to the AR project will be from the Columbia River and source water for WID’s
delivery to the AR project will be from the Umatilla River; therefore, recharge will be authorized by two
separate AR limited licenses from the Oregon Water Resources Department (OWRD).

GSI Water Solutions, Inc. 55 SW Yamhill St., Suite 300, Portland, OR, 97204 Www.gsiws.com



Phase | Subsurface Characterization Results, Umatilla Army Depot Artificial Recharge Project, Umatilla County, Oregon

Permitting and design of an AR basin requires characterization of subsurface soils at the recharge site.
Specifically, it is necessary to characterize soil lithology, soil infiltration rates, soil quality, and soil properties.
In June 2022, GSI and its teaming partner GSA conducted the first phase of subsurface soil characterization
(called the “Phase | Subsurface Characterization” in this TM) in general accordance with the Umatilla Army
Depot AR Project Subsurface Characterization Work Plan (the Work Plan) (GSI, 2022). Specifically, GSI and
GSA oversaw excavation of test pits to measure soil infiltration rates, log soils, and collect samples for
analysis of soil quality and soil properties. This TM summarizes the methods (Section 2) and results (Section
3) of the Phase | Subsurface Characterization, and provides conclusions and recommendations based on
the data that were collected (Section 4).

2. Methods

This section describes the methods that were used during the Phase | Subsurface Characterization to: (1)
locate utilities (Subsection 2.1), (2) excavate test pits, log soils, and collect soil samples (Subsection 2.2),
and (3) conduct infiltration tests (Subsection 2.3).

2.1  Utility Locating

A total of 18 potential test pit locations were located and cleared for utilities in the study area by
Geophysical Survey, LLC, on June 14, 2022. No utilities were found near the test pits, although buried metal
debris were found near TP-5 and TP-171. Additionally, two communications lines were found to run east-west
just south of the road bordering the northern edge of the study area (Figure 1).

2.2 Test Pit Excavation, Soil Logging, and Soil Quality Sampling

Test pits were excavated by Columbia River Services, LLC (CRS) using a Case 160 excavator outfitted with a
36-inch bucket. Excavation of nine test pits (TP-1 through TP-9, shown in Figure 1) occurred from June 15
through June 17, 2022. Table 1 shows test pit depths. Each pit was excavated to a depth necessary to
identify the wetting front from the infiltration test, with total depths ranging from about 4 feet below ground
surface (bgs) to 14 feet bgs. GSI continuously logged soils excavated from each pit in general accordance
with the visual-manual method of the Unified Soil Classification System (USCS), and tested soils for
effervescence with 3.0 molar hydrochloric acid where there was potential evidence of cementation.

Table 1 shows the soil samples that were collected from each test pit. Samples were collected from the
approximate depth infiltration tests were conducted (prior to the infiltration test) and were submitted to
Pacific Agricultural Laboratories (PAL) or ALS Laboratories (ALS) for the following analyses:

= Multi-residue pesticides by Modified EPA Method 8270D and Modified EPA Method 8321B
= Volatile organic compounds (VOCs) by EPA Method 8260C

= Synthetic volatile organic compounds (SVOCs) by EPA Method 8270D

= Polychlorinated biphenyl (PCB) Aroclors by EPA Method 8082

= Metals2 by EPA Method 6020 and EPA Method 7471

= Nitrate and nitrite by EPA Method 9056

= Explosives3 by EPA Method 8330

= Particle size by ASTM Method D422M (by sieves and hydrometer)

=  Specific gravity by ASTM Method D854

1 Due to time constraints, only 9 of the 18 test pits were excavated. The figures that accompany this TM only show the test
pits that were excavated (test pits TP-1 through TP-9). Figure 2 of the Work Plan shows locations of all 18 test pits.

2 Antimony, aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, nickel, manganese, mercury,
potassium, selenium, silver, thallium, zinc.

3 2,4,6-trinitrotoluene (TNT); hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX); octohydro-1,3,4,7-tetranitro-1,3,5,7-tetrazocine
(HMX); 2,4,6-trinitrophenyl-n-methylnitramine (tertyl); 2,4-dinitrotoluene (DNT); 1,3,5-trinitrobenzene (2,6-DNT); 1,3-
dinitrobenzene (DNB); nitrobenzene (NB).

GSI Water Solutions, Inc. - 2
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Table 1. Inventory of Collected Soil Samples.
Test Pit Depth Sample

Test Pit . . . : Soil Physical
Depth Collected 1 2
ID p Soil Horizon Soil Quality: Properties?
(feet) (ft bgs)
TP-1 12.0 5.0-5.5 Gravel w/ Fines X X
TP-2 9.4 9.0-94 Clean Gravel - X
TP-3 11.8 8.0-8.3 Gravel w/ Fines - X
TP-4 11.5 4.5-4.6 Gravel w/ Fines - X
TP-5 5.8 3.84.0 Gravel w/ Fines X X
2.1-2.2 Fine Sand - X
TP-6 12.2
9.5-10.0 Gravel w/ Fines - X
TP-7 14.0 6.7-7.0 Clean Gravel - X
1.5-2.0 Fine Sand - X
TP-8 4.1
3.5-4.0 Gravel w/ Fines X X
TP-9 12.0 8.0-8.5 Gravel w/ Fines - X
Notes

“~" = no sample collected

(1) See section 3.1

(2) Multi-residue pesticide analysis, VOCs, SVOCs, PCB Aroclors, metals, nitrate and nitrite, and explosives (see test for details)
(3) Soil physical properties include grain size and specific gravity

2.3 Infiltration Testing

GSA conducted one or more infiltration tests at each test pit. A total of 13 infiltration tests were conducted
and targeted the different soil units that were observed in the test pits. Infiltration tests in sandy soil were
conducted using the single ring infiltrometer method with lateral divergence correction (Bouwer et al., 1999),
while infiltration tests in gravels were conducted using a modified test pit infiltration method with lateral
divergence correction due to the inability to create an adequate seal between the coarse gravel clasts and
the ring infiltrometer. For both methods, the lateral and vertical extent of the wetting front and ponding
height were measured in order to calculate the effective saturated hydraulic conductivity (K) of the soil.
Effective K values provide a good estimate of the potential infiltration rate in the absence of surface clogging
and/or restricting or compacted layers present deeper in the profile (Bouwer et al., 1999; Rice et al., 2014).
A technical memorandum prepared by GSA to document the methods and results of the infiltration testing is
provided in Attachment A.

Following infiltration testing, the test pits were backfilled with excavated soils and compacted by tamping
down the pit with the bucket of the excavator and driving the excavator over the pit.

3. Results

This section presents the results of the subsurface characterization, including the subsurface geology
(Subsection 3.1), measured effective saturated hydraulic conductivity (Subsection 3.2), and soil sampling
results (Subsection 3.3).

GSI Water Solutions, Inc. - 3
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3.1 Subsurface Geology

Shallow subsurface geology within the project area was generally consistent between test pits. Test pit logs
showing soil classifications are provided in Attachment B, and photologs of each test pit are provided in
Attachment C. The following soil units were encountered in the study area, from shallowest to deepest:

= Fine Sand. This unit is comprised primarily of poorly graded fine SAND (SP) to a poorly graded fine
SAND with SILT (SP-SM), ranging from about 2 to 4 feet thick with a median thickness of 2.8 feet.

= Gravel with Fines. This gravel has a relatively high fines content (silt and clay fraction was estimated
in the field at between 5% and 20%). The unit grades from a silty SAND with gravel (SM), to an
interlayered silty GRAVEL (GM) and well graded GRAVEL with sand (GW), to a well graded GRAVEL
(GW) with increasing depth. The total thickness of this unit ranged from about 2 to over 10 feet thick,
and was thinnest in the west part of the study area.

= Clean Gravel. This gravel is characterized by a low fines content (<1%) and is classified as a well
graded GRAVEL (GW) with a matrix of coarse to very coarse sand. The depth to the top of this unit
ranged from about 5 feet bgs to 9 feet bgs, with a median depth of 7.4 feet bgs. Depth to the top of
the Clean Gravel and contours showing the depth to the top of the gravel are provided in Figure 2.
This unit was only found in the western part of the study area, but may be present in the eastern part
of the study area at greater depths than were excavated.

A cross section showing the Fine Sand, Gravel with Fines, and Clean Gravel in the study area is provided in
Figure 3.

3.2 Infiltration Tests

A statistical summary of the effective saturated hydraulic conductivity values measured during the infiltration
testing are shown in Table 2. Note that these effective K rates are raw measurements that do not include a
safety factor to account to clogging over time or uncertainties related to spatial variability in soil properties.

Table 2. Effective Saturated Hydraulic Conductivity (feet per day)
# of

Infiltration Minimum Maximum SEEITEE
Mean
Tests
Fine Sand 5 0.5 3.7 1.6
Gravel with Fines 5 2.3 8.2 4.2
Clean Gravel 3 2.4 449.9 36.9

The geometric mean soil effective K increased with decreasing fines content, ranging from 1.6 ft/day for
Fine Sand to 36.9 ft/day for Clean Gravel. Individual infiltration testing results at each pit for each unit are
shown in Figure 4 as well as in Attachment A.

3.3 Soil Quality and Soil Physical Parameters
Laboratory results are tabulated and presented in Attachment D, and laboratory reports are provided in
Attachment E.

GSI Water Solutions, Inc. - 4
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3.3.1 Soil Quality Results

Because the Depot is a superfund site, soil quality samples were collected from a subset of the test pits to
characterize soil quality. Soil quality samples were collected at 5 feet bgs (TP-1), 3.8 feet bgs (TP-5), and 3.5
feet bgs (TP-8), as shown in Table 1. Soil quality results are presented in Table D.1 of Attachment D.

The soil quality results indicate that infiltration through the surficial soils in the study area is not likely to
violate DEQ’s groundwater protection rules, which require that groundwater is protected to its highest
beneficial use (which is usually drinking water). AR projects are required to meet these rules, which, in
practice, require that infiltration projects do not degrade background groundwater quality at a receptor point
(i.e., a water well).

= PCB Aroclors, explosives, and pesticides were not detected in soil.

= Metals were below background concentrations in soil for the Deschutes-Columbia Plateau
Province (DEQ, 2019).

= Most VOCs and SVOCs were not detected in soils. The following VOCs and SVOCs, which were
detected in soils at very low concentrations, are not anticipated to degrade groundwater quality
because:

0 Detections are the result of laboratory contamination and, therefore, not representative
of native soil conditions:

= Diethyl phthalate. Diethyl phthalate was detected in all soil samples that were
tested at estimated concentrations ranging from 0.014 mg/kg to 0.017 mg/kg
(“J-Flag”). We note that diethyl phthalate was detected in the laboratory method
blank at an estimated concentration of 0.034 mg/kg (“J-Flag”), which indicates a
laboratory source for the detection.

= Acetone. Acetone was detected in all soil samples that were tested at
concentrations ranging from 20 ug/kg to 55 ug/kg. We note that acetone was
detected in the laboratory method blank at an estimated concentration of 6.4
ug/kg (“J-Flag”), which indicates a laboratory source for the detection.

0 The detected pollutants are unlikely to degrade groundwater quality at a receptor (i.e.,
water well) because concentrations are very low (specifically, concentrations are likely to
be diluted and will not be detected at downgradient compliance monitoring points) and
are below regulatory standards for leaching from soil to groundwater (if established). The
bullets below summarize the detected concentrations and regulatory standards for
leaching of the pollutant from soil to groundwater. The regulatory standards include both
EPA Regional Screening Levels (EPA, 2022) and DEQ Risk-Based Concentrations (RBCs)
(DEQ, 2018) because DEQ RBCs have not been developed for most of the detected
pollutants.

= Carbon disulfide. Carbon disulfide was detected in all soil samples that were
tested at estimated concentrations ranging from 0.26 ug/kg to 0.53 ug/kg (“J-
Flag”), which is well below the regulatory standard of 240 ug/kg for leaching from
soil to groundwater4.

= Methylene Chloride. Methylene chloride was detected in all soil samples that
were tested at estimated concentrations ranging from 0.74 ug/kg to 0.92 ug/kg

4 EPA Regional Screening Level for Residential Soil to Groundwater (EPA, 2022).
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(“J-Flag”), which is below the regulatory standard of 2.9 ug/kg for leaching from
soil to groundwater>.

= 4-isopropyltoluene. 4-isopropyltoluene was detected in a single soil sample at an
estimated concentration of 0.33 ug/kg (“J-Flag”). No regulatory standard has
been established for 4-isopropyltoluene.

= 2-Butanone (MEK) and Toluene. MEK was detected in all soil samples that were
tested at estimated concentrations ranging from 1.8 ug/kg to 4.5 ug/kg (“J-Flag”)
(well below the regulatory standard of 1,200 ug/kgef), and toluene was detected
in a single sample at a concentration of 0.60 ug/kg (“J-Flag”) (well below the
regulatory standards of 760 ug/kg” and 84,000 ug/kg8). MEK and Toluene are
found in exhaust from internal combustion engines, and these low
concentrations may be related to cross-contamination from vehicle engines
during the field work. We also note that MEK is common lab contaminant.

= Nitrate was detected at low concentrations of 0.09 mg/kg (estimated, “J-Flag”) to 0.66 mg/kg.
These concentrations are not expected to degrade background groundwater quality, which is
characterized by elevated nitrate concentrations (IRZ, 2021).

3.3.2 Soil Physical Parameters
The sample depths for soil physical parameters are provided in Table 1. Specific gravity of the Fine Sand,
Gravel with Fines, and Clean Gravel is summarized in Table 3.

Table 3. Specific Gravity (dimensionless)

Geology # of Samples Minimum Maximum Gelslr::rtlric
Fine Sand 1 - - 1.84
Gravel with Fines 6 1.66 2.13 1.94
Clean Gravel 3 1.65 2.19 1.95

Results of soil grain size analyses are provided in Table D.2 of Attachment D. For the Fine Sand, USCS visual-
manual classifications on the test pit logs (Attachment B) were updated based on the lab results. For the
gravel units, USCS visual-manual classifications on test pit logs were not updated because the lab results
were not necessarily representative of soil conditions in the field (i.e., because boulder-sized sediment was
not included in the laboratory analyses).

4. Conclusions and Recommendations

GSI and GSA make the following conclusions based on the Phase | Subsurface Investigation:

= No impermeable clay or caliche layers that would limit infiltration were encountered in the shallow
soils (i.e., less than 12 feet bgs) at the test pits excavated within the study area.

= The infiltration test results indicate that the Clean Gravel has the highest effective K (geometric
mean infiltration rate of 36.9 feet per day). However, the Clean Gravel occurs at significant depths

5 EPA Regional Screening Level for Residential Soil to Groundwater (EPA, 2022).
6 EPA Regional Screening Level for Residential Soil to Groundwater (EPA, 2022).
7 EPA Regional Screening Level for Residential Soil to Groundwater (EPA, 2022).
8 DEQ Risk Based Concentration for Leaching from Soil to Groundwater under the Residential Scenario (DEQ, 2018).
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(about nine feet bgs) in some areas, and may not be present in the eastern part of the study area®
(see Figure 2). The Gravel with Fines also has relatively high effective K (geometric mean effective K
of 4.2 feet per day), and may be targeted for infiltration depending on the desired size of the
infiltration basin, limitations on infiltration basin depth, and the target infiltration volume.

= Low concentrations of MEK, toluene, carbon disulfide, methylene chloride, 4-isopropyl toluene, and
nitrate were detected in shallow soil. Infiltration through the surficial soils in the study area is not
likely to violate DEQ’s groundwater protection rules because the concentrations are likely to be
diluted/attenuated and will not be detected at downgradient compliance monitoring points (i.e.,
MEK, toluene, carbon disulfide, methylene chloride, 4-isopropyl toluene) and/or will not degrade
groundwater quality which is already characterized by elevated contaminant concentrations (i.e.,
nitrate).

