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1.0 INTRODUCTION

This document presents the Final Sampling and Analysis Plan for the Contract Task Order-
0084, Remedial Investigation/Feasihility Study at the Camp Allen Landfill Site (Areas A and
B), Naval Base, Norfolk, Virginia. Baker Environmental, Inc. (Baker) is the prime contractor -
for the Comprehensive Long-Term Environmental Action Navy Program (Navy CLEAN)
under which this CTO is being performed. Figure 1-1 presents a Base Location Map and
Figure 1-2 presents a Site Location Map.

This plan has been prepared to ensure that Baker staff and subcontractors employ
procedures/protocols conforming to NEESA Installation Restoration Program (IRP)
requirements.

1.1 Purpose

The specific objectives of the Remedial Investigation are to: (1) Conduect field investigations,
including sampling, to gather necessary additional information at the two areas targeted
under this study; (2) Condense data gathered in these tasks with existing data from previous
investigations to facilitate formulation of comprehensive conclusions for each area;
(3) Formulate monitoring plans as appropriate at each area; and (4) Present data and

recommendations in a report suitable for a Technical Review Committee (TRC) review.

USEPA (EPA/540/G-89/004), and NEESA IRP guidance will be followed in conducting the
RLFS to "gather information sufficient to support an informed risk management decision"
regarding the most appropriate remedial action to be taken at the site. To accemplish this
overall goal, and to facilitate project planning and management, this ~ijr‘oject, will be performed
as a series of tasks in accordance with the framework established in the Scope of Work, as

follows:

Task 1 - Project Management

Task 2 - Site Visit and Background Review

Tasgk 3 - Review/Prepare Project Plans

Task 4 - On-Site Investigation

Task 5 - Sample Analysis

Task 6 - Data Validation

Task 7 - Data Assembly/Interpretation (Optional)

i-1
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Task 8 - Baseline Risk Assessment (Optional)

Task 9 - Groundwater Modeling (Optional)

Task 10 - Remedial Investigation Report (Optional)

Task 11 - Feasibility Study (Optional)

Task 12 - Feasibility Study Report (Optional)

Task 13 - Remedial Action Plan/Record of Decision Reports (Optional)
Task 14 - Interim Measures Design (Optional)

Task 15 - Waste Disposal (Optional)

Task 16 - Meetings

The primary purpose of the SAP is to provide guidance for all field activities by describing in
detail the sampling and data collection methods to be used to implement the various field
tasks identified in the Remedial Investigation/Feasibility Study (RI/FS) Work Plan for
CTO-0084 (Baker, 1992). The guidance also helps to ensure that sampling and data collection
activities are carried out in accordance with generally acceptable practices so that data
obtained during the field investigation are of sufficient quantity and quality to evaluate the
nature and magnitude of contamination in various media, estimate human health and
environmental risks, and evaluate potential technologies for remediation of contaminated

media.

1.2 Sampling and Analysis Plan (SAP) Contents

Section 1.0 of this SAP identifies the objective and the contents of the report. Section 2.0
provides background information on each of the two areas to be investigated. The field
activities are described in Section 3.0. General field operations activities are presented in
Section 4.0. Section 5.0 provides a description of the standard operating procedures (SOPs) for

each field investigation method.
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2.0 SITE BACKGROUND

Previous investigations of hazardous waste sites at the Naval Base, Norfolk, Virginia have
been conducted under an Initial Assessment Study, Confirmation Study, and Site Suitability

Assessment Study. Additionally, an Interim Remedial Investigation was performed.

In April 1982, an Initial Assessment Study (IAS) was conducted at the Sewell’s Point Naval
Complex, Norfolk Naval Base, Norfolk, Virginia. The IAS identified 18 sites of concern with
regard to potential contamination. The Camp Allen Landfill Areas A and B were inciuded as

potential areas of concern (Figure 1-2).

The IAS identified a high potential for migration of contaminants from the landfill to off-site
areas via the shallow (surficial) groundwater and the surface water drair;ge ditches.
Migration of contaminants to the deeper Yorktown Aquifer also was suggested since no
evidence of a continuous aquitard (layer of low permeability soils which retard vertical
groundwater flow) was found underlying the area. A Confirmation Study was recommended

because of the potential for contaminant migration.

Malcolm Pirnie, Inc. conducted two separate (but related) investigations at the Camp Allen
Landfill Site between 1983 and 1987. The investigations included a Confirmation Study
(begun in 1983 and completed in 1987) and a Site Suitability Assessment (SSA) for a proposed
Brig facility expansion at the site (begun in 1983 and completed in 1984).

