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NOTICE

This report was prepared for the U.S. Army Corps of Engineers by Shaw Environmental &

Infrastructure, Inc. for the purpose of aiding in the implementation of a final remedial action plan under
the U.S. Air Force Environmental Restoration Program (ERP). As the report relates to actual or possible
releases of potentially hazardous substances, its release prior to a final decision on remedial action may be
in the public’s interest. The limited objectives of this report and the ongoing nature of the ERP, along
with the evolving knowledge of site conditions and chemical effects on the environment and health, must
be considered when evaluating this report, since subsequent facts may become known which may make
this report premature or inaccurate.

Government agencies and their contractors registered with the Defense Technical Information Center
(DTIC) should direct requests for copies of this report to: DTIC, Cameron Station, Alexandria,
Virginia 22304-6145.

Non-government agencies may purchase copies of this document from: National Technical Information
Service (NTIS), 5285 Port Royal Road, Springfield, Virginia 22161.
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PREFACE

PREFACE

This Light Non-Aqueous Phase Liquid (LNAPL) Containment Interim Measure Work Plan, Part 1—
Characterization Plan was prepared by Shaw Environmental and Infrastructure, Inc. (hereafter referred to
as Shaw) for the U.S. Army Corps of Engineers (USACE), under Contract No. W912DY-10-D-0014,
Delivery Order 0002. It pertains to interim measure activities associated with the Kirtland Air Force Base
(AFB) Bulk Fuels Facility (BFF) Spill, Solid Waste Management Units (SWMUSs) ST-106 and SS-111,
located in Albuquerque, New Mexico. This Characterization Plan was prepared in accordance with
applicable federal, state, and local laws and regulations, including the New Mexico Hazardous Waste Act,
New Mexico Statutes Annotated 1978, New Mexico Hazardous Waste Management Regulations,
Resource Conservation and Recovery Act, regulatory correspondence between the New Mexico
Environment Department Hazardous Waste Bureau and the Air Force dated April 2 and August 6, 2010,
and Base-Wide Plans for Investigations Under the Environmental Restoration Program (Tetra Tech,
2004).

This Characterization Plan defines activities and requirements for characterizing the non-aqueous phase
liquid (NAPL) plume at SWMUs ST-106 and SS-111 as part of phase-separated hydrocarbon remediation
at the BFF Spill. The objective of the work in this plan is to collect characterization data on the NAPL
and hydrogeologic data on the aquifer for use in final design. Data collected in this Work Plan will be
used to design a NAPL containment system that will be presented in Part 2 of the Containment Interim
Measure Work Plan.

This work was performed under the authority of the USACE, Contract No. W912DY-10-D-0014,
Delivery Order 0002. All work was conducted from October 2010 through June 2011. Mr. Walter Migdal
is the Project Manager for the USACE Albuguerque District. Mr. Wayne Bitner, Jr. is the Kirtland AFB
Restoration Section Chief, and Mr. Tom Cooper is the Shaw Project Manager. This Characterization Plan
was prepared by Ms. Diane Agnew and Dr. Gary Hecox.

Thomas Cooper, PG, PMP
Shaw Environmental & Infrastructure, Inc.
Project Manager

Kirtland AFB BFF May 2012
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

This Light Non-Aqueous Phase Liquid (LNAPL) Containment Interim Measure Work Plan, Part 1 -
Characterization Plan, together with the Groundwater Investigation Work Plan, the Vadose Zone
Investigation Work Plan, and the Interim Measures Work Plan, were developed in response to April 2,
2010; August 6, 2010; February 21, 2011; and March 31, 2011 correspondence from the New Mexico
Environment Department (NMED) Hazardous Waste Bureau to the Air Force. In the first two letters, the
NMED Hazardous Waste Bureau required the Air Force to develop and submit work plans to address soil
and groundwater contamination at the Bulk Fuels Facility Spill at Kirtland Air Force Base (AFB), New
Mexico. The third letter required the Air Force to collect laboratory and field hydraulic data from the new
wells. The fourth letter required the Air Force to split the original LNAPL Containment Interim Measure
Work Plan into a Characterization Plan and Design Work Plan. The Design Work Plan will be designated

Part 2 of the LNAPL Containment Interim Measure Work Plan.

As required by the November 22, 2011 NMED letter, the Characterization Plan is to be submitted to the

NMED on May 24, 2012.

This Characterization Plan defines activities and procedures for hydrogeologic characterization of the
non-aqueous phase liquid (NAPL) plume at Solid Waste Management Units ST-106 and SS-111 as part
of phase-separated hydrocarbon remediation at the Bulk Fuels Facility Spill. The results of this

investigation will be used in the final design of the LNAPL containment system.

Five data gaps affecting NAPL containment system design and operations have been identified:
1) hydraulic conductivity of the aquifer; 2) groundwater quality in the immediate vicinity of the NAPL
plume; 3) NAPL chemical and physical parameters; 4) NAPL migration soil parameters; and

5) quantitative definition of the three-dimensional hydrogeologic system for the final design.

Kirtland AFB BFF May 2012
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SECTION 1

1. INTRODUCTION

1.1  Scope of Activities

This Light Non-Aqueous Phase Liquid (LNAPL) Containment Interim Measure Work Plan, Part 1 —
Characterization Plan was prepared by Shaw Environmental & Infrastructure, Inc. (hereafter referred to as
Shaw) for the U.S. Army Corps of Engineers (USACE), under Contract No. W912DY-10-D-0014,
Delivery Order 0002. This Plan defines the activities and requirements related to performing containment
and capture of the NAPL plume at Solid Waste Management Units (SWMUSs) ST-106 and SS-111 at the
Bulk Fuels Facility (BFF) Spill, Kirtland Air Force Base (AFB), as part of phase-separated hydrocarbon
remediation. In the following discussions, the term non-aqueous phase liquid (NAPL) is used to describe
the mixture of separate phase organic liquid that has been observed in the subsurface. Because this NAPL
is less dense than water, it is sometimes referred to as LNAPL. In this discussion, the term NAPL is used
for convenience. The objective of the containment system is hydraulic control of the NAPL plume. A
secondary benefit of the containment system is to potentially isolate the source of the dissolved phase

plume from the downgradient portion of the plume.

The objective of this Characterization Plan is to collect the characterization data needed to complete the
final design of the LNAPL containment system. The five identified data gaps are: 1) hydraulic
conductivity of the aquifer; 2) groundwater quality in the immediate vicinity of the NAPL plume;

3) NAPL chemical and physical parameters; 4) NAPL migration soil parameters; and 5) quantitative
definition of the three-dimensional hydrogeologic framework for the final design. This Plan was prepared
in accordance with regulatory correspondence from the New Mexico Environmental Department
(NMED) Hazardous Waste Bureau (HWB) to the Air Force on April 2, 2010; August 6, 2010;

February 21, 2011; and March 31, 2011 (Appendix A, Attachments 1 through 4).
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1.2 Data Gaps

As part of the system design, existing data for the Kirtland AFB BFF were evaluated for usability. Several
data gaps affecting the NAPL containment system design and operations were identified. The following
five data gaps will be addressed to complete the final design of this NAPL containment system. Section 5

presents the data collection and analysis details for each of these data gaps.

Aquifer hydraulic parameters

NAPL plume groundwater quality

NAPL physical parameters

NAPL migration soil parameters
Three-dimensional (3D) hydrogeologic model

aorwbdE

1.3 Relevant Requirements
On April 2, 1010, a letter was posted to Kirtland AFB, transferring regulatory authority from the NMED

Ground Water Quality Bureau to the NMED HWB.

In a letter to Kirtland AFB dated April 2, 1010 (Appendix A, Attachment 1), the NMED HWB required
immediate actions be taken to remediate and stop the migration of the NAPL plume since the NAPL
plume could potentially endanger the groundwater users (including water supply wells). The NAPL
plume has impacted the regional aquifer that is relied upon by the Albuquerque Bernalillo County Water
Utility Authority (ABCWUA\), Veterans Administration (V.A.), and Kirtland AFB for delivery of
drinking water to its customers. The NAPL is acting as a source of dissolved-phase hazardous
constituents upgradient of ABCWUA, V.A., and Kirtland AFB groundwater supply wells. As described
in the NMED April 2, 2010 letter, Kirtland AFB will conduct a Corrective Measures Evaluation or
Corrective Measures Implementation to mitigate endangerment of the regional aquifer. As part of the
Corrective Measures Implementation plan (which will be submitted as a separate document at a later
date), remedial alternatives will be developed that are appropriate to effectively arrest and remediate

contamination in the vadose zone, the NAPL plume, and the dissolved-phase groundwater plume.
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On August 6, 2010 (Appendix A, Attachment 2), the NMED determined that the draft work planning
documents submitted in response to the April 2, 2010 letter were deficient and issued a Notice of

Disapproval instructing Kirtland AFB to correct NMED-identified deficiencies.

A February 21, 2011 letter from the NMED requires the Air Force to collect laboratory and field
hydraulic data from the new groundwater monitoring wells. The March 31, 2011 NMED letter requires
the Air Force to split the original LNAPL Containment Interim Measure Work Plan into a
Characterization Plan and Design Work Plan. The Design Work Plan will be designated Part 2 of the

LNAPL Containment Interim Measure Work Plan.

In a letter dated December 2, 2011, the NMED provides approval to drill and install a single containment
well (KAFB-106057) at the location proposed in the Kirtland AFB letter addendum dated November 29,
2011. A February 24, 2012 letter from the NMED provides approval of the enhanced well development
methodology proposed in the Kirtland AFB letter dated February 7, 2012. The NMED letter also states
that an emergency hazardous treatment permit is required to treat the discharge water from the enhanced

well development before it can be discharged to the ground or otherwise land disposed.

1.4  Characterization Plan Organization

This Characterization Plan is organized as follows:

Section 1, “Introduction”—Discusses the scope of activities, data gaps, and applicable requirements
and regulatory criteria to be followed

e Section 2, “Project Management”—Addresses project management and personnel
e Section 3, “Background Information”—Describes the site and operational history
e Section 4, “Site Conditions”—Presents the environmental setting and previous investigations

e Section 5, “Data Gaps Technical Approach”—Details the technical activities to address the five data
gaps
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e Section 6, “Extraction Well Installation”—Describes the extraction well installation

e Section 7, “Field Operations Documentation”—Details the field documentation processes that will be
followed

e Section 8, “Data Management Plan”—Contains the Data Management Plan

e Section 9, “Quality Assurance/Quality Control”—Presents the site-specific Quality Assurance
Control Project Plan

e Section 10, “Project Schedule”—Outlines the project schedule

Tables and figures are provided in separate tabs following the body of the report.

Appendices to this work plan include the following:

e Appendix A, “2010 Regulatory Correspondence between the NMED HWB and the Air Force
Regarding the Kirtland AFB, BFF Spill’—Contains regulatory correspondence from the NMED to
the Air Force regarding requirements for further actions at the Kirtland AFB BFF Spill

e Appendix B, “Quality Assurance Project Plan”—Will contain the site-specific Quality Assurance
Project Plan. This document is currently in review and will be submitted separately.

e Appendix C, “Waste Management Plan”—Presents the Waste Management Plan for the project
e Appendix D, “Field Forms”—Contains field forms that will be used for field documentation

e Appendix E, “Project Schedule”—Contains the project schedule
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2. PROJECT MANAGEMENT

2.1  Project Scheduling and Reporting Requirements

Shaw is responsible for planning, scheduling, and performing the project activities and field work, as well
as documenting and reporting project activities on a daily basis. Shaw is also responsible for compliance
with the applicable quality control (QC) requirements, overall project safety, the safety and health of
workers under its direction, and performance of field activities according to the work plan, regulatory
requirements, and this contract. The project-specific Accident Prevention Plan, which contains the Site
Safety and Health Plan (SSHP), was submitted under separate cover (Shaw, 2010a). The Quality

Assurance Project Plan (QAPjP) is currently in review and will be submitted under separate cover.

2.2  Project Organization and Resource Management

The organizational structure of the project team is shown on Figure 2-1.

Mr. Thomas Cooper is the Shaw Project Manager for all investigations and remedial work at SWMUs
ST-106 and SS-111, collectively called the BFF Spill at Kirtland AFB, New Mexico. Mr. Cooper will
have overall responsibility for safety and quality on all projects. He will manage and integrate team
members and will oversee cost and schedule monitoring and control. All project activities will be
coordinated through the USACE Project Manager, Mr. Walt Migdal. Mr. Migdal will have direct

communication with the Kirtland AFB Chief of Environmental Restoration, Mr. Wayne Bitner, Jr.