GSI and GSA make the following recommendations based on the Phase | Subsurface Investigation:

= The effective K rates presented in this TM do not account for uncertainties related to the spatial
variability of soil properties and clogging of the basin over time. We recommend applying a safety
factor to these effective K rates to account for these uncertainties.

= [Infiltration basin designs based on the results of the Phase | Subsurface Investigation, which focused
on shallow soils (less than 12 feet bgs) should be considered preliminary because we have not yet
evaluated the potential for less permeable soil horizons deeper in the soil profile. In addition, we
have not yet evaluated the aquifer potential to dissipate the groundwater mound that will occur
during recharge, which depends on aquifer properties. The deep soils were evaluated as part of the
Phase Il Subsurface Investigation, which is anticipated to be finished in February 2023.

= We recommend that the project team consider basin designs that include a single recharge basin as
well as multiple recharge basins. Use of multiple basins provides benefits including being able to
continue recharge while conducting maintenance activities (e.g., clogging layer removal) and cycling
of recharge between basins should groundwater or perched water mounding beneath a basin reduce
infiltration rates.

= The Work Plan (GSI, 2022) originally proposed two temporary soil borings to characterize deep soils.
In order to better characterize the extent of the Clean Gravel, which was not encountered in the test
pits in the eastern half of the study area, we recommend increasing the number of temporary soil
borings from two to three. Soil borings should be advanced along an east-west transect through the
center of the study area (i.e., through TP-4, TP-5 and TP-6), with an approximately even spacing.

= Recall that soil quality samples were collected at depths shallower than 5 feet bgs. We recommend
collecting additional soil quality samples to further characterize concentrations of the detected VOCs
and SVOCs (specifically, MEK, toluene, carbon disulfide, methylene chloride, and 4-isopropyl
toluene), and nitrate with depth. Specifically, we recommend collecting soil samples at each of the
temporary borings B-1, B-2 and B-3 at depths of 10 feet bgs and 20 feet bgs (two samples at each
boring for a total of six samples).

9 The Clean Gravel was encountered at about 9 feet bgs in test pits TP-1 and TP-2, and was not encountered in test pits TP-5
and TP-8 (excavated to about 6 and 4 feet bgs, respectively) and TP-3, TP-6 and TP-9 (excavated to about 12 feet bgs).
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MEMORANDUM
June 27, 2022
TO: Matt Kohlbecker, RG, GSI Water Solutions, Inc.
FROM: Jason Keller, GeoSystems Analysis, Inc.
CC: Matt Thomas, GSI Water Solutions, Inc.

Scott Waibel, GeoSystems Analysis, Inc.

RE: Umatilla Army Depot Artificial Recharge Project Infiltration Testing

1.0 INTRODUCTION

GeoSystems Analysis Inc. (GSA) was contracted to conduct an infiltration assessment to support
test pit characterization performed by GSI Water Solutions, Inc (GSI) at a proposed artificial
groundwater recharge site at the Umatilla Army Depot in Umatilla County, OR. This technical
memorandum presents the results of cylinder infiltrometer (CI) testing and test pit infiltration
testing to measure the field effective saturated hydraulic conductivity (K) of predominant
materials identified by test pit soil logging performed by GSI.

20 METHODS

The single-ring CI method with lateral divergence correction (Bouwer et al., 1999) provides an
intermediate-scale measurement of the effective K in the tested material. Effective K values
provide a good estimate of the potential infiltration rate in the absence of surface clogging and/or
restricting or compacted layers present deeper in the profile (Bouwer et al., 1999, Rice et al.,
2014). The CI method employs a cylinder measuring 20 inches in diameter and 12 inches in
length which provides a more accurate in-situ measurement of the effective K of the soil than
smaller-scale laboratory measurements (Figure 1).

Infiltration tests in gravel soils were conducted using a modified test pit infiltration with lateral
divergence method (Figure 2) due to the inability to create an adequate seal between the coarse
gravel clasts and the ring infiltrometer. Test pit infiltration tests are similar to the CI method

3393 North Dodge Blvd. phone: 520-628-9330

Tucson, Arizona 85716 fax: 520-628-1122
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except that water is added to an open test pit as opposed to a CI ring. The modified test pit
infiltration method may overestimate effective K due to flow through the sidewall of the pit,
however, final infiltration measurements were made with pit water heights of approximately 8
inches or less, resulting in flow being predominately vertical flow through the bottom of the test
pit and reducing the potential error introduced by sidewall flow. Standard Operating Procedure
(SOP) for the CI test method is provided in Appendix A. Modifications to the CI test calculations
for the test pit infiltration tests are provided in Appendix B.

Based on GSI’s geologic logging results, locations were selected for infiltration testing to measure
the effective K of the range of materials encountered from 1.5 ft to 10 ft below ground surface
(bgs). A total of 14 infiltration tests were conducted at the test pit locations in Figure 3.

Figure 1. Example CI measurement (TP-6 at 2.1 ft bgs)

GeoSystems Analysis, Inc. 2
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Figure 2. Example modified test pit infiltration measurement (TP-1 at 5.3 ft bgs)

Figure 3. Test pit and infiltration test locations

GeoSystems Analysis, Inc.
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3.0 RESULTS

Table 1 presents the results for the infiltration testing. Five tests were completed in the Fine Sand
material, five tests in the Gravel with Fines material, and three tests in the Clean Gravel material.
A sixth test performed in the Gravel with Fines material (TP-8 at 3.5 ft bgs) was not successful

because of test pit wall cave in.

Effective K values generally increased with decreasing fines. Effective K values in the Fine Sand
material ranged from 0.5 to 3.7 ft/day with a geometric mean effective K of 1.6 ft/day. Effective
K values in the Gravel with Fines material ranged from 2.3 to 8.2 ft/day with a geometric mean
effective K of 4.2 ft/day. Effective K values in the Clean Gravel material ranged from 449.9
ft/day to 2.4 ft/day with a geometric mean effective K of 36.9 ft/day.

Table 1. Infiltration test results

Test Depth of . Infiltration
Test Pit Method Infiltration Test Lithology of Tested Rate
Interval®
(feet) (feet) (feet/day)
Cl 1.5 Fine Sand 1.7
TP-1 -
'\ﬂggt'f'sif 53 Gravel with Fines 3.0
TP-2 '\ﬂggt'f'sif 8.9 Clean Gravel 449.9
TP-3 Mrggt'f'sif 8.0 Gravel with Fines 23
TP-4 I\'l/'lggtlf::?i? 46 Clean Gravel 24
Cl 2.0 Fine Sand 1.0
TP-5 —
I\'l/'lggtlf::?i? 58 Gravel with Fines 53
Cl 2.1 Fine Sand 3.7
TP-6 —
I\'l/'lggtlf::?i? 10.0 Gravel with Fines 42
TP-7 'Elﬂ_ggt'f:aei? 6.7 Clean Gravel 46.8
Cl 2.0 Fine Sand 0.5
TP-8 —
Modified 35 Gravel with Fines Wall Cave
Test Pit In
Cl 1.7 Fine Sand 3.1
TP-9 —
Mrggt'f';if 9.7 Gravel with Fines 8.2

a — From GSI test pit logs

GeoSystems Analysis, Inc.
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4.0 CONCLUSIONS

The infiltration test results indicate that the Clean Gravel has the highest infiltration rates
(geometric mean infiltration rate of 36.9 feet per day), followed by the Gravel with Fines (4.2
ft/day) and Fine Sand (1.6 ft/day). The effective K rates presented do not account for surface
clogging and/or restricting or compacted layers present deeper in the profile.
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Standard Operating Procedure 4.4 - Single Ring Infiltrometer with Lateral Divergence Correction

STANDARD OPERATING PROCEDURE 4.4

Single Ring Infiltrometer with Lateral Divergence Correction

Version 1.0
Prepared by: RR Date: 08/06/2015
Reviewed by: JB Date: 10/09/2020
Approved by: Date:
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1.0 GENERAL STATEMENT

The single-ring cylinder infiltrometer (CI) method is described by Bouwer et al. (1999). The
method is a short-term infiltration test, which provides an in-situ measurement of the

effective saturated hydraulic conductivity (K) of soil material.

2.0 OBJECTIVE

The CI is driven into the material to be tested and then filled with water to the top of the ring.
The decline of water in the ring is then monitored (Figure 1). After the water falls about 5
cm, the time and exact decrease in water level is recorded and the cylinder is refilled. This
process is continued until about 40 cm of water have infiltrated or four hours have expired.
A shovel is then used to dig outside of the cylinder to determine the distance of lateral
divergence (Figure 1). The depth of the wetting front is also determined by augering in the
center of the wetted surface to dryness or the wetting front, if evident. The final infiltration

rate, wetting depth and divergence are then used to calculate K.

1a 1b

Figure 1. Cylinder infiltrometer testing (1a); measurement of lateral divergence (1b)

GeoSystems Analysis, Inc. 1
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3.0 EQUIPMENT AND/OR INSTRUMENTATION
The following field equipment shall be used to run a CI test:

Cylinder infiltrometer, minimum diameter of 50 cm, depth of 30 cm.
20 to 60-liter water-filled containers to supply water.

Bubble wrap to place inside the ring while filling with water.
Stopwatch or watch.

Thermometer.

Ruler or tape measure.

Sledge hammer or equivalent driver and three foot 2x4’s for driving the CI into the
soil.

Shovel.
Pick or breaking bar.
Hand auger

Knee pads and/or chair (optional).

4.0 PREPARATION

The following procedures shall be used to prepare the site and the equipment for running the

ClI test:

The measuring surface should be relatively level.
Large rocks or stones should be removed from the cylinder perimeter.

The method is not recommended for use on rocky soil that prevents the insertion of
the cylinder.

When measurements are not taken at the ground surface, the site should be leveled
after excavation. Care is to be taken to remove loose, disturbed soil.

The area leveled should be at least one meter larger than the cylinder diameter.

GeoSystems Analysis, Inc. 2
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5.0 PROCEDURES
The following procedures shall be used to run the CI test in the field. Data collected shall be

recorded in Table 1.

Drive the CI approximately 4 to 7 cm into the ground using a sledge hammer or
driver and 2x4’s placed across the CI top.

In cases where the soil is too compacted to drive the CI to the required depth, the soil
may be loosened around the outside perimeter of the cylinder with a pick or breaking
bar and then driven in.

Lightly compact the soil against the inside and outside of the CI ring to minimize
preferential flow at the ring-soil contact.

Place bubble wrap on the soil surface inside the CI ring to prevent soil disturbance
during filling with water.

Fill the CI ring with water to the top, remove bubble wrap and measure water
temperature

Monitor the decline in water level (y). After the water has fallen about 5 cm, record
the elapsed time (4t) and exact decrease in water level (yn) before the CI is refilled.

This process is repeated until about 40 cm of water has infiltrated or four hours have
expired.

When the CI has been filled for the last time, water level measurements should be
taken more frequently to obtain an accurate infiltration rate.

At the conclusion of the test, a shovel is used to dig outside of the cylinder to
determine the distance (X) of lateral divergence. In moist soils where the lateral
wetting cannot be determined by change of color, the lateral wetting can be

determined with a portable moisture probe.

After removing the cylinder, determine the depth of wetting (L) by augering to
dryness or the wetting front, when possible.

6.0 SAMPLE CONTAINERS, PRESERVATION, AND TRANSMITTAL

Not applicable.

GeoSystems Analysis, Inc. 3
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Standard Operating Procedure 4.4 - Single Ring Infiltrometer with Lateral Divergence Correction

7.0 EQUIPMENT DECONTAMINATION AND DISPOSAL
Not applicable.

8.0 DOCUMENTATION

In order to calculate K, the downward flow rate, iw, must first be corrected for the effect of
lateral divergence, based on the radius of the observed wetting front:

.2
DW= ﬁér”%x)
Where,

in = infiltration rate during the last water drop (yn/4tn),
r = radius of the CI ring,

X = lateral divergence from the ring, and

Atn = elapsed time during last water drop

When the depth of the wetting front at the end of the test, L, is difficult to measure, such as in
soil that is already moist, it can be calculated from the cumulative infiltration (yt) as follows:

Yy

S e

Where, n is the estimated fillable porosity of the soil, based on the field description of soil
texture and initial moisture content. When the depth of the wetting front was directly

measured in the field, Equation 2 may be used to estimate fillable porosity.

Applying Darcy’s equation to the downward flow iw (Equation 1) and assuming vertical flow
in the wetted zone yields:

Z+L-hye
L

3) iw=K
where:

K = effective saturated hydraulic conductivity of the wetted zone,

z = average depth of water in the cylinder during the last water drop yn,

hwe = water entry value of the soil (estimate of soil suction, from Bouwer et al., 1999).

Soil texture estimates made in the field (Table 1) are used to assign the water entry value for
each sample.

GeoSystems Analysis, Inc. 4
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Standard Operating Procedure 4.4 - Single Ring Infiltrometer with Lateral Divergence Correction

Equation 3 is rearranged to solve for K:
i, L

4 —
) “(z+L-h,)

This calculated K is an estimate of the effective field saturated hydraulic conductivity. The
effective field saturated hydraulic conductivity, may be less than the true hydraulic
conductivity due to air entrapment within the pores. Nonetheless, because of scale effects,
cylinder infiltrometers provide a more accurate estimation of saturated hydraulic conductivity
than smaller-scale laboratory measurements.

Table 1. Water entry values for different soil types

Soil Type Water-entry Value (cm of water)’
Coarse sands -5
Medium sands -10
Fine sands -15
Loamy sands -20
Sandy loams -25
Loams -35
Structured clay soils -30

Nonstructured clay soils -100 or less (more negative)

"Water entry values taken from Bouwer, 1999

8.1 Spreadsheet

Enter the data into the Standard Field Form Single Ring Cylinder Infiltrometer spreadsheet
(see below) to calculate the final K value. The data to be entered is highlighted in yellow.
Several tests can be recorded in the same spreadsheet and summarized on the first page.

9.0 QUALITY ASSURANCE

Quality assurance (QA) for running the CI shall be accomplished by following the
procedures contained in this SOP. It is especially important that the sites chosen remain as
‘undisturbed and are as level as possible. In addition, soils with a large percentage of gravel
material, or soils that are loosely compacted increase the probability that the K will not be
representative of the undisturbed soil matrix.

10.0 REFERENCES

Bouwer, H., Back, J.T., Oliver, J.M., 1999. Predicting Infiltration and Ground Water
Mounds for Artificial Recharge, J] Hydro Eng, ASCE, (4) pp. 350-357
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Standard Operating Procedure 4.4 - Single Ring Infiltrometer with Lateral Divergence Correction

Standard Field Form
Single Ring Cylinder Infiltrometer

Project:

Location:

Date: Operators:

Soil Type:

Cover and moisture conditions:

Diameter of cylinder: 50.4 cm Height of ¢ylinder: 30 cm

Depth of penetration:
Time Filled level  Water level  Infiltration  Accumulated

drop infiltration
Filled

Lateral wetting outside cylinder:

Wetting depth:

Water entry value:

Fillable porosity:

Final infiltration rate for large area:

GeoSystems Analysis, Inc. 6
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Test Pit Infiltration Test Lateral Divergence Correction for an Assumed Rectangular
Prism



Test Pit Infiltration Test Lateral Divergence Correction for an Assumed
Rectangular Prism)

In order to calculate K, the downward flow rate, iw, must first be corrected for the effect
of lateral divergence, based on the change in width and length of the observed wetting front in
the rectangular plan view:

. inlw
D w = (1+2x) (W+2x)
where:
i, = infiltration rate during the last water drop (y n/ At )
n

[ = length of rectangular prism plan view face
w = width of rectangular prism plan view face
x = observed lateral divergence distance

At,, = elapsed time during last water drop

When the depth of the wetting front at the end of the test, L, is difficult to measure, such
as in soil that is already moist, it can be calculated from the cumulative infiltration (y;) as
follows:

yelw
- n(l+2x)(w+2x)

2)

where n is the estimated fillable porosity of the soil, based on the field description of soil texture
and initial moisture content. When the depth of the wetting front was directly measured in the
field, Equation 2 may be used to estimate fillable porosity.

