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Executive Summary

ES-1 Introduction, Purpose and Scope

The U.S. Army Corps of Engineers (USACE) conducted a Resource Conservation and Recovery
Act (RCRA) Facility Investigation (RFI) for the Northern Area Groundwater at Fort Wingate Depot
Activity (FWDA), McKinley County, New Mexico. The Northern Area Groundwater RFI was
conducted in general accordance with the New Mexico Environment Department (NMED)-
approved Northern Area Groundwater RFI Work Plan (Sundance, 2018). This Final Northern Area
Groundwater RFI report was prepared for submission to the NMED—-Hazardous Waste Bureau,
as required by Section VII.H.1.a of the RCRA permit (NMED, 2015).

The Study Area of the Northern Area Groundwater RFI includes all or portions of thirteen parcels:
6,7,9, 10A, 10B, 11, 12, 13, 14, 18 21 22, and 25; with five areas of concern (AOCs): 47, 62, 63,
68, 86; and nine solid waste management units (SWMUs): 1, 2, 5, 6, 12, 27, 45, 50, 70, as defined
in the approved Northern Area Groundwater RFI Work Plan (Sundance, 2018). In addition, a
second work plan was incorporated as part of this RFI to assess the presence of multiple alluvial
aquifers in the northern portion of the Study Area (USACE, 2019). The general purpose and scope
of this RFI, incorporating both work plans, is to address the following:

1. Further define potentiometric surfaces and aquifer parameters (hydraulic conductivity);

2. Determine the presence of either a singular or multiple aquifers in the northern extent of
the study area,;

3. Further define the horizontal and vertical extent of groundwater contaminant plumes
associated with historical FWDA related activities (volatile organic contaminants [VOCs],
nitrate, explosives, perchlorate) in the alluvial and bedrock aquifers;

4. Locate and identify source areas where groundwater contaminants were released into the
environment;

5. Provide sufficient information to conduct Corrective Measures Studies for each
groundwater plume.

Primary field activities performed as part of the RFI included drilling 68 borings for collection of 52
soil vapor samples for analysis. Installation of 27 alluvial groundwater monitoring wells and 8
bedrock groundwater monitoring wells. Laboratory geotechnical testing was conducted on 12
alluvial samples and 3 rock core samples collected from 15 different wells. Groundwater sampling
was conducted from 33 newly installed wells (two wells did not yield enough groundwater volume
to sample) for laboratory analysis. Aquifer slug testing was performed at 10 alluvial wells and 4
bedrock wells, with monitoring well surveying for 35 new and 92 existing monitoring wells in the
northern area of FWDA. This report presents a record of investigative activities, field data,
chemical and geotechnical analytical Ilaboratory data, findings, conclusions, and
recommendations. The results are presented on a plume by plume basis with plume-specific
tables and figures. Supplemental data collected from slug testing and geotechnical laboratory
tests are included to assist with future corrective actions.
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ES-2 Northern Area Groundwater RFI Findings and Conclusions

The following findings and conclusions were made based upon data and observations collected
during conduct of the Northern Area Groundwater RFI. The findings and conclusions pertain to
alluvial and bedrock groundwater and aquifer properties; groundwater plumes (VOCs, nitrate,
explosives and perchlorate) by aquifer (alluvial and bedrock); and lastly a summary of findings for
other constituents in groundwater (total petroleum hydrocarbons (TPH) metals, herbicides,
pesticides and polychlorinated biphenyls) are presented.

ES-2.1 Groundwater and Aquifer Properties
Alluvial Aquifer

Based upon 86 groundwater monitoring wells installed in the alluvial aquifer, the groundwater flow
direction in the alluvial aquifer is from potentiometric highs in the north and south toward a
potentiometric low west of the Administration Area. Groundwater flow direction from the
Administration Area is primarily to the west. Based on soil boring logs from FWDA, alluvial
deposits are heterogeneous and thickest near major drainages. The alluvium has been found to
be up to 150 feet thick near the south fork of the Rio Puerco. In the Administration Area, alluvium
thickness ranges between 30 feet and 70 feet.

Slug tests were performed at 10 alluvial aquifer wells. The results indicate an average hydraulic
conductivity of 1.14 x 10 centimeters per second (cm/sec).

Two alluvial aquifer monitoring well pairs were installed to assess the presence of multiple alluvial
aquifers in the northwest portion of FWDA. The groundwater elevations indicate a slight upward
vertical gradient at both well pairs indicating that the lower zones have a slightly greater hydraulic
head and a hydraulically semi-confined condition. Furthermore, comparison of chloride and
sulfate concentrations between the well pairs show similar concentrations at BGMW13S/13D and
significantly different concentrations between MW36S/36D. Based upon the single groundwater
elevation and upon this single groundwater analytical result from each well pair, the finding of
multiple aquifers is inconclusive.

Bedrock Aquifer

Based upon 27 groundwater monitoring wells installed in the bedrock aquifer, the groundwater
flow in the bedrock is from potentiometric highs in the north and south toward a potentiometric
low in the Administration Area.

Slug tests were performed at 4 bedrock aquifer wells. The results indicate an average hydraulic
conductivity of 9.59 x 104 cm/sec, with a greater range of conductivity than the alluvial aquifer.

ES-2.2 Soil Vapor 1,2-DCA Plume

The purpose of soil vapor sample collection was to define the horizontal definition of the VOC
groundwater plume and to assist with monitoring well placement. The results document a sail
vapor plume located between buildings BO05 (SWMU 5) and B039. The soil vapor concentrations

December 2022 | ES-2
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in this area are sufficiently high to contaminate groundwater in excess of the groundwater cleanup
goal of 5 micrograms per liter (ug/L). Graphical analysis indicates that the soil vapor plume is
contributing to the groundwater VOC plume (comprised of a single compound 1,2-dichloroethane
[1,2-DCA] which exceeds the screening level) which originates in the same vicinity as the soil
vapor plume.

ES-2.3 Groundwater Contaminant Plumes

Groundwater samples were collected from both the alluvial and bedrock aquifers and
supplemented with results from the 2018 Groundwater Periodic Monitoring Report (Sundance,
2019) to enhance plume analysis. The groundwater findings and conclusions are presented
below:

VOC Plume

The results depict an alluvial groundwater plume originating west of Building BO05 and extending
in a northwesterly direction to approximately Building B048. The area west of B005, a former
gasoline fueling facility (B006), appears to be the primary soil source of this plume with a
secondary source of groundwater contamination by soil vapor. The plume is completely defined
by groundwater monitoring wells, is comprised of a single compound which exceed the screening
level - 1,2-DCA, and is expected to decrease in concentration due to primary source removal and
due to attenuation. There is no indication of a VOC plume in the bedrock aquifer.

Nitrate Plumes

The results depict an alluvial groundwater plume and a bedrock nitrate plume both of which
originate in the former Workshop Area. The alluvial plume extends north after which the plume
becomes oriented in a westerly direction and extends beyond the Administration Area. The alluvial
nitrate plume is the largest groundwater contaminant plume at FWDA. In the alluvial aquifer, the
source of the nitrate plume is the former Workshop Area with migration north with the hydraulic
gradient. Increased concentrations at the leading edge of the plume adjacent to Building BO09
suggest a secondary soil source for nitrate at this location. AOC 47 which is located immediately
south of Building B0O09 is the site of a nitrate-containing photoflash spill. AOC 47 is a potential
source for the increased nitrate concentrations in groundwater in the vicinity of Building 11 (AOC
47).

One bedrock nitrate plume was observed located south of the trinitrotoluene (TNT) Leaching
Beds. This bedrock nitrate plume appears to originate south and hydraulically upgradient of the
alluvial nitrate plume. This upgradient location and the shape of this bedrock nitrate plume
(equivalent to the bedrock groundwater contour) suggests a bedrock source for this bedrock
nitrate plume.

Perchlorate Plumes

The results depict overlapping and localized groundwater plumes in the alluvial and bedrock
aquifers which originate at the former Building 528 Complex (SWMU 27). Both plumes extend

December 2022 | ES-3
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north for several hundred feet with the bedrock perchlorate plume being larger and higher in
concentration compared to the alluvial perchlorate plume.

The plume configuration (concentration and shape) suggests that the alluvial and bedrock
perchlorate groundwater plumes share a common source originating from the Building 528
Complex (SWMU 27). The high concentrations in both the bedrock and alluvium suggest releases
directly to each aquifer as opposed to vertical migration from alluvial to the bedrock aquifer.
Geological factors prevent the monitoring of the head of these plumes.

Explosives Plume

The results depict a single groundwater plume in the alluvial aquifer originating at the former TNT
Leaching Beds. This plume demonstrates a similar shape as the alluvial nitrate plume. Explosives
are not observed in bedrock monitoring wells despite several wells being in close proximity to the
alluvial explosives plume.

Total Petroleum Hydrocarbons (TPH) Plumes—

The majority of the detections were located in the Administration Area where a former fueling
facility was located. Localized and delineated groundwater plumes of TPH-GRO and TPH DRO
are identified in the Administration Area. Detections reported from remaining areas are not
attributed to hydrocarbon impacts and are likely due to naturally occurring organic compounds in
the TPH range of the analytical test.

Other Constituents

Metals - Metals were detected at concentrations exceeding screening levels from across the
Study Area in both alluvial and bedrock wells. Metals are naturally occurring constituents of
concern and are expected to be reported in both total and dissolved samples. In addition, highly
turbid samples may have contributed to the high metals concentrations. However, aluminum may
have been released in the Administration Area at AOC 47 as part of a documented spill of
photoflash compound. Total metals analytical results are influenced by the presence of high
turbidity. Dissolved samples are not influenced by high turbidity as these samples are filtered prior
to collection in the laboratory container.

Herbicides, Pesticides and Polychlorinated Biphenyls (PCBs) - One herbicide was detected
exceeding the screening level (EPA Tap Water Regional Screening Level (RSL)) from two wells
(BGMW13D and MW36S). The herbicide, methylchlorophenoxypropionic acid (MCPP), was
reported at alluvial wells located in the northwest corner of the Study Area (BGMW13D and
MW36S). In addition, the herbicide 2, 2-dichloropropionic acid was reported in the bedrock aquifer
(BGMWO7) at the northeast corner of the Study Area (Sundance, 2019). Due to the upgradient
location of these wells from FWDA activities and the potential for off-site sources, neither of these
compounds are attributed to a release from FWDA. Neither pesticides nor PCBs were reported in
samples from the remaining alluvial or bedrock wells sampled as part of this groundwater RFI.
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ES-3 Northern Area Groundwater RFI Recommendations

The following activities are recommended to address data gaps identified as part of the
Northern Area Groundwater RFI.

ES-3.1 Groundwater and Aquifer Properties
Alluvial Aquifer - Presence of Multiple Alluvial Aquifers

The finding of multiple alluvial aquifers was inconclusive due to having a single groundwater
elevation and chemical analysis from which to make comparisons. It is recommended that future
water level elevation data and laboratory analytical results for major anions, total metals and
dissolved metals be compared between well pairs BGMW13S/13D and MW36S/36D. These data
can be used for assessment of vertical gradients and determination of the presence of multiple
aquifers.

Bedrock Aquifer

No recommendations for additional work are made regarding aquifer parameters or potentiometric
surface definition for the bedrock aquifer.

ES-3.2 Soil Vapor 1,2-DCA Plume

The limits of the soil vapor plume were not defined to the north, south and east of Building BO05
(SWMU 5). To design a remedy for the soil vapor plume, additional sample collection is
recommended to define the limits of the soil vapor plume.

ES-3.3 Groundwater Contaminant Plumes
VOC - No additional investigative activities are recommended for the VOC plume.

Nitrate - In the alluvial aquifer, the nitrate plume demonstrates a concentration increase adjacent
to and hydraulically downgradient of Building B009. It is recommended that the subsurface in the
vicinity of Building B009 be investigated for potential source(s) of nitrate contamination to
groundwater. In the bedrock aquifer, no additional investigative activities are recommended for
the nitrate plume.

Perchlorate and Explosives Plume - No additional investigative activities are recommended for
the perchlorate plume or for the explosives plume.

Other Constituents - No additional investigative activities are recommended for metals, TPH,
herbicides, pesticides and PCBs.
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Northern Area Groundwater RCRA Facility Investigation Report
Fort Wingate Depot Activity — McKinley County, New Mexico

1 Introduction

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report was
prepared by HDR for the U.S. Army Corps of Engineers (USACE) — Tulsa District to document
the findings of the Northern Area Groundwater RFI performed at Fort Wingate Depot Activity
(FWDA), McKinley County, New Mexico. FWDA is located 7 miles east of Gallup, New Mexico
(Figure 1-1.1). The Study Area is located in the northernmost portion of FWDA and south of
Interstate 40 (Figure 1-1.2). RFI field work was performed according to the Work Plan (Sundance
Consulting, Inc. [Sundance], 2018) and the Letter Work Plan (USACE, 2019). This report presents
the site background, RFI activities and methods, results, findings, conclusions, and
recommendations.

1.1 Purpose and Scope

The general purpose and scope of this RFI is to address the following:

1. Provide better delineation of potentiometric surfaces,
2. Determine aquifer parameters (hydraulic conductivity),

3. Determine the presence of either a singular or multiple aquifers in the northern extent of
the study area,

4. Further define the horizontal and vertical extent of the following identified groundwater
contaminant plumes:

One Volatile Organic Compound (VOC) groundwater plume (in alluvium) (Solid Waste
Management Units (SWMUSs) 5, 6, 45, and 50),

Two nitrate groundwater plumes (one in alluvium and one in bedrock) (Area of
Concern) AOCs 47, 62, 63, 68, and 86 and SWMUs 1 and 2),

Two perchlorate groundwater plumes (one in alluvium and one in bedrock) (SWMUs
12, 27, and 70), and

One explosives groundwater plume (in alluvium) (SWMU 1 and AOCs 63 and 68)
defined by hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX).

One TPH-GRO and one TPH-DRO plume in the alluvium (SWMUs 6, 45 and 50)

5. Locate and identify source areas where groundwater contaminants were released into the
environment, and

6. Provide sufficient information to conduct Corrective Measures Studies for each
groundwater plume.

Primary field activities performed as part of the RFI included soil vapor sampling and analysis,
soil sampling and analyses, installation of groundwater monitoring wells, piezometric
measurements, groundwater sampling and analyses, aquifer testing, and monitoring well
surveying for new and existing monitoring wells in the northern area of FWDA.
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This report presents the results on a plume by plume basis with plume-specific tables and figures.
Supplemental data collected from slug testing and geotechnical laboratory tests provide geologic
and hydrogeologic data which can be utilized to assist with future corrective actions. Additionally,
monitoring well survey data is presented.

1.2 Regulatory Criteria

On December 1, 2005, the New Mexico Environment Department (NMED) issued a RCRA permit
(EPA ID No. NM 6213820974) to the Army (permittee)—FWDA owner and operator. The permit
established the general and specific standards and requirements for activities pursuant to the
New Mexico Hazardous Waste Act, as amended; New Mexico Statutes Annotated 74-4-1,
Hazardous Waste Act; and the New Mexico Hazardous Waste Management Regulations, New
Mexico Administrative Code (NMAC) 20.4.1. Since the original permit issuance, the FWDA RCRA
permit has been revised through several NMED-issued maodifications, most recently, in February
2015 (NMED, 2015).

1.3 Data Quality Objectives

The data quality objectives (DQOs) were developed through a seven-step process, each step of
which derived criteria that are used to establish the final data collection design in accordance with
United States Environmental Protection Agency (EPA) guidance (EPA, 2006). The DQO steps
are the basis for the design of the data collection plan and specify the type, quality, and quantity
of data to be collected and how the data are to be used to make the appropriate decisions for the
project. The DQO steps are: 1) State the Problem, 2) Identify the Goal of the Study, 3) Identify
Information Inputs (Data Inputs), 4) Define the Boundaries of the Study, 5) Develop the Analytic
Approach, 6) Specify Performance or Acceptance Approach, 7) Develop the Plan for Obtaining
Data. The DQOs for each groundwater plume are presented in the Work Plan (Sundance, 2018)
and are summarized below.

131 State Problem
The problem statement on a groundwater plume by groundwater plume basis is presented below.

VOC Groundwater Plume

The extent of the VOC groundwater plume required further definition. More information was
required to refine the interaction of contamination within the vadose zone and the alluvial
water-bearing zone.

Nitrate Groundwater Plume

The nature and general extent of the nitrate groundwater plume within the alluvial and bedrock
aquifers required further definition.

Perchlorate Groundwater Plume

The extent of the perchlorate groundwater plume within the alluvial and bedrock aquifers
required further definition.
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Explosives Groundwater Plume

RDX is the primary compound in the explosives groundwater plume. The extent of explosives
and RDX in the alluvial water-bearing zone was not adequately defined to the north or the
west.

Total Petroleum Hydrocarbons Groundwater Plumes

The extent of the total petroleum hydrocarbons groundwater plume within the alluvial and
bedrock aquifers required further definition.

1.3.2 Identify the Goal of the Study

The goals of the study on a groundwater plume by groundwater plume basis is presented below.

VOC Groundwater Plume
Determine that VOC 1,2-DCA is the primary COPC in subsurface soil and groundwater.
Determine if additional monitoring wells are needed to better delineate the VOC groundwater
plume. If so, identify where additional wells should be installed and how many.

Nitrate Groundwater Plume
Delineate the extent of nitrate contamination in groundwater exceeding regulatory limits in the
alluvial and bedrock aquifers.

Perchlorate Groundwater Plume
Delineate the extent of perchlorate contamination in groundwater exceeding the screening
criteria determined by the RCRA permit.

Explosives Groundwater Plume
Delineate the extent of RDX contamination in alluvial groundwater exceeding regulatory limits

and determine the vertical extent of RDX contamination.

Total Petroleum Hydrocarbons Groundwater Plumes

Delineate the extent of TPH contamination in groundwater exceeding regulatory limits in the
alluvial and bedrock aquifers.

1.3.3 Data Inputs

Field observations recorded during soil vapor sampling, drilling, lithological logging, soil sampling,
monitoring well installation and development, aquifer testing, and groundwater sampling were
used to assist in evaluating the extents of groundwater contaminant plumes within the Study Area.

1.34 Define the Boundaries of the Study
The boundaries of the study are depicted in Figure 1-1.2.
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135 Analytical Approach

Soil Vapor Analytical Approach

Soil vapor samples were collected to evaluate groundwater monitoring well placement. The soll
vapor results were used to refine the monitoring well locations selected in the Work Plan
(Sundance, 2018) and to supplement the groundwater fate and transport evaluation.

Soil Analytical Approach

A select number of soil samples were collected from borings for laboratory chemical and
geotechnical analyses. The soils data will supplement the groundwater fate and transport
evaluation, help refine the conceptual site model, and provide information for future investigative
actions.

Groundwater Analytical Approach

Groundwater samples were collected from alluvial and bedrock aquifers following monitoring well
installation. The rationale for the groundwater analyses and aquifer characterization was based
upon data needs identified in the Work Plan (Sundance, 2018) as follows:

VOC Groundwater Contaminant Plume

The horizontal plume extent to the west, east, and the south required delineation in the alluvial
aquifer.

The vertical plume extent required delineation.

Aquifer parameters (hydraulic conductivity) needed to be determined.

Nitrate Groundwater Contaminant Plumes

The source or sources that contributed to the bedrock aquifer nitrate plume(s) were not
defined.

More information was required to delineate the nature and extent of nitrate concentrations
within the alluvial aquifer and bedrock aquifer plumes.

Interaction between the first and second bedrock aquifers had not been determined.
Aquifer parameters (hydraulic conductivity) were not known.
Perchlorate Groundwater Contaminant Plumes

The perchlorate plume boundaries to the southwest and east in the alluvial aquifer were not
adequately defined.

The horizontal plume extent to the north and east of the second bedrock aquifer required
delineation.

Aquifer parameters (storage coefficient and hydraulic conductivity) had not been determined.

Explosives Groundwater Contaminant Plume

The horizontal plume extent to the north and west required delineation in the alluvial aquifer.
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The extent of the first bedrock water bearing zone had not been determined.
The vertical plume extent required delineation

Aquifer parameters (hydraulic conductivity, fraction organic carbon, grain-size distribution,
total porosity, bulk density, moisture content) were not known.

Total Petroleum Hydrocarbons Groundwater Plumes

More information was required to delineate the nature and extent of TPH concentrations within
the alluvial aquifer and to determine the presence of a bedrock groundwater plume.

Aquifer parameters (hydraulic conductivity, fraction organic carbon, grain-size distribution,
total porosity, bulk density, moisture content) were not known.

1.3.6 Performance or Acceptance Criteria

Soil and groundwater analytical data were generated by TestAmerica (TA) Laboratories, Inc. and
ALS Environmental. Both of these laboratories are certified by the Department of Defense
Environmental Laboratory Accreditation Program (DoD-ELAP). Laboratories certified through
DoD-ELAP prove competency and document conformance to the international standard ISO/IEC
17025 (as updated), General Requirements for the Competence of Testing and Calibration
Laboratories as implemented by the DoD/DOE Quality Systems Manual for Environmental
Laboratories (DoD QSM) (DOD /DOE, 2013).

Electronic data deliverables (EDDs) for each sample delivery group were provided by TA and ALS
for validation. The sample result EDDs were loaded into the automated data review (ADR)
software for data validation. Quality assurance (QA) and quality control (QC) procedures were
implemented as required by the Work Plan (Sundance, 2018) and Department of Defense
guidance (DOD/DOE, 2013). Validation services were provided by Laboratory Data Consultants,
Inc., in Carlsbad, California. Final validation and qualification was performed by the Project
Chemist.

The validated data output files from the ADR were exported to the FWDA electronic data
management system database.

1.3.7 Develop the Plan for Obtaining Data
The plan for obtaining and use of the data on a groundwater plume by groundwater plume basis
is presented below.

VOC Groundwater Plume

A soil gas sampling grid with 30-foot lateral spacing and depths up to 30 feet below ground surface
(bgs) was established over known VOC groundwater plume areas and correlated to soil gas
analytical data in the vadose zone. The soil gas data was used to select locations to install
groundwater monitoring wells to refine and delineate the extent of the VOC groundwater plume
and to confirm that 1,2-DCA is the primary chemical of concern in the groundwater VOC plume.
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Nitrate Groundwater Plume

Nitrate and nitrite groundwater analytical data were used to achieve the project objective of
defining the boundaries of the bedrock and alluvial water-bearing zone plumes. Project efforts
were phased to delineate the extent of nitrate in groundwater. Optimization for this effort was
focused on evaluating the groundwater data to determine the extent of contamination in the nitrate
groundwater plumes as well as to determine if suspected sources are contributing nitrates to
groundwater exceeding regulatory concentrations.