Figures 2-1 and 2-2 present existing monitoring well locations and surface water and sediment

sampling locations at Areas A and B from previous investigations, respectively.
2.1 Area A

The Camp Allen Landfill Site - Area A includes a large area of approximately 43 acres.
Operations at the Camp Allen Landfill (Area A) were conducted from the early 1940s until
about 1974 to dispose of a variety of materials, It is estimated that approximately 40,000
pounds of metal plating sludges, 60,000 pounds of parts cleaning sludges, and 400,000 pounds
of paint stripping residues were disposed. Other materials disposed of at the site include
incineration ash, fly and bottom ash from the Navy power plant, overage chemicals, spent
chlorinated organic solvents, acids, caustics, paints, paint thinners, pesticides, asbestos, scrap

metal, and construction and demolition debris.

2-1
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At present, the majority of Area A is capped with a grass cover to minimize surface erosion,
Area A incorporates the Navy Brig facility in addition to a heliport built over a portion of the
landfill. The area is adjacent to tidal drainage ditches that convey surface water runoff north
to Willoughby Bay via the developed channel of Boush Creek. Additionally, a residential area
(Glenwood Park) is located to the west of the site.

2.2 Area B

Area B is about two acres in size. In 1971, a fire in a salvage yard located between Landfill
Areas A and B (Figure 1-2) occurred where waste lubricating oils, organic solvents, paints,
paint thinners, acids, caustics,“and pesticides were stored. It was reported that the burned
material, smoldering residue from the fire, and residual waste, which was not burned, were
buried just east of the salvage yard in Area B. Many of these wastes were reportedly drummed
or otherwise containerized. The trenches used for landfilling in Area B were reportedly about

150 feet long, six to eight feet deep, and 10 feet wide.

At present, all of Area B is capped with a grass cover to minimize surface erosion. The area is
adjacent to tidal drainage ditches that convey surface water runoff north to Willoughby Bay
via the developed channel of Boush Creek. Additionally, the Camp Allen Elementary School

is located approximately 300 feet southeast of the site.
2.3 References

Malcolm Pirnie, Inc. (1987), NACIP Program Confirmation Study. Sewell’s Point Naval
Complex, Norfolk, Virginia. Contract N62470-83-C-6079.

Malcolm Pirnie, Inc. (1984), NACIP Program Confirmation Study - Site Suitability

Assessment, Proposed Brig Expansion (P-977). Naval Station, Norfolk, Virginia.

CH2M Hill (1990-1991), Raw Data and Site Summaries from Interim Remedial Investigation.
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3.0 FIELD ACTIVITIES

3.1 Subcontractor Procurement

Upon approval and finalization of the Project Plans, Baker will finalize the Scope of Work for
selected subcontractors, including the driller, analytical laboratories, data validation
subcontractor, Geoprobe subcontractor, and land surveyor. Prior to initiation of field work,

Baker will finalize negotiations with the Geoprobe contractor, analytical laboratories, and

drilling subcontractor.

3.2 Site Investigation

In addition to Project Management and Subcontractor Procurement, on-site work to be

performed will include the following tasks:

o TField Activities - Area A

v W W W vV VvV Vv Vew

Geophysical Survey

Residential Well Sampling

Surface Water and Sediment Sampling
Monitoring Well Installation

Characterization of Contamination from B-20W Source

Geologic Borings

Groundwater Sampling/Sample Analysis
Air Sampling at Brig Facility

Slug Tests

Aquifer Test

Land Surveying

& Field Activities- Area B

v v VvV v v v v w

Surface Water/Sediment/Soil Sampling
In-situ Groundwater Sampling {Geoprobe)
Drilling and Monitoring Well Installation
Characterize Source Contamination at Area B
First Round Groundwater Sampling Event
Groundwater Sampling - Round 2 and Round 3
Land Surveying

Slug Tests

Work at both areas will be conducted concurrently.

3-1



3.2.1 Site Visit

The Baker Project Manager and Project Geologist participated in a meeting at LANTDIV and
briefl site visit February 7, 1992. During the meeting, sample locations were scoped and
documented based on consultation with: the Engineer-in-Charge (EIC). Baker also-
participated in a more in-depth site visit on March 24, 1992 with the EIC, and Activity

personnel.
3.2.2 Background Review

In addition to the site visit, a review of available background information was conducted. This

review included available documents and analytical data results from previous investigations, .

in addition to available geologic/hydrogeologic information of both a site-specific-and regional- - - -

nature. The site visit and background review provided information to facilitate preparation of

the project plans.