Applying Darcy’s equation to the downward flow i,, (Equation 1) and assuming vertical flow in
the wetted zone yields:

3) iW —K (z+L;hwe)

where:

K = effective saturated hydraulic conductivity of the wetted zone

z = average depth of water in the test pit during the last water drop y,,
h,,. = water entry value of the soil

Soil texture estimates made in the field are used to assign the water entry value
for each sample.



Equation 3 is rearranged to solve for K:

iyl
4) K= (z+L-hye)

This calculated K is an estimate of the effective field saturated hydraulic conductivity.
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LOG ID: TP-1

CLIENT/PROJECT:

GROUND SURFACE ELEVATION AND DATUM:

Umatilla Depot 567 feet WGS84
} TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 12 6/15/2022
EXCAVATION CONTRACTOR:| Columbia River Services k/loql%%?n?s: gﬂTg/'Z:g“z'zHED:
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
E_ Soil Description 2 g -
& 3 Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
o Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
(0 - 2.25'): Loose, moist, dark brown, poorly graded
™ SAND (SP), trace gravel (<1-in), poorly graded fine 5 |8 | 10
— sand, fine to coarse gravel subround to round
2i
(2.25-2.5"): Loose, moist, dark brown, silty SAND with | 30 | 40 | 30 ]
gravel (SM), fine sand, well graded fine to coarse
3+ subround to round gravel 70 | 10 | 20
- (2.5-3.8'): Loose, moist, dark brown, silty GRAVEL
(GM), well graded, fine gravels to cobbles (< 6-in)
47 subround to round, larger cobbles near bottom 80 | 15 5
: (3.8-4.62"): Loose, moist, dark brown to dark gray, well
graded GRAVEL with sand (GW), very fine to medium
5] well graded sand, coarse subround to round gravel to 9 | < 5
. cobbles (<,9-in), some boulders (< 15-in) 5.3 |nﬂltriarlrt]logcttzsét.bM?ésstture below
6 (4.62-5.3"): Loose, dry, gray to light brown, well graded 505 g._ CoIIec); Sam‘ e
GRAVEL (GW), very fine to fine sand, well graded - - - TP-1-.061-62.2-05 0-05 5 :t 08:25
a subround to round gravel : : :
7 (5.3-7.2"): NO RECOVERY
| (7.2-8.4"): Loose, moist, light gray to gray, well graded
GRAVEL (GW), medium to coarse poorly graded sand, 90 | 10 | <1
8 well graded subround to round gravel, subround to
il round cobbles (< 12-in)
gi
| (8.4-12.0"): Loose, moist, light gray-light brown, well
10— graded GRAVEL with sand (GW), medium to coarse 85 | 15 | <1
i poorly graded sand, well graded subround to round
gravel, little subround to round cobbles (< 6-in)
11—
12
13—
14—
15—

GSI Water Solutions, Inc. |

Portland, OR | 503.239.8799

Project No. 913.001.002.001 | Page 1 of 1




LOG ID: TP-2

CLIENT/PROJECT: | Umatilla Depot

561 feet WGS84

GROUND SURFACE ELEVATION AND DATUM:

: TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 94 6/16/2022
EXCAVATION CONTRACTOR:| Columbia River Services k/loql%%?n?s: gﬂTg/'Z:g“z'zHED:
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
T_ Soil Description 2 g -
& 3 Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
o Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
I (0 -1.9"): Loose, moist, dark brown, poorly graded
1 SAND (SP), trace subround to round gravel (<1-in), <1 | 95 5
| poorly graded fine sand
2+ (1.9'-2.8"): Loose, dark brown, moist, well graded
] GRAVEL (GW-GM), very fine to fine poorly graded 75 | 15 | 10
5| sand, well graded gravel subround to round
| (2.8-4.92'): Loose, dark brown to gray, moist, well
graded GRAVEL with sand (GW), very fine to coarse 80 | 15 | <5
4— sand, well graded subround to round gravel, some
i cobbles (< 7-in)
5 (4.92'-5.3"): Loose, gray to light brown, dry, well graded 90 | <5 5
- GRAVEL (GW), very fine to fine poorly graded sand,
6 well graded subround to round gravel
| (5.3-8.9'): Loose, dark brown to gray, dry, well graded
[ GRAVEL with sand (GW), very fine to coarse sand, well 80 | 156 | <5
. graded subround to round gravel, some cobbles (< 9-in)
Si
. 8.9'. Infiltration test. Moisture
content below impacted by test.
9 (8.9-9.4"): Loose moist, light gray to gray, well graded 90 | 10 | <1
4 GRAVEL (GW), coarse to very coarse sand, well graded 9.0-9.4": Collect sample
subround to round gravel TP-2-061622-09.0-09.4 at 11:45
10— 9.4": Cave-ins prevent further
i digging
11—
12—
13—
14—
15—
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LOG ID: TP-3

CLIENT/PROJECT: | Umatilla Depot

GROUND SURFACE ELEVATION AND DATUM:
555 feet WGS84

} TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:| OMD Camp Umaitilla 11.8 6/17/2022
] o . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/17/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
Ee . Soil Description . 2 g -
& & Sqn Name,.USCS Qroup Sympol, Color, Mo!sture, 4 P4 = Comments
a Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
1 (0-2.4"): Loose, dark brown, moist, poorly graded SAND
(SP), trace gravel subround to round (< 2-in), very fine <1 | 95 5
] to fine sand
2i
] (2.4-2.92"): Loose, dark brown, moist, well graded 70 | 20 || 10
3 GRAVEL with silt and sand (GW-GM), very fine to fine
poorly graded sand, well graded subround to round
i gravel, trace cobbles (< 5-in) 80 | 15 | <5
4 (2.92-4.3"): Loose, dark brown to grey, dry, well graded
GRAVEL with sand (GW), fine to coarse sand, well
] graded subround to round gravel, some subround to
5 round cobbles (< 5-in), reacts with 3.0 M hydrochloric
acid 90 | <5 | 5
| (4.3-6.2'): Loose to medium dense, dry, gray to light
6— brown, well graded GRAVEL (GW), very fine to fine
i poorly graded sand, well graded subround to round 9 | 10 | <1
gravel, weak cementation, reacts with 3.0 M
7— hydrochloric acid
i (6.2-6.7"): Loose, dry, dark brown to gray, well graded - _
GRAVEL (GW), fine to coarse poorly graded sand, well 8.0" Infiltration test. Moisture
8 graded subround to round gravel, subround to round content below impacted by test.
] cobbles (< 7-in), reacts with 3.0 M hydrochloric acid 8.0-8.3" Collect
(6.7-11.8"): Loose, dry, gray to light brown, well graded TP-3-061722-08.0-08.3 at 09:40
9 GRAVEL (GW), very fine to fine poorly graded sand, 90 | <5 5
i subround to round gravel, little subround to round
10 cobbles (< 8-in), reacts with 3.0 M hydrochloric acid
11—
12—
13—
14—
15—
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LOG ID: TP-4

CLIENT/PROJECT: | Umatilla Depot

GROUND SURFACE ELEVATION AND DATUM:
562 feet WGS84

. : TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:| OMD Camp Umatilla 115 6/16/2022
] o . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/16/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
kg Sl Name, LSS lous Sytbbon ¢ ' 2 25
Be . . . p ympol, Color, Mo!sture, o =4 = Comments
a Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
1 ,
(0-2.83"): Loose, dark brown, moist, poorly graded <1 | o5 5
] SAND (SP), trace subround to round gravel
2i
3— (2.83-3.3"): Loose, dark brown, moist, silty SAND with 30 | 40 | 30
i gravel (SM), poorly graded subound to round gravel (<
2-in), poorly graded fine to very fine sand 75 | 15 1 10
4— (3.3-3.83"): Loose, dark brown, moist, well graded 80 | 15 | <5
| GRAVEL with silt and sand (GW-GM), well graded
| | gravels to little cobbles (< 10-in) subround to round, very [N 90 4 <5 |\ 5 A 4.5-4.6" Collect sample
5 fine to fine poorly graded sand TP-4-061622-04.5-04.6 at 10:55
il (3.83-4.58'): Loose, moist, light brown to gray, well 4.63": Infiltration test. Moisture
graded GRAVEL with sand, very fine to coarse well content below impacted by test
6 graded sand, well graded subround to round gravel, little
i cobbles (< 5-in)
(4.58-4.7"): Loose, gray to light brown, well graded
[ GRAVEL (GW), very fine to fine poorly graded sand,
- well graded subround to round gravel, well graded
subround to round cobbles
8- (4.7-11.5"): Loose, moist, light grey to gray well graded 90 | 10 1
. GRAVEL (GW), coarse to very coarse sand, well graded
9 subround to round gravel, well sorted cobbles, trace
boulders (< 27-in)
10—
11—
12—
13—
14—
15—
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LOG ID: TP-5

GROUND SURFACE ELEVATION AND DATUM:

CLIENT/PROJECT: | Umatilla Depot 557 feet WGS84
: TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 58 6/15/2022
] o . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/15/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
Ee . Soil Description . 2 g -
& & Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
a Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
1i
. (0-3.6"): Loose, dark brown, moist, poorly graded SAND
5] (SP), trace gravel, poorly graded fine sand, coarse 5 90 5 2.0": Infiltration test. Moisture
subangular gravel content below impacted.
Si
4; (3.6-3.8"): Loose, moist, dark brown, silty GRAVEL with . 60 { 20 {20 | :
sand (GM), well graded subround to round gravel 3.8-4.0": Collect sample
- (3.8-5.3'): Loose moist, dark brown, well graded 75 | 24 1 TP-5-061522-03.8-04.0 at 13:00
5| GRAVEL with sand (GW), subround to round gravels,
well graded fine to medium sand
] (5'3{3'8 ) (Ij_oosg mmzt,tdark g(;ay, weIII glr.?t?eg GEAVEL 80 | 20 | <1 5.8": Infiltration test. Moisture
6 with sand, subround to round gravels, little boulders, content below impacted.
poorly graded coarse sand
7i
Si
gi
10—
11—
12—
13—
14—
15—
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LOG ID: TP-6

GROUND SURFACE ELEVATION AND DATUM:

CLIENT/PROJECT: | Umatilla Depot 555 feet WGS84
, TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 12.2 6/17/2022
) . . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/17/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
|
w
Ee . Soil Description . 2 g -
& 3 Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
o Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
O
1i
. (0.0-3.7"): Loose, dark brown, moist, poorly graded
P SAND (SP), trace gra_vel sut?round to round (< 2-in), 151911 74 2 1" Infiltration test
very fine to fine sand 2.1-2.2": Collect sample
i TP-6-061722-02.1-02.2 at 10:45
Si
4— (3.7-5.0"): Loose, dark brown, moist, silty GRAVEL with
i sand (GM), poorly graded very fine to fine sand, well 45 | 40 | 15
graded gravel, little cobbles (< 5-in)
5
Gi
il (5.0-8.8"): Loose, light brown to gray, moist, well graded
GRAVEL with sand (GW), very fine to coarse well 80 | 15 | <5
7 graded sand, well graded subround to round gravel,
i some cobbles (< 6-in), trace fine boulders
Si
gi
10 (8.8-12.2'): Loose, gray to light brown, moist, well 9.5-10.0": Collect sample
graded GRAVEL (GW), fine to medium poorly graded TP-6-061722-09.5-10.0 at 15:30
. sand, well graded subround to round gravel, little 85 | 10 5 10.0": Infiltration test. Moisture
11 subround to round cobbles (< 8-in) , trace boulders (< content beneath impacted.
18-in)
12—
13—
14—
15—
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LOG ID: TP-7

GROUND SURFACE ELEVATION AND DATUM:

CLIENT/PROJECT: | Umatilla Depot 564 feet WGS84
TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 14 ® 6/16/2022
] o . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/16/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
Ee . Soil Description . 2 g -
& & Sqn Name,.USCS Qroup Sympol, Color, Mo!sture, 4 P4 = Comments
a Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
| (0.0-2.2"): Loose, dark brown, moist, poorly graded
1= SAND (SP), trace gravel subround to round (< 2-in), <1 | 95 5
- poorly graded fine sand
2i
| (2.2-2.8"): Loose, dark brown, moist, silty SAND with 30 | 40 | 30
gravel (SM), poorly graded very fine to fine sand, well
3 graded gravel subround to round
il (2.8-3.75"): Loose, dark brown, moist, well graded 75 | 15 1 10
GRAVEL with silt and sand (GW-GM), very fine to fine
4 poorly graded sand, well graded gravels to cobles (<
4 10-in) 80 | 156 | <5
(3.75-5.08"): Loose dark brown to gray, moist, well
5 graded GRAVEL with sand (GW), very fine to coarse
- sand, well graded subround to round gravel, some
cobbles (< 8-in) 90 | <5 5

6 (5.08-6.42'): Loose, gray to light brown, well graded
8 GRAVEL (GW), very fine to fine poorly graded sand,
7 well graded subround to round gravel, well graded
subround to round cobbles, little boulders (< 20-in)
Si
gi

(6.42-14.0"): Loose, moist, light gray to gray, well graded
10— GRAVEL (GW), coarse to very coarse sand, well graded
i subround to round gravel, little well graded subround to
round cobbles, trace boulders (< 30-in)

14

90

10

<1

15—

6.7": Infiltration test. Moisture
content below impacted.

Collect TP-7-061622-06.7-07.0 at
14:00

GSI Water Solutions, Inc. | Portland, OR | 503.239.8799
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LOG ID: TP-8

CLIENT/PROJECT:

G

ROUND SURFACE ELEVATION AND DATUM:

Umatilla Depot 560 feet WGS84
} TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 4.1 6/15/2022
EXCAVATION CONTRACTOR:| Columbia River Services k/loql%%?n?s: gﬁf/;nglsé”m
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
Ee . Soil Description . 2 g -
& & Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
a Relative Density/Consistency, Soil Structure, Mineralogy (& n
xR 3 S
0
™ (0.0-3.0"): Loose, dark brown, moist, poorly graded
. SAND with SILT (SP-SM), trace gravel, poorly graded 8.7 | 78.2|131
o | fine sand, trace roots 1.5-2.0" Collect
TP-8-061522-01.5-02.0 at 09:30
] 2.0": Infiltration test. Moisture
content below impacted.
3 (3.0-3.5'): Loose, moist, dark brown, silty GRAVEL with 60 | 20 || 20 35" |nfiliration test pMoisture
sand (GM), well graded subround to round gravel (< 5-in) " content below impacted
4] (3.5-4.1'): Loose moist, dark brown, well graded 75 | 15 | 10 35.4.0" Collgct :
GRAVEL with silt and sand (GW-GM), well graded TP-8-061522-03.5-04.0 at 09:30
7 subrounded to rounded gravel (< 5-in)
Si
Gi
7i
Si
gi
10—
11—
12—
13—
14—
15—
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LOG ID: TP-9

CLIENT/PROJECT: | Umatilla Depot

GROUND SURFACE ELEVATION AND DATUM:
554 feet WGS84

: TOTAL DEPTH (ft): DATE STARTED:
TEST PIT LOCATION:) OMD Camp Umatilla 12 6/17/2022
] o . LOGGED BY: DATE FINISHED:
EXCAVATION CONTRACTOR:| Columbia River Services M. Thomas 6/17/2022
SAMPLING METHOD: | Grab
EXCAVATION METHOD: | 36-inch bucket
-
w
Ee . Soil Description . 2 g -
& 3 Soil Name, USCS Group Symbol, Color, Moisture, 4 P4 = Comments
o Relative Density/Consistency, Soil Structure, Mineralogy (& n
R 3 R
0
17 .
(0.0-3.2"): Loose, dark brown, moist, poorly graded
) SAND (SP), trace gravel subround to round (< 3-in), <119 | 6 1.7"- Infiltration test
2] poorly graded fine sand
Si
i (3.2-3.9"): Loose, dark brown, moist, silty SAND with 30 | 50 | 20
gravel (SM), poorly graded very fine to fine sand, poorly
4 graded coarse gravel
Si
i Loose, dark brown to gray, moist, well graded GRAVEL
with sand (GW), very fine to coarse well graded sand, 80 | 15 | <5
6— well graded subround to round gravel, some cobbles (<
| 5-in), trace cobbles (< 16-in)
7i
Si
i 8.0-8.5": Collect
9 TP-9-061722-08.0-08.5 at 14:00
| (7.75-12.0"): Loose, gray to light brown, well graded 9.7" Infiltrati .
' . .7": Infiltration test. Moisture
GRAVEL (GW), very fine to fine poorly graded sand, ;
10— well graded subround to round gravel, well graded 90 | <515 content below impacted.
i cobbles (< 9-in)
11—
12
13—
14—
15—
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—ATTACHMENT C

Test Pit Photolog




Test Pit Soil Photologs

Umatilla Army Depot AR Project,
Phase | Subsurface
Characterization




TP-1 0.0-2.25 ft bgs

GSI Water Solutions, Inc.