Perchlorate Groundwater Plume

Perchlorate analytical data in groundwater was used to achieve the project objective of defining
the boundaries of the bedrock and alluvial groundwater plumes. Optimization for this effort was
focused on evaluating the groundwater data to determine the extent of contamination as well as
to determine if suspected sources are contributing perchlorate to groundwater exceeding
regulatory concentrations.

Explosives Groundwater Plume

Explosives groundwater analytical data was used to achieve the project objective of defining the
boundaries of the alluvial explosives plume. Optimization for this effort was focused on evaluating
the groundwater data to determine the extent of contamination as well as to determine if
suspected sources are contributing explosives to groundwater exceeding regulatory
concentrations.

Total Petroleum Hydrocarbons Groundwater Plumes

TPH groundwater analytical data was used to achieve the project objective of defining the
boundaries of the alluvial and bedrock TPH in groundwater. Optimization for this effort was
focused on evaluating the groundwater data to determine the extent of contamination as well as
to determine if suspected sources or interference from naturally occurring organic material (plant
matter) contributes to TPH detections in groundwater exceeding regulatory concentrations.

1.4 Document Organization
The RFI Report is organized into the following sections:

Section 2 presents background information about FWDA.

Section 3 describes the methods employed during the field investigation.
Section 4 presents the results of the RFI.

Section 5 presents the findings and conclusions of the RFI.

Section 6 presents recommendations.
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2 Installation Background

2.1 General Site Description

FWDA occupies approximately 12,774 acres and is located approximately 7-miles east of Gallup
in McKinley County, New Mexico. FWDA is almost surrounded by federally owned or federally
administered lands, including both national forest and tribal lands. FWDA has been divided into
several sub-areas (parcels) based on their location and historical land use (Figure 2-1.1). The
major land use areas that overlay the constituents of potential concern (COPCs) groundwater
plumes consist of the following.

The Administration Area encompasses approximately 800 acres in the northern portion of
FWDA and consists of former office facilities, housing, equipment maintenance facilities,
warehouse buildings, and utility support facilities.

The Workshop Area encompasses approximately 700-acres south of the Administration Area
and consists of an industrial area containing former ammunition maintenance and renovation
facilities, the former trinitrotoluene (TNT) washout facility, and the TNT Leaching Beds area.
Buildings and related structures in this area were demolished in 2010.

FWDA was originally established by the U.S. Army in 1862 at the southern edge of the Navajo
territory. In 1918, the mission of FWDA changed from tribal issues to World War I-related
activities. Beginning in 1940, the FWDA mission was primarily to receive, store, maintain, and
ship explosives and military munitions, as well as to disassemble and dispose of unserviceable
or obsolete explosives and military munitions. In 1975, FWDA came under the administrative
command of Tooele Army Depot (TEAD), located near Salt Lake City, Utah.

In January 1993, the active mission of FWDA ceased and FWDA itself closed because of the
Base Realignment and Closure Act of 1990 (BRAC). Beginning in 2002, the U.S. Army re-
assigned many FWDA functions to the BRAC Division, including caretaker duties, property
transfer, and performance of environmental compliance and restoration activities. TEAD retained
command and control responsibilities until January 31, 2008, when these responsibilities were
transferred to White Sands Missile Range.

FWDA is currently undergoing final environmental characterization and restoration activities
before final property transfer and reuse. FWDA has been divided into reuse parcels as part of the
planned property transfer to the U.S. Department of the Interior.

2.2 Cultural Resources

Traditional cultural properties (TCP) and other cultural resources have been documented within
the FWDA boundaries. Based on a review of available mapping (University of New Mexico/ Office
of Contract Archaeology, 1994), a limited number of identified TCP sites are located within the
areas of the groundwater plumes. USACE-Fort Worth District has developed a Programmatic
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Agreement (PA) specifying the appropriate procedures during environmental characterization and
remediation activities. These procedures were followed as part of this RFI.

2.3 Site Conditions

231 Land Use

The current land use within the Study Area is commercial/industrial and it is expected to remain
unchanged for the foreseeable future. However, given the Study Area’s location and surrounding
land use (i.e., tribal lands), future residential use in the FWDA northern area is feasible.

2.3.2 Climate

FWDA is located within the southern portion of the Colorado Plateau, in the Northwestern Plateau
climate division of New Mexico. This region overall has a semiarid continental climate, and
alternates seasonally and topographically from hot and dry, to cool and wet. Average annual
precipitation for Gallup, NM, and the surrounding area is approximately 12-inches of rainfall; the
average snowfall amount is 35 inches. Most precipitation occurs during monsoon season from
July through October, with minimal precipitation in the spring and late fall (U.S. Climate Data,
2019).

Average seasonal temperatures vary by elevation and topographic features, with the hottest
temperatures occurring in the lower elevations (northern area) in the spring and summer months,
and the lowest temperatures occurring in the higher elevations in the winter. The maximum
temperature in 2019 was recorded in August as 97 degrees Fahrenheit (°F), with the lowest
temperature recorded in February as -12.8°F, giving an overall range across the year of 109.8°F.
Temperature fluctuations within FWDA can also vary from sunrise to sunset as much as 20°F,
particularly in the late winter to early spring months.

2.3.3 Topography

The elevation of FWDA ranges from approximately 8,200 feet above mean sea level (amsl) in the
south to 6,660 feet amsl in the north (Figure 2-3.1). Topographically, FWDA may be divided into
three general areas: 1) the rugged north-to-south trending Nutria Monocline (also known as the
Hogback) along the western and the southwestern boundaries, 2) the northern hill slopes of the
Zuni Mountains in the southern portion, and 3) the alluvial plains marked by bedrock remnants in
the northern portion of FWDA. Main drainages follow the topography, primarily flow from south to
north, and discharge to the South Fork of the Puerco River near the northern boundary of FWDA,;
however, many tributaries follow the regional trend, flowing from southwest to northeast. During
rainfall and snowmelt events, arroyos transport sediment to low-lying areas in the northern part
of FWDA, creating an extensive alluvial deposit among remnants of bedrock.

The Study Area is relatively flat with higher elevations in the south. Surface runoff during
rainfall/snowmelt events drains into arroyos that flow only during precipitation events or pool
locally in low areas where it evaporates or infiltrates. No surface water bodies exist within the
Study Area.
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234 Vegetation/Habitat

Vegetation in the Study Area consists of moderate grasslands, sagebrush, and pifion-juniper
woodlands. The Study Area provides habitat for antelope, prairie dogs, rattlesnakes, badgers,
field mice, the occasional mountain lion or bear, and various other insects and animals.

2.35 Soils

Soils at FWDA are consistent with those occurring in cool plateau and mountain regions of New
Mexico. The major soil types present at FWDA are variants/complexes of sand, loam, clay, and
rock. These soils are relatively thin, and the parent bedrock is either at or near the surface in more
than a quarter of FWDA. The Natural Resources Conservation Service (NRCS) soil map for the
Study Area is presented in Figure 2-3.2.

There are six soil types in the Study Area over the VOC, nitrate, perchlorate, and explosives
groundwater plumes. The soils are as follows from south to north: Evpark-Arabrab, Aquima-
Hawaikuh, and Rock Outcrop. Along the western boundary are the Rock Outcrop and Zia and
along the eastern boundary the Bamac is observed.

2.3.6 Geology

In 1997, geologic mapping of portions of FWDA and a fracture trace analysis were conducted by
the U.S. Geological Survey (USGS). Geologic units exposed at the ground surface throughout
much of FWDA are illustrated in Figure 2-3.3. Results of this identification, combined with
information from geologic literature and subsurface investigations in the northern area of FWDA,
are presented below to provide a description of the geologic and stratigraphic setting of the portion
of FWDA in which the groundwater plumes are located.

2.36.1 Stratigraphy

FWDA is underlain primarily by the Triassic Chinle Group consisting of mudstone and sandstone
that are tilted gently to the northwest. In the western and southern portions of FWDA, however,
Jurassic and Cretaceous sandstone and claystone are exposed along the Nutria Monocline.

Within the Study Area, Quaternary alluvial and colluvial deposits unconformably overlie the
Triassic-age bedrock in the lower elevation and northern portions of FWDA (Anderson et al,
2003). The regional stratigraphic column with lithological descriptions of the units is presented in
Figure 2-3.4.

The Triassic Petrified Forest Formation underlays the alluvial and colluvial deposits in the Study
Area. The Petrified Forest Formation comprises more than 75 percent of the exposed bedrock
throughout FWDA, and consists primarily of mudstone, claystone, and minor amounts of muddy
sandstone. The Petrified Forest Formation consists of the Painted Desert Member (upper), the
Sonsela Sandstone Member (middle), and the Blue Mesa Member (lower).

The upper Painted Desert Member and the lower Blue Mesa Member each consist of mudstone,
siltstone, sandy mudstone, and lenticular sandstone layers. Sandstone lenses within the Painted
Desert and Blue Mesa Members are generally less than 20-feet thick, laterally discontinuous, and
contain high quantities of very fine, muddy matrix. Thus, the apparent permeability of these
lenses, and of the Painted Desert and Blue Mesa members, is very low. The Painted Desert

December 2022 | 2-3



N B

co~NO Ol W

10
11
12
13
14
15

16
17
18
19
20

21
22
23
24

25
26
27
28
29
30
31

32
33
34
35
36

37
38
39

Northern Area Groundwater RCRA Facility Investigation Report
Fort Wingate Depot Activity — McKinley County, New Mexico

Member of the Petrified Forest Formation is exposed at the ground surface in areas of higher
topographic elevations located along the southern reach of the Study Area.

The Permian Bluewater Creek Formation, Moenkopi Formation, the San Andres limestone, and
the Glorieta sandstone underlie the Blue Mesa Member of the lower Petrified Forest Formation.
The lower Petrified Forest Formation, Bluewater Creek, and the Moenkopi Formation comprise
250 feet to 300 feet of mudstones and sandstones with a relatively low apparent permeability.
These units are underlain by approximately 100 feet of the San Andres limestone, which is
underlain by approximately 120 feet of the Glorieta sandstone.

2.3.6.2 Structural Geology

FWDA lies within a small basin defined on the south and east boundaries by the Zuni Mountains
(Zuni Uplift), on the west by the Nutria Monocline, and on the north by the South Fork of the
Puerco River (USGS, 2009). The Laramide Orogeny, occurring approximately 75-million to 35-
million years ago, contributed to the present basin configuration. Orogenic uplift tilted bedrock
that underlies most of FWDA to the northwest at an angle of approximately 5 degrees (USACE,
2011).

The Nutria Monocline west of FWDA is the dominant topographic and structural feature. The
Nutria Monocline is a north-northwest to south-southeast trending monocline that dips steeply to
the south-southwest and defines the west and southwest margin of the Zuni Uplift. The Nutria
Monocline rises as much as 2,000-feet above the surrounding area, and dips commonly exceed
60 degrees (USACE, 2011).

The northern boundary of FWDA terminates in the strike valley of the South Fork of the Puerco
River. The valley represents the transition between the Zuni Uplift to the south and the Chaco
Slope to the north. The Chaco Slope is a gently north-dipping slope between the Zuni Uplift and
the inner San Juan Basin (USACE, 2011).

Bedrock underlies most the northern area of FWDA and dips to the northwest at an angle of
approximately 5 to 6 degrees. The structural orientation of the bedrock and overlying alluvium
substantially influences the movement of local groundwater near FWDA. The groundwater
gradient in the uppermost bedrock units of the northern area is primarily to the northwest and
west, generally following the structural dip of the geologic units (USACE, 2013). Depictions of the
overlying alluvial aquifer and the underlying bedrock aquifer are presented on Figure 2-3.5a and
Figure 2-3.5b.

2.3.7 Hydrogeology

The surface of the Study Area is covered by either remnants of the Chinle Group or Quaternary
alluvial and colluvial deposits. Most of the alluvial deposits are found in lowland areas between
bedrock remnants. Alluvium consists of unconsolidated intermittent sands, silts, and lean clays.
Alluvial material is unconformably underlain by Triassic-age geologic units.

2371 Alluvial Aquifer
The Quaternary alluvial aquifer in the northern area of FWDA includes deposits in the Puerco
River Valley along the northern edge of FWDA. Thicknesses of the alluvial deposits in the Study
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Area vary from 0 to greater than 150 feet bgs (Eco & Associates, Inc. [ECO], 2020a). The alluvial
deposits in the valleys within FWDA are composed of detrital rock clasts and mineral grains
weathered from Triassic- and Jurassic-age strata exposed in adjacent outcrops. The rock
outcrops of the Painted Desert Member in and around the Study Area provide evidence of
previous erosion and the identity of the source formation from which the alluvium in the
Administration and Workshop areas was derived. Given the predominance of mudstones in the
Painted Desert Member, erosion of this member provides abundant fine-grained material (silts
and clay minerals) to FWDA alluvium. Information from drill cuttings and cores describe the fine-
grained nature of eroded siltstones and mudstones in the alluvial deposits (USGS, 2009).

Groundwater in the alluvium underlying the Study Area occurs at relatively shallow depths.
Recharge occurs mainly during the wet seasons of the year, specifically with the snowmelt in the
spring. In the southeastern portion of the Study Area, recharge occurs as focused hill-front
recharge. This recharge is analogous to mountain-front recharge but at a smaller scale. In the
southwestern portion of the Study Area, recharge consists of ephemeral runoff concentrated in
topographic depressions and in the Fenced-up Horse Arroyo. To the north, recharge occurs
primarily as hill-front recharge with some recharge from the South Fork of the Puerco River
(USGS, 2009). The general direction of groundwater flow in the northern part of FWDA is to the
south-southwest with groundwater depths ranging from 15 feet to 74 feet bgs. However, in the
southern part of the Study Area, groundwater generally flows north-northwest, while in the center
of the Study Area, groundwater flow converges and creates a local westerly groundwater flow
direction (ECO, 2020a).

Unconsolidated sediments in the Study Area represent relatively low-energy alluvial deposition
with interbedded sands, silts, and clays. The alluvium generally has low hydraulic conductivity
because of a high clay content. Groundwater velocities overall are low due to the presence of
discontinuous sand layers (USGS, 2009). The hydraulic conductivity of the alluvium in the Study
Area is estimated to range from 0.0009 foot per day to 0.8007 foot per day (3.17x10’ cm/sec to
2.82x10*“ cm/sec), with a mean hydraulic conductivity of 0.174 foot per day (6.14x10* cm/sec)
(TerranearPMC, 2006a).

2.3.7.2 Bedrock Aquifer

The alluvium in the Study Area is underlain by the low-permeability bedrock of the Painted Desert
Member of the Petrified Forest Formation. A discontinuous sandstone interval within the Painted
Desert Member of the Petrified Forest Formation is the uppermost water bearing zone in the
bedrock unit. This discontinuous sandstone interval is referred to as the “Bedrock Aquifer 1” (BR1)
and is characterized as a laterally discontinuous water bearing zone that does not yield
sustainable water production. (CH2M Hill, 2010). The Painted Desert Member in this area
comprises mudstone and siltstone, with sandstone approximately 20 feet (£10 feet) thick and
sandstone conglomerate intervals exhibiting low permeability in non-fractured locales. Previous
investigations have indicated that the sandstone unit first encountered within the massive Painted
Desert Member occurs at approximately 80 feet to 110 feet bgs. The Painted Desert Member
claystone above and below this sandstone unit is dry, indicating little vertical movement of
groundwater between intervals within this sequence of claystone-rich interval. The vertical
hydraulic conductivity of the claystone may range from 1x10° to 1x10® centimeters per second,
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or 0.028 foot to 0.000028 foot per day based on literature values (Todd, 1980). Figure 2-3.5a and
Figure 2-3.5b show BR1 and the distinctive claystone above and below BR1.

A second sandstone interval, referred to as the Bedrock Aquifer 2 (BR2), is present within the
Painted Desert Member at depths that range from 0 (within Parcel 22) to nearly 200 feet bgs
(within Parcel 11). Based on the performance of wells completed in this sandstone, it yields more
appreciable and sustainable groundwater volumes than the first bedrock aquifer. The claystone
intervals above and below the second bedrock aquifer are dry, suggesting that little vertical
movement of water occurs into and out of this sandstone (CH2M Hill, 2010).

The second bedrock aquifer contained in the Painted Desert Member is exposed in an outcrop
near the Building 528 Complex (SWMU 27) and Disassembly Plant and TPL, Inc. (TPL) QA Test
Area (SWMU 70) on the southern end of the Study Area. The sandstone unit is laterally and
vertically continuous in the Study Area based on lithologic logs for borings in this unit.
Groundwater flow within the sandstone unit may be controlled by the geologic structure and the
lithology of the Painted Desert Member. Figure 2-3.5a and Figure 2-3.5b show BR2 and the
distinctive claystone above and below BR1.

Recharge to the second bedrock aquifer occurs when precipitation infiltrates the soil and
percolates to the bedrock in the southern portion of the Study Area. Recharge also occurs when
precipitation directly infiltrates bedrock outcrops. Percolated and directly infiltrated water moves
through the sandstone down-dip to the north-northwest until the sandstone becomes saturated.
Where the saturated sandstone is overlain by mudstone/claystone, groundwater becomes
confined, and the potentiometric surface elevation in the bedrock is higher than the water table
elevation of the overlying unconfined alluvial aquifer.

2.4 Previous Investigations

The environmental-restoration process has been underway for approximately 25 years at FWDA.
In 1993, the DOD declared FWDA inactive and in 1996 NMED was granted lead regulatory
authority under RCRA. Activities are currently performed under the RCRA permit (NM
6213820974) issued in 2005 and revised in February 2015 (NMED, 2015). Eight groundwater
plumes are located within the Administration and Workshop areas, across Parcel 11, Parcel 21,
and Parcel 22 (see Section 1.1) (Sundance, 2019). The remedial status of the AOCs and SWMUs
is presented in Table 2-1.1. Summaries of previous environmental investigations at the AOCs
and SWMUs pertinent to each groundwater plume at FWDA are described below.

24.1 VOC Groundwater Plume

2411 Site Background

The VOC groundwater plume is located mainly in Parcel 11 (Sundance, 2019). Within the alluvial
aquifer, 1,2-DCA is the only VOC detected at a concentration above its groundwater screening
level.
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24.1.2 Previous Investigations at Potential VOC Sources

The buildings and areas listed in this section have been determined to be potential source areas
for the VOC groundwater plume based on VOC detections in surface and/or subsurface soils
overlying or adjacent to the plume. Each area identified is discussed in terms of the processes
and activities involving VOCs, the impact on groundwater, and the remediation activities, if any,
that ceased, removed, or isolated the primary areas as contributors to the VOC groundwater
plume. Locations of buildings and source areas listed are illustrated on Figure 2-4.1.

2.4.1.2.1 Building 5 (SWMU 5, Parcel 11)

Historical Uses

Building 5 (SWMU 5) is a one-story brick building built in 1941 (Figure 2-4.1). It is approximately
263 feet long by 68 feet wide. Building 5 was used for vehicle storage and maintenance
operations. The building contained a hydraulic lift, a containment sump, grease rack, a truck lift,
two 12-battery charging racks, a washing/steam-cleaning rack, offices, and parts storage (U.S.
Army, 1961). A boiler is present in the basement on the east side of Building 5. This building is
currently used for storage and minor maintenance of heavy equipment by the FWDA caretakers
(TerranearPMC, 2009a).

Soil Contamination Related to VOC Groundwater Plume

Previous investigations to determine if Building 5 operations may be a source for VOCs have
focused sampling activities on surface and subsurface soils, drain sediments, and sump water
(USACE, 2013). During the previous investigations, VOCs were not detected at concentrations
exceeding soil leachate-based soil screening levels (SL-SSLs). Although administrative actions
are required before a no further action is granted, the Army no longer considers SWMU 5 as a
potential source of groundwater contamination.

2.4.1.2.2 Building 6 (SWMU 45, Parcel 11)

Historical Uses

Building 6 Gas Station (SWMU 45) is a one-story brick structure built in 1941 (Figure 2-4.1). It is
approximately 20 feet by 20 feet. Building 6 was equipped with two gasoline dispensers, one
kerosene dispenser, two 11,750-gallon gasoline underground storage tanks (USTs), one 11,750-
gallon diesel fuel UST, and one 1,000-gallon kerosene UST. Fill pipes for the USTs were located
along the railroad siding at the adjacent loading docks. Building 6 was also used to store 55-gallon
drums of diesel fuel and gasoline used for FWDA off-road equipment (TerranearPMC, 2009a).

Remediation Activities

In 1993, the four USTs (known as USTs #1 through #4), some associated underground piping,
and a limited amount of hydrocarbon-contaminated soils were removed from the Building 6 area.
Envirotech conducted a limited site assessment while removing the USTs. Hydrocarbon
contamination was limited primarily to the area immediately under and around the dispenser
island and the piping between the USTs and the dispensers. Areas of significantly contaminated
soils were noted under UST #1 (leaded gasoline). Groundwater was not encountered at the
maximum depth of the excavation at Building 6, which was 15 feet bgs.
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Soil Contamination Related to VOC Groundwater Plume

In May 1993, an on-site investigation of the four USTs at Building 6 was performed following
removal of the USTSs, piping, and contaminated soils. Analytical and field results from soil borings
showed the vertical extent of the contamination appeared to be limited by a clay layer occurring
at about 40 feet bgs. The horizontal extent of the contamination appeared to be limited to within
250 feet downgradient of the former USTs (TerranearPMC, 2009a).

In a USACE investigation conducted between 2009 and 2010, soil samples were collected around
Building 6 and the former tank areas (USACE, 2013). Gasoline range organics (GRO) were
detected in 6 of 21 samples from the area around Building 6. VOCs were detected in one boring
at concentrations exceeding SL-SSLs. Samples from all the other soil borings at the site had VOC
concentrations at much lower levels. USACE concluded that the vertical extent of contamination
is approximately 20 feet bgs. The horizontal extent of VOC contamination is defined to the north,
west, and southwest (USACE, 2013).

Soil Vapor Contamination Related to VOC Groundwater Plume

In March 1995, a soil gas survey was conducted in the UST area to better define the location of
the benzene contamination; however, benzene was not found in the soil or water. Groundwater
resampling of the wells during the soil gas survey indicated that benzene had decreased to below
the groundwater screening level USACE, 1995).