The project team will include corporate, managerial, and technical positions. Personnel at the work site
will vary in number, depending on the particular task being completed. According to the established chain
of command, Shaw subcontractors will report to Shaw, and Shaw will report to the USACE Project
Manager. Figure 2-1 and Table 2-1 specify Shaw personnel responsibilities and reporting lines.

Communication pathways are also detailed in the Project Management Plan, provided under separate
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cover (Shaw, 2010b). All Shaw personnel and Shaw subcontractors are required to have current
hazardous waste training as defined by Title 29, Code of Federal Regulations, Section 1910.120. Shaw
will directly supervise subcontractors performing field work at all times, and Shaw is responsible for the

work performance of all subcontractors under its supervision.

Table 2-1 summarizes the roles and responsibilities, qualifications, and authorities of key project team

members.

2.3  Project Coordination

Before the start of work, a field implementation kickoff meeting will be held at Kirtland AFB or at the
NMED, as appropriate. Invitees may include representatives from the USACE, Kirtland AFB, Air Force
Center for Engineering and Environment (AFCEE), the NMED, and contractors conducting the work. The
meeting will outline roles and responsibilities of all participants; review scope, schedule, and procedures;
and discuss Kirtland AFB base rules and security requirements. During the field implementation kickoff
meeting, a list of critical contacts within the field team, USACE, Kirtland AFB, AFCEE, and NMED will
be compiled. This contact list will be used should immediate input be needed in any decision process

critically impacting field work.

During field investigation activities, Daily Quality Control Reports (DQCRs) will be completed by the
field team managers and provided to the Project Manager and client designee(s) on a daily basis. These
reports summarize field and QC activities that occurred during the day. In compliance with the QAPjP
(Appendix B; to be submitted under separate cover), Field Change Request (FCR) forms (Appendix D)
will be filled out if there are any significant changes from the scope of work. If the FCR represents a
major change, such as moving a well or boring location more than 100 feet in a given direction, the
USACE, NMED, and Kirtland AFB will be notified, and the change will be approved prior to

commencement. If the FCR is minor and the resolution is clearly outlined in the data quality objectives,
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the FCR will be filed; the change will be made in the field; and USACE, Kirtland AFB, the Project
Manager, and the NMED will be notified of the change. NMED approval will be required for changes to

previously approved work plans.

Weekly conference calls may be held on an as-needed basis among the field team, USACE, Kirtland
AFB, and the NMED to discuss progress of the field effort and upcoming field work, and to consider any
problems or issues that require resolution. Minutes of the meeting will be kept by the field team manager

and circulated to the participants.

With planning document approval, mobilization of field staff (management, technical, subcontractors),
equipment (vehicles, computers, global positioning systems, etc.), and material (safety supplies, etc.) will

begin as soon as practical based on the schedule and weather.

A staging area has been set up based on a prescribed location at Kirtland AFB. This area contains an
office trailer, laydown area, and work crew facilities; the staging area will be used for multiple phases of

work for the Kirtland AFB BFF Spill project.
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3. BACKGROUND INFORMATION

3.1  Site Description
Kirtland AFB is located in Bernalillo County in central New Mexico, southeast of and adjacent to the
City of Albuguerque and the Albuquerque International Sunport (Figure 3-1). The approximate area of

the base is 52,287 acres.

3.2  Operational History

The BFF Spill site is located in the northwestern portion of Kirtland AFB (Figure 3-1). Historical aerial
photography has revealed that the area was used for fuel storage and processing as early as 1951

(CH2M HILL, 2001). At that time, the fueling area was separated into a distinct tank-holding area where
bulk shipments of fuel were received (near the location of existing well Kirtland Air Force Base [KAFB]-
1066) and a separate fuel-loading area where individual fuels trucks were filled. The truck-loading area

appears to have been approximately 250 feet north of the tank area (Figure 3-2).

Subsequent aerial photographs indicate that construction of the facility and associated infrastructure took
place from 1951 until 1953. The facility operated until it was removed from service in 1999, due to a
below-grade line leakage along the off-loading rack (CH2M HILL, 2001). Bulk storage for jet propellant-
8 fuel (JP-8), diesel fuel, and aviation gasoline (AVGAS) was managed in the eastern portion of the
facility. A 250-gallon underground storage tank was located near the Pump House, Building 1033 (CH2M
HILL, 2001). The three types of fuel handled by the BFF were AVGAS, jet propellant-4 fuel (JP-4), and
JP-8. The use of AVGAS and JP-4 at Kirtland AFB was phased out in 1975 and 1993, respectively. JP-8

was handled through the Former Fuel Offloading Rack (FFOR) until the leak was discovered in 1999.

The exact history of releases is unknown. Conceptually, releases could have occurred when fuel was

transferred from railcars, through the FFOR, to the Pump House and then to the bulk fuel storage
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containers on the south end of the site (aboveground storage tanks [ASTs] Tanks 2420 and 2422). The
probable release points were investigated and are summarized in subsequent sections. Fuel transfer from
the railcars to the Pump House was done under vacuum transfers. Transfer of fuel from the Pump House
to the bulk storage containers was performed under pressurized conditions. Fuel-transfer infrastructure for
vacuum transfers was exempt from pressure testing, whereas fuel infrastructure for pressurized transfer
did undergo regular pressure testing. Only when the vacuum portion of the fuel system underwent

pressure testing in 1999 was any problem noted in the fueling system.

At present, jet fuel is stored in two ASTs (1.7 million gallons each). The site currently has one temporary
JP-8 off-loading rack located in the southwest corner of the facility, west of the fuel-loading structure at
Building 2404. This rack was placed into service following the piping failure at the FFOR (ST-106). A
second small off-loading rack (Building 2401) is used for the delivery of diesel and unleaded gasoline

motor vehicle fuels.

Fuel delivered to the temporary JP-8 off-loading rack is conveyed to the Pump House (Building 1033) via

subsurface transfer lines. The fuel is then pumped to the JP-8 ASTs by piping of varying sizes that runs

aboveground for approximately 750 feet and runs belowground for approximately 300 feet.

Figure 3-2 presents the infrastructure present at the eastern portion of the BFF source area.
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4. SITE CONDITIONS

A detailed discussion of Kirtland AFB history, geology, and the known extent of contamination is

presented below.

4.1 Geology

4.1.1 Regional Geology

The geology of the Kirtland AFB area varies in accordance with the regional geology. The eastern portion
of the base is mountainous with elevations reaching 7,900 feet above mean sea level. These mountains are
comprised of Precambrian metamorphic, igneous (primarily granite), and Paleozoic sedimentary rock
(primarily marine carbonates). The western portion of the base (which includes BFF) lies within the
Albuquerque Basin. Geologic features in this area of the basin include travertine and unconsolidated and

semi-consolidated piedmont deposits, as well as aeolian, lacustrine, and stream channel deposits.

In general, the surficial geology is characterized by recent deposits (i.e., mixtures of sandy silt and silty
sand with minor amounts of clay and gravel), Ortiz gravel (i.e., alluvial piedmont sand and gravel
deposits), and the Santa Fe Group (i.e., a mixture of sand, silt, clay, gravel, cobbles, and boulders).
Generally, the northern and western portions of Kirtland AFB are dominated by unconsolidated geologic

units; consolidated units predominate the eastern half of the base.

Kirtland AFB lies within the eastern portion of the Albuquerque structural basin, which contains the
through-flowing Rio Grande. The basin is approximately 90 miles long and 30 miles wide. The deposits
within the Albuquergue Basin consist of interbedded gravel, sand, silt, and clay. The presence of clay has
significant implications for bulk hydrocarbon migration in the vadose zone. The thickness of basin-fill
deposits in most of the basin exceeds 3,000 feet, though the thickness varies considerably because of the

large amount of faulting in the basin (CH2M HILL, 2008).
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Geologic materials of primary importance within the basin are the Santa Fe Group and the piedmont slope
deposits. The Santa Fe Group consists of beds of unconsolidated to loosely consolidated sediments and
interbedded volcanic rocks. The materials range from boulders to clay and from well-sorted stream
channel deposits to poorly sorted slope wash deposits. Coalescing alluvial fans of eroded materials from
the surrounding mountains were deposited unconformably over the Santa Fe Group, extending westward
from the base of the Sandia and Manzano mountains to the eastern edge of the Rio Grande floodplain.
The fan sediments range from poorly sorted mud flow material to well-sorted stream gravel; the beds
consist of channel fill and interchannel deposits. The fan deposits range in thickness from 0 to 200 ft and
thicken toward the mountains. The Santa Fe Group (USF) under the BFF is further broken down into two
depositional facies called the USF-1 and USF-2 (Hawley et al., 1995). USF-1 is present from ground
surface to approximately 86 feet below ground surface (bgs), then a transition occurs where USF-1 and
USF-2 are interfingered to a depth of 144 feet bgs, under which USF-2 is present to a depth of greater

than 500 feet (CH2M HILL, 2008).

4.1.2 Site-Specific Geology

The site geology is a typical fining-upward fluvial fan deposit with fine-grained silts and clays at the
surface down to an elevation of approximately 5,100 feet (~200 feet bgs, Figure 4-1). Below a depth of
approximately 200 feet, the amount of sand and gravel increases with sand being the predominant soil
type with definite gravel lenses at various depths. The sand ranges in grain-size from fine-grained up to
very coarse-grained. The gravel lenses are typically sandy gravel with some thinner less extensive lenses
of silty and clayey gravel. Below the water table down to an elevation of approximately 4,700 feet
(~600 feet bgs), sand is the dominant lithology with gravel and silty sand and silt lenses. In general, the
gravel lenses below the water table are somewhat more laterally extensive than the gravel lenses above

the water table—consistent with the overall fining-upward depositional sequence.
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No obvious structure is apparent in the lithologic layers. The lithology layers are generally flat-lying as

presented on Figure 4-1.

4.2 Hydrogeology

4.2.1 Regional Hydrogeology

The groundwater system at Kirtland AFB and in the Albuquerque area lies within the Albuquerque Basin,
also referred to as the Middle Rio Grande Basin. The basin is part of the Rio Grande Rift. As the

Rio Grande Rift spread, the Albuquerque Basin filled with sediments several miles thick, most of which
are referred to as the Santa Fe Group. The unit consists of unconsolidated sediments that thin out toward
the basin boundary. Edges of the basin are marked by normal faults. Overlying the Santa Fe Group are the

Pliocene Ortiz gravel and Rio Grande fluvial deposits.

Generally, the upper unit of the Santa Fe Group contains the most productive portion of the regional
aquifer that supplies groundwater to the City of Albuquerque and Kirtland AFB. The unit is characterized
by piedmont slope, river, and floodplain deposits. The ancestral Rio Grande formed a large aggradational
plain in the central basin, depositing a mix of coarse- to fine-grained sands, silts, and clays with variable

bed thickness.

Basin-fill deposits make up the aquifer in the Albuquerque Basin. Hydraulic conductivity values range
from 0.25 feet per day to 50.0 feet per day because of large variations in the lithology of the basin-fill
deposits. Clay layers have relatively low hydraulic conductivity, whereas gravel and cobble deposits have
relatively high hydraulic conductivity. Deposits of interbedded gravel, sand, silt, and clay have

intermediate hydraulic conductivity (Tetra Tech, 2004).

This principal aquifer underlies Kirtland AFB, with the basin fill in this area consisting of unconsolidated

and semi-consolidated sands, gravels, silts, and clays of the Santa Fe Group; alluvial fan deposits
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associated with erosion of upland areas; and valley alluvium associated with stream development. The
alluvium varies in thickness from a few feet near the mountains on the east side of the base to greater than

2,100 feet at a location 5 miles southwest of the airfield (Tetra Tech, 2004).

4.2.2 Site-Specific Hydrogeology

Locally to the BFF Spill site, the groundwater flow direction is approximately northeast with flow
direction towards the Ridgecrest production wells. The groundwater gradient below the BFF varies from
0.0005 to 0.004 feet per feet (Shaw, 2011; Figure 4-2). A 4- to 6-foot increase in water levels has been
observed at the BFF site since 2009, which is most likely due to the water conservation practices put into
place by the ABCWUA to reduce groundwater withdrawals from the aquifer. This rise is expected to
continue into the future and will be incorporated into the LNAPL system well design by adding 40 more

feet of screen above the water table than was originally planned in the extraction well design.