TP-1 2.25-2.5 ft bgs

GSI Water Solutions, Inc.



TP-1 2.5-3.8 ft bgs

GSI Water Solutions, Inc.



TP-1 3.8-4.6 ft bgs

GSI Water Solutions, Inc.



TP-1 4.6-7.0 ft bgs

* No recovery

GSI Water Solutions, Inc.



TP-1 7.0-8.4 ft bgs

GSI Water Solutions, Inc.



TP-1 8.4-12.0 ft bgs

GSI Water Solutions, Inc.



TP-2 0.0-1.9 ft bgs

GSI Water Solutions, Inc.



TP-2 1.9-2.8 ft bgs

GSI Water Solutions, Inc.



TP-2 2.8-4.9 ft bgs

GSI Water Solutions, Inc.



TP-2 4.9-5.3 ft bgs

GSI Water Solutions, Inc.



TP-2 5.3-8.9 ft bgs

GSI Water Solutions, Inc.



TP-2 8.9-9.4 ft bgs

GSI Water Solutions, Inc.



TP-3 0.0-2.4 ft bgs

GSI Water Solutions, Inc.



TP-3 2.4-2.9 ft bgs

GSI Water Solutions, Inc.



TP-3 2.9-4.3 ft bgs

GSI Water Solutions, Inc.



TP-3 4.3-6.2 ft bgs

GSI Water Solutions, Inc.



TP-3 6.2-6.7 ft bgs

GSI Water Solutions, Inc.



TP-3 6.7-8.0 ft bgs

GSI Water Solutions, Inc.



TP-4 0.0-2.8 ft bgs

GSI Water Solutions, Inc.



TP-4 2.8-3.3 ft bgs

GSI Water Solutions, Inc.



TP-4 3.3-3.8 ft bgs

GSI Water Solutions, Inc.



TP-4 3.8-4.6 ft bgs

GSI Water Solutions, Inc.



TP-4 4.58-4.63 ft bgs

GSI Water Solutions, Inc.



TP-4 4.47-11.5 ft bgs

GSI Water Solutions, Inc.



TP-5 0.0-3.6 ft bgs

GSI Water Solutions, Inc.



TP-5 3.6-3.8 ft bgs

GSI Water Solutions, Inc.



TP-5 3.8-5.3 ft bgs

GSI Water Solutions, Inc.



TP-5 3.8-5.3 ft bgs

GSI Water Solutions, Inc.



TP-6 0.0-3.7 ft bgs

GSI Water Solutions, Inc.



TP-6 3.7-5.0 ft bgs

GSI Water Solutions, Inc.



TP-6 5.0-8.8 ft bgs

GSI Water Solutions, Inc.



TP-6 8.8-12.2 ft bgs

GSI Water Solutions, Inc.



TP-7 0.0-2.2 ft bgs

GSI Water Solutions, Inc.



TP-7 2.2-3.8 ft bgs

GSI Water Solutions, Inc.



TP-7 3.75-5.08 ft bgs

GSI Water Solutions, Inc.



TP-7 5.1-6.4 ft bgs

GSI Water Solutions, Inc.



TP-7 6.42-14.0 ft bgs

GSI Water Solutions, Inc.



TP-8 0.0-2.0 ft bgs

GSI Water Solutions, Inc.



TP-8 3.0-3.5 ft bgs

GSI Water Solutions, Inc.



TP-8 3.5-4.0 ft bgs

GSI Water Solutions, Inc.



TP-9 0.0-3.2 ft bgs

GSI Water Solutions, Inc.



TP-9 3.2-3.9 ft bgs

GSI Water Solutions, Inc.



TP-9 3.9-7.75 ft bgs

GSI Water Solutions, Inc.



TP-9 7.75-12.0 ft bgs

GSI Water Solutions, Inc.



—ATTACHMENT D

Soil Quality and Physical Parameters




Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration

General Chemistry
Nitrate + Nitrite as N | - | ppom | o066 [ 009J | <0.08
Metals
Aluminum - ppm 6640 7340 6760
Antimony 1.3 ppm 0.134 0.19 0.113
Arsenic 6.8 ppm 4.26 3.82 3.13
Barium 700 ppm 82 91.6 88.6
Beryllium 2.6 ppm 0.347 0.39 0.37
Cadmium 0.4 ppm 0.103 0.103 0.09
Chromium 170 ppm 7.69 9.01 7.41
Cobalt 43 ppm 9.58 9.87 9.29
Copper 29 ppm 18.3 16.4 16.5
Lead 18 ppm 5.62 6.56 5.34
Manganese 1,300 ppm 373 411 404
Mercury 0.04 ppm 0.005 J 0.011J 0.004 J
Nickel 78 ppm 10.6 10.5 9.25
Potassium - ppm 1100 1460 1120
Selenium 0.46 ppm 0.2J 0.2J 0.18 J
Silver 0.82 ppm 0.051 0.053 0.048
Thallium 4.6 ppm 0.099 0.124 0.095
Zinc 130 ppm 47.4 48.5 46.6
Polychlorinated Biphenyls (PCBs)
Aroclor 1016 NA ppb <0.52 <0.56 <0.55
Aroclor 1221 NA ppb <0.52 <0.56 <0.55
Arcoclor 1232 NA ppb <0.52 <0.56 <0.55
Aroclor 1242 NA ppb <0.52 <0.56 <0.55
Aroclor 1248 NA ppb <0.52 <0.56 <0.55
Aroclor 1254 NA ppb <0.52 <0.56 <0.55
Aroclor 1260 NA ppb <0.52 <0.56 <0.55
Volatile Organic Compounds (VOCs)
Acetone NA ppb 55 25 20
Benzene NA ppb <0.059 <0.054 <0.054
Bromobenzene NA ppb <0.095 <0.088 <0.088
Bromochloromethane NA ppb <0.26 <0.24 <0.24
Bromodichloromethane NA ppb <0.18 <0.16 <0.16
Bromoform NA ppb <0.16 <0.14 <0.14
Bromomethane NA ppb <0.22 <0.2 <0.2
2-Butanone (MEK) NA ppb 45J 1.8 J 1.9J
n-Butylbenzene NA ppb <0.075 <0.069 <0.069
sec-Butylbenzene NA ppb <0.08 <0.074 <0.074
tert-Butylbenzene NA ppb <0.16 <0.14 <0.14
Carbon Disulfide NA ppb 0.53 J 0.29 J 0.26 J
Carbon Tetrachloride NA ppb <0.11 <0.094 <0.094
Chlorobenzene NA ppb <0.071 <0.065 <0.065
Chloroethane NA ppb <0.8 <0.74 <0.74
Chloroform NA ppb <0.12 <0.11 <0.11
Chloromethane NA ppb <0.2 <0.18 <0.18
2-Chlorotoluene NA ppb <0.13 <0.12 <0.12
4-Chlorotoluene NA ppb <0.095 <0.088 <0.088
1,2-Dibromo-3-chloropropane NA ppb <0.44 <0.4 <0.4
Dibromochloromethane NA ppb <0.2 <0.18 <0.18
1,2-Dibromoethane (EDB) NA ppb <0.11 <0.094 <0.094
Dibromomethane NA ppb <0.31 <0.28 <0.28
1,2-Dichlorobenzene NA ppb <0.084 <0.077 <0.077
1,3-Dichlorobenzene NA ppb <0.11 <0.094 <0.094
1,4-Dichlorobenzene NA ppb <0.093 <0.086 <0.086
Dichlorodifluoromethane NA ppb <0.13 <0.12 <0.12
1,1-Dichloroethane NA ppb <0.13 <0.12 <0.12
1,2-Dichloroethane (EDC) NA ppb <0.076 <0.07 <0.07
1,1-Dichloroethene NA ppb <0.27 <0.25 <0.25
cis-1,2-Dichloroethene NA ppb <0.13 <0.12 <0.12
trans-1,2-Dichloroethene NA ppb <0.13 <0.12 <0.12
1,2-Dichloropropane NA ppb <0.15 <0.13 <0.13
1,3-Dichloropropane NA ppb <0.13 <0.12 <0.12
2,2-Dichloropropane NA ppb <0.11 <0.098 <0.098
1,1-Dichloropropene NA ppb <0.15 <0.13 <0.13
cis-1,3-Dichloropropene NA ppb <0.15 <0.13 <0.13
trans-1,3-Dichloropropene NA ppb <0.12 <0.11 <0.11
Ethylbenzene NA ppb <0.11 <0.094 <0.094
Hexachlorobutadiene NA ppb <0.44 <0.4 <0.4
2-Hexanone NA ppb <1.1 <0.93 <0.93
Isopropylbenzene NA ppb <0.088 <0.081 <0.081
4-|sopropyltoluene NA ppb <0.07 0.33J <0.064
4-Methyl-2-pentanone (MIBK) NA ppb <2 <1.8 <1.8
Methylene Chloride NA ppb 0.92J 0.74 J 0.76 J
Naphthalene NA ppb <0.15 <0.13 <0.13
n-Propylbenzene NA ppb <0.15 <0.13 <0.13
Styrene NA ppb <0.16 <0.14 <0.14
1,1,1,2-Tetrachloroethane NA ppb <0.12 <0.11 <0.11
1,1,2,2-Tetrachloroethane NA ppb <0.15 <0.13 <0.13
Tetrachloroethene (PCE) NA ppb <0.18 <0.16 <0.16
g
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Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration

Toluene NA ppb <0.17 0.60J <0.15
1,2,3-Trichlorobenzene NA ppb <0.21 <0.19 <0.19
1,2,4-Trichlorobenzene NA ppb <0.15 <0.13 <0.13
1,1,2-Trichloroethane NA ppb <0.17 <0.15 <0.15
1,1,1-Trichloroethane (TCA) NA ppb <0.12 <0.11 <0.11
Trichloroethene (TCE) NA ppb <0.17 <0.15 <0.15
Trichlorofluoromethane (CFC 11) NA ppb <0.092 <0.085 <0.085
1,2,3-Trichloropropane NA ppb <0.49 <0.45 <0.45
1,2,4-Trimethylbenzene NA ppb <0.059 <0.054 <0.054
1,3,5-Trimethylbenzene NA ppb <0.1 <0.092 <0.092
Vinyl Chloride NA ppb <0.2 <0.18 <0.18
o0-Xylene NA ppb <0.088 <0.081 <0.081
m,p-Xylenes NA ppb <0.11 <0.1 <0.1
Semi-Volatile Organic Compounds (SVOCSs)
Acenaphthene NA ppm <0.0097 <0.011 <0.011
Acenaphthylene NA ppm <0.0074 <0.0079 <0.0078
Aniline NA ppm <0.013 <0.014 <0.014
Anthracene NA ppm <0.009 <0.0095 <0.0095
Benz(a)anthracene NA ppm <0.0095 <0.011 <0.01
Benzo(b)fluoranthene NA ppm <0.013 <0.014 <0.014
Benzo(k)fluoranthene NA ppm <0.015 <0.016 <0.016
Benzoic Acid NA ppm <0.15 <0.16 <0.16
Benzo(g,h,i)perylene NA ppm <0.012 <0.013 <0.013
Benzo(a)pyrene NA ppm <0.017 <0.018 <0.018
Benzyl Alcohol NA ppm <0.0077 <0.0081 <0.0081
Bis(2-chloroethyl) Ether NA ppm <0.0086 <0.0091 <0.0091
Bis(2-ethylhexyl) Phthalate NA ppm <0.0074 <0.0079 <0.0078
Bis(2-chloroethoxy)methane NA ppm <0.0098 <0.011 <0.011
4-Bromophenyl Phenyl Ether NA ppm <0.014 <0.015 <0.015
Butyl Benzyl Phthalate NA ppm <0.016 <0.017 <0.017
4-Chloro-3-methylphenol NA ppm <0.17 <0.18 <0.18
4-Chloroaniline NA ppm <0.0073 <0.0078 <0.0077
2-Chloronaphthalene NA ppm <0.011 <0.012 <0.011
2-Chlorophenol NA ppm <0.009 <0.0095 <0.0095
4-Chlorophenyl Phenyl Ether NA ppm <0.0089 <0.0094 <0.0094
Chrysene NA ppm <0.015 <0.016 <0.016
Di-n-butyl Phthalate NA ppm <0.016 <0.017 <0.017
Di-n-octyl Phthalate NA ppm <0.011 <0.012 <0.011
Dibenz(a,h)anthracene NA ppm <0.015 <0.016 <0.016
Dibenzofuran NA ppm <0.011 <0.011 <0.011
1,2-Dichlorobenzene NA ppm <0.0082 <0.0087 <0.0086
1,3-Dichlorobenzene NA ppm <0.0088 <0.0093 <0.0093
1,4-Dichlorobenzene NA ppm <0.0087 <0.0092 <0.0092
3,3'-Dichlorobenzidine NA ppm <0.029 <0.03 <0.03
2,4-Dichlorophenol NA ppm <0.0081 <0.0085 <0.0085
Diethyl Phthalate NA ppm 0.015J 0.017 J 0.014 J
Dimethyl Phthalate NA ppm <0.008 <0.0084 <0.0084
2,4-Dimethylphenol NA ppm <0.038 <0.04 <0.04
2,4-Dinitrophenol NA ppm <0.15 <0.16 <0.16
2,4-Dinitrotoluene NA ppm <0.016 <0.017 <0.017
2,6-Dinitrotoluene NA ppm <0.0077 <0.0081 <0.0081
Fluoranthene NA ppm <0.013 <0.014 <0.014
Fluorene NA ppm <0.014 <0.015 <0.015
Hexachlorobenzene NA ppm <0.017 <0.018 <0.018
Hexachlorobutadiene NA ppm <0.012 <0.013 <0.013
Hexachlorocyclopentadiene NA ppm <0.025 <0.027 <0.027
Hexachloroethane NA ppm <0.0083 <0.0088 <0.0087
Indeno(1,2,3-cd)pyrene NA ppm <0.012 <0.013 <0.013
Isophorone NA ppm <0.012 <0.013 <0.013
2-Methyl-4,6-dinitrophenol NA ppm <0.034 <0.036 <0.036
2-Methylnaphthalene NA ppm <0.012 <0.013 <0.013
2-Methylphenol NA ppm <0.016 <0.017 <0.017
4-Methylphenol NA ppm <0.011 <0.012 <0.011
Naphthalene NA ppm <0.012 <0.013 <0.013
2-Nitroaniline NA ppm <0.044 <0.047 <0.047
3-Nitroaniline NA ppm <0.0083 <0.0088 <0.0087
4-Nitroaniline NA ppm <0.011 <0.011 <0.011
Nitrobenzene NA ppm <0.012 <0.013 <0.013
2-Nitrophenol NA ppm <0.015 <0.016 <0.016
4-Nitrophenol NA ppm <0.052 <0.055 <0.054
N-Nitrosodi-n-propylamine NA ppm <0.012 <0.013 <0.013
N-Nitrosodimethylamine NA ppm <0.32 <0.34 <0.33
N-Nitrosodiphenylamine NA ppm <0.0079 <0.0083 <0.0083
2,2'-Oxybis(1-chloropropane) NA ppm <0.0083 <0.0088 <0.0087
Pentachlorophenol NA ppm <0.066 <0.07 <0.07
Phenanthrene NA ppm <0.012 <0.013 <0.013
Phenol NA ppm <0.02 <0.021 <0.021
Pyrene NA ppm <0.01 <0.011 <0.011
1,2,4-Trichlorobenzene NA ppm <0.012 <0.013 <0.013
2,4,5-Trichlorophenol NA ppm <0.0087 <0.0092 <0.0092
2,4,6-Trichlorophenol NA ppm <0.015 <0.016 <0.016