2.4.1.2.3 Building 11 (SWMU 6, Parcel 11)

Historical Uses

Building 11 (SWMU 6) was a one-story brick building built in 1941 (Figure 2-4.1). It was
approximately 137 feet long by 50 feet wide (TerranearPMC, 2009a). The western portion of
Building 11 was a locomotive shop used for locomotive storage and maintenance. The building,
as originally constructed, had a basement under its eastern portion. The basement contained a
transformer vault, a boiler to provide heat and hot water for the building, a coal bin, and two sumps
used to collect and pump any accumulated rainwater and potable water generated during boiler
operation and maintenance. The boiler was originally coal-fired and was converted to natural gas
in the 1960s. The first floor of the eastern portion contained an office, a restroom, a shop, a tool
cage, a diesel-powered standby generator, and electrical switchgear. A second diesel-powered
standby electrical generator was housed in an “engine pit” in the east end of Building 11. Diesel
fuel for the generators was supplied by an aboveground storage tank (AST) and a UST, named
as separate AOCs (AOC 46 and AOC 51, respectively). It was reported that lubricants, oils, and
solvents had been used within the shop area (M&E, 1992). Building 11 also had a diesel fuel
dispenser for locomotive refueling along the northwest corner (TerranearPMC, 2009a).

Remediation Activities

Following completion of environmental characterization, it was decided that the building would be
remediated to meet Toxic Substances Control Act standards for unrestricted use. In 2002, the
building was remediated and demolished, as summarized in Remedial Action Summary Report,
PCB Remediation and Demolition of Building 11 (Roy F. Weston [Weston], 2002).
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Soil Contamination Related to VOC Groundwater Plume

In 2002, Weston collected nine soil confirmation samples after removing the first-floor slab (in the
eastern portion of Building 11) and removing two basement sumps and sanitary sewer manhole.
The nine samples were analyzed for VOCs, semivolatile organic compounds (SVOCs),
polychlorinated biphenyls (PCBs), and target analyte list (TAL) metals. Benzene, toluene, and
xylene were detected in soil samples from various borings at concentrations below their
respective site-specific SL-SSLs (TerranearPMC, 2009b).

In 2009 and 2010, USACE collected 10 soil samples around the locomotive service trenches
immediately west of Building 11 and analyzed them for VOCs. VOCs were detected in 9 samples,
but no samples had concentrations exceeding the screening criteria (USACE, 2013).

2.4.1.2.4 Former UST #7 (SWMU 50, Parcel 11)

Historical Uses

Former UST #7 (SWMU 50), identified as Structure 35, is located east adjacent to Building 45.
Structure 35 (UST) was originally specified to be a 110-gallon gasoline tank to supply fuel to the
standby gasoline-powered water pump in Building 45 (TerranearPMC, 2009a) (Figure 2-4.1).

Remediation Activities

The UST was located east adjacent to Building 45, which was removed in 1995 and reported at
that time to be a 250-gallon UST (ERM, 1997).

Soil Contamination Related to VOC Groundwater Plume

Samples were collected beneath the UST during the 1995 removal (USACE, 1998). The detected
COPCs were benzene, toluene, ethylbenzene, and xylene at concentrations above their
respective SL-SSLs.

24.1.3 Nature and Extent of VOC Groundwater Contamination

The 1,2-DCA plume in the alluvial groundwater unit is limited to the vicinity of the former fueling
facility, Building 6 Gas Station, located in Parcel 11 (Figure 2-4.1). 1,2-DCA was historically used
as an additive to leaded gasoline and is believed to be associated with leaded gasoline releases
from USTs formerly located at the former fueling facility.

Two alluvial monitoring wells had 1,2-DCA concentrations above the EPA maximum contaminant
level (MCL) of 5.0 micrograms per liter (ug/L) during the 2019 groundwater monitoring event
(ECO, 2020b). No other VOCs were detected above groundwater screening values.

2.4.2 Nitrate Groundwater Plumes

2421 Site Background
The alluvial and bedrock nitrate plumes are located in Parcel 11, Parcel 21, and Parcel 22
(Sundance, 2019).
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2422 Previous Investigations at Potential Nitrate Sources

Based on historical activities and documented releases, the buildings and areas listed in the
following sections are potential source areas for the nitrate groundwater plumes (Figure 2-4.1).
Each area identified is discussed in terms of the processes and activities involving nitrate, the
concentrations and locations of nitrate soil detections, and the remediation activities that ceased,
removed, or isolated the primary sources as contributors to the nitrate groundwater plumes.

2.4.2.2.1 Building 11 (AOC 47, Parcel 11)

Historical Uses

AOC 47 is a spill of photoflash powder that occurred west of Building 11 (SWMU 6) (Figure 2-
4.1). The building was used to store a locomotive and as a shop for locomotive maintenance and
other vehicles. The spill occurred in October 2001 during process tank dismantling activities over
the railroad ballast on the west end of Building 11. The photoflash powder likely consisted of 40
percent (%) aluminum, 30% potassium perchlorate, and 30% barium nitrate, with trace amounts
of iron, zinc, and silicon.

Remediation Activities

The spill material and affected soils were removed by the RinChem Company, Inc., and verified
by confirmatory sampling. The manifest and analytical results are included the Summary Report
of Historical Information, Parcel 11, Revision (TerranearPMC, 2009a).

Soil Contamination Related to Nitrate Groundwater Plumes

Soil samples were collected around Building 11 and analyzed for nitrate at depths from 5 feet to
8 feet bgs. Concentrations of nitrate were below the SL-SSL.

2.4.2.2.2 Building 508, Smokeless Powder Magazine (AOC 62, Parcel 21)

Historical Uses

AOC 62 is Building 508, Smokeless Powder Magazine (Figure 2-4.1). The structure was built in
1948 to support Workshop Area operations (primarily those conducted in AOC 60, Building
522/500). This one-story building is approximately 11 feet long by 12 feet wide. This building
was used to store propellant containers filled in Building 509, Primary Collector Barricade (AOC
63) for transport either to long-term storage or to the Open Burn/Open Detonation (OB/OD)
Area for burning. The exact date operations ceased is unknown, but the buildings were inactive
for some time before FWDA closure in January 1993 (TerranearPMC, 2008a).
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Remediation Activities

The U.S. Army removed visible propellant grains from the site and placed them in the storage
magazine maintained by the U.S. Army as a conditionally exempt storage area. The U.S. Army
disposed of the propellant in accordance with the RCRA permit under the hazardous waste
management unit (HWMU) closure activities.

The U.S. Army demolished Building 508 in 2010; all materials were disposed of off-site. The U.S.
Army proposed no further action for soil at AOC 62 (TerranearPMC, 2012).

Soil Contamination Related to Nitrate Groundwater Plumes

Nitrate was detected below the SL-SSL in two soil samples collected at a depth of 0.5 foot bgs
(TerranearPMC, 2012). Although administrative actions are required before a no further action is
granted, the Army no longer considers AOC 62 as a potential source of groundwater
contamination due to the soil analytical results below the SL-SSL values (TerranearPMC, 2012).

2.4.2.2.3 Building 509, Primary Collector Barricade (AOC 63, Parcel 21)

Historical Uses

AOC 63 is Building 509, Primary Collector Barricade, was constructed in 1948 to support
Workshop Area operations conducted in Building 522/500 (AOC 60) (Figure 2-4.1). This one-
story building was approximately 7 feet long by 15 feet wide. This building was used to collect
propellant smokeless powder removed from munitions being disassembled in Building 522/500.
Propellant removed from munitions inside Building 522/500 was conveyed to Building 509 via an
overhead vacuum line running between the two buildings. Containers were placed in Building 509
to collect the recovered propellant. When containers were filled, they were closed and moved to
Building 507 (AOC 61, Parcel 6) and Building 508 (AOC 62) for transport either to longer-term
storage or to the OB/OD Area for burning.

Although formal release documents were not available, a 1958 aerial photo analysis report
demonstrated staining on the ground on the north and west sides of Building 509 (TerranearPMC,
2012).

The exact date operations ceased for AOC 63 is unknown, but the building was inactive for some
time before FWDA closure in January 1993 (TerranearPMC, 2008a).

Remediation Activities

Utilities within Parcel 21 were terminated in 2010 per industry standards and the buildings,
including Building 509, were demolished.

Soil Contamination Related to Nitrate Groundwater Plumes

Nitrate was detected below the SL-SSL in two soil samples collected at a depth of 0.5 foot bgs
(TerranearPMC, 2012).
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2.4.2.2.4 Building 514, Deboostering Barricade (AOC 68, Parcel 21)

Historical Uses

AOC 68 consists of Building 514, Deboostering Barricade and the surrounding earthen barricade
(Structure 545) (Figure 2-4.1). Building 514, constructed in 1948, is a one-story building
approximately 6 feet long by 8 feet wide. The earthen barricade was 10 feet high and
approximately 150 feet long when constructed sometime between 1948 and 1952.

The Deboostering Barricade was used when a booster assembly could not be safely removed
from a given munition in a “normal” operation in Building 522. The munition containing the booster
was carried on a cart to the Deboostering Barricade, where it was clamped down in a steel fixture
and connected to a pneumatic wrench. The pneumatic wrench was operated remotely to remove
the booster. The booster and the remaining parts of the munition were then returned to the normal
flow of operations in Building 522. The purpose of the earthen barricade (Structure 545) was to
protect personnel and facilities in the surrounding areas in the event of an explosion
(TerranearPMC, 2008a).

The exact date operations ceased is unknown, but the building was inactive for some time before
FWDA closure in January 1993. There is no record of a detonation at this AOC resulting from the
deboostering operations (TerranearPMC, 2008a).

Remediation Activities
Utilities within Parcel 21 were terminated in 2010 per industry standards and the buildings,
including Building 514, were demolished.

Soil Contamination Related to Nitrate Groundwater Plumes

Nitrate was detected below the SL-SSL in two soil samples collected at a depth of 0.5 foot bgs
(TerranearPMC, 2012), therefore the Army does not consider AOC 68 a source of nitrate to
groundwater.

2.4.2.2.5 Open Storage Area (AOC 86, Parcel 21)
Historical Uses

AOC 86 is listed in the RCRA permit as “Feature 15 on the 1973 aerial photo (API-5) in the Archive
Search Report (ASR)” (Figure 2-4.1). As the basis for listing this location as an AOC, NMED cited
the ASR description of this feature as “a pit scar with a broken berm around it; possible burn area.”
Dates of operation at this location are unknown. AOC 86 is approximately 4 acres in size.

This area may have been used to temporarily store military munitions and components which may
have contained hazardous constituents including high explosives, napalm, and propellants
(TerranearPMC, 2008a).

Remediation Activities

Utilities within Parcel 21 were terminated in 2010 per industry standards. The material was taken
to an off-site disposal facility and the buildings were demolished. No further remedial activities
have been conducted at this site.
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Soil Contamination Related to Nitrate Groundwater Plumes

Nitrate was detected in eight incremental soil samples at the surface and at a depth of 1-foot bgs
at concentrations below the SL-SSL (TerranearPMC, 2012). Based upon these results, a no
further action was requested. Although administrative actions are required before a no further
action is granted, the Army no longer considers AOC 86 as a potential source of groundwater
contamination.

2.4.2.2.6 Building 515, the Ammunition Clean and Paint Building and the Associated Acid
Holding Pond (SWMU 2, Parcel 21)

Historical Uses

The U.S. Army erected Building 515, the Ammunition Clean and Paint Building, in 1948 (Figure
2-4.1). The one-story building was approximately 120 feet long by 35 feet wide. Munition
components (e.g., artillery projectiles) from other Workshop Area operations were transported to
Building 515 to be cleaned and painted. The building contained a paint-stripping area with seven
acid pickling tanks, an abrasive blasting cabinet and dust collector, two paint booths, and two
drying ovens. A floor trough ran adjacent to the pickling tanks and passed through the building
wall on the west side near the northwest corner. A gravel-bottomed condensate pit was present
in the northwest corner of the building. According to historical drawings, this pit received
condensate (i.e., distilled water) from the building’s heating system before a pump was installed
to return condensate to the Boiler House (TerranearPMC, 2008a).

A sanitary sewer line was active during the building’s operation. The sanitary sewer line was
buried approximately 2.5 feet bgs and was observed in good condition. It was constructed of
sections of vitrified clay pipe approximately 4 inches in diameter with bell and spigot joints and
designed to gravity-flow north.

The Acid Holding Pond is located on the west side of Building 515. The pond is approximately 20
feet square. Untreated, used acid solutions from the pickling tanks were discharged into the
unlined holding pond and allowed to evaporate and infiltrate into the subsurface. A concrete pad
located approximately 50 feet northwest of Building 515 contains a metal drain trough leading to
the northeast corner of the holding pond. A 4-inch-diameter metal pipe is present in the southeast
corner of the holding pond; this pipe is believed to be the outlet for the floor trough noted above.

The exact date that operations in this building ceased is unknown, but the building was inactive
for some time before FWDA closure in January 1993 (TerranearPMC, 2008a).

Remediation Activities

Utilities within Parcel 21 were terminated in 2010 per industry standards; all the Parcel 21
buildings were demolished.

Soil Contamination Related to Nitrate Groundwater Plumes

Nitrate was detected in 16 soil samples collected at depths ranging from 0.5 foot to 20 feet bgs.
Nitrate concentrations were below the SL-SSL (TerranearPMC, 2012). A contaminated soll
removal action has been conducted at SWMU 2. Although administrative actions are required
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before a no further action is granted, the Army no longer considers the site as a potential source
of groundwater contamination.

2.4.2.2.7 TNT Leaching Beds (SWMU 1, Parcel 21)

Historical Uses

Demilitarization operations were conducted from 1949 to 1967 in the Workshop Area at the TNT
Leaching Beds (SWMU 1) (Figure 2-4.1). According to the Munitions Employment Plan,
munitions were received in Building 500, unpacked, and broken down. The munitions were then
transported to Building 503, Former TNT Washout and Flaker Building, where a hot water
washout operation was conducted to flush the munitions contents (2,4,6-TNT and RDX). The hot
water for this process was supplied by equipment in Building 501, Workshop Area and Boiler
House. The fluid containing the munitions contents (pink water) was pumped into a storage and
drying tank located in the flaker room on the second floor of Building 503. The dried flakes dropped
into a hopper in the washout room below and were boxed and shipped to various army
ammunition plants for reuse.

The pink water from the TNT washout process was drained into three settling tanks (including
Washout Tank 505) located on the north and east sides of Building 503. Before 1962, overflow
from the tanks drained into a triangular-shaped leaching bed on the west side of Building 503.
The three sides of the pre-1962 leaching bed were approximately 100 feet, 150 feet, and 150 feet
long. In 1962, two rectangular-shaped leaching beds, each approximately 250 feet square and 3
feet deep, were constructed across Arterial Road Number (No.) 4, north of Building 503. The
leaching beds were connected to the settling tanks by a trough through which the overflow was
transported. The leaching beds were used until 1967, when washout operations were
discontinued (TerranearPMC, 2008a).

Remediation Activities

Approximately 9,000 liters (2,400 gallons) of overflow per day from the explosives washout
process in the settling basins were disposed of in the triangular pre-1962 and the post-1962
leaching beds. The soils from the bottom of the leaching beds were occasionally removed and
burned in the Old Burning Ground located within the OB/OD Area. When operations were shut
down in 1967, the bottom soil from the leaching beds was removed and burned in the Old Burning
Ground (U.S. Army Toxic and Hazardous Materials Agency [USATHAMA], 1980). In 2018 to
2019, the Army conducted a permittee-initiated Removal Action during which approximately
70,000 cubic yards of contaminated soil was removed from the two former TNT leaching beds.
The excavated area was then backfilled and compacted with clean soil and regraded with residual
nitrate and explosives contamination below an approximate depth of 35 feet. The Army removed
contamination to the extent possible in the TNT leaching bed area hence significantly reducing
the amount of leaching from soil to groundwater. In addition, monitoring wells are in place to
monitor contaminant concentrations.

Soil Contamination Related to Nitrate Groundwater Plumes

In 1992, soil samples were collected from the pre-1962 leaching beds, the post-1962 leaching
beds, and the TNT Washout and Flaker Building (ERM, 1997). Seven subsurface soil samples

December 2022 | 2-14



w N

© 00N 01 b~

10

11

12
13
14

15
16
17
18

19
20
21
22

23
24
25
26

27
28
29
30
31

32
33
34
35
36
37
38

Northern Area Groundwater RCRA Facility Investigation Report
Fort Wingate Depot Activity — McKinley County, New Mexico

collected from the post-1962 TNT Leaching Beds contained nitrate concentrations above the SL-
SSL at depths ranging from 1 foot to 10 feet bgs. Two surface soil samples from the post-1962
TNT Leaching Beds contained nitrate; one at a concentration above the SL-SSL.

In the spring of 2014, 34 soil borings were advanced each to a depth of 35 feet bgs. Soil samples
collected from the borings were analyzed for nitrates, explosives, and perchlorate. Nitrate was
detected at concentrations exceeding the SL-SSL. A contaminated soil removal action has been
conducted at SWMU 1 (NMED, 2021). Although administrative actions are required before a no
further action is granted, the Army no longer considers the site as a potential source of
groundwater contamination.

2.4.2.2.8 Building 528 Complex (SWMU 27, Parcel 22)

Historical Uses

The Building 528 Complex (SWMU 27) contains six structures: Building 527, Building 528A,
Building 528B, Building 550, Building 551, and Building 529 (TerranearPMC, 2008b) (Figure 2-
4.1).

Before FWDA closure in January 1993, the complex was used for receiving and unpacking,
disassembly, de-fusing (fuse removal), cleaning/de-rusting, painting, reassembly, container repair
and painting, storing, and abrasive blasting. The exact date that operations ceased before FWDA
closure is not known.

TPL began using the Building 528 Complex in 1994 to demilitarize munitions. Detailed information
or records regarding operations and disposition of various removed/recovered components was
not found, but enough information was available to generally describe TPL operations in the
Building 528 Complex (TerranearPMC, 2008b).

Building 528 was used to disassemble munitions including removing smokeless and black
powder. Recovered components were re-containerized within the building and either moved to
another location for storage (awaiting disposal or reuse) or, in the case of recovered propellant,
incorporated in other operations in Building 528 to produce blasting gel or other products.

Building 551 was initially used by TPL to disassemble photoflash. The items disassembled were
M112 and M112A1 photoflash cartridges. From the Army Munition Items Disposition Action
System database, the photoflash charge in these cartridges (7 ounces of charge per cartridge)
was, by weight, 40% aluminum, 30% potassium perchlorate, and 30% barium nitrate, with trace
amounts of iron, zinc, and silicon.

A curbed concrete pad, approximately 40 feet wide by 75 feet long, was constructed to support
photoflash processing equipment, including high-temperature water extraction (HTWE) process
equipment and tanks. HTWE processing solubilized and separated barium nitrate and potassium
perchlorate from recyclable metals. The date disassembly operations began is unknown. The wet
separation steps were discontinued in 1997. Characterization, removal, and disposal of residual
materials including liquids, solids, tanks, and other process equipment took place from 1997 until
sometime in 2002.
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Raw materials used in TPL operations were stored in and around Building 551. An ammonium
nitrate feed hopper and a storage shed used to store blasting gel ingredients were located
approximately 60 feet north-northwest of Building 551.

Following the end of photoflash cartridge disassembly operations, Building 551 was used as a
less-than-90-day storage area for non-explosive hazardous wastes. Drums and containers were
stored in the building and under an exterior open-sided storage area. Building 529 was used to
store flammables and other materials and Building 550 was used to store ethylene glycol
antifreeze.

The historical documents indicated that the processes performed at the Building 528 Complex
involved handling, storing, using, demilitarizing, and releasing materials containing nitrates,
perchlorates, and explosives.

Remediation Activities
All buildings and foundations in SWMU 27 were demolished in 2010 (USACE, 2011).

Soil Contamination Related to Nitrate Groundwater Plumes

Potential contamination around SWMU 27 was evaluated as part of a facility-wide environmental
investigation following FWDA closure. Soil samples were collected around Building 528 in 1992
and 1993 to evaluate potential releases from FWDA operations. Soil samples were collected from
five surface locations and two soil borings (ERM, 1997).

Soil samples were analyzed for a target compound list (TCL) VOCs, TCL SVOCs, explosives,
PCBs, TAL metals, nitrate/nitrite, and total phosphorus. No nitrate detections were reported
(TerranearPMC, 2008b).

24.2.3 Nature and Extent of Nitrate Groundwater Contamination

Based on review of historical information, the extent of nitrate groundwater contamination is
limited to Parcel 7, Parcel 11, Parcel 21, and Parcel 22. Nitrate contamination is present in both
the alluvial and bedrock aquifers. The nitrate plume in the alluvial aquifer originates from the TNT
Leaching Beds (SWMU 1) in the Workshop Area and extends downgradient to the Administration
Area. The bedrock nitrate plume is also present near the TNT Leaching Beds (SWMU 1) and
downgradient of the Building 528 Complex (SWMU 27). Groundwater contamination observed in
the bedrock monitoring wells is believed to be the result of contaminant releases from facilities
located on the bedrock outcrop recharge zone (Building 528 Complex (SWMU 27)).

2.4.3 Perchlorate Groundwater Plumes

2431 Site Background
Source areas for the perchlorate-impacted alluvial and bedrock plumes are within Parcel 21 and
Parcel 22 (Sundance, 2019).

2.4.3.2 Previous Investigations at Potential Perchlorate Sources
The buildings and areas listed below have been determined to be source areas for the perchlorate
groundwater plumes based on perchlorate detections in surface and subsurface soils. Each area
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identified is discussed in terms of the processes and activities involving perchlorate that were
conducted at the potential sources, the concentrations and locations of perchlorate soil
detections, and the remediation activities, if any, that ceased, removed, or isolated the primary
sources as contributors to the perchlorate groundwater plumes. Locations of buildings and areas
listed are illustrated on Figure 2-4.1.

2.4.3.2.1 Building 536, Ammunition Renovation Depot (SWMU 12, Parcel 22)

Historical Uses

SWMU 12 is Building 536, Inspectors Workshop and Ammunition Renovation Depot. Building 536
(originally known as Building 39) was constructed in 1943 and contained areas for inspecting and
testing various munitions (Figure 2-4.1). Facilities within Building 536 included an ammunition
storage room, an inspection room, a gauge room, a test fixture for rocket motors, a pull-apart
machine and barricade, and a repair room. More recent FWDA building lists identify Building 536
as an ammunition renovation building. The date that FWDA operations in Building 536 ceased,
before installation closure in January 1993, is not known. According to historic FWDA drawings,
Building 536, at various times during its operation, discharged to a cesspool (with an outfall to an
arroyo), a septic tank and leach field, and a connection to the FWDA sanitary sewer system
(USACE, 2011).

TPL operations in Building 536 began circa 1996 and included demilitarization of munitions and
propellant processing into smokeless powder for commercial resale. Detailed information or
records regarding exact operations and disposition of various removed/recovered components
were not found. TPL also covered the driveway/parking area around Building 536 with asphalt
pavement. Before paving, the area was predominantly earth and gravel (USACE, 2011).

Remediation Activities

Building 535 and Building 536, including their foundations, were demolished in 2010 (USACE,
2011).