The closest aquifer tests to the BFF were a series of aquifer tests conducted 4,000 feet southeast of the
BFF at the ST-105 Nitrate Abatement site (Figure 4-3; MWH Americas, Inc., 2009). The slug test average
hydraulic conductivity ranged from 0.3 feet/day up to 60 feet/day with an arithmetic mean of 18 feet/day
and a standard deviation of 12 feet/day. The pumping test had usable drawdown in the pumping well
KAFB-ST105-EX01 and the observation well KAFB-0508, which were 70 feet from the pumping wells.
Two observation wells, which were 1,000 feet from the pumping well, had no usable drawdown results.
The hydraulic conductivity from the pumping well was measured to be 130 feet/day and that from the
observation well was 250 feet/day. The data from the observation well had a specific yield of 0.05 with a
K,/K; ratio of 0.0007 (i.e., the horizontal hydraulic conductivity is ~1,500 times greater than the vertical
hydraulic conductivity). The pumping well boring log indicates that approximately 35 feet of gravel was
encountered near the bottom of the boring, whereas the surrounding wells completed just below the water
table were primarily sand lithology. The difference between the slug and pumping test hydraulic

conductivity results are attributed to these lithologic differences.
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The hydrogeologic testing included in this work plan will be used to further refine the site-specific
hydrogeology, including hydraulic conductivity, porosity, fraction of organic carbon, and specific yield.
These data will be incorporated into the final hydrogeologic characterization and remediation system

design.

4.3 Fate and Transport

Based on the analysis of current and existing organic compound and degradation data, it is apparent that
microbial degradation is occurring and that it has a positive effect on the migration of organic compounds
at the site. The ethylene dibromide (EDB) plume observed is approximately 2,400 feet downgradient from
the edge of the NAPL plume (Shaw, 2011). Downgradient from the NAPL plume, benzene, one of the
more mobile and soluble compounds in fuel-based NAPL, has migrated only half the distance of the total
petroleum hydrocarbons (TPH) as gasoline range organics plume (Shaw, 2011). The other organic
compounds are observed within the immediate vicinity of the historic NAPL plume that is the source of
the dissolved plume compounds. Additional support for microbial degradation comes from the signature

presented by the dissolved oxygen, oxidation/reduction potential, iron, and manganese data. (Shaw, 2011)

4.4  Nature and Extent of Contamination

4.4.1 Contaminant Sources

In November 1999, the following three known discharges occurred as a result of pressure testing of the
lines that transfer fuel from the JP-8 off-loading rack (Building 2405) to the Pump House at the facility

(Figure 3-2):

e Failure of one of the 14-inch-diameter belowground transfer pipelines during a hydrostatic pressure
test

e Failure of a cam-lock coupling during pressure testing of the second belowground transfer pipeline

e Failure of the second belowground transfer pipeline (pipeline #23) during a hydrostatic pressure test
after the cam-lock coupling problem had been corrected

Kirtland AFB BFF May 2012
LNAPL Containment Interim Measure WP, Part 1 4-5 KAFB-010-0005_r1



SECTION 4

Testing revealed that the primary belowground transfer pipeline (pipeline #22) had been in a state of
failure for an unknown duration; therefore, the total amount of fuel released is unknown. The volumes of
the second batch of two discharges were estimated to be approximately 200 to 400 gallons and 30 gallons,
respectively. For all discharges documented in November 1999, the product released was JP-8. However,
because of the presence of multiple types of fuel contamination on the water table and the size of the
NAPL plume, it is likely that the primary pipeline had been in a state of failure for many years. The
presence of NAPL fuel hydrocarbons on the water table also indicates that substantial releases have
occurred and that a range of fuel types may have been released. Possible fuel types include AVGAS,

diesel, JP-4, and JP-8 (Tetra Tech, 2004).

In 1951, the U. S. Government specified JP-4 (for jet propellant) as a 50-50 kerosene-unleaded
gasoline blend (MIL-J-5624E). JP-4 was the primary Air Force jet fuel between 1951 and 1995
(Tetra Tech, 2004). JP-4 is a mixture of aliphatic and aromatic hydrocarbons with a low flash point

(0° Fahrenheit/-18° Celsius); if a lit match is dropped into JP-4, ignition does not occur.

JP-8 was specified by the U. S. Government in 1990 as a lower volatility replacement for JP-4. JP-8 is
kerosene-based and has been used in nearly all jet aircraft, tactical ground vehicles, and electrical
generators since 1996. Based on historical Air Force fuel usage, AVGAS would have been in use from
approximately the 1940s to 1975. Ethylene dibromide was added to the fuel as a lead scavenger and
serves as a useful tracer of time frames. Likewise, the transition from JP-4 to JP-8 in 1990 serves as

another potential marker.

4.5 Previous Investigations
As previously mentioned, in November 1999, three known discharges occurred as a result of pressure

testing of the lines that transfer fuel from the JP-8 off-loading rack (Building 2405) to the Pump House at
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the facility. Subsequent investigations were conducted, and the results are provided in the following

reports:

e Stage 1 Abatement Plan Report for the Bulk Fuels Facility (ST-106) (CH2M HILL, 2001)

e Stage 2 Abatement Plan Report for the Soil Vapor Extraction and Treatment System, Bulk Fuels
Facility (ST-106), (CH2M HILL, 2006a)

e Stage 1 Abatement Plan Report, East Side of the Kirtland AFB Bulk Fuels Facility (CH2M HILL,
2006b)

e Semi-Annual Summary and Performance Report, October 2007 through March 2008, Bulk Fuels
Facility (CH2M HILL, 2008)

e Remediation and Site Investigation Report for the Bulk Fuels Facility, April 2009— September 2009
(CH2M HILL, 2009)

The conclusions of these reports are summarized below. In the reports, soil data collected during the BFF
Spill investigations are compared to the NMED TPH Screening Guidelines to aid in defining the extent of

contamination (NMED, 2009).

451 Stage 1 Abatement Plan Report

In the soil investigations initiated immediately after the 1999 discovery of the fuel line leak,
contamination was detected along the JP-8 off-loading rack that supplies the 300-foot-long belowground
pipeline. The horizontal extent of shallow contamination less than 40 feet bgs was delineated during the
June 2000 direct-push investigation portion of the Stage 1 investigation. This contamination appeared to

be limited to within 50 feet lateral to the location where the pipelines went below ground.

Site investigations conducted during 2000 also included soil characterization at depth, extending down to
the water table at select locations. Contamination was identified in two deep soil borings (SB-25 and
SB 26) installed during July 2000 using hollow-stem auger drilling. These two borings were located on

the eastern and western ends of the off-loading rack. The maximum concentration detected in soil from
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boring SB-25 was 81,000 parts per million of TPH in the sample from 105 feet bgs, which is just below
the Transition Zone between USF-1 and USF-2. The maximum concentration detected in boring SB-26
was 114,000 parts per million of TPH in the sample from 270 feet bgs, which is just above the clay zone

that divides the USF-2 hydrostratigraphic unit.

Additional borings were installed to determine the horizontal extent of the soil that had TPH
concentrations greater than 100 milligrams per kilogram (mg/kg). Based on data from the additional
borings, soil contaminated in excess of the NMED TPH Screening Guidelines (NMED, 2006) is limited
to within approximately 310 feet of the surface; and within the area 65 feet south (SB-29A), 280 feet
north (SB-34), 400 feet east (SB-32), and 175 feet west (SB-33) of the FFOR. The total area of soil
affected by the petroleum hydrocarbon contamination is estimated to be 6.5 acres, with depths of

contamination extending to 310 feet bgs (CH2M HILL, 2001).

452 Stage 2 Abatement Plan Report

Four additional soil borings were advanced in 2003 as part of a pilot test for soil-vapor extraction.

All four soil-vapor monitoring wells included both soil and vapor sampling capabilities and were
completed to a depth of approximately 450 feet bgs. In addition to the anticipated intervals of petroleum-
related contamination, two locations were found to have detections at the shallowest sampling depth of

60 feet bgs (CH2M HILL, 2006a).

453 Stage 1 Abatement Plan Report, East Side of the Kirtland AFB BFF
In 2005, a shallow soil investigation of potential source areas on the east side of the BFF was conducted.

Soil samples were collected from the following areas:

e Former Wash Rack Drainfield
e Three fuel-storage ASTs
o Former Fuel/Water Evaporation Pond
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e Recovered Liquid Fuel Collector Tank
e Primary fuel-storage ASTs and tank bottom water-holding tanks

The investigation included excavating test pits (TP-07, TP-08, and TP-09) and advancing direct-push
borehole (SB-04) to 50 feet bgs. Additionally, a temporary soil-vapor monitoring point was installed in
the direct-push borehole and monitored for hydrocarbon concentrations with field-monitoring equipment
for several quarters. Based on visual observations, analysis of soil samples from the test pit and shallow
soil sampling at this location, and soil-vapor samples, substantial hydrocarbon impacts were not identified
in the interval from the ground surface to 50 feet bgs. The only area where the NMED TPH guideline
(NMED, 2006) was exceeded was in the vicinity of the primary fuel storage ASTs and tank bottom water-
holding tanks. The maximum petroleum hydrocarbon concentration was 2,400 mg/kg detected in the
15-foot bgs sample. None of the detections suggested the area was a contributor to the soil-vapor profile

at the BFF Spill. (CH2M HILL, 2006b)

45.4 Semi-Annual Summary and Performance Report

In 2007, groundwater monitoring well KAFB-1066 was installed in the general vicinity of the east side of
the BFF. This monitoring well was installed between the presumed area of the storage tank associated
with the 1951 rack operations and the location of the filling rack itself where tanker trucks would have
been fueled. Well KAFB-1066 is roughly 75 feet north of the storage tank area associated with the 1951
operations. Additionally, 15 groundwater monitoring wells were installed between 2007 and 2008.

These monitoring well installations are reported on the Semi-Annual Summary and Performance Reports
(CH2M Hill, 2009). Soil sampling was conducted at 20-foot intervals during advancement of the KAFB-
1066 borehole, from 20 to 480 feet bgs. Soil sample results did not suggest the presence of a large surface
release of fuel in this area. However, there were detections of limited petroleum hydrocarbon
concentrations (less than 100 mg/kg) throughout much of the borehole length, and isolated, higher
concentration detections of other fuel compounds, such as toluene, benzene, xylenes, etc., at individual

shallower depths of 40 and 140 feet bgs in the borehole. While the individual fuel-related detections in the
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borehole were not extremely high, the pattern of detections may be indicative of a predominantly stair-
step lateral and vertical migration of near surface releases of fuel through the vadose zone (CH2M HILL,

2008).

455 Remediation and Site Investigation Report

In 2009, soil boring investigations were conducted, and four additional groundwater monitoring wells
were installed at the BFF Spill to further evaluate other potential source areas. Soil data are consistent
with previous sampling results, and the effectiveness of the soil-vapor extraction system was indicated.

NAPL was not detected in samples collected from any of the newly installed wells (CH2M HILL, 2009).

4.6 Identification of Potential Contaminants of Concern

Petroleum contamination associated with the BFF Spill has been identified in subsurface soil, soil gas,
and groundwater. Contamination appears to be a result of various releases that have occurred over the
operational history of the facility. Information is available on some of the releases, whereas other releases
are not well documented and are inferred to have been ongoing for unknown periods of time. All
contaminants of potential concern (COPCs) at the BFF Spill are constituents of refined petroleum
products and include, but are not limited to, the following: benzene, toluene, ethylbenzene, xylenes,

naphthalene, EDB, and lead.

Compound-specific groundwater maximum contaminant levels, developed for the protection of human

health, are presented in New Mexico Administrative Code, Title 20 - Environmental Protection,

Chapter 6, Water Quality, Part 2 - Ground and Surface Water Protection.

Maximum contaminant levels for the petroleum-related compounds are as follows:

e Benzene 0.01 milligrams/liter (mg/L)

e Toluene 0.75 mg/L

e Ethylbenzene 0.75 mg/L
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e Total xylenes 0.62 mg/L
e 1, 2 dichloroethane 0.01 mg/L
e EDB 0.0001 mg/L

4.6.1 LNAPL Distribution

The NAPL plume extends approximately 2,600 feet long and is approximately 1,000 feet wide, trending
along the groundwater flow direction (Figure 4-4). Based on existing historical data, the greatest thickness
of NAPL was in the area to the east of the FFOR. NAPL thickness trends were consistent with vadose
zone migration of bulk NAPL, and then followed the groundwater table toward the north and east.
Because of rising water table (Section 4.2.2), in March 2011, NAPL was observed in three monitoring
wells whereas in 2009, NAPL was observed in eight monitoring wells. The 2011 NAPL thickness in
wells was less than 1 foot whereas in 2009, NAPL thickness up to almost 4 feet was observed. The liquid
level data trends indicate that the majority of the NAPL is now trapped below the current water table at

the 2009 depths.