>
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Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration

Explosives
1,3,5-Trinitrobenzene NA ppm <0.20 <0.20 <0.20
1,3-Dinitrobenzene NA ppm <0.15 <0.15 <0.15
2,4 ,6-Trinitrotoluene NA ppm <0.15 <0.15 <0.15
2,4-Dinitrotoluene NA ppm <0.15 <0.15 <0.15
2,6-Dinitrotoluene NA ppm <0.15 <0.15 <0.15
HMX NA ppm <0.15 <0.15 <0.15
Nitrobenzene NA ppm <0.15 <0.15 <0.15
RDX NA ppm <0.15 <0.15 <0.15
Tetryl NA ppm <0.15 <0.15 <0.15
Pesticides
2,6-Dichlorobenzamide NA ppm <0.0067 <0.0067 <0.0067
3-Hydroxycarbofuran NA ppm <0.0067 <0.0067 <0.0067
Abamectin NA ppm <0.0067 <0.0067 <0.0067
a-BHC NA ppm <0.0067 <0.0067 <0.0067
Acephate NA ppm <0.0067 <0.0067 <0.0067
Acetamiprid NA ppm <0.0067 <0.0067 <0.0067
Acetochlor NA ppm <0.0067 <0.0067 <0.0067
Acibenzolar-S-methyl NA ppm <0.013 <0.013 <0.013
Afidopyropen NA ppm <0.0067 <0.0067 <0.0067
Alachlor NA ppm <0.0067 <0.0067 <0.0067
Aldicarb NA ppm <0.0067 <0.0067 <0.0067
Aldicarb Sulfone NA ppm <0.0067 <0.0067 <0.0067
Aldicarb Sulfoxide NA ppm <0.0067 <0.0067 <0.0067
Aldrin NA ppm <0.0067 <0.0067 <0.0067
Allethrin NA ppm <0.0067 <0.0067 <0.0067
Ametoctradin NA ppm <0.0067 <0.0067 <0.0067
Ametryn NA ppm <0.0067 <0.0067 <0.0067
Aspon NA ppm <0.0067 <0.0067 <0.0067
Atrazine NA ppm <0.0067 <0.0067 <0.0067
Azinphos-ethyl NA ppm <0.0067 <0.0067 <0.0067
Azinphos-methyl NA ppm <0.013 <0.013 <0.013
Azoxystrobin NA ppm <0.0067 <0.0067 <0.0067
b-BHC NA ppm <0.0067 <0.0067 <0.0067
Bendiocarb NA ppm <0.0067 <0.0067 <0.0067
Benfluralin NA ppm <0.0067 <0.0067 <0.0067
Bensulide NA ppm <0.0067 <0.0067 <0.0067
Bifenthrin NA ppm <0.0067 <0.0067 <0.0067
Bitertanol NA ppm <0.0067 <0.0067 <0.0067
Bolstar NA ppm <0.0067 <0.0067 <0.0067
Boscalid NA ppm <0.0067 <0.0067 <0.0067
Bromacil NA ppm <0.0067 <0.0067 <0.0067
Bromopropylate NA ppm <0.0067 <0.0067 <0.0067
Buprofezin NA ppm <0.0067 <0.0067 <0.0067
Captan NA ppm <0.067 <0.067 <0.067
Carbaryl NA ppm <0.0067 <0.0067 <0.0067
Carbendazim NA ppm <0.0067 <0.0067 <0.0067
Carbofuran NA ppm <0.0067 <0.0067 <0.0067
Carfentrazone-ethyl NA ppm <0.0067 <0.0067 <0.0067
Chlorantraniliprole NA ppm <0.0067 <0.0067 <0.0067
Chlordane NA ppm <0.0067 <0.0067 <0.0067
Chlorfenapyr NA ppm <0.0067 <0.0067 <0.0067
Chlorfenvinphos NA ppm <0.0067 <0.0067 <0.0067
Chlorobenzilate NA ppm <0.0067 <0.0067 <0.0067
Chloroneb NA ppm <0.0067 <0.0067 <0.0067
Chlorpropham NA ppm <0.0067 <0.0067 <0.0067
Chlorpyrifos NA ppm <0.0067 <0.0067 <0.0067
Chlorpyrifos-methyl NA ppm <0.0067 <0.0067 <0.0067
cis-Nonachlor NA ppm <0.0067 <0.0067 <0.0067
Clethodim NA ppm <0.013 <0.013 <0.013
Clomazone NA ppm <0.0067 <0.0067 <0.0067
Clothianidin NA ppm <0.0067 <0.0067 <0.0067
Cyanazine NA ppm <0.0067 <0.0067 <0.0067
Cyantraniliprole NA ppm <0.0067 <0.0067 <0.0067
Cyazofamid NA ppm <0.0067 <0.0067 <0.0067
Cyclaniliprole NA ppm <0.0067 <0.0067 <0.0067
Cycloate NA ppm <0.013 <0.013 <0.013
Cyflufenamid NA ppm <0.0067 <0.0067 <0.0067
Cyflumetofen NA ppm <0.0067 <0.0067 <0.0067
Cyfluthrin NA ppm <0.034 <0.034 <0.034
Cyhalofop-butyl NA ppm <0.013 <0.013 <0.013
Cypermethrin NA ppm <0.034 <0.034 <0.034
Cyprodinil NA ppm <0.0067 <0.0067 <0.0067
Cyprosulfamide NA ppm <0.0067 <0.0067 <0.0067
Dacthal NA ppm <0.0067 <0.0067 <0.0067
d-BHC NA ppm <0.0067 <0.0067 <0.0067
DCPMU NA ppm <0.0067 <0.0067 <0.0067
Deltamethrin NA ppm <0.034 <0.034 <0.034
Demeton NA ppm <0.0067 <0.0067 <0.0067
Diazinon NA ppm <0.0067 <0.0067 <0.0067
Diazoxon NA ppm <0.0067 <0.0067 <0.0067
g
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Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration

Dichlobenil NA ppm <0.0067 <0.0067 <0.0067
Dichlorofenthion NA ppm <0.0067 <0.0067 <0.0067
Dichlorvos NA ppm <0.0067 <0.0067 <0.0067
Diclofop-methyl NA ppm <0.0067 <0.0067 <0.0067
Dicloran NA ppm <0.034 <0.034 <0.034
Dicofol NA ppm <0.0067 <0.0067 <0.0067
Dieldrin NA ppm <0.0067 <0.0067 <0.0067
Difenoconazole NA ppm <0.0067 <0.0067 <0.0067
Diflubenzuron NA ppm <0.0067 <0.0067 <0.0067
Diflufenican NA ppm <0.0067 <0.0067 <0.0067
Dimethenamid NA ppm <0.0067 <0.0067 <0.0067
Dimethoate NA ppm <0.0067 <0.0067 <0.0067
Dimethomorph NA ppm <0.0067 <0.0067 <0.0067
Dinotefuran NA ppm <0.0067 <0.0067 <0.0067
Diphenamid NA ppm <0.0067 <0.0067 <0.0067
Diphenylamine NA ppm <0.0067 <0.0067 <0.0067
Disulfoton NA ppm <0.0067 <0.0067 <0.0067
Disulfoton sulfone NA ppm <0.0067 <0.0067 <0.0067
Dithiopyr NA ppm <0.0067 <0.0067 <0.0067
Diuron NA ppm <0.0067 <0.0067 <0.0067
d-Phenothrin NA ppm <0.0067 <0.0067 <0.0067
Emamectin Benzoate NA ppm <0.0067 <0.0067 <0.0067
Endosulfan | NA ppm <0.013 <0.013 <0.013
Endosulfan I NA ppm <0.013 <0.013 <0.013
Endosulfan sulfate NA ppm <0.013 <0.013 <0.013
Endrin NA ppm <0.0067 <0.0067 <0.0067
Endrin ketone NA ppm <0.0067 <0.0067 <0.0067
EPN NA ppm <0.0067 <0.0067 <0.0067
Esfenvalerate NA ppm <0.0067 <0.0067 <0.0067
Ethalfluralin NA ppm <0.0067 <0.0067 <0.0067
Ethion NA ppm <0.0067 <0.0067 <0.0067
Ethofumesate NA ppm <0.0067 <0.0067 <0.0067
Ethoprop NA ppm <0.0067 <0.0067 <0.0067
Etofenprox NA ppm <0.0067 <0.0067 <0.0067
Etoxazole NA ppm <0.0067 <0.0067 <0.0067
Etridiazole NA ppm <0.0067 <0.0067 <0.0067
Famoxadone NA ppm <0.0067 <0.0067 <0.0067
Famphur NA ppm <0.0067 <0.0067 <0.0067
Fenamidone NA ppm <0.0067 <0.0067 <0.0067
Fenamiphos sulfone NA ppm <0.0067 <0.0067 <0.0067
Fenamiphos sulfoxide NA ppm <0.0067 <0.0067 <0.0067
Fenarimol NA ppm <0.0067 <0.0067 <0.0067
Fenazaquin NA ppm <0.0067 <0.0067 <0.0067
Fenbuconazole NA ppm <0.0067 <0.0067 <0.0067
Fenbutatin oxide NA ppm <0.0067 <0.0067 <0.0067
Fenhexamid NA ppm <0.0067 <0.0067 <0.0067
Fenitrothion NA ppm <0.0067 <0.0067 <0.0067
Fenobucarb NA ppm <0.0067 <0.0067 <0.0067
Fenoxaprop-ethyl NA ppm <0.013 <0.013 <0.013
Fenoxycarb NA ppm <0.0067 <0.0067 <0.0067
Fenpropathrin NA ppm <0.0067 <0.0067 <0.0067
Fenpyroximate NA ppm <0.0067 <0.0067 <0.0067
Fenthion NA ppm <0.0067 <0.0067 <0.0067
Fenuron NA ppm <0.0067 <0.0067 <0.0067
Fenvalerate NA ppm <0.0067 <0.0067 <0.0067
Fipronil NA ppm <0.0067 <0.0067 <0.0067
Flonicamid NA ppm <0.0067 <0.0067 <0.0067
Fluazifop-p-butyl NA ppm <0.013 <0.013 <0.013
Fluazinam NA ppm <0.0067 <0.0067 <0.0067
Flubendiamide NA ppm <0.013 <0.013 <0.013
Fludioxonil NA ppm <0.0067 <0.0067 <0.0067
Flufenacet NA ppm <0.0067 <0.0067 <0.0067
Flumetsulam NA ppm <0.0067 <0.0067 <0.0067
Flumioxazin NA ppm <0.0067 <0.0067 <0.0067
Fluometuron NA ppm <0.0067 <0.0067 <0.0067
Fluopicolide NA ppm <0.0067 <0.0067 <0.0067
Fluopyram NA ppm <0.0067 <0.0067 <0.0067
Fluoxastrobin NA ppm <0.0067 <0.0067 <0.0067
Flupyradifurone NA ppm <0.0067 <0.0067 <0.0067
Fluridone NA ppm <0.0067 <0.0067 <0.0067
Fluroxypyr-meptyl NA ppm <0.013 <0.013 <0.013
Flutianil NA ppm <0.0067 <0.0067 <0.0067
Flutolanil NA ppm <0.0067 <0.0067 <0.0067
Flutriafol NA ppm <0.0067 <0.0067 <0.0067
Fluvalinate NA ppm <0.0067 <0.0067 <0.0067
Fluxapyroxad NA ppm <0.0067 <0.0067 <0.0067
Fonofos NA ppm <0.0067 <0.0067 <0.0067
Fonofos NA ppm <0.013 <0.013 <0.013
g-BHC NA ppm <0.0067 <0.0067 <0.0067
Heptachlor NA ppm <0.0067 <0.0067 <0.0067
Heptachlor epoxide NA ppm <0.0067 <0.0067 <0.0067
g
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Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration
Hexachlorobenzene NA ppm <0.0067 <0.0067 <0.0067
Hexaconazole NA ppm <0.0067 <0.0067 <0.0067
Hexazinone NA ppm <0.0067 <0.0067 <0.0067
Hexythiazox NA ppm <0.0067 <0.0067 <0.0067
Imazalil NA ppm <0.0067 <0.0067 <0.0067
Imidacloprid NA ppm <0.0067 <0.0067 <0.0067
Indaziflam NA ppm <0.0067 <0.0067 <0.0067
Indoxacarb NA ppm <0.0067 <0.0067 <0.0067
Ipconazole NA ppm <0.0067 <0.0067 <0.0067
Iprodione NA ppm <0.034 <0.034 <0.034
Isofetamid NA ppm <0.0067 <0.0067 <0.0067
Isoxaben NA ppm <0.0067 <0.0067 <0.0067
Isoxadifen-ethyl NA ppm <0.0067 <0.0067 <0.0067
Kresoxim-methyl NA ppm <0.0067 <0.0067 <0.0067
Lactofen NA ppm <0.0067 <0.0067 <0.0067
lambda-Cyhalothrin NA ppm <0.013 <0.013 <0.013
Leptophos NA ppm <0.0067 <0.0067 <0.0067
Linuron NA ppm <0.0067 <0.0067 <0.0067
Malaoxon NA ppm <0.0067 <0.0067 <0.0067
Malathion NA ppm <0.0067 <0.0067 <0.0067
Mandipropamid NA ppm <0.0067 <0.0067 <0.0067
Mefenoxam NA ppm <0.0067 <0.0067 <0.0067
Metconazole NA ppm <0.0067 <0.0067 <0.0067
Methamidophos NA ppm <0.034 <0.034 <0.034
Methidathion NA ppm <0.0067 <0.0067 <0.0067
Methiocarb NA ppm <0.0067 <0.0067 <0.0067
Methomyl NA ppm <0.0067 <0.0067 <0.0067
Methoxychlor NA ppm <0.0067 <0.0067 <0.0067
Methoxyfenozide NA ppm <0.0067 <0.0067 <0.0067
Metolachlor NA ppm <0.0067 <0.0067 <0.0067
Metrafenone NA ppm <0.0067 <0.0067 <0.0067
Metribuzin NA ppm <0.0067 <0.0067 <0.0067
Mevinphos NA ppm <0.0067 <0.0067 <0.0067
MGK-264 NA ppm <0.0067 <0.0067 <0.0067
Monuron NA ppm <0.0067 <0.0067 <0.0067
Myclobutanil NA ppm <0.0067 <0.0067 <0.0067
Napropamide NA ppm <0.0067 <0.0067 <0.0067
Neburon NA ppm <0.0067 <0.0067 <0.0067
Norflurazon NA ppm <0.0067 <0.0067 <0.0067
Novaluron NA ppm <0.0067 <0.0067 <0.0067
Omethoate NA ppm <0.0067 <0.0067 <0.0067
Oryzalin NA ppm <0.0067 <0.0067 <0.0067
Ovex NA ppm <0.0067 <0.0067 <0.0067
Oxadiazon NA ppm <0.0067 <0.0067 <0.0067
Oxadixyl NA ppm <0.0067 <0.0067 <0.0067
Oxamyl NA ppm <0.0067 <0.0067 <0.0067
Oxydemeton-Methyl NA ppm <0.0067 <0.0067 <0.0067
Oxyfluorfen NA ppm <0.0067 <0.0067 <0.0067
p,p'-DDD NA ppm <0.0067 <0.0067 <0.0067
p,p'-DDE NA ppm <0.0067 <0.0067 <0.0067
p,p-DDT NA ppm <0.0067 <0.0067 <0.0067
Paclobutrazol NA ppm <0.0067 <0.0067 <0.0067
Parathion NA ppm <0.0067 <0.0067 <0.0067
Parathion-methyl NA ppm <0.0067 <0.0067 <0.0067
PCA NA ppm <0.0067 <0.0067 <0.0067
PCB NA ppm <0.0067 <0.0067 <0.0067
PCNB NA ppm <0.0067 <0.0067 <0.0067
Pendimethalin NA ppm <0.0067 <0.0067 <0.0067
Penoxsulam NA ppm <0.0067 <0.0067 <0.0067
Pentachlorothioanisole NA ppm <0.0067 <0.0067 <0.0067
Penthiopyrad NA ppm <0.0067 <0.0067 <0.0067
Permethrin NA ppm <0.034 <0.034 <0.034
Phorate NA ppm <0.0067 <0.0067 <0.0067
Phorate Sulfone NA ppm <0.0067 <0.0067 <0.0067
Phorate Sulfoxide NA ppm <0.0067 <0.0067 <0.0067
Phosalone NA ppm <0.0067 <0.0067 <0.0067
Phosmet NA ppm <0.0067 <0.0067 <0.0067
Phosphamidon NA ppm <0.0067 <0.0067 <0.0067
Picoxystrobin NA ppm <0.0067 <0.0067 <0.0067
Piperonyl Butoxide NA ppm <0.0067 <0.0067 <0.0067
Pirimicarb NA ppm <0.0067 <0.0067 <0.0067
Pirimiphos-methyl NA ppm <0.0067 <0.0067 <0.0067
Prallethrin NA ppm <0.0067 <0.0067 <0.0067
Procymidone NA ppm <0.0067 <0.0067 <0.0067
Prodiamine NA ppm <0.0067 <0.0067 <0.0067
Prometon NA ppm <0.0067 <0.0067 <0.0067
Prometryn NA ppm <0.0067 <0.0067 <0.0067
Pronamide NA ppm <0.0067 <0.0067 <0.0067
Propachlor NA ppm <0.0067 <0.0067 <0.0067
Propamocarb NA ppm <0.0067 <0.0067 <0.0067
Propanil NA ppm <0.0067 <0.0067 <0.0067
g
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Table D.1.
Soil Quality
Umatilla Army Depot