Soil Contamination Related to Perchlorate Groundwater Plumes

Concentrations of perchlorate in soil samples collected at Building 536 were below the SL-SSL
except for one sample collected at a depth of 2 feet bgs (USACE, 2011).

2.4.3.2.2 Building 517, Structure 518, Building 519, and Structures 520, 521, and 547
(SWMU 70, Parcel 22)

Historical Uses

The Disassembly Plant and TPL QA Test Area (SWMU 70) was constructed in the middle to late
1940s and consisted of an equipment storage building (Building 517), a remote-control shelter
Structure 518), a motor generator building (Building 519), a work mount pier (Structure 520), a
timber-riveted barricade (Structure 521), and an earthen barricade (Structure 547) (USACE,
2011) (Figure 2-4.1).
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The Disassembly Plant and TPL QA Test Area was used to disassemble munitions that could not
be completed in other FWDA operations. Disassembled components were then returned to other
operations at FWDA for further demilitarization or storage (USACE, 2011).

The date that FWDA operations at the Disassembly Plant and TPL QA Test Area ceased is not
known. The Disassembly Plant and TPL QA Test Area was not identified as a potential AOC in
the 1980 Installation Assessment, and is, therefore, presumed to have been inactive for some
time before 1980 (USACE, 2011).

Activities before 2002 are not well documented, but historical documents show that the area was
used for the following operations.

Ballistic testing of smokeless powder products.
Small-scale explosive testing supporting various research programs.
QA testing of blasting gel products.

Testing (explosive and burning) of safety shielding proposed or designed for use in TPL
demilitarization operations.

Detonation/treatment of unsafe items.

Testing of military munitions (e.g., photo flash cartridges) to determine explosive force and
evaluate resale opportunities.

Thermal treatment of dismantled process equipment (e.g., use of file destroyers to
decontaminate photoflash process equipment.

Thermal treatment of fuse components and other metal parts.
Cleaning and separating (thermal treatment) of metal fuse components before recycling.
Safety training for TPL personnel.

Burning of recovered propellant, fuses, and other materials, reportedly after normal working
hours (USACE, 2011).
Remediation Activities
In 2010, all buildings and structures in SWMU 70, along with their foundations, were demolished
(USACE, 2011).
Soil Contamination Related to Perchlorate Groundwater Plumes

Soil samples from SWMU 70 were collected during 2010 and varied in depth from less than 1 foot
to 10 feet bgs. Concentrations of perchlorate varied from less than the SL-SSL to concentrations
exceeding the SL-SSL in seven samples (USACE, 2011).
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2.4.3.2.3 Building 528 Complex (SWMU 27, Parcel 22)
Historical Uses

The Building 528 Complex (SWMU 27) contains six structures: Building 527, Building 528A,
Building 528B, Building 550, Building 551, and Building 529 (TerranearPMC, 2008b) (Figure 2-
4.1).

Before FWDA closure in January 1993, the complex was used for receiving and unpacking,
disassembly, de-fusing (fuse removal), cleaning/de-rusting, painting, reassembly, container repair
and painting, storing, and abrasive blasting. The exact date that operations ceased before FWDA
closure is not known.

TPL began using the Building 528 Complex in 1994 to demilitarize munitions. Detailed information
or records regarding operations and disposition of various removed/recovered components was
not found, but enough information was available to generally describe TPL operations in the
Building 528 Complex (TerranearPMC, 2008b).

Building 528 was used to disassemble munitions including removing smokeless and black
powder. Recovered components were re-containerized within the building and either moved to
another location for storage (awaiting disposal or reuse) or, in the case of recovered propellant,
incorporated in other operations in Building 528 to produce blasting gel or other products.

Building 551 was initially used by TPL to disassemble photoflash. The items disassembled were
M112 and M112A1 photoflash cartridges. From the Army Munition Items Disposition Action
System database, the photoflash charge in these cartridges (7 ounces of charge per cartridge)
was, by weight, 40% aluminum, 30% potassium perchlorate, and 30% barium nitrate, with trace
amounts of iron, zinc, and silicon.

A curbed concrete pad, approximately 40 feet wide by 75 feet long, was constructed to support
photoflash processing equipment, including high-temperature water extraction (HTWE) process
equipment and tanks. HTWE processing solubilized and separated barium nitrate and potassium
perchlorate from recyclable metals. The date disassembly operations began is unknown. The wet
separation steps were discontinued in 1997. Characterization, removal, and disposal of residual
materials including liquids, solids, tanks, and other process equipment took place from 1997 until
sometime in 2002.

Raw materials used in TPL operations were stored in and around Building 551. An ammonium
nitrate feed hopper and a storage shed used to store blasting gel ingredients were located
approximately 60 feet north-northwest of Building 551.

Following the end of photoflash cartridge disassembly operations, Building 551 was used as a
less-than-90-day storage area for non-explosive hazardous wastes. Drums and containers were
stored in the building and under an exterior open-sided storage area. Building 529 was used to
store flammables and other materials and Building 550 was used to store ethylene glycol
antifreeze.
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The historical documents indicated that the processes performed at the Building 528 Complex
involved handling, storing, using, demilitarizing, and releasing materials containing nitrates,
perchlorates, and explosives.

Soil Contamination Related to Perchlorate Groundwater Plumes

In 2010, soil samples were collected at the Building 528 Complex (including Building 550 and
Building 551). Perchlorate concentrations exceeded the SL-SSL in 126 samples (USACE, 2011).
No remediation activities have been performed and the perchlorate remains in soil at this location.

2.4.3.3 Nature and Extent of Perchlorate Groundwater Contamination

The extent of groundwater perchlorate contamination from previous investigation is limited to
Parcel 21 and Parcel 22. The source of perchlorate releases to groundwater is from the following:
Building 536 (SWMU 12), Building 528 Complex (SWMU 27) Buildings 517, 518, 519, 520, 521,
and 547 (SWMU 70) (Figure 2-4.1). Perchlorate contamination of groundwater is present in both
the alluvial and bedrock aquifers in the Workshop Area. The alluvial perchlorate plume is in the
same vicinity as the bedrock plume. The highest perchlorate concentration was detected in the
BR 1 in the Workshop Area. Groundwater contamination observed in the bedrock monitoring wells
is believed to be the result of contaminant releases from facilities located on the bedrock outcrop
recharge zone.

24.4 Explosives Groundwater Plume

2441 Site Background

The explosives groundwater plume is in the alluvial aquifer in the area of the TNT Leaching Beds
(Figure 2-4.1) (Sundance, 2019). The explosive compound RDX is the dominant contaminant in
the explosives groundwater plume.

2.4.4.2 Previous Investigations and Remediation Activities

The buildings and areas described in this section have been determined to be source areas for
the explosives-contaminated groundwater plume, based on RDX detections in surface and
subsurface soils. Each area identified in this section is discussed in terms of the source area
processes and activities involving explosives, the levels and locations of explosive soil detections,
and, if completed, the remediation activities that terminated, removed, or isolated the primary
sources as contributors to the explosives groundwater plume. Locations of buildings and areas
listed are illustrated on Figure 2-4.1.

RDX concentrations have been detected in soil samples collected from locations in and around
Building 503, Building 509, and Building 514 in Parcel 21. The former TNT Leaching Beds and
washout facilities contain most RDX detections that exceed the SL-SSL.

2.4.4.2.1 TNT Leaching Beds and Building 503 (SWMU 1, Parcel 21)

Historical Uses

SWMU 1 included the TNT Leaching Beds and Building 503 (TNT Washout Building) (Figure 2-
4.1). Building 503 was built in 1948 on a concrete dock that was the former location of two bundle-
ammunition packing buildings. The building was approximately 387 feet long by 32 feet wide, with

December 2022 | 2-20



N B

©O© o ~NO O~ W

10
11
12
13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29
30
31

32
33
34

35

36
37
38
39
40

Northern Area Groundwater RCRA Facility Investigation Report
Fort Wingate Depot Activity — McKinley County, New Mexico

a second story at the east end that was approximately 23 feet long by 32 feet wide
(TerranearPMC, 2008a).

Munitions components (e.g., artillery projectiles) from other Workshop Area operations were
transported to Building 503 where steam washout operations removed explosive filler from the
munition casings. The steam for this process was supplied by the Building 501, Workshop Area
and Boiler House (SWMU 19) via aboveground insulated piping. Various processes (e.g., gravity
settling, pelletizing, drying, and flaking depending on the type and properties of the explosives
being recovered) were employed within the building to recover the washed-out explosives.
Recovered explosives were boxed and removed from the building for storage at other locations
(e.g., storage barricades or magazines/igloos). The water from the explosives washout process
was drained via a metal gutter inside Building 503 and a concrete trough outside Building 503,
into two concrete settling basins located on the north side of Building 503. Before 1962, overflow
from the settling basins drained into a leaching bed on the northwestern side of Building 503. This
pre-1962 leaching bed was triangular-shaped, approximately 100 feet by 150 feet by 150 feet. In
1962, two rectangular-shaped leaching beds, each approximately 250 feet square and 3 feet
deep, were constructed across Arterial Road No. 4, north of Building 503. These post-1962
leaching beds were connected to the settling basins by a metal trough that transported the
overflow (TerranearPMC, 2008a).

Remediation Activities

Approximately 9,000 liters (2,400 gallons) of overflow per day from the explosives washout
process in the settling basins were disposed of in the pre- and post-1962 leaching beds. The soils
from the bottom of the leaching beds were occasionally removed and burned in the Old Burning
Ground. When operations were shut down in 1967, the bottom soil from the leaching beds was
removed and burned in the Old Burning Ground (USATHAMA, 1980). In 2018 to 2019, the Army
conducted a permittee-initiated Removal Action during which approximately 70,000 cubic yards
of contaminated soil was removed from the two former TNT leaching beds. The excavated area
was then backfilled and compacted with clean soil and regraded with residual nitrate and
explosives contamination below an approximate depth of 35 feet. The Army removed
contamination to the extent possible in the TNT leaching bed area hence significantly reducing
the amount of leaching from soil to groundwater. In addition, monitoring wells are in place to
monitor contaminant concentrations.

Building 503 and related structures were demolished in 1998. Documentation of this demolition
project indicates that the underground utilities were not removed as part of the building demolition
process.

Soil Contamination Related to Explosives-contaminated Groundwater Plume

In 1992, soil samples were collected from the pre-1962 leaching beds, the post-1962 leaching
beds, and the TNT Washout and Flaker Building (ERM, 1997). A total of 14 surface soil samples
(0 to 1-foot bgs) had RDX concentrations above the SL-SSL; eight surface soil samples had
concentrations of TNT above the SL-SSL, and seven surface soil samples had concentrations of
2,4-dinitrotoluene above the SL-SSL. Other analytes exceeding the SL-SSL included
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octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX); 2,6-dinitrotoluene; 1,3-dinitrobenzene;
and 1,3,5-trinitrobenzene.

Numerous soil samples were collected at depths ranging from the surface to more than 5 feet bgs
around Building 503 and at depths ranging from surface to 35 feet bgs within the leaching beds
(TerranearPMC, 2012). Multiple explosive compounds were detected at concentrations above
their respective SL-SSLs. RDX detections in the soil represent the major contributor to the
explosives (RDX) groundwater plume.

In the spring of 2014, 34 soil borings were advanced to a depth of 35 feet bgs within the TNT
Leaching Beds. Soil samples were collected from these borings at 5-foot intervals beginning at
the surface to the total depth. These samples were analyzed for nitrates, explosives, and
perchlorate. Analytical data showed 82 RDX detections above the SL-SSL and 11 TNT detections
above the SL-SSL. Concentrations of nitrobenzene; HMX; 1,3-dinitobenzene; 2,4-dinitrotoluene;
2,6-dinitrotoluene; 1,3,5-trinitrobenzene; and 4-amino-2,6-dinitrotoluene were also detected
above their respective SL-SSLs (USACE, 2014). A contaminated soil removal action has been
conducted at SWMU 1 (NMED, 2021). The Army understands that administrative actions are
pending.

2.4.4.2.2 Building 509 (AOC 63, Parcel 21)

Historical Uses

AOC 63 is Building 509, Primary Collector Barricade, built in 1948 to support Workshop Area
operations conducted in AOC 60 (Figure 2-4.1). This one-story building is approximately 7 feet
long by 15 feet wide. This building was used to collect propellant (e.g., smokeless powder) from
munition disassembly operations in Building 522/500. The propellant was then conveyed to
Building 509 via an overhead vacuum line running between the two buildings. Containers were
placed in Building 509 to collect the recovered propellant. When containers were filled, they were
closed and moved to Building 507, Smokeless Powder Magazine (AOC 61, Parcel 6) and Building
508, also called Smokeless Powder Magazine (AOC 62, Parcel 21) for transport to either long-
term storage or the OB/OD Area for incineration (TerranearPMC, 2008a).

Remediation Activities
All visible propellant grains have been removed from the site and placed in the storage magazine

being maintained by the U.S. Army as a conditionally exempt storage area.

Utilities to Parcel 21 were terminated and buildings were demolished in 2010, including Buildings
509 and 510 and all related facilities (such as the overhead vacuum lines to Building 522).

Soil Contamination Defining Sources for the RDX Groundwater Plume

Although RDX was detected above the SL-SSL in one soil sample from Building 509 at a depth
of 0.5-foot bgs no further action was recommended (TerranearPMC, 2012). Although
administrative actions are required before a no further action is granted, the Army no longer
considers AOC 63 as a potential source of groundwater contamination.
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2.4.4.2.3 Building 514, Deboostering Barricade (AOC 68, Parcel 21)
Historical Uses

AOC 68 is Building 514, the Deboostering Barricade, and the surrounding earthen barricade
(Structure 545) (Figure 2-4.1). Building 514 was a one-story building, approximately 6 feet long
by 8 feet wide, constructed in 1948. The earthen barricade was 10 feet high and was
approximately 150 feet long when constructed, sometime between 1948 and 1952. The
Deboostering Barricade was used when a booster assembly could not be safely removed from
the munitions during typical disassembly operations in Building 522. The munition still containing
the booster was carried on a cart to the Deboostering Barricade, where it was secured and
connected to a pneumatic wrench. The wrench was remotely operated to remove the booster.
The booster and the remaining parts of the munitions were returned to Building 522. The purpose
of the earthen barricade (Structure 545) was to protect personnel and facilities in the surrounding
areas in the event of an explosion (TerranearPMC, 2012).

Remediation Activities

Utilities to Parcel 21 were terminated and buildings were demolished in 2010, including Building
514 and Building 522 (TerranearPMC, 2012).

Soil Contamination Defining Sources for the RDX Groundwater Plume

Although RDX was detected at concentrations above the SL-SSL in three soil samples, collected
at depths of 0.5 foot and 1-foot bgs, a no further action was recommended (TerranearPMC, 2012).
Although administrative actions are required before a no further action is granted, the Army no
longer considers AOC 68 as a potential source of groundwater contamination.

2443 Nature and Extent of Explosives Groundwater Contamination

RDX is the primary explosive compound of interest. This compound is consistently detected at
concentrations above groundwater screening values in the Workshop Area and eastern
Administration Area. The explosives plume in the alluvial groundwater unit appears to originate
from the TNT Leaching Beds (SWMU 1) in the Workshop Area. Groundwater concentrations of
explosive compounds (primarily RDX) attenuate to levels below the groundwater screening values
within 2,500 feet downgradient of the TNT Leaching Beds.

2.4.5 TPH Groundwater Plumes

2451 Site Background
Two TPH groundwater plumes (TPH DRO and TPH GRO) are located in the alluvial aquifer in the
northern portion of the Study Area.

2.45.2 Previous Investigations and Remediation Activities

The buildings and areas described in this section have been determined to be source areas for
the TPH groundwater plumes, based on TPH detections in the subsurface soils and groundwater.
Each area identified in this section is discussed in terms of the source area processes and
activities involving petroleum hydrocarbons, the levels and locations of hydrocarbon soil
detections, and, if completed, the remediation activities that terminated, removed, or isolated the
primary sources as contributors to the TPH groundwater plumes. TPH concentrations have been
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detected in soil samples collected from locations in and around Building 6 and Former UST #7
(Figure 2-4.1).

2.45.2.1 Building 6 (SWMU 45, Parcel 11)

Historical Uses

Building 6 Gas Station (SWMU 45) is a one-story brick structure built in 1941 (Figure 2-4.1). It is
approximately 20 feet by 20 feet. Building 6 was equipped with two gasoline dispensers, one
kerosene dispenser, two 11,750-gallon gasoline underground storage tanks (USTs), one 11,750-
gallon diesel fuel UST, and one 1,000-gallon kerosene UST. Fill pipes for the USTs were located
along the railroad siding at the adjacent loading docks. Building 6 was also used to store 55-gallon
drums of diesel fuel and gasoline used for FWDA off-road equipment (TerranearPMC, 2009a).

Remediation Activities

In 1993, the four USTs (known as USTs #1 through #4), some associated underground piping,
and a limited amount of hydrocarbon-contaminated soils were removed from the Building 6 area.
Envirotech conducted a limited site assessment while removing the USTs. Hydrocarbon
contamination was limited primarily to the area immediately under and around the dispenser
island and the piping between the USTs and the dispensers. Areas of significantly contaminated
soils were noted under UST #1 (leaded gasoline). Groundwater was not encountered at the
maximum depth of the excavation at Building 6, which was 15 feet bgs.

Soil Contamination Related to TPH DRO and GRO Groundwater Plumes

In May 1993, an on-site investigation of the four USTs at Building 6 was performed following
removal of the USTSs, piping, and contaminated soils. Analytical and field results from soil borings
showed the vertical extent of the contamination appeared to be limited by a clay layer occurring
at about 40 feet bgs. The horizontal extent of the contamination appeared to be limited to within
250 feet downgradient of the former USTs (TerranearPMC, 2009a).

In a USACE investigation conducted between 2009 and 2010, soil samples were collected around
Building 6 and the former tank areas (USACE, 2013). Gasoline range organics (GRO) were
detected in 6 of 21 samples from the area around Building 6. USACE concluded that the vertical
extent of contamination is approximately 20 feet bgs based on soil analytical results at this
location.

2.4.5.2.2 Former UST #7 (SWMU 50, Parcel 11)

Historical Uses

Former UST #7 (SWMU 50), identified as Structure 35, is located east and adjacent to Building
45, Structure 35 (UST) was originally specified to be a 110-gallon gasoline tank to supply fuel to
the standby gasoline-powered water pump in Building 45 (TerranearPMC, 2009a) (Figure 2-4.1).
Remediation Activities

The UST was located east adjacent to Building 45, which was removed in 1995 and reported at
that time to be a 250-gallon UST (ERM, 1997).
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Soil Contamination Related to TPH DRO and GRO Groundwater Plumes

Samples were collected beneath the UST during the 1995 removal (USACE, 1998). The detected
COPCs were benzene, toluene, ethylbenzene, and xylene at concentrations above their
respective SL-SSLs.

2453 Nature and Extent of TPH DRO and GRO Groundwater Contamination

The TPH GRO and DRO plume in the alluvial groundwater unit is limited to the vicinity of the
former fueling facility, Building 6 Gas Station and the Former UST#7, both of which are located in
Parcel 11 (Figure 2-4.1).

During the January — June 2018 groundwater monitoring event four alluvial monitoring wells had
TPH GRO concentrations above the NMED RAG screening level of 10.1 micrograms per liter
(ug/L) (Sundance, 2019). In addition, eight alluvial monitoring wells had TPH DRO concentrations
above the NMED RAG screening level of 16.7 pg/L (Sundance, 2019).
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3 Northern Area Groundwater RFI Investigative
Methods

This section presents the field and laboratory methods used for collection, analysis and
interpretation of data used to define the extent of the existing soil vapor and groundwater
contaminant plumes. The following three media were sampled: subsurface soil vapor, soil, and
groundwater. The data collected for each media was used as summarized below:

1. Soil vapor data was used to determine groundwater monitoring well placement by helping
delineate the VOC groundwater plume.

2. Soil data supplemented the groundwater VOC fate and transport evaluation.

3. Groundwater data helped to define the extent of and fate and transport of existing
groundwater plumes.

The following describes the approach, methods and evaluation criteria for the data collected from
these three media (soil vapor, soil and groundwater).

3.1 Pre-field Activities

Prior to conducting intrusive field operations, utilities clearances were coordinated with the BRAC
caretaker. Underground utilities in the Study Area have been de-energized; however, each drilling
location was screened with a hand-held magnetometer to ensure the drilling location was clear of
buried metallic utilities or other objects. When siting drilling locations, the area was surveyed for
the presence of overhead utilities and planned locations were adjusted when required to maintain
a safe operating distance for drilling.

Monitoring well permit applications were submitted to the New Mexico Office of the State
Engineer. Thirty-two wells were approved for the permit (Appendix A).

Prior to drilling operations, locations were marked in the field and reviewed by cultural resources
personnel. Areas of concern for potential explosives were reviewed by the USACE onsite safety
personnel before intrusive work commenced.

3.2 Field Variances from the Work Plan

The discussion below summarizes fieldwork variances from procedures and approach identified
in the work plans (Sundance, 2018 and USACE, 2019). The following variances were approved
by the NMED prior to the commencement of the field work:

a. Substitute Terra Core Samplers or 4-ounce jars as an exception, for the Encore Soil
Sampler for VOC analysis in soil (NMED, 2019a).

b. Substitute the hollow-stem auger (HSA) method with the sonic drilling method (NMED,
2019a).
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Substitute the FROG 4000TM Field Analyzer with a HAPSITE Gas Chromatograph /
MassSpectrometer (GC/MS) (NMED, 2019a).

Monitoring wells MW37, MW38 and MW39 were added to the investigation to complete
nitrate plume delineation (NMED, 2020a)

The following variances from the NMED-approved Work Plan (Sundance, 2018 and USACE,
2019) were implemented or encountered in the field due to a change in conditions:

a.

3.3

Sixty-eight soil borings were drilled for collection for soil vapor samples. The data were to
be used to select locations for groundwater monitoring wells to delineate the extent of the
groundwater plume. The Work Plan identified 100 soil borings for collection of soil vapor
samples, but also allowed field personnel to skip planned boring locations. The additional
32 borings were not required to optimize the placement of downgradient groundwater
monitoring wells (see Section 3.3.1).

At MW25, MW37 and MW39, turbidity measurements were out of range of the field meter
(see Sections 4.4.2.1).

At MW34, TMW53, and TMWS55, dissolved oxygen exceeded theoretical maximum values.
(see Sections 4.4.2.1, 4.4.2.2, and 4.2.7.2, respectively).

At MW35, oxidation reduction potential (ORP) did not meet the stabilization criteria of plus
or minus (+/-) 10 percent (see Section 4.2.7.1).

At MW39, dissolved oxygen did not meet the stabilization criteria of +/- 10 percent or less
than 1 mg/L (see Section 4.2.7.1).