4.6.2 Dissolved-Phase COPC Distribution

The distribution of dissolved-phase contaminants forms a halo around the NAPL plume. As expected,
concentrations of dissolved COPCs are detected at high concentrations very close to the NAPL plume
due to the dissolution of petroleum products into the groundwater, and lower concentrations are detected
further from the NAPL plume. The dissolved-phase plume, as it is currently understood, extends
approximately 4,500 feet along the axis of the plume, trending along the groundwater flow direction, and
is approximately 1,200 feet wide. Ethylene dibromide is the most widely distributed COPC. The footprint
of the dissolved-phase plume downgradient is elongated as the more mobile contaminants, such as
benzene and EDB, are more quickly transported along with groundwater movement downgradient. The

currently known extent of the dissolved-phase plume is shown on Figure 4-1.
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4.7 Potential Receptors

Potential receptors, identified for the NAPL and dissolved-phase contamination, include members of the
City of Albuquerque, V.A. staff, and Kirtland AFB. The ABCWUA production wells are screened within
the aquifer and provide drinking water to residents of the City of Albuguerque who rely on getting
drinking water from the Santa Fe aquifer. Additionally, the V.A. uses a production well screened in the
aquifer to provide water to staff and patients. Kirtland AFB has production wells screened in the aquifer
that provide base staff and residents with drinking water. NAPL and dissolved-phase contamination have
been detected in the drinking water aquifer, and there is the potential for downgradient water wells to be

impacted if further migration should occur.

Kirtland AFB BFF May 2012
LNAPL Containment Interim Measure WP, Part 1 4-12 KAFB-010-0005_r1



SECTION 5

5. DATA GAPS TECHNICAL APPROACH

As part of the NMED comments on the original LNAPL Containment Interim Measure Work Plan, it was
required that all of the characterization work be completed before the design work plan is developed in
mid-2012. As part of this characterization work, five data gaps will be addressed using wells shown on

Figure 5-1.:

1. Aquifer Hydraulic Parameters—This data gap has been addressed with laboratory hydrogeologic
testing of soil samples during drilling and slug testing of groundwater monitoring wells. Additional
data will be obtained from the installation and enhanced well development on one extraction well.
Preliminary results are shown in the Fourth Quarter 2011Quarterly Report, Section 5.3 (Shaw,
2012a).

2. NAPL Plume Groundwater Quality—This data gap has been addressed by analyzing groundwater
samples from below the NAPL-groundwater interface in groundwater monitoring wells. These
samples were collected as part of the quarterly groundwater monitoring program. These data will be
used in the final design of the groundwater treatment system, including for carbon loading, metals
removal, incrustation analysis, and biofouling management. The data also will be used in the
microbial degradation analysis and modeling for long-term management of the dissolved-phase plume
downgradient from the NAPL containment system. Results for the NAPL plume groundwater quality
can be found in the Fourth Quarter 2011 Quarterly Report, Section 5.3 (Shaw, 2012a).

3. NAPL Physical Parameters—This data gap has been addressed by collecting NAPL samples from
wells with sufficient NAPL for sampling (approximately 6 inches or greater). These data are being
used in the NAPL migration analysis, the design of the liquid treatment system, and in the microbial
degradation analysis to define long-term groundwater compound source terms. NAPL physical
parameter results are presented in the Fourth Quarter 2011 Quarterly Report, Section 5.5.2 (Shaw,
2012a).

4. NAPL Migration Soil Parameters—This data gap was addressed by collecting undisturbed soil
samples from just below the water table during installation of monitoring wells. Eight soil samples
representing various grain sizes were analyzed for pore fluid saturation, grain size, and NAPL/water
capillary curves, including calculation of van Genuchten parameters (van Genuchten, 1980) for use in
NAPL migration analysis. These results are presented in Section 5.5.1 of the Fourth Quarter 2011
Quarterly Report (Shaw, 2012a)

5. Three-dimensional (3D) Hydrogeologic Model—For containment system design and final
remediation, it is necessary to develop a quantitative hydrogeologic model for use in design
calculations. The hydrogeologic model is currently in development and additional data will be added
as it becomes available.
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5.1 Data Gap 1—Aquifer Hydraulic Parameters

Hydrogeologic properties of the aquifer below BFF will be determined using several field and

laboratory methods including the following:

1. Laboratory tests on re-molded soil samples

2. Slug tests

3. Pumping tests

5.1.1 Hydraulic Property Laboratory Testing

Soil samples will be collected from the wells presented in Table 5-1 and on Figure 5-2 for laboratory
testing of hydraulic properties shown in Table 5-2. The samples will be collected from the air-rotary
casing hammer (ARCH) rig discharge cyclone using a bucket to preserve the fine-fraction. Samples will

be collected from the approximate middle of the screen interval of the wells. Sixty-eight samples will be

tested for grain-size and laboratory hydraulic tests will be conducted.

5.1.2 Slug Tests

Slug tests will be performed on the wells presented in Table 5-1 and on Figure 5-3. It is planned that slug
tests will be performed using either pneumatic (Butler et al, 2003) or solid pipe slugs. Solid slugs will be
used in wells screened above the water table, and pneumatic slugs will be used on wells screened below

the water table. Slug test data will be analyzed using the AQTESOLV™ or similar aquifer test software.

If oscillatory slug test results are obtained from the pneumatic tests, they will be analyzed using methods
similar to those described by Chen (2006). For mechanical slug tests on 4-inch diameter wells, a slug of

radius 1.2 inches, length 9.84 feet, and volume 0.303 feet® will be used. For 5-inch diameter wells, a slug

of radius 1.7 inches, length 10.08 feet, and volume 0.629 feet® will be used.

A slug test is an aquifer test in which the water level in a well is “instantaneously” changed by using one

of several methods. The water-level response is then monitored over a period of time in the well using a
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high-speed recording pressure transducer. Slug tests require rapidly recorded and accurate water-level

data.

Slug tests will be performed in accordance with the procedure described below:

1. Equipment to be used will be inspected to ensure that it is in good working order.

2. Measuring and testing equipment will be calibrated and tested before use in accordance with
manufacturer’s specifications.

3. Before testing, fluid levels and the bottom of the well will be measured using an electric-sounding
device, or a weighted steel tape, and recorded. The depth to water and height of the LNAPL will be
measured in all wells prior to the start of the slug test. The measurements will be recorded in the field
forms and the thickness of the LNAPL calculated for any wells where measured. In all wells
previously tested, the thickness of the NAPL was not sufficient to warrant correction of the liquid
level pressure data collected during the slug tests.

4. If the solid slug method is used, the following procedure will be followed:

a) The wellhead will be visually inspected for damage or obstructions that could hinder transducer
or slug insertion or removal.

b) The height of the water column in the well will be calculated and used to determine the location
of the transducer (Note: the maximum depth below the water surface is 23 feet for a 10-pounds-
per-square-inch transducer).

c) The pressure transducer will be lowered into the well and secured so that it will not move during
the test.

d) The location of the slug will be planned so that the height of the water column will totally
immerse the slug but will also allow concurrent use of the pressure transducer. The slug will be
lowered to just above the static water level.

e) The recording frequency of the data logger will be set to record at logarithmically increasing
intervals.

f) The data logger and insertion of the slug will happen concurrently and as quickly as possible so
the slug will be below the static water level. The slug will not be allowed to free-fall when
lowering.

g) The water-level decline will be monitored with the pressure transducer/data logger until the level
has returned to approximately the pre-test level.

h) The slug-in test may be terminated once the water level has returned sufficiently to the pre-test
static level. Once the slug-in test is terminated, a physical water-level measurement will be taken
using the electric tape. The measurement and time will be recorded. Work will proceed to the slug
withdrawal (“slug-out™) test.
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i)
)
K)
1)

The slug test data will be reviewed and if appropriate, adjustments will be made to the procedure.

Concurrently with starting the data logger, the slug will be raised as quickly as possible such that
the rod is completely out of the water column and above the static water level.

Water levels will be monitored as they rise with the pressure transducer/data logger.

The slug-out test may be terminated once the water level has returned sufficiently close to the
pre-test static level. The data will be reviewed in the field to help ensure the validity of the test.

m) The slug-in and slug-out tests maybe repeated as necessary and as appropriate.

5. If the pneumatic slug method is used, the following procedure will be used:

a)

b)

c)
d)

9)

The well head equipment will be assembled on the well casing, and the top seal will be tightened.

The transducer will be lowered to the determined depth below the water table. Normally, this will
be 5 to 10 feet.

The transducer cable will be secured on the well head using the split seal.
The air compressor will be attached to the air fitting on the well seal, and the well will be
pressurized to the pre-determined slug pressure. Usually the test pressure will be 1 to 3 pound per

square inch (2 to 6 feet of water).

The transducer will be monitored for stability. Once stability is achieved, the large air valve will
be opened to induce the slug.

The water-level change will be monitored with the pressure transducer/data logger until the level
has returned to approximately the pre-test level.

The slug test data will be reviewed and the test repeated, if appropriate. The oscillating slug test
method will be used to analyze the slug test data.

6. After the tests are determined to be satisfactory, downhole equipment will be removed from the well,
and the wellhead will be secured.

7. Downhole equipment will be decontaminated before moving to the next well.

Slug test data will be evaluated using AQTESOLYV. Data input for each test will include water level by

time for the duration of the test and well construction details. Each test will be evaluated using multiple

test methods designed. All tests are to be evaluated using the Bouwer and Rice (1976), Springer and

Gelhar (1991) and either the KGS Model (1994) or Butler and Zhan (2004) analytical methods. Bouwer

and Rice (1976) is a straight-line matching approach which was developed for unconfined aquifers, but

has been shown to be reliable for confined aquifer conditions as well. Springer and Gelhar (1991), the
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KGS Model (1994) and Butler and Zhan (2004) are all curve matching methods. Analyses will be
performed for both confined and unconfined conditions. The best fit solution from all analyses on all

tests will be chosen as the representative result for each well.

5.1.3 Enhanced Well Development

Per the NMED approved January 2012 LNAPL Containment Well Development Letter Addendum, rather
than performing a standard pump test, enhanced well development will be conducted at KAFB-106157 in
order to determine the well specific capacity needed to complete the design of the full containment system

(Shaw, 2012b). The enhanced well development will entail:

e Standard purging and swabbing of the well screen, as described in Section 6.3.6.

e The well will be pumped for 4 to 8 hours using the well development pump to remove particulate
matter from the well.

e An 8-hour constant discharge pumping test will be conducted to determine the specific capacity of
KAFB-106157. The well development pump will be used for this test and the rate will be between 15
and 25 gallons per minute (gpm). The well will be undisturbed for a minimum of 12 hours prior to
start of the 8-hour pumping test.

e A pneumatic slug test will be performed following the procedures in Section 5.1.2.

Water levels in KAFB-106157 will be monitored using an In-Situ transducer Troll 500 or equivalent.
Water levels will be recorded on a logarithmic time interval for the duration of the test. Flow rates will be
monitored using a standard totalizing water meter. Water levels in well KAFB-106082 will be monitored
manually during the test. Table 5-3 shows the screened interval and the test used for KAFB-106157 and
KAFB-106082. Figure 5-4 shows the locations of KAFB-106157 and KAFB-106082 relative to the other

monitoring wells in the area.

It is estimated that the volume of waste water associated with the enhanced well development will be
20,000 to 30,000 gallons. The waste water will be stored in 20,000 gallon frak tank(s) and sampled for
characterization. If the analytical signature of the discharge water is non-hazardous, disposal of the waste

water will be completed in accordance with the Groundwater Quality Bureau Discharge Notice of Intent
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to Discharge rules and regulations; this is the same method applied to purge water associated with
groundwater monitoring wells at the site. If the water is determined to be hazardous, an emergency
hazardous treatment permit will be obtained from the NMED. Waste water associated with the enhanced
well development will be run through a mobile 200-pound granular activated carbon (GAC) unit that can
accommodate 25 gpm at 5 pounds per square inch backpressure. The GAC unit will treat the waste water
to reduce the benzene concentrations to less than the hazardous concentration (0.5 milligrams per liter)
prior to being placed in 20,000 gallon frak tank(s). The waste water will then be sampled; disposal of the
waste water will be completed in accordance with the Groundwater Quality Bureau Discharge Notice of
Intent to Discharge rules and regulations; this is the same method applied to purge water associated with
groundwater monitoring wells at the site. Influent and effluent samples will be collected according to the

schedule in Table 5-4.

The duration of well development will be approximately 3 days, once the subcontractor arrives on site.
Once approval to this work plan is received, the subcontractor will be scheduled and the exact start date
will be dependent on subcontractor availability. Shaw estimates completion of the enhanced well

development within 45 days of the receipt of approval of this work plan.