TP-1-061622{ TP-5-061522- TP-8-061522-
Sample Name 5.0-5.5 3.8-4 3.5-4
Date 6/16/2022 6/15/2022 6/15/2022
Sample Point TP-1 TP-5 TP-8
Backgrour_\d Unit Result
Concentration
Propargite NA ppm <0.0067 <0.0067 <0.0067
Propazine NA ppm <0.0067 <0.0067 <0.0067
Propiconazole NA ppm <0.013 <0.013 <0.013
Pyraclostrobin NA ppm <0.0067 <0.0067 <0.0067
Pyraflufen-ethyl NA ppm <0.0067 <0.0067 <0.0067
Pyrethrin NA ppm <0.034 <0.034 <0.034
Pyridaben NA ppm <0.0067 <0.0067 <0.0067
Pyridalyl NA ppm <0.0067 <0.0067 <0.0067
Pyrimethanil NA ppm <0.0067 <0.0067 <0.0067
Pyriproxyfen NA ppm <0.0067 <0.0067 <0.0067
Pyroxasulfone NA ppm <0.0067 <0.0067 <0.0067
Quinoxyfen NA ppm <0.0067 <0.0067 <0.0067
Quizalofop-p-ethyl NA ppm <0.0067 <0.0067 <0.0067
Ronnel NA ppm <0.0067 <0.0067 <0.0067
Rotenone NA ppm <0.0067 <0.0067 <0.0067
Saflufenacil NA ppm <0.0067 <0.0067 <0.0067
Sethoxydim NA ppm <0.013 <0.013 <0.013
Siduron NA ppm <0.0067 <0.0067 <0.0067
Simazine NA ppm <0.0067 <0.0067 <0.0067
Simetryn NA ppm <0.0067 <0.0067 <0.0067
Spinetoram NA ppm <0.0067 <0.0067 <0.0067
Spinosad NA ppm <0.0067 <0.0067 <0.0067
Spirodiclofen NA ppm <0.0067 <0.0067 <0.0067
Spiromesifen NA ppm <0.013 <0.013 <0.013
Spirotetramat NA ppm <0.0067 <0.0067 <0.0067
Spiroxamine NA ppm <0.0067 <0.0067 <0.0067
Sulfentrazone NA ppm <0.0067 <0.0067 <0.0067
Sulfotep NA ppm <0.0067 <0.0067 <0.0067
Sulfoxaflor NA ppm <0.0067 <0.0067 <0.0067
Tebuconazole NA ppm <0.0067 <0.0067 <0.0067
Tebufenozide NA ppm <0.0067 <0.0067 <0.0067
Tebuthiuron NA ppm <0.0067 <0.0067 <0.0067
Tefluthrin NA ppm <0.0067 <0.0067 <0.0067
Terbacil NA ppm <0.0067 <0.0067 <0.0067
Terbufos NA ppm <0.0067 <0.0067 <0.0067
Terbuthylazine NA ppm <0.0067 <0.0067 <0.0067
Terbutryn NA ppm <0.0067 <0.0067 <0.0067
Tetraconazole NA ppm <0.0067 <0.0067 <0.0067
Tetradifon NA ppm <0.0067 <0.0067 <0.0067
Thiabendazole NA ppm <0.0067 <0.0067 <0.0067
Thiacloprid NA ppm <0.0067 <0.0067 <0.0067
Thiamethoxam NA ppm <0.0067 <0.0067 <0.0067
Thiobencarb NA ppm <0.0067 <0.0067 <0.0067
Thiodicarb NA ppm <0.0067 <0.0067 <0.0067
Thionazin NA ppm <0.0067 <0.0067 <0.0067
Tokuthion NA ppm <0.0067 <0.0067 <0.0067
Tolfenpyrad NA ppm <0.0067 <0.0067 <0.0067
trans-Nonachlor NA ppm <0.0067 <0.0067 <0.0067
Triadimefon NA ppm <0.0067 <0.0067 <0.0067
Triadimenol NA ppm <0.013 <0.013 <0.013
Triallate NA ppm <0.0067 <0.0067 <0.0067
Trichloronate NA ppm <0.0067 <0.0067 <0.0067
Trifloxystrobin NA ppm <0.0067 <0.0067 <0.0067
Triflumizole NA ppm <0.0067 <0.0067 <0.0067
Trifluralin NA ppm <0.0067 <0.0067 <0.0067
Triticonazole NA ppm <0.0067 <0.0067 <0.0067
Vinclozalin NA ppm <0.0067 <0.0067 <0.0067
Notes

Background concentrations for metals are from Table 1 of DEQ (2019), Deschutes-Columbia

Plateau Province.
J = estimated value
BOLD = detected
RED = criteria exceedance
ppm = parts per million
ppb = parts per billion
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Table D.2.
Soil Physical Parameters
Umatilla Army Depot

TP-1 0%15652 05.0- | TP-2 0%19652 09.0- | TP-3 0%18752 08.0- | TP-4 0%14622 04.5 TP-5-061522-3.8-4 TP-6 0%12752 02.1- | TP-6 06110732 09.5- | TP-7 0%17652 06.7-| TP-8 06;1(&)322 1.5 TP-8-061522-3 5-4 TP-9 0%18752)2 08.0
Sample Name ) ) ) ) ) ) ) ) )
Soil Unit Gravel with Fines Clean Gravel Gravel with Fines Clean Gravel Gravel with Fines Fine Sand Gravel with Fines Clean Gravel Fine Sand Gravel with Fines | Gravel with Fines
Date 6/16/2022 6/16/2022 6/17/2022 6/16/2022 6/15/2022 6/17/2022 6/17/2022 6/16/2022 6/15/2022 6/15/2022 6/17/2022
Sample Point TP-1 TP-2 TP-3 TP-4 TP-5 TP-6 TP-6 TP-7 TP-8 TP-8 TP-9
PartiCIe o, o, o, o, o, o, o, o, o, o, o,
Unit | Diameter | Weight A. Weight A. Weight A. Weight A. Weight A. Weight A. Weight A. Weight A. Weight A. Weight A. Weight A.
Description il Passing Passing Passing Passing Passing Passing Passing Passing Passing Passing Passing
Gravel - 19.0 0.0000 99.91 0.0000 99.9 12.3547 | 70.47 | 23.8747 | 40.29 | 14.7629 | 69.97 0.0000 99.97 0.0000 99.8 0.0000 99.84 0.0000 99.98 | 23.7491 [ 42.64 0.0000 99.77
Gravel - 9.50 25.0036 | 43.94 | 21.9312| 54.16 [ 21.5326| 19.32 2.3821 34.34 | 22.6311 | 24.29 0.0000 99.97 | 20.2863 | 51.65 [ 15.4629 | 65.84 4.1299 91.37 6.2184 27.68 | 21.4025 | 54.04
Gravel, Medium - 4.75 10.3890 | 20.68 | 11.3094 [ 30.59 3.8039 10.29 0.6302 32.77 4.5823 15.04 0.6904 98.56 | 14.3455 | 17.59 9.1596 45.70 0.0000 91.37 4.1274 17.75 1 11.2799 | 29.94
Gravel, Fine - 2.00 1.3181 17.73 2.7956 24.77 0.9984 7.92 0.8330 30.69 0.3588 14.31 0.0196 98.52 3.7248 8.75 3.2359 38.59 0.0372 91.30 1.6624 13.75 5.0688 19.11
Sand, Very Coarse - 0.850 1.1476 15.17 3.7644 16.95 0.3769 7.04 1.2925 27.47 0.4244 13.47 0.3110 97.89 1.0402 6.31 4.6312 28.37 0.4393 90.38 1.0207 11.33 1.8575 15.17
Sand, Coarse - 0.425 1.5666 11.66 5.9417 4.62 0.3904 6.12 2.6386 20.89 1.1842 11.11 9.2793 78.97 0.5811 4.94 7.6102 11.59 5.0362 79.88 1.5852 7.56 1.5785 11.82
Sand, Medium - 0.250 1.4067 8.52 1.2536 2.02 0.1205 5.84 1.9181 16.11 1.6918 7.74 18.7909 | 40.66 0.1920 4.49 2.0938 6.97 14.3167 | 50.01 1.3868 4.27 1.0370 9.62
Sand, Fine - 0.106 0.8659 6.59 0.2722 1.45 0.1894 5.40 1.2470 13.00 1.2416 5.26 13.4359 | 13.27 0.2377 3.93 0.6203 5.60 14.7021 19.35 0.4464 3.21 1.0979 7.30
Sand, Very Fine - 0.0750 0.2735 5.97 0.0328 1.39 0.1147 5.13 0.4741 11.82 0.3470 4.57 2.8731 7.41 0.1084 3.68 0.1396 5.30 3.0109 13.07 0.0563 3.07 0.3269 6.60
Silt and Clay - 0.074 - 5.87 - 2.39 - 5.41 - 12.06 - 4.62 - 7.99 - 4.48 - 5.66 - 12.44 - 3.94 - 6.87
Silt and Clay - 0.005 - 4.47 - 2.96 - 6.45 - 9.18 - 3.86 - 0.00 - 6.21 - 3.53 - 0.00 - 4.37 - 5.88
Silt and Clay - 0.001 - 2.33 - 1.68 - 6.65 - 5.50 - 1.96 - 0.00 - 6.73 - 0.00 - 0.00 - 3.54 - 4.06
Phyiscal Properties
Total Solids % - 95.6 92.0 94.6 95.4 89.4 95.1 95.0 97.8 94.1 89.7 95.6
Specific Gravity - - 2.00 1.65 2.01 2.04 1.86 1.84 2.13 2.19 - 1.66 2.04
r>
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—ATTACHMENT E

Laboratory Analytical Reports




ALS Environmental

ALS Group USA, Corp
1317 South 13th Avenue
Kelso, WA 98626

T :+1360 577 7222
F:+1360 636 1068
www.alsglobal.com

July 20, 2022 Analytical Report for Service Request No: K2206845

Matt Thomas

GSI Water Solutions, Inc
55 SW Yamhill, Suite 300
Portland, OR 97204

RE: Umatilla Army Depot/913.001.002.001
Dear Matt,

Enclosed are the results of the sample(s) submitted to our laboratory June 20, 2022
For your reference, these analyses have been assigned our service request number K2206845.

Analyses were performed according to our laboratory’s NELAP-approved quality assurance program.
The test results meet requirements of the current NELAP standards, where applicable, and except as
noted in the laboratory case narrative provided. For a specific list of NELAP-accredited analytes,
refer to the certifications section at www.alsglobal.com. All results are intended to be considered in
their entirety, and ALS Group USA Corp. dba ALS Environmental (ALS) is not responsible for use of
less than the complete report. Results apply only to the items submitted to the laboratory for analysis
and individual items (samples) analyzed, as listed in the report.

Please contact me if you have any questions. My extension is 3376. You may also contact me via
email at Mark.Harris@alsglobal.com.

Respectfully submitted,
ALS Group USA, Corp. dba ALS Environmental

vallibthn—

for Mark Harris
Project Manager
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Howard.Holmes
Howard Holmes


ALS Environmental

ALS Group USA, Corp
1317 South 13th Avenue
Kelso, WA 98626
T: +1360577 7222

F: +1 360 636 1068
www.alsglobal.com
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ASTM
A2LA
CARB
CAS Number
CFC
CFU
DEC
DEQ
DHS
DOE
DOH
EPA
ELAP
GC
GC/MS
LOD
LOQ
LUFT

M
MCL

MDL
MPN
MRL
NA
NC
NCASI
ND
NIOSH
PQL
RCRA
SIM

TPH
tr

Acronyms

American Society for Testing and Materials
American Association for Laboratory Accreditation
California Air Resources Board

Chemical Abstract Service registry Number
Chlorofluorocarbon

Colony-Forming Unit

Department of Environmental Conservation
Department of Environmental Quality
Department of Health Services

Department of Ecology

Department of Health

U. S. Environmental Protection Agency
Environmental Laboratory Accreditation Program
Gas Chromatography

Gas Chromatography/Mass Spectrometry

Limit of Detection

Limit of Quantitation

Leaking Underground Fuel Tank

Modified
Maximum Contaminant Level is the highest permissible concentration of a substance
allowed in drinking water as established by the USEPA.