At TMWS51, turbidity did not meet the purging stabilization criteria of +/- 10 percent or 1
NTU. (see Section 4.2.7.2).

TMW52 was sampled over 2 days due to slow groundwater recharge. This well was
dewatered two times without collecting groundwater parameters and sampled only for
perchlorate (Table 3-4.3).

At TMW54, TMW56, and TMW60, groundwater samples were not collected due to
insufficient groundwater volume (Table 3-4.3).

TMWS56 was sampled for perchlorate only and dewatered without collecting parameters
due to insufficient groundwater volume (Table 3-4.3).

TMW60 was sampled for explosives only and dewatered without collecting groundwater
parameters due to insufficient groundwater volume (Table 3-4.3).

Soil Vapor Sampling

The objective of the soil vapor sampling was to optimize the placement of downgradient
groundwater monitoring wells by determining the extent of the soil vapor plume with potential to
impact groundwater (Sundance, 2018) Sixty-eight soil borings were advanced in the
Administration Area to collect soil vapor samples to delineate the boundaries of 1,2-DCA soil
vapor plume (Figure 3-3.1). The methods to perform the drilling, sampling, and analysis for the
screening level soil vapor sampling and analysis are presented below.
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3.31 Drilling for Soil Vapor Sample Collection

A CME 850 drill rig was used to advance direct push drive rods to a depth of 30 feet bgs or refusal.
Field personnel began by advancing soil vapor points located closest to the highest
concentrations detected in samples from existing groundwater monitoring wells. After reaching
the target depth, the direct push technology (DPT) rod was retracted approximately 6-inches
allowing the expendable point to detach from the DPT rod. Nylaflow tubing (0.17-inch inside
diameter) was pressed onto the post run tubing (PRT) adaptor to form an airtight seal and
threaded into the expendable point holder. A closed valve was attached to the tubing where it
extended out of the DPT rod to prevent venting. Bentonite crumbles were placed in a mound
around the DPT rod at the ground surface and hydrated with potable water to prevent short
circuiting. The boring was allowed to equilibrate for at least 2-hours prior to purging and sampling.

3.3.2 Soil Vapor Sampling and Analysis
Prior to sampling, at least three tubing casing volumes were purged from each boring with a
disposable syringe at a rate of approximately 200 ml/minute. A soil vapor sample was collected
in a 1-liter Tedlar bag at a rate of 200 ml/min and immediately analyzed for 1,2-DCA using the
onsite HAPSITE GC/MS. After sampling, the DPT rod was removed and the boring was
decommissioned with Portland Type Il cement.

Additional soil vapor points were located progressively outward until 1,2-DCA concentrations were
less than the instrument reporting limit of 20.24 micrograms per cubic meter pg/ms. As
confirmation of the soil vapor plume extent, step-out samples were collected from the north, south
and west at a distance from those samples which approximated 20.24 ug/m3.

QA/QC checks listed below were performed on the HAPSITE™ GC/MS in accordance with
manufacture specifications for soil vapor screening:

An initial 5-point calibration using a 1,2-DCA standard by the HAPSITE owner.

Matrix spike confirmation at the start of each day to manufacture specifications using tuning
compounds 1,3,5-tris-(trifluoromethyl) benzene and bromopentafluorobenzene to verify and
adjust ion ratio.

Daily analysis of a 1,2-DCA vapor standard prepared in the field from 1,2-DCA liquid standard.

Daily ambient blank of indoor air from the field office where soil vapor samples were being
analyzed.

A daily equipment blank on reusable field equipment.

A daily duplicate soil vapor sample.

3.3.3 Soil Vapor Boring Survey

The soil vapor boring locations were surveyed horizontally to the nearest 0.1 foot (horizontal) by
DePauling Engineering and Surveying LLC, a New Mexico-licensed professional surveyor
(license # 22763). The surveyor referenced horizontal coordinates to the North American Vertical
Datum (NAVD) of 1983, State Plane New Mexico West Grid represented in units of feet. The soil
vapor boring locations are shown on Figure 3-3.1.
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3.4 Monitoring Well Installation

The following section presents the methodology to construct and sample the monitoring wells.
The monitoring wells were installed to provide complete groundwater contaminant plume
delineation and to assess the presence of multiple alluvial aquifers in the northwestern portion of
the Study Area.

3.4.1 Drilling

A Terramac RT9 sonic drill rig equipped with a drive sampler and a CME85 HSA drill rig were
used to advance borings for monitoring well installation. The monitoring well locations are
depicted in Figure 3-4.1. Although the sonic rig was used for most of the drilling operations, due
to mechanical issues, the CME85 HSA drill rig was deployed to drill five alluvial borings for well
construction to reduce project delays. For borings advanced with the HSA drill rig, lithological
descriptions were based on visual observations of the drill cuttings brought to the ground surface
by the auger flights and from the split spoon drive samples. The drill cuttings were logged by a
field geologist in accordance with Unified Soil Classification System (USCS) D2487 and according
to the standards listed in the Work Plan (Sundance, 2018). For the sonic drill rig, lithological
descriptions were based on visual observations of the cores brought to the surface from the sonic
drill rig core barrel. The lithologic core was extruded from the barrel into a plastic sleeve, this was
then transferred into a wooden core box that was labeled with boring number and depth and
photographed. It was then logged by a field geologist in accordance with USCS D2487 and
according to the standards listed in the Work Plan (Sundance, 2018).

For alluvial wells, when the water table was encountered, field personnel designed each well with
the top of the screen to be 5 feet above the water table. For the bedrock wells, the sonic casing
was advanced through the alluvium to the bedrock, sealing off the alluvial aquifer from the bedrock
aquifer.

At each drilling location, heavy plastic sheeting was placed under the drill rig footprint. After each
well was installed, the plastic sheeting was checked for rips or tears, and reused or disposed as
appropriate.

3.4.2 Soil Sampling during Monitoring Well Installation
Twenty-four soil samples were collected for both chemical and geotechnical analyses in
accordance with the criteria presented in Table 3-1 of the Work Plan (Sundance, 2018).

Soil samples were analyzed for chemicals by the following methods:
VOCs 8260C

Perchlorate 6860

TPH-GRO 8015C

TPH-DRO 8015C

Cations (Ca, K, Mg, Na) 6010C
Total Metals 6010C 7471B
Pesticides 8081B

PCBs 8082A

SVOCs 8270D

PAHs 8270D-SIM
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Explosives 8330B
Nitrate, Nitrite 9056A
Total Solids SM2540G
Total Chromium SW6020

Soil samples were analyzed for geotechnical parameters by the following methods:
Total and Fraction Organic Carbon - various

Dry Bulk Density - ASTM D7263

Calculated Total Porosity - ASTM D7263

Particle Size Analysis ASTM D422

Moisture Content ASTM D7263/ASTM D2216

Unified Soil Classification System ASTM D2487

USDA Classification ASTM D422

USDA Soil Textural Triangle Atterberg Limits ASTM D4318
Visual-Manual Description - ASTMD2488

Percent Moisture ASTM D2216

A schedule of soil analyses for each boring is presented in Table 3-4.1.

Soil sample collection was targeted to be from directly above the saturated interval. The
geotechnical laboratory analyses were assigned so that at least one sample was collected from
within each aquifer, from within the limits of each groundwater plume, and from across the Study
Area. In January 2020, the NMED directed the Army to collect a minimum of three soil samples
from each boring to assess the presence or absence of contaminants (NMED, 2020b). Borings
drilled after January 2020 (MW37, MW38, MW39A and MW39) met this requirement and 16 soll
samples were collected for laboratory analysis. These soils samples were collected with the intent
to be evenly distributed from across each boring.

In the Administration Area, 24 soil samples were collected for analysis of VOCs and 8 soil samples
were collected for percent moisture. Soil sample selection was based upon the highest headspace
reading of VOCs measured using a portable photoionization detector (PID), and at approximately
1 foot above the soil-groundwater interface. The PID was used to provide a preliminary indication
of VOCs in the soil boring and in the drill cuttings collected from the boring at 5-foot intervals. This
field screening method consisted of filling a re-sealable plastic bag to one-third capacity with soil
and sealing the container. PID readings were taken immediately at the end of the planned
equilibration period of about 15 minutes. After allowing a maximum of 15 minutes for the soil vapor
to equilibrate with the container's headspace, the bag was pierced to allow insertion of the PID
probe tip. The concentrations of organic vapors detected by the PID was recorded on the boring
log. The PID and other monitoring instruments were calibrated each day to the manufacturer’s
isobutylene supplied gas calibration standard.

In the WorkShop Area, one soil sample was collected from above the water table and analyzed
for chromium, as presented in Table 3-1 of the Work Plan (Sundance, 2018), to determine the
extent of chromium within the alluvial water-bearing zone underneath the former Acid Pond.

HDR field personnel collected soil and bedrock samples from each boring for geotechnical or
analytical testing using a split-spoon sampler. In addition, samples were collected directly from
the extruded core samples from the sonic drill rig for geotechnical selected analyses as described
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in Section 3.4.1 of the Work Plan (Sundance, 2018). Soil samples for geotechnical analysis were
collected for future investigative and/or remedial actions.

3.4.3 Monitoring Well Construction

Thirty-five 2-inch-diameter schedule 40 polyvinyl chloride (PVC) groundwater monitoring wells
were installed, each with 0.010-inch machine-slotted screen and bottom end cap. Alluvial
monitoring wells were designed with a minimum of 5 feet of screen placed above the first
encountered water table. The filter pack was composed of silica sand which extended from the
bottom of the borehole to 2 feet above the screened interval.

A bentonite chip or pellet seal approximately 3 feet thick was installed over the filter pack and
hydrated with potable water at every 1-foot increment. The bentonite chips or pellets were
installed by gravity fall if the distance to the top of the filter pack was less than 20 feet bgs or by
a tremie pipe if the distance was greater than 20 feet bgs.

Above the bentonite seal, a neat cement grout was installed from the top of the bentonite seal to
3 feet bgs by gravity fall or a tremie pipe using the same distance criteria used for the bentonite
chip seal.

The surface completion for each well consisted of an 8-inch-diameter by 6-foot-long protective
steel monument that was installed 3 feet above the concrete pad and 3 feet into the ground. The
concrete pad was 4 feet square by 4 inches thick. Steel bollards measuring 4-inches in diameter
by 3-foot-tall were installed at the outside corners of each concrete pad. The well monument and
bollards were coated with protective orange paint and each well was equipped with a security lock
and was tagged with corrosion-resistant identification.

3.4.4 Monitoring Well Development

Following installation, monitoring wells were developed no sooner than 24 hours after well
completion. Monitoring well development methods consisted of manual bailing to surge the well
and remove water and sediment; mechanical bailing using a SMEAL rig to surge the well and
remove water and sediment; pumping with an impeller pump to remove water and sediment, and
with a bladder pump to remove water and sediment. Each well was developed using multiple
methods to achieve a turbidity goal of less than 100 nephelometric turbidity units (NTUs). Table
3-4.2 presents the wells development schedule (dates and development methods) for each newly
installed groundwater monitoring well. The monitoring well development field forms are presented
in Appendix B.

3.4.5 Groundwater Sampling

Newly constructed wells were purged and sampled after a minimum of 7 days following
development. Groundwater samples were analyzed for the constituents presented in Table 3-4.3
(Sundance, 2018 and USACE 2019). Sample containers, preservation methods, holding times
are presented by analytical method in Table 3-4.4. The groundwater monitoring well sampling
field forms are presented in Appendix B.

December 2022 | 3-6



© oOo~N OO0~ WN =

e
W N PO

(S = S S SN
o ~N o o A

[EnN
©

NN
= O

22
23
24
25
26
27

28
29
30
31

32

33
34
35
36

Northern Area Groundwater RCRA Facility Investigation Report
Fort Wingate Depot Activity — McKinley County, New Mexico

The following field procedures were performed during groundwater sampling:

Plastic sheeting was laid down around the well head so that the equipment and tubing were
not in contact with the ground surface.

Prior to purging the monitoring wells for sampling, water level measurements and total depths
were measured and recorded from the survey point on the top of the casing using a Solinst
water level meter.

Each monitoring well was subsequently purged using low flow peristaltic pumps or in some
instances with a bailer in wells with very low water volumes.

While pumping, purge water parameters were monitored with a YSI multi-parameter water
guality meter equipped with an inline flow cell. Purging was continued until measurements of
temperature, electrical conductivity, oxidation-reduction potential (ORP), turbidity, dissolved
oxygen, and pH stabilized for three consecutive readings. Stabilization was defined as
consecutive measurements with changes as follows:

+10% of temperature, electrical conductivity, and oxidation-reduction potential.
+10% OR < 1.0 NTU for turbidity.

+10% OR < 1.0 milligram per liter (mg/L) for dissolved oxygen.

+ 5% for pH.

O O O O

Samples for dissolved metals analysis were filtered in the field through a 0.45 micron filter.
Once collected, the samples were labeled and placed in coolers chilled with ice.

Sample coolers were sealed according to chain-of-custody (COC) protocols and shipped to
the appropriate laboratories for analysis (see Section 3.6).

3.4.6 Monitoring Wellhead Survey

Following the field-sampling program, the groundwater monitoring well locations were surveyed
by a New Mexico-licensed professional surveyor to the nearest tenth of a foot (horizontal). The
surveyor measured elevations for the new monitoring wells at ground surface, top of the surface
monument, and top of well casing (PVC) at points on the north side of the well to the nearest one-
hundredth of a foot (vertical).

The surveyor referenced horizontal coordinates to the NAVD of 1983, State Plane New Mexico
West Grid represented in units of feet. Vertical coordinates for monitoring well elevations were
also referenced to NAVD of 1988, or NAVD 88. The groundwater monitoring well locations are
shown on Figure 3-4.1.

3.5 Slug Testing

Single-well slug tests were performed at 14 of the 35 newly installed monitoring wells. Ten tests
were performed in the alluvial aquifer and four tests were performed in the bedrock aquifer. The
slug tests were targeted to assess hydraulic conductivity relative to the groundwater contaminant
plumes in overlapping fashion. In the alluvial aquifer, three slug tests were located in the vicinity
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of the VOC groundwater plume, six slug tests were located in the vicinity of the nitrate plume, one
slug test was located in the vicinity of the perchlorate plume, and two slug tests were performed
in the vicinity of the explosives plume. Four bedrock wells were slug tested to determine hydraulic
properties in the vicinity of the perchlorate plume. The locations of the slug tested wells are
depicted in Figure 3-5.1.

Single-well slug tests were performed to estimate aquifer properties, particularly hydraulic
conductivity (K), in the immediate vicinity of the screened interval of a well. These wells represent
the alluvial (MW26 through MW29, MW31 through MW33, TMW57, TMW61, and TMW62), BR 1
(TMW51, TMW53, and TMW64), and BR2 (TMW63) aquifers.

3.5.1 Field Test Procedures
Slug tests were completed by adding or removing a “slug” of known volume from a well and
measuring the changes in water level (head) as a result of aquifer response to the displacement.

A solid PVC slug (1/4 gallon volume, expected displacement of approximately 1.534 ft in a 2-in
monitoring well) was used in conjunction with an In-Situ Level TROLL 700 downhole data-logging
transducer with a 100-ft vented cable and WinSitu 5 (In-Situ, Inc., 2018) software on a field
computer to record changes in temperature, pressure, and water level. The transducer was
zeroed at ground surface at each well prior to deployment. In the alluvial wells, the transducer
was installed near the bottom of each alluvial well to allow adequate space for slug movement
within the water column without directly impacting the transducer. In the bedrock wells, the
transducer was installed with at least 10 ft of water but not more than 69 ft of water, above the
transducer.

A minimum of one falling head (slug-in) and one rising head (slug-out) test were completed at
each well. Tests were replicated as time permitted or if additional data were needed. Falling head
tests consisted of rapidly lowering the slug into the water column and monitoring the falling
pressure or water level response curve on the field computer. Rising head tests consisted of
rapidly removing the slug from the water column and monitoring the rising pressure or water level
response curve on the field computer. Water levels were allowed to equilibrate to static or stable
(less than 0.01 ft change per 10 minutes) conditions prior to initiating each falling or rising head
test.

Data were downloaded from the transducer after each test was completed. The slug test data
were analyzed using AQTESOLV v.4.50 Professional (Duffield, 2007). Best-fit straight-line
methods were used to solve for hydraulic conductivity. The analyst reviewed the response curve
and selected a best-fit line through the portion of the curve that represents early formation
response, consisting of the portion of the curve after the initial steep filter pack response but
before the flatter recovery portion of the curve. Slug test data from unconfined alluvial aquifer
wells were analyzed using the Bouwer-Rice method (Bouwer-Rice 1976), and the data from
confined bedrock aquifer wells were analyzed using the Hvorslev method (Hvorslev 1951). The
geometric mean of each set of slug tests (falling head, rising head, and replicates thereof) for
each well was calculated to represent the overall estimated hydraulic conductivity of the aquifer
in the vicinity of the well.
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The following assumptions were applied to the slug test analyses:

Aquifers were considered isotropic for the purpose of estimating overall hydraulic conductivity.
Alluvial aquifers were considered unconfined based on boring log descriptions.

Bedrock aquifers were considered confined and claystone or mudstone intervals noted on the
boring logs were treated as aquicludes.

Hydraulic conductivity of the native media was anticipated to be much lower than that of the
well filter pack based on soil and rock descriptions recorded on the boring logs; therefore, the
perforated or open interval was set equal to the length of saturated filter pack.

The static water level was below the top of the screen in the following wells: MW27, MW28,
MW29, MW31, MW32, TMW57, TMW61, and TMW62. This construction complicates slug test
analysis due to effects of water moving through the vadose zone. This effect renders falling head
tests unreliable by inducing a high bias. Falling head data were collected for these wells; however,
the falling head test analyses were not used to estimate hydraulic conductivity.

3.5.2 Alluvial Wells

Locations of alluvial wells selected for slug testing were based upon the well’s proximity to
contaminant plumes as presented in the Work Plan (Sundance, 2018). The rationale for these
locations is as follows:

MW28 — Within Nitrate Plume.

TMW62 — Within Nitrate Plume and Cross gradient of Explosives Plume.
MW?27 — Cross gradient of Nitrate Plume.

MW33 — Near terminus of Nitrate Plume.

MW?26 — Down gradient of Nitrate Plume.

TMWG61 — Cross gradient of Nitrate Plume and Down gradient / Near terminus of Explosives
Plume.

MW29 — Proximal to VOC Plume.
MW31 — Down gradient of VOC Plume.
MW32 — Down gradient of VOC Plume.

TMWS57 — Down gradient / Cross gradient of Perchlorate Plume.

3.5.3 Bedrock Wells

Locations of bedrock wells selected for slug testing were based upon the well's proximity to
contaminant plumes as presented in the Work Plan (Sundance, 2018). The rationale for these
locations is as follows:
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TMWS51 — Between Nitrate Plume and within Perchlorate Plume in first bedrock aquifer.

TMW53 — Down gradient / Near terminus of Nitrate Plume and Perchlorate Plume in first
bedrock aquifer.

TMW63 — Near terminus of Nitrate Plume and Perchlorate Plume in second bedrock aquifer.

TMW64 — Proximal to Nitrate Plume and Perchlorate Plume in first bedrock aquifer.

3.6 Quality Assurance / Quality Control

The following section presents the QA/QC methods and procedures utilized for this project.

3.6.1 Sample Custody
The COC documents the transfer of custody from field samplers to laboratories and is considered
a legal document.

Custody of a sample is defined as:

Having physical possession, or
Being in view, after being in possession, or
Having possession, then being placed in a secure area, or

Being maintained in a secure area by the person who had possession last.
These custody practices were performed according to the procedures described below.

An electronic COC was completed for samples. Separate COCs were prepared for each of the
two laboratories, as each laboratory had its own format. The COCs were emailed to the Project
Manager and the Project Chemist each shipping day before the sample cooler was sealed and
shipped. The COCs were checked for accuracy, and any necessary corrections were made before
sending the samples.

The COCs included the following information:

Name of person collecting the samples.

Date and time of sample collection.

Matrix of sample collected (soil or groundwater).
Project name and location.

Sample identification.

Number of containers collected.

Analyses required.
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QC samples specified.

Signature of the HDR person relinquishing samples to a non-HDR person (such as a FedEx
agent), with the date and time of transfer noted.

For each cooler, the COC was placed in a plastic bag and taped to the underside of the cooler lid
prior to sealing the cooler. The cooler was securely bound with filament tape. Finally, custody
seals were signed and dated by the individual relinquishing custody and affixed in such a way
that the cooler could not be opened without breaking the seals. Sample coolers were sealed in
as many places as necessary to ensure security.

Using the FedEx tracking numbers, delivery status was checked each day samples were in transit.
In addition, the laboratory was contacted to confirm the sample delivery. The COC and the FedEx
airbill together constitute a complete record. The field team leader emailed a copy of the COC
and the airbill to the Project Manager, who maintained the custody records as part of the analytical
data file. The COCs are included in the laboratory data packages in Appendix F.

Soil samples for geotechnical analysis were analyzed by HDR, Paducah, Kentucky. Soil and
groundwater samples for chemical analysis were analyzed by Eurofins Test America, located in
Denver, Colorado and by ALS located in Rochester, New York.

3.6.2 Quality Control Samples

Quality control samples were collected to provide data on the data quality indicators (DQIs),
expressed in terms of precision, accuracy, representativeness, comparability, completeness, and
sensitivity (PARCCS parameters), as specified in the Work Plan (Sundance, 2018). Assessment
of the DQIs included the evaluation of sample integrity, holding times, trip blanks, rinsate blanks,
method blanks, internal standards, surrogate recoveries, matrix spike/matrix spike duplicate
(MS/MSD) recoveries and precision, laboratory control sample/laboratory control sample
duplicate (LCS/LCSD) recoveries and precision, and field duplicate (FD) precision.

3.6.3 Data Validation and Analysis
Data were validated at Stage 2BVM (100% of data) and Stage 3VM (10% of data) according to
the following documents:

Work Plan (Sundance, 2018).

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, 3 edition (EPA
SW846).

General Data Validation Guidelines (DOD, 2018).

Professional judgment.

3.6.4 Sample Identification and Nomenclature System

Sample identification consisted of a combination of the parcel number, additional location
identifier, source of sample, increment or boring number, type of sample, and depth of sample
collection in accordance with Work Plan (Sundance, 2018). Additional descriptions of the sample
identification and nomenclature system are as follows.
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Well Location: Parcel number (e.g., 11)

Aquifer: Alluvium (AL), First Bedrock (BR1), Second Bedrock (BR2),
etc.