5.1.3.1 Capture Zone Sensitivity Analysis

As required by the March 31, 2011 NMED letter, a sensitivity analysis of capture zone extent was
conducted, and the results are presented on Figure 5-5. As shown on Plots A through C on Figure 5-5, if
the extraction well pumping rates are increased in proportion to the increases in hydraulic conductivity,
the capture zone extent stays constant. So in the final analysis, the capture zone extent is just a direct
function of the drawdown in the extraction wells. As presented in Plot D on Figure 5-5, if the hydraulic

conductivity is as high as 250 feet/day, two 100-gpm extraction wells will contain the NAPL area.

The mathematical reason for the relationship between the capture zone area and only the drawdown and

hydraulic gradient is illustrated in the following equations. The Thiem equation (Todd, 1959) for steady-
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state flow to a well in a confined aquifer (the unconfined equation can also be used, but it is simpler to
understand the principle using the confined equation) can be inserted into the equation for capture zone
width to show that capture zone is a function of drawdown in the well, radius of influence, and hydraulic

gradient:

Equation 1. Thiem equation

hO_hw
Q = ZT[Kb—TO

In—=
7,‘W

and substituting the Thiem equation into the capture zone equation (Todd, 1959)

Equation 2. Width of capture zone

=4
Y = E2Kbi

Equation 3. Capture zone equation with Thiem Equation substitutions

ZHKbM
0
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where

Q = well pumping rate

K = hydraulic conductivity

b = aquifer thickness

ho = static water level in aquifer under non-pumping conditions
hw = pumping water level in well

ho - hy = drawdown in pumping well

ro = radius of influence of pumping well

rw = effective hydraulic radius of pumping well

i = hydraulic gradient

y = width of capture zone

5.2 Data Gap 2—NAPL Plume Groundwater Quality

Water and NAPL samples will be collected from wells KAFB-1065, KAFB-1066, KAFB-1068,
KAFB-1069, KAFB-10614, and KAFB-10610 (Figure 5-1). Groundwater samples will also be collected
in these wells as part of the routine quarterly monitoring program. Field parameters, including
temperature, pH, dissolved oxygen, oxidation/reduction potential, and ferrous iron will be measured
during sampling. Laboratory samples will be analyzed for volatile and semivolatile organic compounds,
TPH, jet fuel/gas/diesel, metals, and major cations and anions, including the degradation compounds
ammonia, nitrate, and orthophosphate (Table 5-5). The project-specific QAP]P lists all analyses

applicable to groundwater samples (Appendix B, to be submitted).

5.3 Data Gap 3—NAPL Physical Parameters
NAPL samples will be collected from wells with adequate LNAPL volume (minimum of 6 inches of

NAPL thickness). NAPL samples will be collected using a point sampler or stainless-steel bailer. As
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applicable, NAPL will be decanted from the water into sample jars. Wells will not be purged before

sampling.

NAPL samples will be analyzed for density, viscosity (at ambient groundwater temperature), interfacial
tension (air/water, air/NAPL, and water/NAPL), flashpoint, American Petroleum Institute gravity, and
organic compound PIANO analysis (paraffins [P], isoparaffins [I], aromatics [A], naphthalene [N], and
olefins [O]), plus benzene, toluene, ethylbenzene, xylenes; 1,2 dichloroethane; and EDB (Table 5-5). The

project-specific QAP]P lists all analyses applicable to the NAPL samples (Appendix B, to be submitted).

5.4 Data Gap 4—NAPL Migration Soil Parameters

The soil samples presented in Table 5-6 will be tested for grain-size, pore fluid saturation, air-water
capillary curves, and NAPL/water capillary curves, including calculation of van Genuchten (1980)
parameters for both the air/water and water/ NAPL curves for use in NAPL migration analysis. The cores
were collected using acetate sleeves, and the field crew placed them on dry ice to preserve the pore fluids.
Because only limited silt and clay cores were collected, it may be necessary to use literature values for the

van Genuchten parameters for these lithologies.

5.5 Data Gap 5—3D Hydrogeologic Model

This geologic portion of this data gap will be addressed by developing a 3D lithologic model. This
lithologic model will then be used in conjunction with the hydrogeologic test data from Data Gaps 1 and
4 to define the 3D hydrogeologic model for use in design. The hydrogeologic portion of this model will
include horizontal and vertical hydraulic conductivity, permeability (for use in NAPL migration
evaluations), porosity, pore fluid saturations, and fraction of organic carbon. To the extent possible, the

hydraulic values will be associated with lithology in the hydrogeologic model.
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5.5.1 3D Lithologic Model

Using the lithologic data from wells and borings, a 3D geologic model will be developed using
RockWorks™ (RockWare, 2010). This model will use all available lithologic and geophysical log data
from existing wells and borings, and the data from wells and borings installed during the ongoing
groundwater and vadose zone investigations. The model will be updated as additional geologic and
geophysical data become available. This model will allow for ready analysis of geologic data,
construction of scaled representations of site conditions (e.g., cross-sections), and the development of
model layers for hydrogeologic modeling. RockWorks™ model results will be incorporated into the

project geographical information system (GIS) for analysis and mapping.

5.5.2 3D Hydrogeologic Model

Based on the lithologic model, the 3D hydrogeologic conceptual model will be developed using the 3D
lithologic model as the foundation. The hydrogeologic model will incorporate the results of all of the data
collected for the data gap evaluations and ongoing monitoring data. The conceptual model will
gualitatively assess NAPL migration, horizontal and vertical groundwater flow, and dissolved

contaminant transport.

These qualitative findings will be incorporated into quantitative NAPL migration/remediation evaluations
using one-dimensional (1D) or two-dimensional (2D) numerical models. The dissolved contaminant
transport and remediation will be assessed with a 3D numerical flow and transport model. These
guantitative model results will be incorporated into the determination of LNAPL containment system
final flow rates. Major considerations in the design flow rate determination will be the anticipated water

level rises over time and the associated future thickness of the LNAPL zone.
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6. EXTRACTION WELL INSTALLATION

In preparation for enhanced well development and critical to the final design of the LNAPL containment

system, one extraction well, KAFB-106157was installed per the NMED December 1, 2011 letter.

6.1 Permitting

Well construction permits for the extraction well will be obtained from the New Mexico Office of the
State Engineer. A signed right-of-entry has been obtained for wells located off of the Kirtland AFB
property. Additionally, an Emergency Treatment Permit with the NMED Ground Water Quality Bureau
may be obtained for the discharge of waste water associated with the enhanced well development,
depending on analytical results from the discharge water. If required, the Emergency Treatment Permit

letter will contain the following details:

e Underlying Hazardous Constituent (UHC) analysis — what are the UHCs, is treatment required, and
indication if the proposed treatment will be sufficient

e Detail on the enhanced well development process

e Detail on the disposal of the carbon in the GAC unit

e Detail on sampling of the discharge water, storage of the water, and utilization of the Groundwater
Quality Bureau Notice of Intent to discharge decision process

6.2  Drilling Program

The drilling and construction of the extraction well took place from December 10™, 2011 to December

16™, 2011. The well is screened from 540 to 520 ft bgs and from 510 to 440 ft bgs. The completion

diagram for well KAFB-106157 is shown in Figure 6-1.
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6.3 Requirements and Procedures
The procedures for well installation, development, and reporting are discussed in the following sections.
This process was followed for drilling and installation of KAFB-106157, and will be followed if

additional wells are deemed necessary.

6.3.1 Borehole Clearance

The site will be marked for proposed drilling locations. Utility locates will be conducted at the well
locations in advance of mobilization to begin drilling and well installation. Additionally, New Mexico
One-Call (811) will be notified at least 48 hours prior to the start of work. Each boring will also be hand-

augered for the first 5 feet bgs or until refusal by the hand augers.

6.3.2 Equipment Decontamination

Equipment and materials mobilized to the site will be free of foreign materials and maintained in a clean
condition throughout work activities. Equipment and materials include, but are not limited to rods, bits,
core samplers, and sampling equipment. Steps will be taken to clean equipment and tools before use,
during sampling, and between well locations. Well installation activities will conform to New Mexico
Office of the State Engineer well permit requirements, applicable codes, manufacturer’s specifications,
regulatory guidelines (e.g., Occupation Safety and Health Administration ), and trade standards. Good
housekeeping practices will be enforced to accommodate storm water best management practices on site.

Drilling cuttings and liquids will be handled according to the Waste Management Plan (Appendix C).

6.3.3 Dirilling

Drilling will begin after the drilling permits are obtained and the sites have been cleared for underground
utilities. Each well boring will be advanced using the ARCH method. The ARCH method uses steel
insulator casing advanced with a drill bit/rod to prevent borehole collapse. The well borings will be

drilled using a 13%-inch nominal drive casing down to a depth of approximately 200 feet bgs. The casing
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will be telescoped down to an 11%-inch outside diameter drive casing to total depth. The extraction well
borings will be drilled to 50 feet below first-encountered groundwater, which is estimated to be

480 feet bgs.

6.3.4 Logging and Soil Sample Collection/Analysis

Each extraction and monitoring/observation well boring will be described on a boring log similar or
equivalent to the form found in Appendix D, Form 1 and in accordance with ASTM International
(ASTM) D5434-09 (Standard Guide for Field Logging of Subsurface Explorations of Soil and Rock). The
geologist will log the boring as it is being drilled by retrieving cuttings from the hopper and recording
relevant data, as listed below, on either the appropriate boring log or in a bound field logbook. Boring log
forms may be transcribed from a field logbook, but must be completed a weekly basis at a minimum on.
Soil cuttings will be collected and logged every 5 vertical feet from ground surface down to the total

depth of the wells. Data that will be included in the logs, when applicable are described as follows:

e The identifying number and location of each boring will be recorded.

o Soil will be classified every five feet in accordance with the Unified Soil Classification System
(USCS). These classifications will be applied in the field by the geologists and will be subject to
revision based on laboratory tests and subsequent review by the Project Geologist.

e A full description of soil samples will be made and will include but not be limited to, the USCS two-
letter classification, , consistency, soil moisture, grain size, and size distribution.

e Depth limits, and the type and number of each sample taken will be indicated. All samples will be
numbered consecutively.

e Depth to water as first encountered during drilling, along with the method of determination, will be
noted. Any distinct water-bearing zones below the first zone also will be noted. Other observations
during drilling will be noted, such as bit chatter, rod binding, rod drops, flowing or heaving sands, bit
pressure, rod rotations per minute, and water pressure.

e If drilling fluid is used, the fluid losses, the interval over which they occur, and the quantity losses,
will be recorded.

e A general description of the drilling equipment used will be provided. This description, including
such information as rod size, bit type, pump type, rig manufacturer, and model, may be provided in a
general legend.
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e Dates and times of start and completion of boring will be indicated.
e The names of the contractor, driller, and rig geologist will be noted.

e Observations of visible contamination for each sample or from cuttings that appear contaminated will
be made.

e Field instrument readings will be noted.

As the boring is drilled, the rig geologist will evaluate adjacent samples recovered, together with
observation of the drill cuttings, wash water (if any), drill performance, etc., to determine appropriate
stratigraphic definitions or distinctions within the soil column. Such contacts or breaks between strata
must be determined by the rig geologist and indicated on the boring log. In general, a stratigraphic unit
contains only similar soil that can be classified within the same two-letter USCS classification category
symbol. In some cases, significant differences in soil color, grain-size distribution, strength, etc., would
be sufficient to classify soil having the same two-letter USCS classification category symbol into two or

more distinct strata.

After the rig geologist has indicated the appropriate stratigraphic breaks on the log, he/she will develop
and record an appropriate description for each defined stratigraphic unit. Each description will contain
information about the color, grain-size distribution, consistency, moisture, etc., and the appropriate two-

letter USCS classification category symbol.

Classification of Soil
All classification data will be written directly onto the boring log. The method of deriving the
classification will be described, or reference to this section or other manuals will be made. Handling of

samples during soil classification will be coordinated with chemical sampling activities, if appropriate.
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USCS Classification

Soil is to be classified according to the USCS (ASTM D2488-09a, Standard Practice for Description and
Identification of Soils [Visual-Manual Procedure]). This method of classification is detailed in

Appendix D, Form 2. This classification method identifies soil types on the basis of grain size and liquid

limits, and categorizes them by two-letter symbols.

In the USCS system, fine-grained soil (or fines) is classified as those which will pass through a No. 200
U.S. standard sieve (0.074 millimeter [mm]) and are of two types: silt “M” and clay “C.” Some
classification systems define size ranges for these soil particles, but for field classification purposes, they
are identified by their respective behaviors only. Organic material “O” is a common component of soil

but has no size range, and is recognized by its composition.