Method Detection Limit

Most Probable Number

Method Reporting Limit

Not Applicable

Not Calculated

National Council of the Paper Industry for Air and Stream Improvement
Not Detected

National Institute for Occupational Safety and Health
Practical Quantitation Limit

Resource Conservation and Recovery Act

Selected Ion Monitoring

Total Petroleum Hydrocarbons
Trace level is the concentration of an analyte that is less than the PQL but greater than or
equal to the MDL.
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Inorganic Data Qualifiers
The result is an outlier. See case narrative.

The control limit criteria is not applicable.

The analyte was found in the associated method blank at a level that is significant relative to the sample result as defined by the
DOD or NELAC standards.
The result is an estimate amount because the value exceeded the instrument calibration range.

The result is an estimated value.

The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.

DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The
detection limit is adjusted for dilution.

The MRL/MDL or LOQ/LOD is elevated due to a matrix interference.
See case narrative.
See case narrative. One or more quality control criteria was outside the limits.

The holding time for this test is immediately following sample collection. The samples were analyzed as soon as possible after
receipt by the laboratory.

Metals Data Qualifiers
The control limit criteria is not applicable.

The result is an estimated value.
The percent difference for the serial dilution was greater than 10%, indicating a possible matrix interference in the sample.

The duplicate injection precision was not met.
The Matrix Spike sample recovery is not within control limits. See case narrative.

The reported value was determined by the Method of Standard Additions (MSA).

The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.

DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The
detection limit is adjusted for dilution.

The post-digestion spike for furnace AA analysis is out of control limits, while sample absorbance is less than 50% of spike
absorbance.

The MRL/MDL or LOQ/LOD is elevated due to a matrix interference.
See case narrative.
The correlation coefficient for the MSA is less than 0.995.

See case narrative. One or more quality control criteria was outside the limits.

Organic Data Qualifiers
The result is an outlier. See case narrative.
The control limit criteria is not applicable. See case narrative.
A tentatively identified compound, a suspected aldol-condensation product.

The analyte was found in the associated method blank at a level that is significant relative to the sample result as defined by the
DOD or NELAC standards.

The analyte was qualitatively confirmed using GC/MS techniques, pattern recognition, or by comparing to historical data.
The reported result is from a dilution.

The result is an estimated value.

The result is an estimated value.

The result is presumptive. The analyte was tentatively identified, but a confirmation analysis was not performed.

The GC or HPLC confirmation criteria was exceeded. The relative percent difference is greater than 40% between the two
analytical results.

The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.

DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The
detection limit is adjusted for dilution.

The MRL/MDL or LOQ/LOD is elevated due to a chromatographic interference.

See case narrative.

See case narrative. One or more quality control criteria was outside the limits.

Additional Petroleum Hydrocarbon Specific Qualifiers
The chromatographic fingerprint of the sample matches the elution pattern of the calibration standard.

The chromatographic fingerprint of the sample resembles a petroleum product, but the elution pattern indicates the presence of a
greater amount of lighter molecular weight constituents than the calibration standard.

The chromatographic fingerprint of the sample resembles a petroleum product, but the elution pattern indicates the presence of a
greater amount of heavier molecular weight constituents than the calibration standard.
The chromatographic fingerprint of the sample resembles an oil, but does not match the calibration standard.

The chromatographic fingerprint of the sample resembles a petroleum product eluting in approximately the correct carbon range,
but the elution pattern does not match the calibration standard.

The chromatographic fingerprint does not resemble a petroleum product.
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ALS Group USA Corp. dba ALS Environmental (ALS) - Kelso

State Certifications, Accreditations, and Licenses

Agency Web Site Number
Alaska DEH http://dec.alaska.gov/eh/lab/cs/csapproval.htm UST-040
Arizona DHS http://www.azdhs.gov/lab/license/env.htm AZ0339
Arkansas - DEQ http://www.adeq.state.ar.us/techsvs/labcert.htm 88-0637
California DHS (ELAP) http://www.cdph.ca.gov/certlic/labs/Pages/ELAP.aspx 2795
DOD ELAP http://www.denix.osd.mil/edqw/Accreditation/AccreditedLabs.cfm L16-58-R4
Florida DOH http://www.doh.state.fl.us/lab/EnvLabCert/WaterCert.htm ER7412
Hawaii DOH http://health.hawaii.gov/ -
ISO 17025 http://www.pjlabs.com/ L16-57
Louisiana DEQ http://www.deq.louisiana.gov/page/la-lab-accreditation 03016
Maine DHS http://www.maine.gov/dhhs/ WAO01276
Minnesota DOH http://www.health.state.mn.us/accreditation 053-999-457
Nevada DEP http://ndep.nv.gov/bsdw/labservice.htm WAO01276
New Jersey DEP http://www.nj.gov/dep/enforcement/oqa.html WAO005
New York - DOH https://www.wadsworth.org/regulatory/elap 12060

https://deq.nc.gov/about/divisions/water-resources/water-resources-
data/water-sciences-home-page/laboratory-certification-branch/non-field-lab-
North Carolina DEQ certification 605
Oklahoma DEQ http://www.deq.state.ok.us/CSDnew/labcert.htm 9801
http://public.health.oregon.gov/LaboratoryServices/EnvironmentalLaborator
Oregon — DEQ (NELAP) yAccreditation/Pages/index.aspx WA100010
South Carolina DHEC http://www.scdhec.gov/environment/Environmental LabCertification/ 61002
Texas CEQ http://www.tceq.texas.gov/field/qa/env_lab_accreditation.html T104704427
Washington DOE http://www.ecy.wa.gov/programs/eap/labs/lab-accreditation.html C544
Wyoming (EPA Region 8) |https://www.epa.gov/region8-waterops/epa-region-8-certified-drinking-water -
Kelso Laboratory Website www.alsglobal.com NA

Analyses were performed according to our laboratory’s NELAP-approved quality assurance program. A complete listing of
specific NELAP-certified analytes, can be found in the certification section at www.ALSGlobal.com or at the accreditation bodies

web site.

Please refer to the certification and/or accreditation body's web site if samples are submitted for compliance purposes. The states
highlighted above, require the analysis be listed on the state certification if used for compliance purposes and if the method/anlayte

is offered by that state.
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1317 South 13th Ave, Kelso, WA 98626 | 1-360-577-7222 | www.alsglobal.com

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot Date Received: 06/20/2022
Sample Matrix: Soil

CASE NARRATIVE

All analyses were performed consistent with the quality assurance program of ALS Environmental. This report contains
analytical results for samples for the Tier Il level requested by the client.

Sample Receipt:

Eleven soil samples were received for analysis at ALS Environmental on 06/20/2022. Any discrepancies upon initial sample
inspection are annotated on the sample receipt and preservation form included within this report. The samples were stored at
minimum in accordance with the analytical method requirements.

Semivolatiles by GC/MS:

Method 8270D: The recovery for Acenaphthylene and N-Nitrosodiphenylamine was above the upper control limit in the Initial
Calibration Verification (ICV). These analytes were not detected in the associated field samples. The data quality was not
affected. No further corrective action was necessary.

Method 8270D, 07/13/2022:The upper control criterion was exceeded for Acenaphthylene, N-Nitrosodi-n-propylamine, and N-
Nitrosodiphenylamine in Continuing Calibration Verification (CCV) KQ2211389-02. The field samples analyzed in this sequence
did not contain the analytes in question. Since the apparent problem indicated a potential high bias, the data quality was not
affected. No further corrective action was required.

Semivoa GC:
Method 8082A:The analysis of 8082A requires the use of dual column confirmation. For the Initial Calibration Verification (ICV) at

least one of the analytical systems in a dual column or dual detector system must meet the criteria. This criteria was met on one
column for Aroclor 1260. The data quality was not affected. No further corrective action was necessary.

Method 8082A:The analysis of 8082A requires the use of dual column confirmation. The primary evaluation criteria were not met
on the confirmation column for Decachlorobiphenyl. The results were reported from the column with an acceptable CCV. The
data quality was not affected. No further corrective action was necessary.

Metals:
No significant anomalies were noted with this analysis.

General Chemistry:

Method 353.2M, 07/14/2022: The analysis of samples in this delivery group was initially performed past the recommended
holding time due to a sample login error Efforts were made to analyze the sample as soon as the error was identified. The data
was flagged to indicate the holding time violation.

Subcontracted Analytical Parameters:

8330

This analysis was performed at ALS Environmental, Middletown, PA. The data for this analysis is included in the corresponding
section of this report.

Volatiles by GC/MS:

Method 8260C, 06/28/2022:The DOD QSM lower control criterion was exceeded for the surrogate 4-Bromofluorobenzene in the
Method Blank (MB) KQ2210667-05. The error associated with reduced recoveries equates to a potential slight bias. The
recoveries of the surrogate in question were within ALS control Charted limits.

Method 8260C, 06/28/2022:The RPD control criterion was exceeded for 2-Hexanone, Chloromethane, cis-1,2-Dichloroethene,
and Vinyl Chloride for Laboratory Control Sample (LCS) KQ2210667-03 and Duplicate Laboratory Control Sample (DLCS)
KQ2210667-04. All recoveries are acceptable. The analytes in question were not detected in the associated field samples.

Toe Do

Approved by Date 07/20/2022
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Total Solids
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ALS Group USA, Corp.

dba ALS Environmental

Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22 - 06/17/22
Sample Matrix: Soil Date Received: 06/20/22
Analysis Method:  160.3 Modified Units: Percent
Prep Method: None Basis: As Received
Solids, Total

Date
Sample Name Lab Code Result MDL Dil. Analyzed Q
TP-3-061722-08.0-08.3 K2206845-001 94.6 - 1 06/30/22 15:59
TP-6-061722-09.5-10.0 K2206845-002 95.0 - 1 06/30/22 15:59
TP-9-061722-08.0-08.5 K2206845-003 95.6 - 1 06/30/22 15:59
TP-6-061722-02.1-02.2 K2206845-004 95.1 - 1 06/30/22 15:59
TP-4-061622-04.5-04.6 K2206845-005 95.4 - 1 06/30/22 15:59
TP-7-061622-06.7-07.0 K2206845-006 97.8 - 1 06/30/22 15:59
TP-2-061622-09.0-09.4 K2206845-007 92.0 - 1 06/30/22 15:59
TP-1-061622-05.0-05.5 K2206845-008 95.6 - 1 06/30/22 15:59
TP-5-061522-3.8-4 K2206845-009 89.4 - 1 06/30/22 15:59
TP-8-061522-3.5-4 K2206845-010 89.7 - 1 06/30/22 15:59
TP-8-061522-1.5-2.0 K2206845-011 94.1 - 1 06/30/22 15:59

Printed 07/14/22 4:31:47 PM
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Client:
Project
Sample Matrix:

Analysis Method:

ALS Group USA, Corp.

dba ALS Environmental
QA/QC Report

GSI Water Solutions, Inc
Umatilla Army Depot/913.001.002.001
Soil

160.3 Modified

Service Request:K2206845
Date Collected:06/15/22 - 06/17/22
Date Received:06/20/22

Units:Percent

Prep Method: None Basis:As Received
Replicate Sample Summary
Inorganic Parameters
Sample  Duplicate RPD Date
Sample Name: Lab Code: MRL  Result Result Average RPD Limit  Analyzed
TP-3-061722-08.0-08.3 K2206845-001DUP - 94.6 98.7 96.7 4 20 06/30/22
TP-8-061522-1.5-2.0 K2206845-011DUP - 94.1 93.9 94.0 <1 20 06/30/22

Results flagged with an asterisk (*) indicate values outside control criteria.

Results flagged with a pound (#) indicate the control criteria is not applicable.

Percent recoveries and relative percent differences (RPD) are determined by the software using values in the calculation which have not been rounded.

Printed 07/14/22 4:31:47 PM
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General Chemistry

ALS Environmental—Kelso Laboratory
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ALS Group USA, Corp.
dba ALS Environmental

Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22 - 06/16/22
Sample Matrix: Soil Date Received: 06/20/22
Analysis Method:  353.2M Units: mg/Kg
Prep Method: ALS SOP Basis: Dry

Nitrate+Nitrite as Nitrogen

Date Date

Sample Name Lab Code Result LOQ LOD MDL Dil. Analyzed  Extracted
TP-1-061622-05.0-05.5  K2206845-008 0.66 0.50 - 0.08 1 07/14/22 7/13/22
TP-5-061522-3.8-4 K2206845-009 0.09 J 0.55 - 0.08 1 07/14/22 7/13/22
TP-8-061522-3.5-4 K2206845-010 ND U 0.55 - 0.08 1 07/14/22 7/13/22
Method Blank K2206845-MB ND U 0.50 - 0.07 1 07/14/22 7/13/22

Printed 07/20/22 5:18:24 PM
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ALS Group USA, Corp.
dba ALS Environmental

QA/QC Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Analyzed: 07/14/22
Sample Matrix: Soil Date Extracted: 07/13/22
Lab Control Sample Summary
Nitrate+Nitrite as Nitrogen
Analysis Method: 353.2M Units: mg/Kg
Prep Method: ALS SOP Basis: Dry
Analysis Lot: 770529

Spike % Rec
Sample Name Lab Code Result Amount % Rec Limits
Lab Control Sample K2206845-LCS 9.49 9.11 104 87-113

Printed 07/20/22 5:18:24 PM
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ALS Group USA, Corp.

dba ALS Environmental

Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22 - 06/17/22
Sample Matrix: Soil Date Received: 06/20/22
Analysis Method:  ASTM D854 Units: NONE
Prep Method: None Basis: As Received

Specific Gravity

Date

Sample Name Lab Code Result LOQ LOD MDL Dil. Analyzed Q
TP-3-061722-08.0-08.3 K2206845-001 2.01 - - - 1 07/20/22 02:30
TP-6-061722-09.5-10.0 K2206845-002 2.13 - - - 1 07/20/22 02:30
TP-9-061722-08.0-08.5 K2206845-003 2.04 - - - 1 07/20/22 02:30
TP-6-061722-02.1-02.2 K2206845-004 1.84 - - - 1 07/20/22 02:30
TP-4-061622-04.5-04.6 K2206845-005 2.04 - - - 1 07/20/22 02:30
TP-7-061622-06.7-07.0 K2206845-006 2.19 - - - 1 07/20/22 02:30
TP-2-061622-09.0-09.4 K2206845-007 1.65 - - - 1 07/20/22 02:30
TP-1-061622-05.0-05.5 K2206845-008 2.00 - - - 1 07/20/22 02:30
TP-5-061522-3.8-4 K2206845-009 1.86 - - - 1 07/20/22 02:30
TP-8-061522-3.5-4 K2206845-010 1.66 - - - 1 07/20/22 02:30
Printed 07/20/22 5:18:25 PM Superset Reference:22-0000631573 rev 00
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Client:
Project
Sample Matrix:

Sample Name:

ALS Group USA, Corp.

dba ALS Environmental
QA/QC Report

GSI Water Solutions, Inc
Umatilla Army Depot/913.001.002.001

Soil

Replicate Sample Summary
General Chemistry Parameters

TP-3-061722-08.0-08.3

Service Request: K2206845
Date Collected: 06/17/22

Date Received: 06/20/22
Date Analyzed: 07/20/22

Units: NONE

Lab Code: K2206845-001 Basis: As Received
Duplicate
Sample
K2206845-
Sample 001DUP
Analyte Name Analysis Method LOQ LOD MDL Result Result Average RPD RPD Limit
Specific Gravity ASTM D854 - - - 2.01 2.08 2.04 3 20

Results flagged with an asterisk (*) indicate values outside control criteria.

Results flagged with a pound (#) indicate the control criteria is not applicable.

Percent recoveries and relative percent differences (RPD) are determined by the software using values in the calculation which have not been rounded.