Boring or Well Number: MW?25

Sample Source: SB (soil boring), GW (groundwater), TB (trip blank), EB
(equipment blank)

Sample Type: D (discrete)

Sample Depth: 00-01 (O foot to 1 foot), 10-11 (10 feet to 11 feet), etc., as
appropriate, depending on the COPC at an individual
location

Sample Matrix: Soil (SO), Water (AQ)

As an example, a groundwater sample taken from new monitoring well MW25 in the alluvial
aquifer from 63 feet bgs to 64 feet bgs would be:

11INAL-MW25GW-D63-64AQ

QA/QC samples were labeled with the same sample nomenclature as the parent sample with a
unique suffix and numeral (if required) to distinguish individual samples. Duplicate samples were
labeled with the suffix “D.” Equipment rinsate blanks and trip blanks were identified with an
additional designation of EBXX or TBXX (where XX represents the sequence number of the
sample), respectively. Each blank had a unique tracking number.

3.7 Soil Vapor, Soil and Groundwater Screening Criteria

The screening values used to evaluate the soil vapor, soil and groundwater results are derived
according to the criteria presented in Table 3-4 and Table 3-5 of the Work Plan (Sundance, 2018).
The soil vapor, soil and groundwater screening criteria are provided below and the respective
screening values are presented in Tables 3-8.1 and 3-8.2.

3.7.1 Soil Vapor Screening Criteria

For this RFI, the VOC groundwater plume delineation is defined by the results of the July —
December 2015 groundwater sampling event (Sundance, 2016). During this sampling event,
1,2-DCA was the only VOC detected in groundwater above its groundwater screening level of 5
po/L. Soil vapor screening was used to further define the limits of the groundwater VOC
contaminant plume. A soil vapor screening level was calculated using the New Mexico Water
Quality Control Commission (NM WQCC) standard for groundwater protectiveness using
Henry’s equilibrium partition for 1,2-DCA between vapor and water (Henry’s Law). The soil
vapor screening value is calculated as follows:

H = Cair + CWager,
Cair = H* CWater

Where:
H = Henry’s Law constant for 1,2-DCA (0.04857)
Cuwater = NM WQCC (5 pg/L)
Cair=0.04857*5 pg/L = 0.24285 pg/L
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Three VOCs, nine SVOCs, one pesticide, twelve explosives, and four PCBs (Aroclors) had
LOQs above the screening limits.

Of these analytes, three VOCs, seven SVOCs, zero pesticides, eight explosives, and four
PCBs (Aroclors) also had LODs also above the screening limits.

Of these analytes, two VOCs, six SVOCs, zero pesticides, eight explosives, and four PCBs
(Aroclors) also had DLs above the screening limits. DLs have been included for comparison
when the LOQs and/or LODs exceed the screening levels. This comparison indicates how far
above the screening levels the lowest detectable concentration would be.

The NMED-approved Work Plan listed soil screening limits for VOCs only. Three VOCs were
known prior to field work to have LOQs that exceeded the soil screening limits.

Table 3-8.1 identifies those constituents where the LOQ, LOD, and/or DL exceed the selected
soil screening value. The constituents listed above are further discussed in Sections 4.9.2 and
4.9.2.1 and presented in Table 4-9.1.

3.7.3 Groundwater Screening Criteria

Groundwater screening levels used to evaluate the groundwater results are from the hierarchy of
Section 7.1 of Attachment 7 of the RCRA permit (NMED, 2015) as described in the Work Plan
(Sundance, 2018). When using the EPA RSL values, the May 2021 values were selected as the
primary sample collection effort. The groundwater screening levels are presented in Table 3-8.2:

1. NM WQCC standards for the analytes listed in NMAC 20.6.2.7.WW (toxic pollutant) having
the values listed in NMAC 20.6.2.3103.A (human health standards) and NMAC
20.6.2.3103.B (other standards for domestic water supply) (NMAC, 2001).

2. EPA drinking water MCLs provided under 40 Code of Federal Regulations Part 141 and
Part 143 (EPA, 2009a).

3. If both an NM WQCC standard and an EPA MCL have been established for a COPC, the
lowest value of 1 and 2 above were selected.

4. 1fno NM WQCC standard or EPA MCL has been established for a carcinogenic hazardous
constituent, values were selected from the most recent version (as of May 2021) of the
EPA RSLs for tap water adjusted to a target excess cancer risk level of 1x10-5 (EPA,
2021).

5. If no NM WQCC standard or EPA MCL has been established for a non-carcinogenic
hazardous constituent, values were selected from the most recent version of the EPA
RSLs for tap water (May 2021) with a target HI of 1.0 (EPA, 2021).

There is no WQCC groundwater standard or MCL for perchlorate. The EPA tap water RSL of 14
Mo/l was utilized for perchlorate in accordance with Attachment 7 of the RCRA permit for FWDA
(NMED, 2015).

For TPH GRO and TPH DRO, the NMED RAG values of 10.1 pg/L for GRO and 16.7 ug/L for
DRO have been used as screening levels. The NMED-approved work plan did not incorporate
screening levels for either TPH GRO or TPH DRO and NMED requirements for speciation of
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these compounds was requested by NMED subsequent to approval and implementation of the
RFI.

3.7.3.1 Data Quality Exceptions

Prior to the conduct of the field activities, data quality exceptions were identified in the NMED
approved Work Plan. Of the 245 constituents which were planned for analysis, there were 26
constituents where the LOQ, LOD and/or DL exceeded the screening value as follows:

LOQ: Two VOCs, 19 SVOCs, two pesticides, one metal, DRO and GRO had LOQs above
the screening value.

LOD: Two VOCs, 11 SVOCs, two pesticides, zero metals, DRO and GRO had LODs above
the screening value.

DL: Two VOCs, eight SVOCs, zero pesticides, zero metals, and DRO had DLs above the
screening value. DLs have been included for comparison when the LOQs and/or LODs
exceed the screening value. This comparison indicates how far above the screening value the
lowest detectable concentration would be.

To achieve lower LOQ, LOD and DL values, some of these 26 analytes were analyzed by different
methods than the methods listed in the Work Plan. These analytes were:

Two VOCs (1,2-dibromo-3-chloropropane [DBCP] and 1,2-dibromoethane [EDB]), by Method
8011 rather than by Method 8260C.

One of the 19 SVOCs (bis[2-chloroethyl]ether) by Low-Level Method 8270D rather than
traditional Method 8270D.

All explosives by Method 8321A rather than Method 8330.

Modification of laboratory analytical methods was based upon NMED correspondence which
stated that “...the Permittee must continue to utilize methods capable of achieving LOQs less
than the cleanup levels for all future sampling events.” (NMED, 2019c). The NMED-approved
Work Plan did not identify groundwater screening values for PCBs, herbicides, DRO or GRO.

Analytes without screening values provided in the NMED-approved Work Plan were not identified
as having a screening exceedance but were reported as detections. These constituents were
evaluated as follows:

4-Bromophenyl phenyl ether and 4-chlorophenyl phenyl ether: Surrogate analytes that are
structurally similar or that provide a conservative estimate of toxicity are commonly used for
comparison. However, these two analytes do not have surrogate analytes identified because
they are not known to have been used at FWDA, they have not historically been detected in
groundwater at FWDA, and there are no analytes on the EPA RSL table that have sufficient
structural similarity.

The constituents listed above are discussed in Sections 4.9.3 and 4.9.3.1 and presented in Table
4-9.2.
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3.8 Equipment Decontamination

Standard equipment decontamination procedures were used while completing soil sampling
activities, drilling activities, and between drilling locations.

The drill rigs were decontaminated between each soil vapor boring and monitoring well installation
with a hot pressure washer set up at a dedicated decontamination pad. The decontamination
water was then taken to an above ground cistern.

Reusable sampling equipment was decontaminated to reduce cross-contamination of samples.
Standard equipment decontamination procedures were used while completing soil vapor, soil and
groundwater sampling activities, drilling activities, and between drilling locations.
Decontamination procedures were as follows:

Drill rigs (sonic, HSA and Direct Push Technology (DPT)) were decontaminated before
entering FWDA. This consisted of spray washing or steam cleaning dirt and debris from rig
exterior and components and fully inspecting for any oil, hydraulic fluid, fuel, or operational
fluid leaks.

A decontamination wash pad was constructed using plastic sheeting rolled up at the ends
(typically with lumber) to contain water. The pad was large enough to hold the drill rig, multiple
5-gallon buckets, sonic core barrels, hollow stem augers and sampling rods that required
decontamination.

Drilling rigs were decontaminated on the wash pad between soil boring locations, which
consisted of spray washing or steam cleaning dirt and debris from rig exterior and
components.

Split spoon samplers, sonic core barrels, hollow stem augers and drill rods were
decontaminated before and after each use. This equipment was decontaminated using a
bristle brush followed by a three-stage wash/rinse consisting of a wash bucket containing
Liquinox™ and deionized water, a deionized water rinse, and a secondary deionized water
rinse. ltems were then thoroughly rinsed with potable water and allowed to air dry.

Soil vapor screens and tips were decontaminated before and after each use.

For the groundwater sampling decontamination procedures, field personnel used Liquinox™
to decontaminate all sampling equipment between monitoring wells on the wash pad. Each
well had dedicated tubing to prevent cross contamination during sampling.

After field cleaning, personnel donned clean gloves before handling equipment to prevent
recontamination. Personnel moved the equipment away from the cleaning area to prevent
recontamination. If the equipment was not immediately reused, personnel covered the
equipment with plastic sheeting or wrapped it in aluminum foil to prevent recontamination.
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3.9 Investigation Derived Waste Disposal

Investigation-derived waste (IDW) generated during the RFI activities consisted of soil and rock
cuttings, purge water produced during well development and groundwater sampling,
decontamination water, disposable sampling equipment, and personal protective equipment
(PPE). These IDW categories were managed as follows.

3.9.1 Soil IDW Waste Disposal

Soil and rock cuttings generated during drilling operations were placed in a transportable steel
bin at each borehole location. Following the completion of drilling at each borehole, the soil
cuttings were transported to the satellite accumulation area and dumped into lined 20-yard steel
roll-off bins with lids. The containers were labeled in accordance with Federal and State
Regulations. Weekly inspections were performed throughout the duration of temporary storage of
soils onsite.

At the completion of drilling activities, composite soil samples were collected from each roll off-
bin and submitted to the laboratory for characterization analyses. Analyses included the following:

TPH-GRO.

TPH-DRO.

TPH-Motor Oil Range Organics.
RCRA 8 Metals.

Corrosivity.

Reactivity.

Paint Filter.

Following receipt of laboratory testing results, a Waste Profile was completed and submitted with
the laboratory report to the Northwest New Mexico Regional Solid Waste Authority in Thoreau,
NM for disposal approval. Upon approval of the waste profile, the soils were trucked to the landfill
for disposal (Appendix C).

3.9.2 Water IDW Waste Disposal

Purge water from well development and groundwater sampling activities was containerized in
either an approximately 275-gallon water tote or in sealable 5-gallon plastic buckets at the point
of generation and transported to an onsite open-topped, lined, concrete evaporation tank for
disposal.

Small volumes of decontamination water were generated during steam cleaning of the drill rigs
and associated equipment on the decontamination pad. The water was captured on the pad and
allowed to evaporate.
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3.9.3 Miscellaneous IDW Waste Disposal

Disposable sampling equipment, PPE, and other miscellaneous trash were generated during field
activities. These types of waste were placed in plastic trash bags and disposed as non-hazardous
sanitary solid waste in an onsite dumpster and disposed of offsite at an approved disposal facility.

3.10 Field Documentation

Field activities were recorded on field data sheets applicable to the task being performed by field
personnel. Field sheets included: soil vapor sampling forms, well development forms,
groundwater sampling forms, and slug test field forms are in Appendix B. Soil boring and well
construction logs are presented in Appendix D.
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4 Northern Area Groundwater RCRA Facility
Investigation Results

This section presents the results of the field sampling activities, laboratory analytical results, and
data quality evaluation.

4.1 Soil Vapor Survey

This section presents the analytical results from the soil vapor sampling conducted in the
Administration Area with comparison to the soil vapor screening level for 1,2-DCA.

41.1 Drilling observations

Sixty-eight soil vapor borings were attempted in the Administration Area. Twelve soil vapor
borings met refusal at various depths before reaching the target depth of 30 ft bgs due to
subsurface obstructions such as concrete (SG37, SG38, SG46, SG49, SG66, SG67, SG68,
SG73, SG82, SG90, SGI98 and SGI98R). Another four borings could not be sampled due to tight
soil conditions which prevented the collection of a soil vapor sample SG21, SG21R, SG88, and
SG97).

4.1.2 Soil Vapor Analytical Results

Fifty-two soil vapor samples were collected from the Administration Area and analyzed for 1,2-
DCA. The 1,2-DCA concentrations ranged from 0.018 pg/m?3 at soil boring SG06 to 3,325 pg/m?
at soil boring SG59. 1,2-DCA was detected at a concentration greater than the soil vapor
screening level of 242.85 pg/m? in four of the 52 samples analyzed. 1,2-DCA analytical results
are presented on Figure 4-1.1 and Table 4-1.1. Soil vapor field forms are provided in Appendix
B. Each soil boring was surveyed horizontally to the nearest 0.1 foot (horizontal). The survey
coordinates are presented in Table 4-1.1 and in the surveyor’s report in Appendix D.

4.2 Monitoring Well Results

This section presents the results of groundwater monitoring well installation, well development
and the wellhead survey.

42.1 Alluvial Aquifer

Twenty-seven alluvial wells were drilled and installed in the Study Area. Alluvial well depths
ranged from 32 ft bgs at BGMW12 in the northeast corner of the Study Area to 110 ft bgs at
BGMW13D in the northwest corner of the Study Area. Construction details of the alluvial wells
are presented in Table 4-2.1, along with the construction details of the existing wells in the
northern area of FWDA.

The general lithology encountered in the alluvial well borings consisted primarily of
unconsolidated sand, silt, and clay mixtures. Boring logs and photographic logs recorded during
drilling activities are provided in Appendix E.
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During drilling activities in the Administration Area, photoionization detector measurements were
recorded from four borings (MW29, MW30, MW31, and MW32) to provide a preliminary indication
of VOCs in the vadose zone soil. Headspace measurements were obtained at approximately 5-
foot intervals and recorded on the boring log. PID concentrations ranged from 1 part per million
(ppm) in the upgradient well MW29 to 18.7 ppm in downgradient well MW31 (Appendix E).

4.2.2 Bedrock Aquifer

Eight bedrock wells (three upper BR1 wells and five lower BR2 wells) were drilled and installed in
the Study Area. BR1 (upper bedrock unit) maximum well depths ranged from 115 ft bgs at TMW52
located west of the TNT Leaching Beds to 125 ft bgs at TMW51 located between the TNT
Leaching Beds. BR2 (the lower bedrock unit) maximum well depths ranged from 75 ft bgs at
TMWS50 in the southern portion of the Study Area, south of the TNT Leaching Beds to 185 ft bgs
at TMW58 located northwest of the TNT Leaching Beds. Construction details of the bedrock wells
are presented in Table 4-2.1.

The general lithology encountered in the bedrock well borings consisted primarily of mudstone,
siltstone, sandstone, and sandstone conglomerate units. Boring logs and photographic logs
recorded during drilling activities are provided in Appendix E.

4.2.3 Well Construction and Development

The groundwater monitoring wells were installed and constructed in accordance with the Work
Plan (Sundance, 2018) and as presented in Section 3-4. Well construction details are provided
on the boring logs presented in Appendix E and on Table 4-2.1.

Following monitoring well construction, the wells were developed to clean out sediment and to
stabilize the filter packs and aquifer materials around the slotted casings. Monitoring wells were
developed by utilizing surging, bailing, and mechanical pumping techniques. Well development
logs are presented in Appendix B.

424 Wellhead Survey

The monitoring well survey methods are presented in Section 3-4.6. The surveyed coordinates of
the Northern Area monitoring wells are presented in Table 4-2.1 and the surveyor’s report is
provided in Appendix D.

4.2.5 Groundwater Level Measurements and Elevations

Groundwater level measurements and elevations are presented in Table 4-2.2. Alluvial and lower
bedrock unit (BR2) groundwater elevation contours are illustrated on Figure 4-2.1 and Figure 4-
2.2, respectively. Groundwater elevation contours were not generated for the BR1 because there
is inconsistent groundwater elevation data to provide a depiction of the piezometric surface and
an approximation of the groundwater flow direction.

North and northeast of the Administration Area, alluvial groundwater generally flows from the
northeast to the southwest. South of the Administration Area, alluvial groundwater generally flows
from the southeast to the northwest. Alluvial groundwater flow converges in the Administration
Area and flows toward the west (Figure 4-2.1).
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In the southern half of the Study Area, groundwater within the upper bedrock unit flows to the
northwest. Groundwater elevation contours were not generated for the upper bedrock unit due to
the limited number of wells screened in this zone.

In the southern half of the Study Area, groundwater in the BR2 generally flows radially to the west
and north. In the northern half of the Study Area, groundwater in the BR2generally flows toward
the southwest (Figure 4-2.2).

4.2.6 Groundwater Gradients

Vertical hydraulic gradients were evaluated between two alluvial aquifer well pairs, two alluvial
aquifer and upper bedrock unit (BR1) aquifer well pairs, and three alluvial aquifer and lower
bedrock unit (BR2) well pairs. Groundwater elevations were used to determine the potential for
vertical migration (downward or upward movement of water) between adjacent zones. Well pairs
used to calculate vertical gradients are within a 300-ft radius of one another, but are screened in
different horizons. A downward flow component is indicated if the gradient is negative, meaning
the hydraulic head is less at depth. Conversely, an upward flow component is indicated if the
gradient is positive, meaning the hydraulic head is greater at depth. The magnitude of the gradient
indicates its significance.

The vertical gradient values between the well pairs are listed in Table 4-2.3 and illustrated on
Figure 4-2.3. Both alluvial well pair units show an upward gradient. One well pair in the alluvial to
BR1 units shows an upward gradient and one pair shows a downward gradient. The three alluvial
to BR2 unit wells show an upward gradient.

4.2.7 Groundwater Quality Parameters

Water-quality parameter measurements were collected during well purging prior to sample
collection. Field measurements recorded during purging included pH, specific conductivity,
turbidity, dissolved oxygen, temperature, and oxidation-reduction potential. Final parameter
readings recorded prior to sampling are listed in Table 4-2.4. The depth to water was also
recorded prior to purging and post purging. Groundwater sampling forms containing the field
parameter measurements during purging are provided in Appendix B.

42.7.1 Alluvial Aquifer

The average alluvial aquifer water quality parameter values and the range of each alluvial aquifer
water quality parameter, based upon final measurements during groundwater sampling activities,
are summarized from Table 4-2.4 and presented in Table 4-2.5.

During purging of alluvial well MW35, oxidation reduction potential (ORP) did not meet the
stabilization criteria of plus or minus (+/-) 10 percent. As the ORP values were nearly zero, any
variation between readings results in a significant deviation from the stabilization protocol. A
representative groundwater sample was collected because the remaining groundwater
parameters met stabilization criteria.

During purging of alluvial well MW39, dissolved oxygen did not meet the stabilization criteria of
+/- 10 percent. Well MW39 dewatered before stabilization of dissolved oxygen could occur.
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Recharge water was then sampled. A representative groundwater sample was collected because
all other parameters met the stabilization criteria.

During purging of alluvial well TMW59, ORP did not meet the stabilization criteria of +/- 10 percent.
As stated by the instrument manufacturer, ORP can be a significantly less exact measurement
than other sensors. The inexactness can be due to the lack of or low concentration of a redox
active agent in the environmental water. The quoted accuracy specification for the YSI ORP
sensor utilized during well purging is +/- 20 millivolts (mV) using its calibration standard. In many
cases, the +/- 20 mV specification cannot be guaranteed in natural water. Therefore, based on
the stated range of accuracy, the observed ORP readings are well within the achievable range of
accuracy and a representative groundwater sample was collected.

4.2.7.2 Bedrock Aquifer

The average bedrock aquifer water quality parameter values and the range of each bedrock
aquifer water quality parameter, based upon final measurements during groundwater sampling
activities, are summarized from Table 4-2.4 and presented in Table 4-2.5.

During purging of bedrock well TMW51, turbidity did not meet the stabilization criteria of +/- 10
percent or 1 NTU. However, a representative groundwater sample was collected because turbidity
had cleared significantly during purging and all other parameters met the stabilization criteria.

Despite multiple purging events at TMW52, stabilization of groundwater parameters was not
achieved. Therefore, this well was dewatered and the recharged water was sampled. As
recharged groundwater is representative of formation water, a representative groundwater
sample was collected.

During purging of bedrock well TMW53 and TMWS55, elevated dissolved oxygen measurements
were recorded. The elevated dissolved oxygen measurements were likely the result of
supersaturation of the water by air which could have been introduced by the sample hose to the
groundwater, entrained bubbles within the sample hose, and/or from bubbles on the dissolved
oxygen sensor. Daily calibration of the dissolved oxygen sensor demonstrates that the sensor
was functioning properly and stabilization of temperature, pH, specific conductance, turbidity,
temperature, and ORP demonstrate collection of formation water and of a representative sample.

4.3 VOC Groundwater Plume

This section presents soil analytical results, water quality parameters, groundwater analytical
results, and slug test results to assess the vertical and horizontal limits of and aquifer properties
of the VOC plume in the alluvial and bedrock aquifers.

431 Soil Analytical Results
Soil samples were collected for geotechnical analyses and chemical analyses during drilling
activities. Results of these analyses are described below.

43.1.1 Geotechnical Results
Soil samples for geotechnical analysis were collected from three alluvial borings in the
Administration Area. Three soil samples were collected from MW30, MW31, and MW32.
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Geotechnical samples were collected from unsaturated soils above the water table. Soils
generally consisted of clayey and silty sand. Analyses included sample total porosity, organic
content, dry bulk density, and Atterberg limits. The geotechnical analysis results are presented in
Table 4-3.1.

43.1.2 Other Analytical Results

To determine concentrations of VOCs in alluvium in the vicinity of the Bldg. 6 Gas Station (SWMU
45) where VOCs have been documented in soil and groundwater, soil samples were collected
from the four new borings located in near SWMU 45, and analyzed for VOCs. The soil samples
were collected from MW29, MW30, MW31, and MW32 at depths ranging from 10 to 42 ft bgs.
There were no soil VOC exceedances of the screening levels (Table 4-3.2).

4.3.2 Water Quality Parameters

4.3.2.1 Alluvial Aquifer

The average alluvial aquifer water quality parameter values and the range of each alluvial aquifer
water quality parameter, based upon final measurements during groundwater sampling activities
in wells associated with the VOC plume (MW29, MW30, MW31, and MW32), are summarized
from Table 4-2.4 and presented in Table 4-2.5 by aquifer and by groundwater contaminant plume.

4.3.2.2 Bedrock Aquifer
There were no screening level exceedances of VOCs in the bedrock aquifer wells and therefore
no bedrock aquifer water quality parameters associated with the VOC plume.