Gravely soil is identified by a “G” as the first letter in the two-letter symbol, whereas sandy soil is
identified with an “S.” The term, “rock fragments,” will be used to indicate granular materials resulting
from the breakup of rock. These materials are normally angular, indicating little or no transport from
their source. When the term, “rock fragments” is used, it will be followed by a size designation, such as
Yato %2 diameter or “coarse-sand size,” either immediately after the entry or in the remarks column. The

USCS classification will not be affected by this variation in terms.

The second letter in the two-letter USCS symbol provides information about the grain-size distribution of
granular soil, or the plasticity characteristics of fine-grained soil. These second-letter modifiers are “P”
for well sorted, “W” for well graded/poorly sorted, “C” for clayey, “M” for silty, “L” for low plasticity, or
“H” for high plasticity. Note that the term, “poorly graded,” implies a uniform grain-size distribution and

is the same as “well sorted.”
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Color

Soil colors will be described using a single color descriptor preceded, when necessary, by a modifier to
denote variations in shade or color mixtures. A soil could therefore be referred to as “gray” or “light gray”
or “blue-gray.” Since color can be used in correlating units between sampling locations, it is important

that color descriptions be kept consistent throughout field operations.

Colors must be described while the sample is still moist. Soil samples will be broken or split vertically to
describe colors. Soil sampling devices tend to smear the sample surface creating color differences
between the sample interior and exterior. In accordance with ASTM D1535-08el (Standard Practice for
Specifying Color by the Munsell System), Munsell color charts or equivalent must be used based on

project requirements.

Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist must first identify the soil type.
Granular soil predominantly contains sands and gravels and are generally non-cohesive (particles do not
adhere well when compressed). Finer-grained soil (silts and clays) is cohesive (particles will adhere

together when compressed).

Soil Component
In nature, soil is comprised of particles of varying sizes and shapes and is combinations of the various soil
types. Appendix D, Form 2 lists grain-size classifications to be used in describing soil or rocks. The

following terms are useful in the description of soil components:
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The Identifying Proportion of the Component Defining Range

of Percentages by Weight

Trace 0 to 10 percent
Little 11 to 20 percent
Some 21 to 35 percent
Most 36 to 50 percent
Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual‘s
judgment. A suggested parameter for judging this in a fine-grained soil would be calling a soil wet if
rolling it in the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever
method is adopted for describing moisture, it is important that the method used by an individual remains

consistent throughout an entire drilling job.

Stratification
The stratification or bedding thickness for soil and rock is dependent on grain size and composition. The

classification to be used for stratification description is described below:

Thickness Approximate Metric and English Equivalent Classification

Metric English Classification
>1 meter >3.3ft Very thick

30 cm to 1 meter 1.0 ftto 3.3 ft Thick bedded
10cmto 30 cm 4.0into 1.0 ft Medium bedded
3cmto 10 cm 1.0into4in Thin bedded
lcmto3cm 2/5into1in Very thin bedded

3mmtolcm

1/8 into 2/5in

Laminated
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Thickness Approximate Metric and English Equivalent Classification

Metric English Classification
1 mmto 3 mm 1/32into 1/8in Thinly laminated
<l mm <1/32in Micro laminated

6.3.5 Pumping Well Construction
Two pumping test wells will be installed. Appropriate personal protective equipment (PPE) will be worn

in accordance with the Accident Prevention Plan (Shaw, 2010a).

Wells will be constructed inside the temporary steel drive casing used to advance the borehole. The steel
casing will be incrementally withdrawn as the well is constructed. The well assembly will be hung from a
lifting bail during installation to maintain tension on the casing. Based on data collected from previous
studies, the extraction wells are expected to have total depths of approximately 550 feet bgs. The top of
the screens in each well will be at least 40 feet above the water table to accommodate future groundwater

level rises.

Extraction well construction specifications, provided below and shown on Figure 6-1, may be modified if
field conditions warrant. Extraction wells will consist of an 8-inch inner diameter (8% outside diameter),
carbon steel, Schedule 40, 0.322-inch wall (or approved equivalent) casing and an 8-inch inside diameter,
double-strong, 304 stainless-steel, wire-wrapped well screen with 0.030-inch slots. The extraction wells
will have approximately 100 feet of screen (Figure 6-1). Centralizers will be installed at the top, middle,
and bottom of the screened zone within the sand-pack interval. Centralizers will be installed nominally

every 40 feet on the blank casing above the screen and hammer locked in place at the casing joints.

Before setting the casing into the borehole, 6 inches of gravel-pack material will be placed at the bottom

of the borehole. All well construction annular materials will be placed in the borehole, as described in the
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bullets below, through the temporary drive casing for installation of the sand pack, bentonite seal, and
cement. The drilling subcontractor will drill and install groundwater containment wells. These wells will
be use for hydraulic control of the LNAPL groundwater contamination plumes. The locations will be

established by Shaw E&I based on the remedial goals and site accessibility.

e Each well boring will be tested for utility clearance to 5 feet with a hand-auger or post-hole digger.

e The well borings for both extraction and injection wells will be advanced using ARCH drilling
methods, to approximately 60 feet below the water table. The wells will be installed approximately
540 feet below grade at the two locations.

e The Extraction wells will be constructed with 90 feet of 8-inch diameter welded joint 0.030 slot
stainless steel continuous wrap screen with double strong wires and rods, a 10-foot blank stainless
steel pump sleeve section placed approximately 30 feet below the current water table, and a Schedule
40 carbon steel casing riser (Figure 6-1). The well will be constructed with 60 feet of screen/pump
sleeve below the water table and 40 feet of screen above the water table to accommodate future water
table rises. The steel well casing will extend approximately 2.5 feet above grade as a temporary
completion during well development. The final depth of the pump sleeve will be decided in the field
based on lithology encountered during drilling.

e Prior to start of well drilling the contractor will provide manufacturer’s written documentation that
the screen sections meet the design requirements, the carbon steel casing shall be marked as per
design requirements, and the Contractor will confirm that the casing welder is experienced in welding
of stainless steel casing.

e Anengineered 10-20 sand pack filter pack will be installed in the annular space between the well
casing/screen and the borehole from the bottom of the borehole to approximately 10 foot above the
top of the screened interval. The filter pack will be slurried with clean potable water and tremied into
place to prevent bridging and to ensure continuous placement, while the casing is slowly removed. A
10-foot hydrated bentonite seal will be emplaced above the sand filter pack and incrementally
hydrated with potable water in 1-foot lifts.

e After the last lift has hydrated for 2-hours, a cement grout with 6 percent bentonite and 2 percent
calcium chloride by weight mixed at a weight density not less than 12.5 pounds per gallon will be
emplaced by tremie pipe to approximately 1.5 foot below the ground surface. The contractor will
provide a mud balance and measure the grout weight density twice during placement to certify the
grout specification.

e The wells will be developed no sooner than 48 hours after the grout has cured and no later than 7
days. Initial development will consist of a combination of swabbing, jetting, bailing, and/or pumping
until little or no sediment enters the well across the entire screened interval below the water table.
The contractor will not be required to develop the screen interval above the water table.
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The drive casing will be pulled from the borehole periodically during well construction. Well

construction diagrams will be completed for each installed well.

6.3.6 Well Development

Once constructed, the wells will be developed to improve hydraulic communication between the well and
aquifer. The wells will be allowed to stabilize for at least 48 hours before they are developed to allow
time for the cement to cure. Wells will be developed using a truck-mounted pump rig equipped with wire
line swab/bailer equipment. The swab/bailer is moved up and down within the screened interval to create
a strong back-and-forth flow of water between the bore and formation. The well is then bailed to remove
soil particles until groundwater is nominally clear as measured with a sand content kit. Groundwater
temperature, pH, turbidity, alkalinity, and electrical conductivity are monitored during the development

process.

The following procedure will be used to develop the wells:

e Initial development will consist of swabbing, bailing, and pumping until little or no sediment enters
the well (approximately 10 hours). Contain the development and purge water in a temporary tank to
be installed at each wellhead.

e Following initial development, the well will be continuously pumped using an electric submersible
pump capable of pumping at a minimum rate of 80 gallons per minute. Temperature, pH, specific
conductivity and turbidity will be monitored during pumping, and readings will be taken after every
well volume is purged. Pumping will continue until these parameters have stabilized (less than
0.2 pH units or a 10 percent change for the other parameters between 4 consecutive readings) and the
water is clear and free of fines. The main goal of well development is to reduce the turbidity to less
than 10 NTUs (however, under 100 NTUs is acceptable). If these parameters have not stabilized after
10 hours of continuous pumping, the well will be allowed to sit overnight and development will
continue the following day for a maximum of two hours. If the turbidity still does not fall below
100 NTUs, the client project geologist will be contacted and further direction will be sought.
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o If the addition of water is necessary to facilitate surging and bailing, only formation water previously
pumped from that well into the purge tank may be used. At the completion of the well development
activities at each well, a sample from the well will be collected and immediately photographed to
document the results of the procedure.

e The site geologist will monitor and record on the well development record form, depicted in

Figure B4.1-1, and in the field log book all field parameters such as pumping rates, pH, temperature,
specific conductance and pertinent information.

This surging, bailing, and pumping process will be repeated until the well is developed. The well will be
considered developed when the discharge water is visibly free of sediment/soil particles, as measured
with a sand content kit, or when the field parameters have stabilized to within 10 percent of the previous
measurement. Field parameters, including specific conductance, pH, temperature, and sand content, will
be measured during development and recorded on a well development field sheet. Water pumped out of
the well during development will be containerized, sampled, and staged for disposal pending sample

results, as described in the Waste Management Plan (Appendix C).

6.4 Borehole Geophysical Data Collection

Geophysical logging will be performed in the cased hole after the total depth has been reached to refine
the geologic data from the borehole. Before construction of the wells, geophysical measurements will be
performed in each of the extraction and injection wells. Well borehole geophysics will consist of neutron,
and gamma logging, and will be conducted on the two extraction wells described in this Characterization
Plan. Induction logging will not be completed in the extraction and injection wells due to the interference

of the steel casing.

6.4.1 Downhole Geophysical Logging

Geophysical techniques have proven to be valuable tools in determining lithology, porosity, and moisture
condition of various stratigraphic units. Downhole geophysical logging will be conducted using neutron,
and gamma (large crystal) logs. The objective of this effort is to characterize the subsurface conditions,

particularly permeable zones, with a vertical accuracy of less than 1 foot.
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The logs will be run from the bottom of the borehole (approximately 550 feet bgs) to ground surface
through the drive or well casing. Equipment will be decontaminated at each well location before
conducting logging activities. The logs will be evaluated/interpreted along with soil boring logs and well

construction reports.

All logging equipment will be calibrated in accordance with manufacturer’s specifications. “Shop”
calibrations will be performed within 30 days of the logging event. Calibrations will be conducted before
and after each logging tool is run down the borehole. A rat hole may be required at the bottom of the

borehole to accommodate the logging tool(s) and to ensure the bottom zone can be evaluated.

A minimum of 100 feet of repeat log will be made after the initial logging effort, and the initial and repeat
logs will be provided to the Site Supervisor in hardcopy form for review. After completion of the
borehole, a paper copy of the strip logs will be provided to the Site Supervisor for review and approval.

Digital data files for all logs also will be provided by the logging contractor at the end of the field day.

Geophysical logs will show results of neutron logging in raw count units, gamma logging in raw counts,
and the results of each method plotted versus depth from the surface to total depth of the borehole. The
name of the borehole, location of the borehole, the date(s) that the borehole was completed, the drilling
method, and the elevation of the top of the borehole will also be noted in the boring log. Data will be

provided in hard copy and in digital format. The log data will be post-processed to determine lithology.
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Borehole logging will follow standard industry practices, such as those presented in the following

guidelines:

e ASTM 5753-05(2010) (Standard Guide for Planning and Conducting Borehole Geophysical
Logging)

e ASTM D6274-98(2004) (Standard Guide for Conducting Borehole Geophysical Logging—-Gamma)

e ASTM D6727-01(2007) (Standard Guide for Conducting Borehole Geophysical Logging—Neutron)

6.4.2 Gamma Logging

Gamma logs detect the amount of natural gamma radiation emitted by the rocks surrounding the borehole.
Naturally occurring sources of gamma radiation are potassium-40 and daughter products of the uranium-
and thorium-decay series. Clayey and shaley rocks typically have higher gamma radiation due to their

composition of the weathering products of potassium feldspar and mica.