Printed 07/20/22 5:18:25 PM
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/17/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-3-061722-08.0-08.3
Lab Code: K2206845-001
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) N0.3/4"(19.0 mm)| 12.3547 70.47
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 21.5326 19.32
Gravel, Medium No.4 (4.75 mm)| 3.8039 10.29
Gravel, Fine No0.10 (2.00 mm)| 0.9984 7.92
Sand, Very Coarse No0.20 (0.850 mm)|  0.3769 7.04
Sand, Coarse No0.40 (0.425 mm)[ 0.3904 6.12
Sand, Medium No0.60 (0.250 mm)|  0.1205 5.84
Sand, Fine No0.140 (0.106 mm)| 0.1894 5.40
Sand, Very Fine No0.200 (0.0750 mm)| 0.1147 5.13

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 5.41
0.005 mm 6.45
0.001 mm 6.65
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/17/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-6-061722-09.5-10.0
Lab Code: K2206845-002
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.82
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 20.2863 51.65
Gravel, Medium No.4 (4.75 mm)| 14.3455 17.59
Gravel, Fine No0.10 (2.00 mm)| 3.7248 8.75
Sand, Very Coarse No0.20 (0.850 mm)| 1.0402 6.31
Sand, Coarse No0.40 (0.425 mm)[ 0.5811 4.94
Sand, Medium No0.60 (0.250 mm)[  0.1920 4.49
Sand, Fine No0.140 (0.106 mm)| 0.2377 3.93
Sand, Very Fine N0.200 (0.0750 mm)| 0.1084 3.68

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 448
0.005 mm 6.21
0.001 mm 6.73
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/17/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-9-061722-08.0-08.5
Lab Code: K2206845-003
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) N0.3/4"(19.0 mm)|[  0.0000 99.77
Gravel (9.50 mm) N0.3/8"(9.50 mm)| 21.4025 54.04
Gravel, Medium No.4 (4.75 mm)| 11.2799 29.94
Gravel, Fine No0.10 (2.00 mm)|  5.0688 19.11
Sand, Very Coarse No0.20 (0.850 mm)| 1.8575 15.17
Sand, Coarse No0.40 (0.425 mm)[ 1.5785 11.82
Sand, Medium No0.60 (0.250 mm)|[  1.0370 9.62
Sand, Fine No0.140 (0.106 mm)| 1.0979 7.30
Sand, Very Fine No0.200 (0.0750 mm)| 0.3269 6.60

Silt and Clay
(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 6.87
0.005 mm 5.88
0.001 mm 4.06
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/17/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-6-061722-02.1-02.2
Lab Code: K2206845-004
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) N0.3/4"(19.0 mm)|[  0.0000 99.97
Gravel (9.50 mm) No0.3/8"(9.50 mm)[  0.0000 99.97
Gravel, Medium No.4 (4.75 mm)| 0.6904 98.56
Gravel, Fine No0.10 (2.00 mm)[ 0.0196 98.52
Sand, Very Coarse No0.20 (0.850 mm)[ 0.3110 97.89
Sand, Coarse No0.40 (0.425 mm)[ 9.2793 78.97
Sand, Medium No0.60 (0.250 mm)| 18.7909 40.66
Sand, Fine No0.140 (0.106 mm)| 13.4359 13.27
Sand, Very Fine No0.200 (0.0750 mm)| 2.8731 7.41

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 7.99
0.005 mm 0.00
0.001 mm 0.00
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/17/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-6-061722-02.1-02.2
Lab Code: K2206845-004DUP
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.98
Gravel (9.50 mm) No.3/8"(9.50 mm)|  0.0000 99.98
Gravel, Medium No.4 (4.75 mm)| 0.0000 99.98
Gravel, Fine No0.10 (2.00 mm)|  0.0499 99.88
Sand, Very Coarse No0.20 (0.850 mm)|[ 0.3395 99.18
Sand, Coarse No0.40 (0.425 mm)| 8.6757 81.36
Sand, Medium No0.60 (0.250 mm)| 18.2533 43.86
Sand, Fine No0.140 (0.106 mm)| 14.4777 14.12
Sand, Very Fine No0.200 (0.0750 mm)| 2.9673 8.02

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 9.05
0.005 mm 0.00
0.001 mm 0.00
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/16/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-4-061622-04.5-04.6
Lab Code: K2206845-005
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) N0.3/4"(19.0 mm)| 23.8747 40.29
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 2.3821 34.34
Gravel, Medium No.4 (4.75 mm)| 0.6302 32.77
Gravel, Fine No0.10 (2.00 mm)|  0.8330 30.69
Sand, Very Coarse No0.20 (0.850 mm)| 1.2925 27.47
Sand, Coarse No0.40 (0.425 mm)[ 2.6386 20.89
Sand, Medium No0.60 (0.250 mm)|[ 1.9181 16.11
Sand, Fine No0.140 (0.106 mm)| 1.2470 13.00
Sand, Very Fine No0.200 (0.0750 mm)| 0.4741 11.82

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 12.06
0.005 mm 9.18
0.001 mm 5.50
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/16/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-7-061622-06.7-07.0
Lab Code: K2206845-006
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.84
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 15.4629 65.84
Gravel, Medium No.4 (4.75 mm)| 9.1596 45.70
Gravel, Fine No.10 (2.00 mm)| 3.2359 38.59
Sand, Very Coarse No0.20 (0.850 mm)| 4.6312 28.37
Sand, Coarse No0.40 (0.425 mm)[ 7.6102 11.59
Sand, Medium No0.60 (0.250 mm)| 2.0938 6.97
Sand, Fine No0.140 (0.106 mm)[  0.6203 5.60
Sand, Very Fine No0.200 (0.0750 mm)| 0.1396 5.30

Silt and Clay
(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 5.66
0.005 mm 3.53
0.001 mm 0.00
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/16/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-2-061622-09.0-09.4
Lab Code: K2206845-007
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.86
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 21.9312 54.16
Gravel, Medium No.4 (4.75 mm)| 11.3094 30.59
Gravel, Fine No0.10 (2.00 mm)| 2.7956 24.77
Sand, Very Coarse No0.20 (0.850 mm)| 3.7644 16.95
Sand, Coarse No0.40 (0.425 mm)| 5.9417 4.62
Sand, Medium No0.60 (0.250 mm)|[ 1.2536 2.02
Sand, Fine No0.140 (0.106 mm)| 0.2722 1.45
Sand, Very Fine N0.200 (0.0750 mm)| 0.0328 1.39

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 2.39
0.005 mm 2.96
0.001 mm 1.68
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/16/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-1-061622-05.0-05.5
Lab Code: K2206845-008
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.91
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 25.0036 43.94
Gravel, Medium No.4 (4.75 mm)| 10.3890 20.68
Gravel, Fine No.10 (2.00 mm)| 1.3181 17.73
Sand, Very Coarse No0.20 (0.850 mm)| 1.1476 15.17
Sand, Coarse N0.40 (0.425 mm)|[ 1.5666 11.66
Sand, Medium No0.60 (0.250 mm)| 1.4067 8.52
Sand, Fine No0.140 (0.106 mm)|  0.8659 6.59
Sand, Very Fine No0.200 (0.0750 mm)| 0.2735 5.97

Silt and Clay
(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 5.87
0.005 mm 4.47
0.001 mm 2.33
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22
Sample Matrix: Soil Date Received: 06/20/22
Date Analyzed: 06/29/22
Particle Size Determination
ASTM D422
Sample Name: TP-5-061522-3.8-4
Lab Code: K2206845-009
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing
Gravel (19.0 mm) N0.3/4"(19.0 mm)| 14.7629 69.97
Gravel (9.50 mm) N0.3/8"(9.50 mm)| 22.6311 24.29
Gravel, Medium No.4 (4.75 mm)| 4.5823 15.04
Gravel, Fine No0.10 (2.00 mm)|  0.3588 14.31
Sand, Very Coarse No0.20 (0.850 mm)| 0.4244 13.47
Sand, Coarse N0.40 (0.425 mm)|[ 1.1842 11.11
Sand, Medium No0.60 (0.250 mm)| 1.6918 7.74
Sand, Fine N0.140 (0.106 mm)| 1.2416 5.26
Sand, Very Fine No0.200 (0.0750 mm)| 0.3470 4.57

Silt and Clay
(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 4.62
0.005 mm 3.86
0.001 mm 1.96
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-8-061522-3.5-4
Lab Code: K2206845-010
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) No0.3/4"(19.0 mm)| 23.7491 42.64
Gravel (9.50 mm) N0.3/8"(9.50 mm)| 6.2184 27.68
Gravel, Medium No.4 (4.75 mm)| 4.1274 17.75
Gravel, Fine No.10 (2.00 mm)| 1.6624 13.75
Sand, Very Coarse No0.20 (0.850 mm)| 1.0207 11.33
Sand, Coarse No0.40 (0.425 mm)| 1.5852 7.56
Sand, Medium No0.60 (0.250 mm)| 1.3868 4.27
Sand, Fine N0.140 (0.106 mm)| 0.4464 3.21
Sand, Very Fine No0.200 (0.0750 mm)| 0.0563 3.07

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 3.94
0.005 mm 4.37
0.001 mm 3.54
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ALS Group USA, Corp.
dba ALS Environmental
Analytical Report

Client: GSI Water Solutions, Inc Service Request: K2206845
Project: Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22
Sample Matrix: Soil Date Received: 06/20/22

Date Analyzed: 06/29/22

Particle Size Determination
ASTM D422
Sample Name: TP-8-061522-1.5-2.0
Lab Code: K2206845-011
Gravel and Sand
(Sieve Analysis)
Description Sieve Size Percent
Weight (g) Passing

Gravel (19.0 mm) No0.3/4"(19.0 mm)|  0.0000 99.98
Gravel (9.50 mm) No0.3/8"(9.50 mm)| 4.1299 91.37
Gravel, Medium No.4 (4.75 mm)| 0.0000 91.37
Gravel, Fine No0.10 (2.00 mm)| 0.0372 91.30
Sand, Very Coarse No0.20 (0.850 mm)|[ 0.4393 90.38
Sand, Coarse No0.40 (0.425 mm)[ 5.0362 79.88
Sand, Medium No0.60 (0.250 mm)| 14.3167 50.01
Sand, Fine No0.140 (0.106 mm)| 14.7021 19.35
Sand, Very Fine No0.200 (0.0750 mm)| 3.0109 13.07

Silt and Clay

(Hydrometer Analysis)

Particle Diameter

Percent Passing

0.074 mm 12.44
0.005 mm 0.00
0.001 mm 0.00
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ALS Environmental—Kelso Laboratory
1317 South 13th Avenue, Kelso, WA 98626

Phone (360)577-7222 Fax (360)636-1068
www.alsglobal.com
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Client:
Project:
Sample Matrix:

Sample Name:
Lab Code:

ALS Group USA, Corp.
dba ALS Environmental

Analytical Report

GSI Water Solutions, Inc Service Request: K2206845
Umatilla Army Depot/913.001.002.001 Date Collected: 06/16/22 08:25
Soil Date Received: 06/20/22 12:10
TP-1-061622-05.0-05.5 Basis: Dry

K2206845-008

Total Metals
Analysis Date

Analyte Name Method Result Units LOQ LOD MDL Dil. Date Analyzed  Extracted Q
Aluminum 6020A 6640 mg/Kg 2.1 1.8 0.6 5 07/07/22 15:29 07/01/22
Antimony 6020A 0.134 mg/Kg 0.051 0.046  0.021 5 07/07/22 15:29 07/01/22
Arsenic 6020A 4.26 mg/Kg 0.51 0.13 0.06 5 07/07/22 15:29 07/01/22
Barium 6020A 82.0 mg/Kg 0.051 0.046 0.021 5 07/07/22 15:29 07/01/22
Beryllium 6020A 0.347 mg/Kg 0.021  0.018  0.006 5 07/07/22 15:29 07/01/22
Cadmium 6020A 0.103 mg/Kg 0.021  0.018  0.007 5 07/07/22 15:29 07/01/22
Chromium 6020A 7.69 mg/Kg 0.21 0.18 0.06 5 07/07/22 15:29 07/01/22
Cobalt 6020A 9.58 mg/Kg 0.021  0.018 0.006 5 07/07/22 15:29 07/01/22
Copper 6020A 18.3 mg/Kg 0.10 0.09 0.04 5 07/07/22 15:29 07/01/22
Lead 6020A 5.62 mg/Kg 0.051 0.046  0.021 5 07/07/22 15:29 07/01/22
Manganese 6020A 373 mg/Kg 0.051 0.046 0.021 5 07/07/22 15:29 07/01/22
Mercury T471A 0.005 J mg/Kg 0.020 0.005 0.002 1 07/06/22 13:49 07/05/22
Nickel 6020A 10.6 mg/Kg 0.21 0.10 0.03 5 07/08/22 10:35 07/01/22
Potassium 6010C 1100 mg/Kg 41 37 10 2 07/08/22 13:31 07/01/22
Selenium 6020A 02 J mg/Kg 1.0 0.3 0.09 5 07/07/22 15:29 07/01/22
Silver 6020A 0.051 mg/Kg 0.021  0.010 0.004 5 07/07/22 15:29 07/01/22
Thallium 6020A 0.099 mg/Kg 0.021  0.010 0.004 5 07/07/22 15:29 07/01/22
Zinc 6020A 47.4 mg/Kg 0.51 0.46 0.21 5 07/07/22 15:29 07/01/22
Printed 7/18/2022 3:35:56 PM Superset Reference:
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Client:
Project:
Sample Matrix:

Sample Name:
Lab Code:

ALS Group USA, Corp.
dba ALS Environmental

Analytical Report

GSI Water Solutions, Inc Service Request: K2206845
Umatilla Army Depot/913.001.002.001 Date Collected: 06/15/22 13:00
Soil Date Received: 06/20/22 12:10
TP-5-061522-3.8-4 Basis: Dry

K2206845-009

Total Metals
Analysis Date

Analyte Name Method Result Units LOQ LOD MDL Dil. Date Analyzed  Extracted Q
Aluminum 6020A 7340 mg/Kg 2.0 1.8 0.6 5 07/07/22 15:37 07/01/22
Antimony 6020A 0.190 mg/Kg  0.050 0.045 0.020 5 07/07/22 15:37 07/01/22
Arsenic 6020A 3.82 mg/Kg 0.50 0.12 0.06 5 07/07/22 15:37 07/01/22
Barium 6020A 91.6 mg/Kg  0.050 0.045 0.020 5 07/07/22 15:37 07/01/22
Beryllium 6020A 0.390 mg/Kg  0.020 0.018 0.006 5 07/07/22 15:37 07/01/22
Cadmium 6020A 0.103 mg/Kg  0.020 0.018 0.007 5 07/07/22 15:37 07/01/22
Chromium 6020A 9.01 mg/Kg 0.20 0.18 0.06 5 07/07/22 15:37 07/01/22
Cobalt 6020A 9.87 mg/Kg  0.020 0.018 0.006 5 07/07/22 15:37 07/01/22
Copper 6020A 16.4 mg/Kg 0.10 0.09 0.04 5 07/07/22 15:37 07/01/22
Lead 6020A 6.56 mg/Kg  0.050 0.045 0.020 5 07/07/22 15:37 07/01/22
Manganese 6020A 411 mg/Kg  0.050 0.045 0.020 5 07/07/22 15:37 07/01/22
Mercury T471A 0.011 J mg/Kg  0.021 0.005 0.002 1 07/06/22 13:51 07/05/22
Nickel 6020A 105 mg/Kg 0.20 0.10 0.03 5 07/08/22 10:40 07/01/22
Potassium 6010C 1460 mg/Kg 40 36 10 2 07/08/22 13:34 07/01/22
Selenium 6020A 02 J mg/Kg