4.3.3 Groundwater Analytical Results

Site-wide, 32 groundwater samples were collected from alluvial and bedrock monitoring wells and
analyzed for VOCs (Appendix F). Three alluvial wells could not be sampled for VOC analysis;
TMW54 (Dry), and TMW56 (insufficient water volume), TMWG60 (insufficient water volume).

43.3.1 Alluvial Aquifer

A total of 24 groundwater samples were collected from alluvial wells and analyzed for VOCs. One
detection of 1,2-DCA was reported above the screening level of 5 pg/L in well MW31. There were
no other screening level exceedances of VOCs. Detections of alluvial well VOCs are presented
in Table 4-3.3. Groundwater analytical results from the 2018 Groundwater Periodic Monitoring
Report (GPMR) (Sundance, 2019) are shown on Figure 4-3.1 with the groundwater analytical
results from the RFI.

4.3.3.2 Bedrock Aquifer

A total of eight groundwater samples were collected from bedrock wells and analyzed for VOCs.
There were no screening level exceedances of VOCs in bedrock monitoring wells. Detections of
bedrock well VOCs are presented in Table 4-3.3. Groundwater analytical results from the 2018
GPMR (Sundance, 2019) are shown on Figure 4-3.2 with the groundwater analytical results from
the RFI.

434 Slug Test Results
Results of the slug tests completed in alluvial and bedrock aquifers are presented in Table 4-3.4
and presented as geometric mean on Figure 4-3.3 and Figure 4-3.4. Slug testing forms and
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AQTESOLYV slug test data plots are presented in Appendix G. The slug test results are presented
below by aquifer.

4341 Alluvial Aquifer
Three alluvial wells in the Administration Area were slug tested to determine hydraulic properties
in the vicinity of the VOC plume and include the following wells:

MW29 — Upgradient to the VOC plume.
MW31 — Within the VOC plume.
MW32 — Cross gradient of the VOC plume.

Hydraulic conductivities estimated for the alluvial aquifer range from 8.78 x 10* centimeters per
second (cm/sec) (MW31) to 1.56 x 102 cm/sec (MW32), which falls within the expected range for
the silty sandy clay to silty fine sand recorded on the boring logs (2.00 x 10 to 2.00 x102 cm/sec
for fine sand Domenico and Schwartz, 1990; 10 to 10 cm/sec for silty sand, Freeze and Cherry,
1979). Hydraulic conductivities, as geometric mean, in alluvial wells are presented in Figure 4-
3.3.

4.3.4.2 Bedrock Aquifer
There are no bedrock wells in the Administration Area and slug tests were therefore not performed
in this portion of the Study Area.

4.4 Nitrate Groundwater Plume

This section presents soil analytical results, water quality parameters, groundwater analytical
results, and slug test results to assess the vertical and horizontal limits and aquifer properties of
the nitrate plume in the alluvial and bedrock aquifers.

4.4.1 Soil Analytical Results
Soil samples were collected for geotechnical analyses during drilling activities. Results of these
analyses are described below.

4411 Geotechnical Results

Nine geotechnical samples were collected from borings associated with the nitrate plume and
included: MW28, MW30, MW31, MW33, MW34, TMW50, TMW51, TMW53, and TMW58. In
alluvial borings (MW28, MW30, MW31, MW33, and MW34), geotechnical samples were collected
from unsaturated soils above the water table at depths ranging from 40 to 46 ft bgs. Soils generally
ranged from lean clay to silty sand. In bedrock borings (TMW50, TMW51, TMW53, and TMW58),
geotechnical samples were collected at depths ranging from 73 to 150 ft bgs. Bedrock material
consisted of sandstone. Analyses included sample total porosity, organic content, dry bulk
density, and Atterberg limits. The geotechnical analyses are summarized in Table 4-3.1.

4.4.1.2 Other Analytical Results
The one soil sample located at the head and west of the nitrate/perchlorate plumes in the
Workshop Area was collected from TMW57 and was analyzed for chromium. TMW57 was located
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at the former Acid Pond and the concentration of chromium was below the screening level (Table
4-3.2).

Twenty soil samples associated within the nitrate plume west of the Administration Area were
collected from MW37, MW38, MW39A and MW39 and analyzed for a suite of analyses (Table 3-
4.1). Two constituents, cobalt and iron, were reported at concentrations above their respective
screening levels (Table 4-3.2).

442 Water Quality Parameters

4421 Alluvial Aquifer

The average alluvial aquifer water quality parameter values and the range of each alluvial aquifer
water quality parameter, based upon final measurements during groundwater sampling activities
in wells associated with the nitrate plume (MW25, MW26, MW27, MW28, MW33, MW34, MW37,
MW38, MW39, TMW54 [dry], TMWS56 [insufficient water], TMW57, TMW60 [insufficient water],
TMW61, and TMW62), are summarized from Table 4-2.4 and presented in Table 4-2.5 by aquifer
and by groundwater contaminant plume.

During purging of alluvial well MW25, MW37, and MW39, turbidity measurements were outside
of the measurement range of the field meter of 1,000 NTU. Representative groundwater
samples were collected for the following reasons:

MW?25 was developed utilizing two separate methods (mechanically surging and bailing, and
then by pumping). During sample collection with a bladder pump, turbidity remained out of
range of the field meter. However, the remaining parameters (pH, conductivity, dissolved
oxygen, temperature and oxygen reduction potential) met the stabilization criteria, and the
well was sampled. Stabilization of the remaining parameters demonstrates collection of
formation water and of a representative sample.

MW37 was developed utilizing mechanical surging and bailing. During sample collection with
a bladder pump, turbidity remained out of range of the field meter. However, the remaining
parameters (pH, conductivity, dissolved oxygen, temperature and oxygen reduction potential)
met the stabilization criteria, and the well was sampled. Stabilization of the remaining
parameters demonstrates collection of formation water and of a representative sample.

MW39 was developed utilizing mechanical surging and bailing. During sample collection with
a bladder pump, turbidity remained out of range of the field meter and the well was bailed dry.
During purging for sampling and prior to dewatering, field parameters (pH, conductivity,
temperature and oxygen reduction potential) met the stabilization criteria. On the following
day when enough groundwater was present, a groundwater sample was collected.
Stabilization of the remaining parameters demonstrates collection of formation water and of a
representative sample.

During purging of alluvial well MW34, elevated dissolved oxygen measurements were recorded.
The elevated dissolved oxygen measurements were likely the result of supersaturation of the
water by air which could have been introduced by the sample hose to the groundwater, entrained
bubbles within the sample hose, and/or from bubbles on the dissolved oxygen sensor. Daily
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calibration of the dissolved oxygen sensor demonstrates that the sensor was functioning properly
and stabilization of temperature, pH, specific conductance, turbidity, temperature, and ORP
demonstrate collection of formation water and of a representative sample.

4.4.2.2 Bedrock Aquifer

The average and range of bedrock water quality parameters based upon final measurements
during groundwater sampling activities in wells associated with the nitrate plume (TMWS50,
TMW51, TMW52 [insufficient water], TMW53, and TMW58) are summarized from Table 4-2.4
and presented in Table 4-2.5.

During purging of alluvial well TMW55, elevated dissolved oxygen measurements were recorded.
The elevated dissolved oxygen measurements were likely the result of supersaturation of the
water by air which could have been introduced by the sample hose to the groundwater, entrained
bubbles within the sample hose, and/or from bubbles on the dissolved oxygen sensor. Daily
calibration of the dissolved oxygen sensor demonstrates that the sensor was functioning properly
and stabilization of temperature, pH, specific conductance, turbidity and ORP demonstrate
collection of formation water and of a representative sample.

443 Groundwater Analytical Results

Site-wide, 32 groundwater samples were collected from alluvial and bedrock monitoring wells and
analyzed for nitrate (Appendix F). Three alluvial wells could not be sampled for nitrate analysis;
TMWS54 (Dry), and TMWS56 (insufficient water volume), TMW60 (insufficient water volume).

4431 Alluvial Aquifer

A total of 24 alluvial wells were sampled for nitrate analysis. Eight detections of nitrate were
reported above the screening level of 10 mg/L at concentrations ranging from 11 mg/L in MW34
to 58 mg/L in MW32. Detections of alluvial well nitrate analyses are presented in Table 4-4.1.
Groundwater analytical results from the 2018 GPMR (Sundance, 2019) are shown on Figure 4-
4.1 with the groundwater analytical results from the RFI.

4.4.3.2 Bedrock Aquifer

A total of eight groundwater samples were collected from bedrock wells and analyzed for nitrate.
There were no screening level exceedances of nitrate in bedrock monitoring wells. Detections of
bedrock well nitrate analyses are presented in Table 4-4.1. Groundwater analytical results from
the 2018 GPMR (Sundance, 2019) are shown on Figure 4-4.2 with the groundwater analytical
results from the RFI.

4.4.4 Slug Test Results

Results of the slug tests completed in alluvial and bedrock aquifers are presented in Table 4-3.4.
Slug testing forms and AQTESOLYV slug test data plots are presented in Appendix G. The slug
test results are presented below by aquifer.

4441 Alluvial Aquifer
Six alluvial wells were slug tested to determine hydraulic properties in the vicinity of the nitrate
plume and include the following wells:
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MW28 — Cross gradient of the nitrate plume.
TMWG62 — Within the nitrate plume.
MW27 — Cross gradient of the nitrate plume.
MW33 — Near terminus of the nitrate plume.
MW?26 — Down gradient of the nitrate plume.
TMW61 — Within the nitrate plume.

Hydraulic conductivities estimated for the alluvial aquifer wells associated with the nitrate plume
range from 1.28 x 10 cm/sec (MW26) to 1.69 x 1023 cm/sec (TMW62), which falls within the
expected range for the silty clay with fine sands and silty fine sand recorded on the boring logs
(2.00 x 10°to 2.00 x102 cm/sec for fine sand, Domenico and Schwartz, 1990; 10 to 10! cm/sec
for silty sand, Freeze and Cherry, 1979). Hydraulic conductivities, as geometric mean, in alluvial
wells are presented in Figure 4-3.3.

4.4.4.2 Bedrock Aquifer
Four bedrock wells were slug tested to determine hydraulic properties in the vicinity of the nitrate
plume and include the following wells:

TMWS51 — Between nitrate plumes in first bedrock aquifer.
TMW53 — Down gradient / Near terminus of nitrate plume in first bedrock aquifer.
TMWG63 — Near terminus of nitrate plume in second bedrock aquifer.

TMWG64 — Proximal to nitrate plume in second bedrock aquifer.

Hydraulic conductivities estimated for the first bedrock aquifer range from 2.32 x 10° cm/sec
(TMW53) to 3.42 x 102 cm/sec (TMW51). Hydraulic conductivities for TMW53 and TMW64 (fall
within the expected range for the clayey fine- to medium-grained sandstones and interbedded
fine sandstones and mudstones recorded on the boring logs (3.00 x 108 to 6.00 x 104 cm/sec for
sandstone, Domenico and Schwartz, 1990); however, hydraulic conductivity on the order of 103
as observed in in TMW51 is more typical of fractured rock (8.00 x 107 to 3.00 x 102 cm/sec,
Domenico and Schwartz, 1990) or unconsolidated sand (2.00 x 10 to 2.00 x 102 cm/sec for fine
sand, Domenico and Schwartz, 1990).

Hydraulic conductivity of the second bedrock aquifer (TMW63) was estimated to be 1.09 x 10
cm/sec, which falls within the expected range for the mudstone, clayey fine to medium sandstone,
interbedded sandstones and claystones recorded on the boring log (3.00 x 10 to 6.00 x 10 for
sandstone, Domenico and Schwartz, 1990).

Hydraulic conductivities, as geometric mean, in bedrock wells are presented in Figure 4-3.4.
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45 Perchlorate Groundwater Plume

This section presents soil analytical results, water quality parameters, groundwater analytical
results, and slug test results to assess the vertical and horizontal limits and aquifer properties of
the perchlorate plume in the alluvial and bedrock aquifers.

45.1 Soil Analytical Results
Soil samples were collected for geotechnical analyses during drilling activities. Results of these
analyses are described below.

45.1.1 Geotechnical Results

Two geotechnical samples were collected from bedrock borings associated with the perchlorate
plume, TMW58 and TMW64. The geotechnical samples were collected at depths of 96 and 150
ft bgs. Bedrock material consisted of sandstone. Analyses included sample total porosity, organic
content, dry bulk density, and Atterberg limits. The geotechnical analyses are presented in Table
4-3.1.

45.1.2 Other Analytical Results

One soil sample associated with the nitrate/perchlorate plumes in the Workshop Area was
collected from TMW57 and was analyzed for chromium. The concentration of chromium was
below the screening level (Table 4-3.2).

45.2 Water Quality Parameters

4521 Alluvial Aquifer
The average alluvial aquifer water quality parameter values were not calculated because only
TMWS57 had sufficient water to obtain water quality parameters during sampling (Table 4-2.4).

4522 Bedrock Aquifer
Parameter measurements were not recorded in the BR1 for the perchlorate plume); therefore,
averages and ranges are not applicable..

The average BR2 water quality parameter values and the range of each lower bedrock aquifer
water quality parameter were based upon final measurements during groundwater sampling
activities in wells associated with the perchlorate plume (TMW55, TMW63 and TMW64) are
summarized from Table 4-2.4 and presented in Table 4-2.5 by aquifer and by groundwater
contaminant plume.

4.5.3 Groundwater Analytical Results

Site-wide, 33 groundwater samples were collected from alluvial and bedrock monitoring wells and
analyzed for perchlorate (Appendix F). Two alluvial wells could not be sampled for perchlorate
analysis; TMW54 (Dry), and TMWG6O (insufficient water volume).

45.3.1 Alluvial Aquifer
A total of 25 alluvial wells were sampled for perchlorate analysis. There were no screening level
(14 pg/L) exceedances of perchlorate in alluvial monitoring wells. Groundwater analytical results
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from the 2018 GPMR (Sundance, 2019) are shown on Figure 4-5.1 with the groundwater
analytical results from the RFI.

4532 Bedrock Aquifer

A total of eight groundwater samples were collected from bedrock wells and analyzed for
perchlorate. One detection of perchlorate was reported above the screening level (14 pg/L) at a
concentration of 580 pg/L in well TMW51; screened in the BR1. No other screening level
exceedances of perchlorate were reported. Detections of bedrock well perchlorate analyses are
presented in Table 4-5.1. Groundwater analytical results from the 2018 GPMR (Sundance, 2019)
are shown on Figure 4-5.2 with the groundwater analytical results from the RFI.

4.5.4 Slug Test Results

Results of the slug tests completed in alluvial and bedrock aquifers during the RFI are presented
in Table 4-3.4. Slug testing forms and AQTESOLYV slug test data plots are presented in Appendix
G. The slug test results are presented below by aquifer.

4541 Alluvial Aquifer
One alluvial well was slug tested to determine hydraulic properties in the vicinity of the perchlorate
plume and includes the following well:

TMWS57 — Down gradient / Cross gradient of perchlorate plume.

The hydraulic conductivity estimated for the alluvial aquifer well TMW57 is 1.57 x 10 cm/sec,
which falls within the expected range for fine sand with gravel recorded on the boring log (2.00 x
10° to 6.00 x10' cm/sec for fine to coarse sand, Domenico and Schwartz, 1990; 10 to 10?
cm/sec for clean sand to gravel, Freeze and Cherry, 1979). Hydraulic conductivities in alluvial
wells, as geometric mean, are presented in Figure 4-3.3.

45.4.2 Bedrock Aquifer
Four bedrock wells were slug tested to determine hydraulic properties in the vicinity of the
perchlorate plume and include the following wells:

TMWS51 — Within perchlorate plume in first bedrock aquifer.
TMWS53 — Down gradient / Near terminus of perchlorate plume in first bedrock aquifer.
TMWG63 — Near terminus of perchlorate plume in second bedrock aquifer.

TMW&64 — Proximal to perchlorate plume in second bedrock aquifer.

These four bedrock wells are also applicable to the nitrate plume and were discussed previously
in Section 4.4.4.2. Hydraulic conductivities, as geometric mean, in bedrock wells are presented
in Figure 4-3.4.

4.6 Explosives Groundwater Plume

This section presents soil analytical results, water quality parameters, groundwater analytical
results, and slug test results to assess the vertical and horizontal limits and aquifer properties of
the explosives plume in the alluvial and bedrock aquifers.
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46.1 Soil Analytical Results
Soil samples were collected for geotechnical analyses during drilling activities. Results of these
analyses are described below.

46.1.1 Geotechnical Results

One geotechnical sample was collected from an alluvial boring associated with the explosives
plume at TMW59 at a depth of 42 ft bgs. The soil sample was comprised of sandy silty clay.
Analyses included sample total porosity, organic content, dry bulk density, and Atterberg limits.
The geotechnical analyses are summarized in Table 4-3.1.

4.6.1.2 Other Analytical Results
Soil samples for chemical analyses were not collected from any borings associated with the
explosives plume.

4.6.2 Water Quality Parameters

46.2.1 Alluvial Aquifer

The average alluvial aquifer water quality parameter values and the range of each alluvial aquifer
water quality parameter were based upon final measurements during groundwater sampling
activities in wells associated with the explosives plume (TMW54 [dry], TMW59, TMW60
[insufficient water], TMW61, and TMW62) are summarized from Table 4-2.4 and presented in
Table 4-2.5 by aquifer and by groundwater contaminant plume.

4.6.2.2 Bedrock Aquifer
There are no bedrock wells associated with the explosives plume.

4.6.3 Groundwater Analytical Results

Site-wide, 33 groundwater samples were collected from alluvial and bedrock monitoring wells and
analyzed for explosives (Appendix F). Two wells could not be sampled for explosives analysis;
TMWS54 (Dry) and TMWS56 (insufficient water volume).

46.3.1 Alluvial Aquifer

A total of 25 groundwater samples were collected from alluvial wells and analyzed for explosives.
Two detections of the explosive RDX were reported above the screening level of 9.7 ug/L at a
concentration of 61 pg/L in well TMW59 and at 13 pg/L in well TMW62, respectively. There were
no other detections or screening level exceedances of explosives. Detections of alluvial well
explosives are presented in Table 4-6.1. Groundwater analytical results from the 2018 GPMR
(Sundance, 2019) are shown on Figure 4-6.1 with the groundwater analytical results from the
RFI.

4.6.3.2 Bedrock Aquifer

A total of eight groundwater samples were collected from bedrock wells and analyzed for
explosives. There were no detections or screening level exceedances of explosives in bedrock
monitoring wells. Groundwater analytical results from the 2018 GPMR (Sundance, 2019) are
shown on Figure 4-6.2 with the groundwater analytical results from the RFI.
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46.4 Slug Test Results

Results of the slug tests completed in alluvial and bedrock aquifers during the RFI are presented
in Table 4-3.4. Slug testing forms and AQTESOLYV slug test data plots are presented in Appendix
G. The slug test results are presented below by aquifer.

46.4.1 Alluvial Aquifer
Two alluvial wells were slug tested to determine hydraulic properties in the vicinity of the
explosives plume and include the following wells:

TMW62 — Cross gradient of explosives plume.

TMW61 — Within the explosives plume.

These two alluvial wells are also applicable to the nitrate plume and were discussed previously in
Section 4.4.4.1. Hydraulic conductivities, as geometric mean, in alluvial wells are presented in
Figure 4.3-3.

4.6.4.2 Bedrock Aquifer
No bedrock wells are associated with the explosives plume; therefore, hydraulic conductivities of
the bedrock aquifer are not applicable.

4.7 TPH Groundwater Plume

This section presents soil analytical results, water quality parameters, groundwater analytical
results, and slug test results to assess the vertical and horizontal limits of and aquifer properties
of the TPH plume in the alluvial and bedrock aquifers.

4.7.1 Soil Analytical Results
Soil samples were collected for chemical analyses during drilling activities. Results of these
analyses are described below.

4.7.1.1 Geotechnical Results
Soil samples for geotechnical analysis were not collected from the four alluvial borings from which
TPH samples were collected.

4.7.1.2 Other Analytical Results

To determine concentrations of TPH in alluvium in the Administration Area, soil samples were
collected from the four new borings and analyzed for TPH-GRO and TPH-DRO. The soil samples
were collected from MW37, MW38, MW39, and MW39A at depths ranging from 3 to 36 ft bgs.
There were no soil TPH-G or TPH-DRO detections at these locations (Table 4-3.2).

4.7.2 Water Quality Parameters

4.7.2.1 Alluvial Aquifer

The average alluvial aquifer water quality parameter values and the range of each alluvial aquifer
water quality parameter, based upon final measurements during groundwater sampling activities
in wells associated with the TPH plume (MW29, MW30, MW31, MW32, MW33, MW34, MW35
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and MW39), are summarized from Table 4-2.4 and presented in Table 4-2.5 by aquifer and by
groundwater contaminant plume.

4.7.2.2 Bedrock Aquifer
There are no bedrock wells associated with the TPH plume.

4.7.3 Groundwater Analytical Results

Site-wide, 32 groundwater samples were collected from alluvial and bedrock monitoring wells and
analyzed for TPH-GRO and TPH-DRO (Appendix F). Three alluvial wells could not be sampled
for TPH analyses; TMW54 (Dry), and TMW56 (insufficient water volume), TMWG60 (insufficient
water volume).

4.7.3.1 Alluvial Aquifer

A total of 27 groundwater samples were collected from alluvial wells and analyzed for TPH-GRO
and TPH-DRO. Three detections of TPH-GRO were reported above the screening level of 10.1
pg/L, and fifteen detections of TPH-DRO were reported above the screening level of 16.7 pg/L.
Detections of alluvial well TPH-GRO and TPH-DRO are presented in Table 4-7.1. Groundwater
analytical results from the 2018 Groundwater Periodic Monitoring Report (GPMR) (Sundance,
2019) are shown on Figure 4-7.1 with the groundwater analytical results from the RFI.
Interpretation of the laboratory analytical results is provided in Section 5.3.5.1.

4.7.3.2 Bedrock Aquifer

A total of ten groundwater samples were collected from bedrock wells and analyzed for TPH-GRO
and TPH-DRO. There were no screening level exceedances of TPH-GRO in bedrock monitoring
wells and there were seven detections of TPH-DRO reported above the screening level of 16.7
pg/L. Detections of bedrock well TPH-GRO and TPH-DRO are presented in Table 4-7.1.
Groundwater analytical results from the 2018 GPMR (Sundance, 2019) are shown on Figure 4-
7.2 with the groundwater analytical results from the RFI. Interpretation of the laboratory analytical
results is provided in Section 5.3.5.1.