The natural gamma probe uses a sodium-iodide, thallium-activated crystal to measure gamma-ray
emissions from soil or rock. The method can be used in uncased, steel-cased, or polyvinyl chloride-cased
holes, and is used for stratigraphic correlation between boreholes. The instrument continuously measures,

in counts per second, gamma-rays emitted primarily from uranium, potassium-40, and thorium.

This sensor is integrated in the neutron probe.

Natural gamma measurement detects natural gamma radiation occurring in lithology and is recorded in
counts per second. This log, which exhibits relative changes in natural (or man-made) radiation, is used
for general lithologic identification and stratigraphic correlation. Naturally occurring radiation comes
from three principal areas: potassium-40, which occurs with all potassium minerals; uranium-238; and
thorium-232, which is associated primarily with biotite. The typical radius of investigation for the natural

gamma log is approximately 10 to 12 inches from the borehole wall.
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The gamma (natural radiation) measurement units, such as counts per second, inches of deflection, or
standard units, will be noted on the log scale. A calibration certificate for the gamma will be provided.
Additionally, the gamma instrumentation will be calibrated both before the logging of a borehole and

afterwards. Calibration will be documented in the field and QC-checked daily.

6.4.3 Neutron Logging

Neutron logs map porosity by emitting high energy neutrons. The compensated neutron measurement
uses two helium-3 (He-3) proportional detectors and a detachable, sealed neutron source. Fast neutrons
emitted by the source are scattered and slowed by light elements (and principally hydrogen in the
formation) until they reach thermal energy levels. The ratio of the flux of thermal neutrons reaching the
near and far detectors depends on the formation’s hydrogen index and porosity. The porosity can be

calculated in real-time or post-logging. The probe is 60 mm in diameter and 1.94 meters long.

Neutron logging is typically used to recognize porous formations and lithology by identifying perched

layers and by evaluating water saturation in vadose zones.

Note that neutron logging uses an active radioactive source.

The neutron measurement is a single function radiation probe that detects thermal neutrons using an He-3
detector. An americium-241 (beryllium-activated, americium-beryllium-241 [AmBe-241]) neutron source
emits high energy (fast) neutrons into the formation. These neutrons diffuse through the formation and
collide with the atoms present. Collisions with atoms nearest the mass of neutrons, such as hydrogen,
result in an exchange of energy. Thus, these neutrons are slowed down to thermal energies that can be
detected by the He-3 detectors. Since slowing is primarily due to collisions with hydrogen, neutron count

rates represent the hydrogen content of the formation and can be interpreted in terms of porosity. This
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measurement can be compensated by using two different source-detector spacings and taking the ratio of

these measurements.

The neutron measurement uses a 1-or 3-curie, AmBe-241 radioactive source. The neutron log can be
presented in counts per second or porosity units. A casing collar locator measurement is a standard

addition to the neutron log for well work.

Neutron logging is based on formation porosity and liquid-filled pores. The necessary containers and
safeguards for the transportation, storage, and use of nuclear source(s) will be provided. The operator will
be properly trained and certified, and will maintain the required licenses to handle nuclear source(s).
Work will be completed in compliance with all federal and state requirements for the use of active-source

tools.

6.4.4 Logging System and Requirements

6.4.4.1 Logging System

A Mount Sopris MGX digital logger, or equivalent, will be used. This facilitates interchanging probes as
well as allowing the data to be collected on a DOS®-based field notebook as the winch raises and lowers
the probe. The logging system will be equipped with a 0.1- or 0.125-inch steel, armored, single conductor

cable long enough to log 600-foot depths.

6.4.4.2 Pre-Logging Requirements
Pre-logging activities include drilling and mobilizing the logging unit by the logging contractor to the

borehole locations.
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The following are basic pre-logging requirements:

e Boring logs will be prepared for each borehole during drilling for instantaneous comparison to the
wire line logs. Zones of extensive circulation, lost circulation, suspected washouts, or drilling
problems will be noted for anticipation of possible log response.

e Hole deviations will be recorded on the appropriate form(s) if directional surveys are run.

e A diagram will be drawn or one will be available from the logging contractor with the dimensions of
every tool going into the hole. This will be provided at the beginning of the field program. A tool
status report will be on site for all tools plus spares.

e All logging equipment will be properly decontaminated before arrival while on site, between wells,
and before leaving the site. The equipment will be decontaminated according to Section 6.3.2 of this
Characterization Plan.

e Ifthe logs are to be run in cased holes, it may be useful to sound the boring or cased hole with a
dummy (of the same dimensions as the logging tool) to make sure the tool will not stick in the casing.
This is especially useful for small-diameter polyvinyl chloride casing, which may flex when it is set
in the borehole.

e For open-hole logging, the drilling contractor will circulate and condition the borehole appropriately
to aid the geophysical logging of the hole. Such requirements will be discussed with the driller in the
briefing.

6.4.4.3 Logging Requirements

The basic borehole geophysical logging process consists of the following:

e After mobilization to the borehole and decontamination of the equipment, the logging contractor will
connect the first tool to be run to the cable.

e The contractor will then check to ensure the equipment is functioning properly and conduct the
“before” logging calibration check. The calibration results will be checked to ensure that they are
within appropriate tolerances.

e The tool will be attached to the cable and then suspended over the borehole. (Note: sometimes the
calibration will be conducted while the tool is suspended over the hole.) The contractor will check to
ensure that all equipment is still functioning properly and then lower the logging tool into the
borehole casing.

e While the tool is lowered to the bottom of the hole, a down-log will be generated.
e Once the tool is at the bottom of the hole, the down-log will be checked; the instruments will be

appropriately adjusted, the scales will be set for proper response, and the logging speed will be
adjusted, as necessary.
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e The logging tool will then be run up the hole at the proper speed, and the up-log will be generated.

e Once the up-log is completed, the tool will be run back down the hole for a 100-foot interval, and a
repeat log will be run for QC purposes.

e Field copies of the main and repeat logs will be generated. The repeat log will be checked for
appropriate quality and repeatability.

e If the main log is of appropriate quality, and if the repeat and main log are in required agreement, the
“after calibration” of the logging tool will then be run. The calibration results will be checked to
ensure they are appropriate tolerances.

e The tool will then be removed from the cable.

e If another tool is to be run, the process will be repeated. If not, then the logging unit and associated
tools and equipment will be rigged down. Tools and equipment will be decontaminated before leaving
the site.

The following required items are necessary for effective implementation of the logging process and

generation of useful logs of appropriate quality:

e The pullout strength of the cable socket, which connects the tool to the cable, will be known before
entry into the hole.

e Calibration procedures, both in the shop and in the field, will be performed. The time and results of
the last shop calibration for each tool will be documented.

e Field calibrations will be run just before logging and recorded on the log tails or header.
e When logging tools are run in combination, all curves will be on the same depth.

e A thermometer will be used on the first logging run of each logging trip to record the maximum hole
temperature, or a temperature probe will be run to the bottom of the borehole.

e Depth control will be used on each run. For multiple (i.e., successively deeper) logging runs in the
same borehole, the later (deeper) run will be tied into the previous run. Accuracy will be within 1
foot. If there is a discrepancy, the run will be tied into the previous run, and the discrepancy will be
noted on the log heading. When the tie-in is behind the casing, a gamma-ray log will be run to overlap
the tie-in. The driller’s reported casing depth will never be tied into.

e If logging tools are run in combination, care will be taken to ensure that all curves will be on the same
depth. If sand or gravel is present at the base of the well, the driller will make sure that he/she drills a
rat hole deep enough so as to provide enough depth for the log’s first readings to be in the sand or
gravel.

e Down-logs will be recorded as each tool is run down the hole. This will provide an opportunity to
properly adjust the instruments and provide for proper scaling of the up-log responses. Logging speed
will be selected to give good, thin bed resolution and proper log quality.
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e Repeat sections will be run on all logging runs. The repeat sections will be chosen to cover zones of
particular interest or at least 100 feet. The curves from the repeat and original logs will then be
checked. Electrical curves will overlay exactly, while nuclear logs will have statistical variations
(usually no more than one chart division).

e For multiple logging runs (i.e., successively deeper runs in the same borehole), the later (deeper) runs

will be logged up into the casing. Overlay at least 100 feet of all previous logging runs and compare.
Reproducibility should result.

Attention to detail during borehole geophysical logging, including equipment setup, calibration, and
monitoring, is required for obtaining accurate and reliable data. Borehole geophysical logs are subject to a
number of potential tool problems and operational errors. The QC Geophysicist will be present during the
entire logging operation to provide constant monitoring of the logs and subcontractor and to keep
consistent, accurate records. Any and all problems (including tool malfunction and significant downtime)
and associated corrective actions will be recorded on the appropriate form(s) according to the project

work plans by the QC Geophysicist conducting oversight.

A field copy of the log will be provided to the rig geologist immediately after completion of the logging

run. The geophysicist will review the log and check the cures for excessive drift, spikes, or noise; lack of
completeness; and any other potential problems. Borehole washouts (identified on the boring logs and/or
caliper log) will be identified and compared with the log curves. Any problems observed on the logs will

be brought to the attention of the logging contractor and corrected.

The logs will be completed to the satisfaction of the Site Supervisor before the logging contractor is
allowed to rig down. Final approval for acceptance of the quality of the log will rest with the QC

Geophysicist.

For the field logs (and final logs), all off-scale readings, drift adjustments, and first curve readings will be

marked on the logs, and all curves will be identified and labeled. All after (post-logging) field calibrations
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must be run for each tool and recorded on the log tails or headers. These will be checked with the pre-log

calibrations, noting any changes.

Heading information will be thoroughly filled out, including equipment and calibration date. Type,
temperature, and resistivity of any fluids and other associated measured parameters will be recorded. All
scales and scale changes will be clearly identified. Any unusual conditions, problems, or concerns
regarding the logging run are to be included in the remarks section. Logging speeds, time constants, and

tool numbers are to be correctly recorded.

A general procedure for the information recorded for a borehole geophysics survey will include recording

all information necessary to correctly interpret the log, including the following:

Well identification number

e Project number
e Client bit size (or borehole diameter)
e Casing size

e Location of the zero-depth of the log, which may be the top of the casing, ground level, or some other
specified point

e Height of the top of the casing aboveground level
e Depth of the bottom of the casing(s)

e Total depth drilled

6.4.4.4 Post-Logging Requirements
A predetermined number of final log prints will be provided upon completion of the final logging run,
including the final composite logs. Any and all information required for entry on the field logs above will

be included on the final log prints. Data will be provided in both hard copy and digital ASCII data format.
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6.4.5 Borehole Geophysical Equipment Decontamination

All downhole logging equipment and materials will require decontamination before use, between each
borehole, and before demobilization. All equipment will be cleaned before mobilization, and equipment
will be thoroughly decontaminated between boreholes. Cleaning and decontamination will be carried out
per the Kirtland AFB basewide standard operating procedures (SOPs) for field investigations and as

discussed in Section 6.3.2.

6.5 Reporting
All submittals will be complete, legible, and of such quality that additional reproduction of the

information may be performed.

6.5.1 Daily Field Reports
Field record of the operation of site activities, including boreholes logged and support activities such as
equipment decontamination and calibration will be made available to the Site Supervisor at the

completion of each day’s work. At a minimum, the following data will be included in the daily reports:

Dates and times of beginning and completion of work

A list of employees at the site and their work locations (borehole number)

The number and location of boreholes logged, including depth or total logging footage performed

A list of major equipment on site and its location (borehole or equipment decontamination location.)
Any problems encountered, including standby time recorded

6.5.2 Final Report

Three copies of the paper strip logs and report, and digital (Microsoft® Word [text], Adobe®PDF
[figures], ASCII [logging data]) copies on CD will be provided. Each log title block will include, at a
minimum, the borehole number, probe type, module adjustments, logging speed, depth footage (vertical

scale), horizontal units and scale, depth to groundwater, and calibration(s). The report will include field
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and data processing procedures, figures representing the data, and an interpretation minimally identifying

relatively more permeable zone, stratigraphy, and structure as applicable.

6.5.3 Quarterly Reports
Quarterly Reports produced for the NMED will contain the following items that fulfill the data gaps

addressed in this work plan:

Boring logs, well construction diagrams and well development records for all wells
Groundwater, soil, and NAPL chemical and physical analysis

Slug test and enhanced well development analyses and results

Updated hydrogeologic model results.

6.5.4 Technical Review
All borehole geophysical logging plans, scopes of work, field procedures, field QC documentation, logs,

and associated reports will undergo technical review by a geophysicist.

The technical review, at a minimum, will consider and evaluate the following pre-logging items:

Data collection objectives and requirements
Site geology

Scope of work

Vendor qualifications and equipment

Field procedures

The post-logging technical review will consider and evaluate the following minimum items:

e Field documentation, including problems encountered and corrective actions taken
o Equipment calibration/certification

e Review and quality of the logs relative to the requirements in the Kirtland AFB SOPs and the project
work plans

e Calculations and data interpretation
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Any issues raised during the pre-logging technical review will be resolved between the reviewer and staff
planning the program before conducting the logging. Issues raised during the post-logging review will be
resolved before external submission of the results. The technical review comments and issues, and

corresponding resolution, will be documented and filed with the project records.
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7. FIELD OPERATIONS DOCUMENTATION

7.1 Field Records

Records of field analytical or monitoring measurements will be recorded on pre-printed, prepared forms.
Field documentation will consist of soil boring logs, soil classification logs, the Field Activity Daily Log,
and test equipment and calibration logs, as applicable (Appendix D). Measurements for organic vapors
using the photoionization detector, depths to groundwater, discharge volumes and rates, and groundwater

guality measurement will be taken and recorded.

7.2 Investigation-Derived Waste

All investigation-derived waste will be handled in accordance with the project-specific Waste
Management Plan provided in Appendix C. In general, all soil cuttings generated by the drilling of wells
will be containerized in roll-off containers at the drilling location. Composite soil samples will be
collected from each roll-off container for waste disposal characterization. Water produced from well
development and sampling will be containerized and characterized for waste disposal. All PPE

(e.g., sampling gloves) will be handled according to the Waste Management Plan in Appendix C.

7.3 Equipment Decontamination

The objective of field decontamination is to remove contaminants of concerns from sampling, drilling,
and other field equipment to concentrations that will not impact study objectives. Kirtland AFB Base-
Wide SOP B.1-11 will be used by field personnel responsible for cleaning sampling or other equipment in
the field. This section was developed for use by field personnel who are responsible for cleaning sampling

or other equipment in the field.
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Specification for Decontamination Materials

Use a standard brand of phosphate-free laboratory detergent, either liquid or powder, preferably
Liquinox® or Alconox®.

Use tap water from any municipal water treatment system or use bottled drinking water. Soap and tap
water will remove the gross contamination from the sampling equipment.

7.3.1 Handling and Containers for Cleaning Solutions

Improperly handled cleaning solutions may easily become contaminated, thereby jeopardizing the validity

of the sample data. Containers will be constructed of the proper materials to ensure their integrity. The

following containers may be used for storing the specified cleaning materials:

Soap—Keep in clean containers until use. It should be poured directly from the container into the
wash bucket or tub.

Tap water—Keep in clean tanks, hand-pressure sprayers, or squeeze bottles, or apply directly from a
hose.

Deionized water—Store in clean containers that can be closed when not in use. It may be applied
from squeeze bottles.

7.3.2 Decontamination of Large Equipment

The following procedure will be used to decontaminate large pieces of equipment, such as casings, auger

flights, pipe and rods, and those portions of the drill rig that may stand directly over a boring or well

location or that come into contact with casing, auger flights, pipe, or rods. This procedure will also be

employed for decontamination of heavy machinery, such as backhoes, excavators, etc.

Wash the external surfaces of equipment with high-pressure; hot water; and Liquinox®, Alconox®, or
an equivalent non-phosphate, laboratory-grade detergent. If necessary, scrub until all visible dirt,
grime, grease, oil, loose paint, rust flakes, etc., have been removed. The inside surfaces of equipment
that come in direct contact with the media being sampled also will be washed as described above.
Specific decontamination instructions will be included in project-specific addenda.

Rinse with potable water.
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This decontamination procedure will be performed before equipment is used and between each well or

other sampling locations.

7.3.3 Decontamination of Sampling Equipment
The following procedure will be used to decontaminate devices, such as bailers that come in direct

contact with the sample media:

e Wash and scrub equipment using tap water and laboratory detergent. Wire or plastic bristle brushes
can be used.

¢ Rinse with tap water, removing all visible dirt and soap residue.
e Rinse with deionized water proven to be free of volatile organic compounds and metals.
e Place onto clean plastic sheeting and allow to completely air dry.

e If not used immediately, wrap in aluminum foil.

Decontamination of sampling equipment will be kept to a minimum in the field and, whenever possible,
dedicated sampling equipment will be used. Decontamination fluids will be disposed of as required by the
project-specific Waste Management Plan (Appendix C). Personnel directly involved in equipment

decontamination will wear appropriate PPE as specified in the SSHP.

Whenever possible, decontamination pads provided by Kirtland AFB will be used to clean large

equipment. In other instances, a decontamination pad may need to be constructed at the investigation site.

7.3.4 Construction of a Decontamination Pad

Decontamination pads constructed in the field will meet the minimum specifications described below:

e The pad will be constructed in an area known or believed to be free of surface contamination.
A temporary pad will be lined with a water-impermeable material with no seams within the pad. The
material will be either easily replaced (disposable) or repairable.
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e The location of the pad will be out of the work zone and situated so as not to interfere with other work
in progress.

e The pad will not leak excessively. Any sump or pit will be lined.

e Sawhorses or racks constructed to hold equipment while being cleaned will be high enough above the
ground surface to prevent equipment for being splashed and re-contaminated.

e Water collected on the pad will be containerized and disposed of as per the Waste Management Plan
(Appendix C). Small amounts of water may be left to evaporate.

7.4  Personal Protective EqQuipment

Personnel directly involved in equipment decontamination will wear appropriate PPE as specified in the

SSHP. Appropriate PPE will be selected based on the level of contamination present or suspected at a

site. Care will be taken to ensure that the selected PPE will protect decontamination workers from

unnecessary contact with soil or decontamination fluids. The following is a list of the minimum PPE

required to perform decontamination activities:

o Safety glasses with splash shields or goggles and latex gloves will be worn during all cleaning
operations. For decontamination activities involving large amounts of water, rain suits or aprons and
rubber over-boots will also be worn.

¢ No eating, smoking, drinking, chewing, or any hand-to-mouth contact will be permitted during
cleaning operations.

e Field equipment decontamination will be conducted in accordance with the following standards:

— ASTM D5088-02(2008) (Standard Practice for Decontamination of Field Equipment Used at
Nonradioactive Waste Site) requirements

— ASTM D5608-10 (Standard Practices for Decontamination of Field Equipment Used at Low
Level Radioactive Waste Sites) as applicable.
Analytical data validation will be conducted in accordance with the approved project-specific QAPjP

(Appendix B, to be submitted).
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8. DATA MANAGEMENT PLAN

Environmental laboratory services will be provided only by laboratories compliant with the DoD Quality
Systems Manual for Environmental Laboratories, Version 4.1 (DoD, 2009) or a most recent version and
that hold a current DoD Environmental Laboratory Accreditation Program accreditation for all
appropriate analytical methods (DoD, 2009). All generated analytical data will be uploaded into the

Environmental Restoration Information System quarterly.

8.1 U.S. Environmental Protection Agency Level Ill Data Review

Analytical data generated in support of the Kirtland BFF project will undergo a U.S. Environmental
Protection Agency (EPA) Level 111 data review by a Project Chemist. An automated data review (ADR)
software developed by Laboratory Data Consultants, Inc. will be used to perform 100 percent EPA Level
111 data review. The data review will be performed for groundwater and soil-vapor analytical data
obtained from each of the pre-remedy quarterly monitoring events. In addition, the Project Chemist will
use the ADR software to conduct 100 percent, EPA Level Il data review of the analytical data collected
during the vadose zone and groundwater investigations, and the interim measure field sampling activities.

The data review will be performed using the QC criteria specified the following documents:

e The project-specific QAPjP (Appendix B, to be submitted)
e DoD Quality Systems Manual for Environmental Laboratories, Version 4.1 (DoD, 2009)

e Test Methods for Evaluating Solids Waste, Physical/Chemical Methods, SW846 (EPA, 2007 and
updates)

e Guidance for Evaluating Performance-Based Chemical Data, Engineer Manual (EM) 200-1-10
(USACE, 2005)

e USEPA Contract Laboratory Program National Functional Guidelines for Superfund Organic
Methods Data Review (EPA, 2008b)

e USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Superfund Data
Review (EPA, 2010)
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The following QC elements will be included in the EPA Level Il data review:

Laboratory method blanks

Sample extraction and analysis holding times

Surrogate spike recoveries

Laboratory control sample/laboratory control sample duplicate recoveries
Matrix spike/matrix spike duplicate recoveries

Relative percent difference for duplicate samples

Initial calibrations

Continuing calibrations

Trip and field blank data (water samples for volatiles only)

Field duplicate samples

Note that due to laboratory information system limitations, laboratories may not be able to provide initial
and continuing calibration results in Staged Electronic Data Deliverables. In this case, the Project Chemist
will manually review the calibration data and document review findings in a database and data review

worksheets.

Data will be validated and flagged with the following data qualifiers as applicable:

e J+ qualifier denotes the analyte was positively identified, but the associated numerical value is
estimated with a potential high bias.

e J- qualifier denotes the analyte was positively identified, but the associated numerical value is
estimated with a potential low bias.

e U qualifier denotes the analyte was analyzed for, but was not detected.

e R qualifier denotes the data are unusable due to deficiencies in the ability to analyze the sample and
meet QC criteria and data quality objectives.

As aresult of the ADR process, EPA qualifiers will be electronically generated and assigned to the
sample results that were outside of established control criteria. The qualified data will then be exported to
a contractor database for data users and for report tables and figure preparations. EPA level 11l data
review findings will be summarized and documented with each quarterly monitoring report and in other

reports containing analytical data.
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An Oracle-based Environmental Information Management System will be used for sample planning, data
loading, data management, and data reporting. This system supports all aspects of the project from the
planning stages throughout the project lifecycle and ultimately data archiving, and thus maintains the
integrity of all project-related data. Each step of the data management process will be performed in
accordance with the site-specific QAPjP (Appendix B, to be submitted) and applicable Base-Wide Plans
for Investigation Under the Environmental Restoration Program, 2004 Update, (Tetra Tech). All
guarterly monitoring field data, including but not limited to water-level data, survey data, boring logs, and
well construction logs, will be uploaded into the contractor’s Environmental Information Management
System and will be linked with validated analytical results to generate output files that will be used to
populate Environmental Restoration Program Tools and to generate Environmental Resources Program
Information Management System (ERPIMS) Version 5.0 submittals. ERPIMS data submittals will be
reviewed for accuracy and completeness before submittal. ERPIMS submittals will be provided to the Air
Force, at a minimum, every 6 months or as appropriate, for data generation for uploading to the Air Force
data repository. ERPIMS submittals will be deemed complete upon receipt of the insertion letter from the

Air Force.

Site characterization data will be mapped using a GIS. The GIS dataset will be accompanied by metadata
conforming to the Federal Geographic Data Committee’s Content Standard for Digital Geospatial
Metadata and the Army Installation Geospatial Information and Services Metadata Standard, v1, which is
compliant with Spatial Data Standards for Facilities, Infrastructure, and Environment v2.6. The horizontal
accuracy of GIS data will be tested in accordance with the National Standard for Spatial Data Accuracy,
and results will be recorded in the metadata. All data will be provided in the Universal Transverse
Mercator projection in the appropriate zone, and will have a datum of North American Datum 83. The
GIS effort will involve preparation, analysis, processing, and interpretation of data-acquired geophysical
surveys. The GIS coordinator will register and process all survey and field data such that it can easily be

incorporated into the Kirtland AFB and Army Mapper database. Contractor GIS analysts will prepare
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maps depicting site-specific attributes for continuous updates to be provided to project stakeholders. No

data will be released to project stakeholders without the approval of the USACE.

All project-related data will be maintained and archived in the electronic project files on the Shaw’s
server and will be made available to the government as necessary. All data generated in support of this

contract will be maintained in accordance with the contract requirements.
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9. QUALITY ASSURANCE/QUALITY CONTROL

A comprehensive QAPjP document was developed for the Kirtland AFB BFF Spill project and will be
implemented in support of sampling and analysis activities. The project-specific QAP]jP is currently in

review and will be submitted separately as Appendix B.
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10. PROJECT SCHEDULE

The enhanced well development of the containment well will be conducted within 45 days of receipt

of approval. A Characterization Report will be submitted within 90 days of receipt of validated
characterization data outlined in this work plan. The full treatment system design will be presented in the
LNAPL Containment Interim Measures Work Plan Part Il — Design which will be delivered for NMED

review 120 days after approval of the Characterization Report.
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Figure 2-1. Project Organization
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