4.7.4 Slug Test Results

Results of the slug tests completed in alluvial and bedrock aquifers are presented in Table 4-3.4
and presented as geometric mean on Figure 4-3.3 and Figure 4-3.4. Slug testing forms and
AQTESOLYV slug test data plots are presented in Appendix G. The slug test results are presented
below by aquifer.

4.7.4.1 Alluvial Aquifer
Seven alluvial wells in the Administration Area were slug tested to determine hydraulic properties
in the vicinity of the TPH plumes and include the following wells:

MW28, TMW61, TMWG62 — Upgradient to the TPH plumes.
MW29 — Within the TPH plumes.
MW?27 — Cross gradient of the TPH plumes.

MW26 and MW33 - Down gradient of the TPH plumes.
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Hydraulic conductivities estimated for the alluvial aquifer range from 1.28 x 10 centimeters per
second (cm/sec) (MW26) to 1.69 x 102 cm/sec (TMW62), which falls within the expected range
for the silty clay with fine sand recorded on the boring logs (2.00 x 10 to 2 x10-3 cm/sec for fine
sand Domenico and Schwartz, 1990; 10 to 10'* cm/sec for silty sand, Freeze and Cherry, 1979).
Hydraulic conductivities, as geometric mean, in alluvial wells are presented in Figure 4-3.3.

4.7.4.2 Bedrock Aquifer
There are no bedrock wells in the Administration Area and slug tests were therefore not performed
in this portion of the Study Area.

4.8 Other Constituents in Soil and Groundwater

As part of the RFI, additional constituents were sampled and analyzed as listed in Table 3-4.1
and Table 3-4.3. The results of these analyses are discussed below.

48.1 Soil Analytical Results
Soil samples were collected for geotechnical and chemical analyses during drilling activities.
Results of these analyses are described below.

4811 Geotechnical Results

Geotechnical samples from alluvial borings located near the northern boundary and the eastern
boundary of the Study Area were collected. Geotechnical samples from borings BGMW13S and
MW36S near the northern boundary were collected from unsaturated soils above the water table
at depths of 35 ft bgs and 14 ft bgs, respectively. The geotechnical sample from boring MW35,
located near the eastern boundary, was collected from unsaturated soil above the water table at
a depth of 30 ft bgs. Soils generally consisted of lean clay and sandy lean clay. Analyses included
sample total porosity, organic content, dry bulk density, and Atterberg limits. The results of the
geotechnical analyses are presented in Table 4-3.1.

48.1.2 Other Analytical Results

The one soil sample from west of the Workshop Area was collected from TMW57 and was
analyzed for chromium. The concentration of chromium was below the screening level (Table 4-
3.2). Collection and analysis of soil samples for hexavalent chromium was not identified at the
locations of the wells installed as part of the Northern Area Groundwater RFI as there are no
contaminating activities identified that would result in the presence of hexavalent chromium. The
relatively low concentration of trivalent chromium as compared to the screening levels is
suggestive of the low potential presence of hexavalent chromium. Analysis of hexavalent
chromium would not change the findings or recommendations regarding the extents of the
groundwater contamination for the Northern Area Groundwater RFI.

4.8.2 Groundwater Analytical Results

Site-wide, a combined total of 29 alluvial and bedrock monitoring wells were sampled and
analyzed for other constituents (Table 3-4.3). Three wells could not be sampled for other
constituents: TMW54 (Dry), TMW56 (insufficient water volume), and TMW®60 (insufficient water
volume).
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4821 Alluvial Aquifer
Groundwater samples were collected from 24 alluvial wells and analyzed for the following
additional constituents and are summarized as follows:

Ethylene dibromide (EDB) — no screening level exceedances.
SVOCs — no screening level exceedances.
Polyaromatic hydrocarbons (PAHS);

0 Bis(2-ethylhexyl)phthalate; one detection above the screening level of 6 pg/L at a
concentration of 10 J pg/L in TMW59.

1,4-Dioxane — no screening level exceedances.
Pesticides — no screening level exceedances.
Alkalinity — no screening level established.
Nitrite — There were three nitrite exceedances.

Metals - Screening level exceedances for total and dissolved metals in the alluvial aquifer are
presented in Table 4-7.4. Of the dissolved metals in the alluvial aquifer, there were 12
samples with aluminum exceedances, one sample with cobalt, one sample with iron, nine with
manganese and two samples with an exceedance of selenium. The highest number of
dissolved metals exceedances, 4, was reported at MW39 located in the western
Administration Area. Exceedances of aluminum, cobalt, iron and manganese were reported
at MW39.

Analyses for herbicides and PCBs were performed in groundwater samples from BGMW12,
BGMW13D, BGMW13S, MW36D, and MW36S. These results are summarized as follows:

Herbicides:

0 Methylchlorophenoxypropionic acid (MCPP); two detections above the screening level of
16 ug/L, at estimated concentrations of 33 J- pg/L in MW36S and 49 J- ug/L in BGMW13D.

PCBs — no screening level exceedances.

Analyses for chloride and sulfate were performed in groundwater samples from BGMW13D,
BGMW13S, MW36D, and MW36S. These results are summarized as follows:

Chloride; one detection above the screening level of 250 mg/L at a concentration of 520 mg
/L in MW36S.

Sulfate; one detection above the screening level of 600 mg/L at a concentration of 4,200 mg
/L in MW36S.

No other analytes were detected at concentrations above their respective screening levels in
alluvial wells. Detections of these other constituents, and metals analyzed in alluvial wells are
presented in Tables 4-7.1 through 4-7.3, respectively. Groundwater analytical results from the
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2018 GPMR (Sundance, 2019) are shown on Figures 4-7.1 through 4-7.4 with the groundwater
analytical results from the RFI.

4822 Bedrock Aquifer
Groundwater samples were collected from eight bedrock wells and analyzed for the following
additional constituents and are summarized as follows:

EDB - no screening level exceedances.
SVOCs — no screening level exceedances.
PAHs — no screening level exceedances.
1,4-Dioxane — no screening level exceedances.
Pesticides — no screening level exceedances.
Alkalinity — no screening level established.
Nitrite - no screening level exceedances.

Metals - Screening level exceedances for total and dissolved metals in the bedrock aquifer
are presented in Table 4-7.4. Of the dissolved metals in the bedrock aquifer, there were 4
samples with aluminum exceedances and one sample with an iron exceedance. The highest
number of dissolved metals exceedances, 2, was reported at MW52 located in the Workshop
Area. Exceedances of iron were also reported at MW52.

The groundwater sample from TMW64 was analyzed for herbicides and PCBs. These results are
summarized as follows:

Herbicides — no screening level exceedances.

PCBs — no screening level exceedances.

No other analytes were detected at concentrations above their respective screening levels in
bedrock wells. Detections of TPH, other constituents, and metals analyzed in bedrock wells are
summarized in Tables 4-7.1 through 4-7.3, respectively. Groundwater analytical results from the
2018 GPMR (Sundance, 2019) are shown on Figures 4-7.1 through 4-7.4 with the groundwater
analytical results from the RFI.

4.9 Data Quality Evaluation

Quality control samples were collected to provide data on the DQIs, expressed in terms of
precision, accuracy, representativeness, comparability, completeness, and sensitivity (PARCCS
parameters), as specified in the Work Plan. Assessment of the DQIs included the evaluation of
sample integrity, holding times, trip blanks, rinsate blanks, method blanks, internal standards,
surrogate recoveries, MS/MSD recoveries and precision, LCS/LCSD recoveries and precision,
and field duplicate (FD) precision. The data validation report is presented in Appendix F.

Modifications to the COCs consisted of corrections to sample IDs, analyte lists, and sample
analytical suites in the cases of low sample volumes. If modifications were required after the
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samples had been sealed and shipped, the laboratory was notified by email. The requested
modifications were included in the laboratory data package Case Narratives and have been
compiled into Appendix F. The COCs are included in the laboratory data packages in Appendix
F.

49.1 Soil Vapor Screening Data

Soil vapor data were generated in the field utilizing a HAPSITE GC/MS. Data quality practices
consisted of receipt of a manufacture’s certificate of equipment calibration, daily calibration
checks utilizing a gas standard, analysis of ambient blanks and equipment blanks, and the
collection and analysis of field duplicate samples. Based upon these measures, the soil vapor
data are considered usable for screening purposes to identify where groundwater contamination
may be present. The soil vapor field records are presented in Appendix B.

4.9.2 Soil to Groundwater Analytical Data

For the soil analytical data, the field precision goals as listed in the Quality Systems Manual (QSM)
Version 5.0 (DoD/DOE, 2013) and the Work Plan (Sundance, 2018), were met and the laboratory
precision, accuracy, representativeness, comparability, completeness and sensitivity goals as
listed in the QSM and the project Work Plan (Sundance, 2018) were met except as discussed
below. More VOC analytes were reported than were listed in the Work Plan (Sundance, 2018),
as the laboratories reported their typical list of analytes for the method. None of the data were
rejected and the soil analytical results are considered useable to identify soil contamination and
present findings. The list of soil samples and analytical tests are presented in Table 3-4.1. Soil
analytical detections and data qualifiers are presented in Table 4-3.2.

Precision

Field precision goals of relative percent differences (RPDs) less than 20% for organics and metals
analyses and less than 15% for general chemistry analyses were met except for one high field
duplicate RPD and one high MS/MSD RPD, which resulted in estimation of two metals results in
two samples.

Laboratory precision goals of RPDs less than 20% for organics and metals analyses and less
than 15% for general chemistry analyses were met except for two high LCS/LCSD RPDs, which
resulted in estimation of acetone results in four samples.

Accuracy

Field accuracy goals as listed in the QSM were met except for three MS/MSD samples with low
recoveries, which resulted in estimation of the results of all VOCs in one sample, one SVOC in
one sample, and three metals in one sample. Laboratory accuracy goals as listed in the QSM
were met except for a high CCV recovery which resulted in estimation of three manganese results.

Representativeness
Representativeness goals were met except for analysis of one sample for VOCs past the holding
time, which resulted in estimation of all VOC results in one sample.

Comparability
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Comparability goals were met. Samples were analyzed by the same standardized methods (SW-
846 and Standards Methods) as for previous sampling events.

Completeness

Completeness goals were not established, but for a project of this type, the goal is typically 90-
100%. All planned samples were collected, and the field completeness was 100%. All planned
analyses were completed, and no sample results were rejected. The laboratory completeness
was 100%.

For soil samples, there was a total of 5,230 results. A total of 3,855 results (73.7 percent) were
gualified as non-detect (U), 156 results (3.0 percent) were qualified as non-detect estimated (UJ),
136 results (2.6 percent) were qualified as estimated (J), and 19 results (0.4 percent) were
gualified as estimated with a possible high bias (J+). No results were rejected (R), therefore 100
percent of the results reported by the laboratory were complete, meeting the project completeness
goal of 90 percent.

Sensitivity

Most of the LOQs, LODs, and DLs were below the screening limits, and therefore the soil
analytical data set provides usable and sufficient information to identify soil contamination and
present findings.

Table 4-9.1 presents LOQ, LOD, and DL exceedances of the soil screening levels. The number
of exceedances of the LOQ, LOD and DL are tabulated for each constituent, as are the
percentage of exceedances of the screening level, and detections.

Table 4-9.1 shows 29 different analytes for which 100 percent of the LOQs were above the NMED
SL-SSL or the EPA risk-based SSL levels. Three of these analytes, the VOCs, were expected to
have LOQs above the screening levels, as discussed in Section 3.7.2 and the data validation
report in Appendix F. Twelve analytes were explosives where the analytical method selected in
the NMED-approved Work Plan does not provide sufficiently low LOQs. In addition, some of these
analytes had elevated LOQs due to reduced sample size or high moisture content.

Nine of these 29 analytes had DLs below the screening levels, and sample detections were
reported down to the DL. This means that if the analyte were present at or above the screening
level, it would have been detected and reported. Therefore, despite the LOQ exceedances, the
data set is considered usable and reliable for all except the 20 analytes with DLs above the
screening levels (Table 4-9.1). DLs have been included where LOQs and/or LODs exceed the
screening levels, in order to indicate how far above the screening levels the lowest detectable
concentration would be.

The DoD / DOE Consolidated Quality Systems Manual for Environmental Laboratories (QSM)
defines the DL as “[tlhe smallest analyte concentration that can be demonstrated to be different
from zero or a blank concentration with 99% confidence. At the DL, the false positive rate (Type
| error) is 1%. A DL may be used as the lowest concentration for reliably reporting a detection of
a specific analyte in a specific matrix with a specific method with 99% confidence.” Although the
Army does not typically make remedial decisions using anything other than the LOQs, for this
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Sample pH values above 2 resulted in estimation of all VOC results in 12 samples and GRO
results in four samples.

Sample extractions or analyses past the holding times resulted in estimation of SVOC results
in one sample, PAH results in three samples, pesticide results in three samples, two
explosives results in three samples, and nitrate and nitrite in one sample.

Detection of analytes in various blanks resulted in estimation of some sample results for one
PAH, one VOC, DRO, and several metals.

Comparability
PAHSs, explosives, and three VOCs were analyzed by different methods than were previously
used for samples at FWDA in order to achieve lower LOQs.

Completeness

Completeness goals were not established, but for a project of this type, the goal is typically 90-
100%. Thirty-one of the planned 32 field samples were collected for groundwater; well TMW54
was dry and no sample could be collected. The sample from well TMW59 was not analyzed for
bis(2-chloroethyl) ether, as there was insufficient water in the well to collect sufficient volume for
the planned analyses. The field completeness for groundwater analytes was 97%, except for
bis(2-chloroethyl) ether, which had a field completeness of 94%. Analytical completeness was
100%. No sample analytical results were rejected.

For groundwater samples, there was a total of 9,790 results. A total of 6,599 results (67.4 percent)
were qualified as non-detect (U), 1,637 results (16.7 percent) were qualified as non-detect
estimated (UJ), 711 results (7.3 percent) were qualified as estimated (J), 31 results (0.3 percent)
were qualified as estimated with a possible high bias (J+), and 2 results (0.02 percent) were
qualified as estimated with a possible low bias (J-). No results were rejected (R), therefore 100
percent of the results reported by the laboratory were complete, meeting the project completeness
goal of 90 percent. The continuing calibration results outside the required limits and LCS results
outside control limits were qualified as estimated (J or UJ). The scope of the results outside the
noted limits was not excessive, and sample results are considered usable as qualified. Sample
results did not require rejection (R), and completeness was 100% (Appendix F1).

Sensitivity

Table 4-9.2 presents LOQ, LOD, and DL exceedances of the groundwater screening levels. The
number of exceedances of the LOQ, LOD and DL are tabulated for each constituent, as are the
percentage of exceedances of the screening level. Lastly, the table notes if the constituent was
detected in any samples.

Table 4-9.2 shows 44 analytes for which 100 percent of the LOQs were above the screening
levels. Twenty-four of these analytes were expected to have LOQs above the screening levels,
as discussed in Section 3.7.3 and the data validation report in Appendix F. Another nine analytes
were PCBs, which did not have screening levels listed in the NMED-approved Work Plan; the
screening levels from the NM WQCC were used. The remaining 10 analytes had elevated LOQs
due to reduced sample volume or dilutions. Refer to Appendix F, Section 5 for additional detail
regarding sample dilution.
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Thirty-eight of the 44 analytes had all or most of the DLs below the screening levels. Any
detections above the DL were reported. This means that if the analyte was present at or above
the screening level, it would have been detected and reported. DLs have been included where
LOQs and/or LODs exceed the screening levels, in order to indicate how far above the screening
levels the lowest detectable concentration would be. Therefore, despite the LOQ exceedances,
the data set provides usable and sufficient information to identify groundwater contamination and
present findings. (Table 4-9.2).

The QSM defines the DL as “[t|he smallest analyte concentration that can be demonstrated to be
different from zero or a blank concentration with 99% confidence. At the DL, the false positive
rate (Type | error) is 1%. A DL may be used as the lowest concentration for reliably reporting a
detection of a specific analyte in a specific matrix with a specific method with 99% confidence.”
Although the Army does not typically make remedial decisions using anything other than the
LOQs, for this project the LODs and DLs are also assessed against the screening levels, as
detections above the DL and LOQ provide qualitative information on the presence of an analyte.

49.3.1 Uncertainty Discussion

As discussed in Section 3.7.3.1, screening values were compared to LOQs, LOD, and DLs to
determine whether there was bias in the results due to quantitation limits higher than the screening
values. Refer to Table 4-9.2 for a listing of the analytes and their respective LOQs, LODs, DLs,
and screening values.

Forty-eight analytes (one VOC, 32 SVOCs, perchlorate, nine PCBs, one explosive, nitrite, two
metals and GRO) had LOQs greater than the screening values. Fifteen of these analytes (seven
SVOCs, perchlorate, six PCBs, and one explosive) had LODs below the screening values.
Sample results were qualified as non-detect (U) at the LOD, so no bias is present for these
analytes.

Twelve of the 48 analytes (five SVOCs, three PCBs, nitrite, two metals, and GRO) had DLs below
the screening values but LOQs and LODs above the screening values. There is greater
uncertainty in results between the LOD and DL, so a negative bias may be introduced into the
conclusions.

The remaining 21 analytes (one VOC and 20 SVOCs) had LOQs, LODs, and DLs above the
screening values. Determining that these analytes are not present could introduce some negative
bias into the conclusions.

4.9.3.2 Groundwater Data Useability

For groundwater samples, there was a total of 9,790 results generated by the analytical
laboratory. Most of the LOQs, LODs, and DLs were below the screening limits, no groundwater
data were rejected from any analysis and the data required minimal qualification. Therefore, the
groundwater analytical data set provides usable and sufficient information to identify groundwater
contamination. In those instances where the LOQ, LOD and DL are greater than the screening
level, definitive statements regarding the presence of a constituent cannot be made. Refer to
Table 4-9.2 which identifies those constituents where the LOQ, LOD and DL are greater than the
screening level.
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6 Recommendations

This section presents investigative and additional monitoring recommendations for potential
COCs recommendations to address data gaps identified during this RFI. The additional
monitoring will be performed to assess if detections are repeated.

6.1 Presence of Multiple Alluvial Aquifers

To assess the presence of multiple alluvial aquifers in the northwestern corner of the Study Area,
it is recommended future water level measurements collected from wells BGMW13S / 13D and
MW36S / 36D be assessed for determination of vertical gradients at these locations. In addition,
it is recommended that the groundwater analytical data for major anions, total metals and
dissolved metals be compared between the shallow and deep zones at each well pair and
between each well pair to assess water quality differences at these locations. To illustrate
groundwater quality characteristics at these locations, statistical analysis should be performed
after collection of 4 to 8 observations from each well (EPA, 2009b). The combined analysis of
groundwater elevations and statistical analysis of groundwater quality can be used to demonstrate
the presence of multiple aquifers.

6.2 Soil Vapor VOC Plume

The limits of the soil vapor plume were not defined to the north, south, and east of Building BO05
(SWMU 5) (Table 4-1.1 and Figure 4-1.1). The purpose of the soil vapor survey was to define
the limits of the VOC groundwater plume and not for soil vapor plume delineation (Sundance,
2018). This soil vapor plume likely serves a source of VOC contamination to groundwater. To
design a remedy for the soil vapor plume, it is recommended that the horizontal limits of the plume
be defined by collection and analysis of additional soil vapor samples to the north, south, west
and east of Building B0O05.

6.3 Groundwater Contaminant Plumes

6.3.1 VOC Groundwater Plume
No additional investigative activities are recommended for the groundwater VOC plume as it has
been completely defined (Table 4-3.3 and Figure 4-3.1).

6.3.2 Nitrate Groundwater Plumes

In the alluvial aquifer, the nitrate plume demonstrates a concentration increase in the
Administration Area adjacent to and hydraulically downgradient of Building BO09. This increase
is observed at monitoring wells MW25, MW32, MW34, and TMW46 (Figure 4-4.1 and Table 4-
4.1). It is recommended that the subsurface in the vicinity of Building BO09 and/or AOC 47
(Building 11) be investigated for potential source(s) of nitrate contamination to groundwater.

In the bedrock aquifer, the nitrate plume is not completely defined to the south. No additional well
installation is recommended for the following reasons:
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Bedrock dips to the north in this area and well(s) located to the south will likely not intersect
the contamination.

Prior well installations in this area have demonstrated unsaturated conditions in the southern
portion of the Study Area (USACE, 2011).

6.3.3 Perchlorate Groundwater Plumes
The upgradient extent (south) of the alluvial and bedrock perchlorate plumes have not been
defined. No additional well installation is recommended for the following reasons:

The alluvial aquifer is not present south of this location.

Bedrock dips to the north in this area and well(s) located to the south will likely not intersect
the contamination.

Prior well installations in this area have demonstrated unsaturated conditions in the southern
portion of the Study Area (USACE, 2011).

6.3.4 Explosives Groundwater Plume
No additional investigative activities are recommended for the groundwater explosives plume as
it has been completely defined (Figure 4-6.1 and Table 4-6.1).

6.3.5 TPH Groundwater Plume

No additional investigative activities are recommended for TPH. However, for those groundwater
monitoring wells where TPH GRO and TPH DRO are reported, incorporation of a silica gel
cleanup to the analytical protocol is recommended for comparative purposes. The silica gel
cleanup removes naturally occurring organic matter to allow for a more representative result due
solely to petroleum hydrocarbons. Any changes to the analytical methods will be submitted to the
NMED for approval prior to use.

6.3.6 Other Constituents in Groundwater

Metals — Several metals were detected at concentrations exceeding screening levels in both the
alluvial and bedrock aquifers (see Table 4-7.4). These groundwater analytical results are
attributed to high turbidity (see Table 4-2.4) which has likely resulted in elevated metals, and to
the natural occurrence of metals in groundwater. However, aluminum may have been released in
the Administration Area at AOC 47 as part of a documented spill of photoflash compound . Due
to the number of monitoring wells in this area, no additional investigative activities are
recommended for metals.

Herbicides, Pesticides and PCBs — Additional groundwater sampling and analysis of herbicides
is recommended from monitoring wells MW36S, BGMW13D, BGMWO07 TMW40S and TMW52 to
determine if the reported estimated herbicide and/or concentrations below screening levels
detections are repeatable and present. These analyses will be performed for a minimum of two
consecutive groundwater sampling events. At monitoring well MW36S, it is recommended that
additional groundwater sampling and analysis of chloride and sulfate be performed as these
constituents were reported at concentrations exceeding applicable screening level (Table 5-3.5).

No additional investigative activities are recommended for pesticides and PCBs. Thirty-two
groundwater samples were collected for analysis of pesticides with only two pesticide compounds,
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1 one at each co-located alluvial well (TMW40S) and bedrock well (TMW52), reported at
2  concentrations below screening levels. PCBs were not detected in the five samples collected from

3 either the alluvial or bedrock wells.
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Appendix B

Field Forms

B1. Soil Vapor S