3.3 Field Activities - Area A

3.3.1 Geophysical Survey

At the outset of the investigation for this area, a geophysical survey will be conducted in order
to assist in defining a drainage channel thought to be present below the landfill. Additionally,
data will be used to modify locations of subsequent soil borings and monitoring wells. Various
techniques will be utilized including electromagnetic profiling, gamma logging, and

resistivity profiling.

In order to better define the location of the channel previously situated in the vicinity of

Area A, the following geophysical survey tasks will be conducted:
& Three transects each of EM 31 and EM 34 data runs.
® Resistivity sounding (five sectors totaling not more than 2,000 L.F.).

& Six borehole gamma logs.

Continuity of the upper clay layer will be investigated by electromagnetic (EM) terrain

conductivity profiling or resistivity constant spacing profiling along the lines of coverage as

3-2
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shown on Figure 3-1. Both shallow and deep penetrating profiling will be conducted to

determine the continuity of the clay layer.

Vertical electrical resistivity soundings will be used to determine the presence or absence of
the clay layer. Resistivity data from these locations will- be modeled to determine the

subsurface strata and the thickness of the clay layer.

Natural-gamma logging in six existing deep boreholes nearest to the resistivity profiles
(A-MW1B, A-MW4B, A-MW6B, A-MW9B, A-MW11B, and B-1W) will be used to identify
lithology in addition to stratigraphic correlation across the site. Five deep well locations are
selected in order to maximize subsurface characterization. If either of the 110-foot deep wells
(A-MW1C and/or A-MW9C) are completed at the time of gamma logging, these wells will be
used during the geophysical investigation instead of A-MWI1B and/or A-MW9B.

Section 4.3 presents a deseription of geophysical surveying procedures. Geophysical survey
equipment and use is detailed in Section 5.1 - “Geophysics - Borehole;” Section 5.2 -
“Geophysics - Electromagnetic Induction;” Section 5.3 - “"Geophysies - Ground Penetrating
Radar Profiling;” and Section 5.4 - “Geophysics - Magnetometry Profiling.”

3.3.2 Residential Well Sampling

It is anticipated that residential well sampling will be conducted prior to mobilization of the
drilling rigs. Figure 3-2 presents previously sampled residential wells. Samples will be
obtained from approximately five residential wells in the Glenwood Park area located west of
the Area A landfill.

Samples will be collected from outside taps which are located closest to the well. Well water
will be allowed to flow from the tap for a period of approximately 10 to 18 minutes prior to
sampling to permit the lines to clear of stagnant water. During the 15 minute purge time,

temperature, pH, and specific conductivity will be measured using field instrumentation.
Subsequent to purging, groundwater will be collected into the appropriate sampling

containers, packaged, and shipped to the laboratory for analysis of volatile organic compounds.

All sampling equipment will be removed prior to departure from the residence.

3-3
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Section 4.4 presents general field operations for Residential Well sampling. Stabilization of

field measurements are discussed in Section 5.5 “Water Quality Testing.”
3.3.3 Surface Water and Sediment Sampling

Surface water and sediment will be sampled from the drainage channels in the vicinity of
Area A, Sediment samples will be collected from 20 locations as presented in Figure 3-3.
Eight of the 20 sample locations will be in the vicinity of surface water and sediment sampling

from the previous investigation.

Surface water samples will be collected prior to sediment sampling from eight locations
{(Figure 3-3) and will be analyzed for TCL and TAL (dissolved-only) parameters, chloride, -
sulfate, and alkalinity. The scope of work may be modified to include aqueous total metals
analysis. Additionally, sampling locations may be modified to address other potential

drainageways.

Sediment samples will be collected subsequent to surface water sampling from a depth of 0 to
0.5 feet at each location. Additionally, one sediment sample will be collected from a depth of 2
to 2.5 feet at six of the locations (Figure 3-3). All sediment samples will be analyzed for
selected metals (arsenic, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and

vanadium).

Sampling of surface water and sediment will be conducted from downstream to upstream to
reduce the amount of turbidity in the surface water samples. Additionally, sampling will
occur at times of low tide and low flow to minimize dilution of possible contaminants.

Therefore, sampling activities will not occur subsequent to periods of heavy rainfall.

Section 4.5 details general field operations and Section 5.6 presents Surface Water and

Sediment Sampling SOPs.

3.3.4 Drilling and Monitoring Well Installation

Subsequent to the geophysical survey,qresidentia] well sampling, and surface water/sediment
sampling activities, a series of monitoring wells will be installed to determine the extent of

groundwater contamination in the vicinity of Area A. Monitoring well locations are presented

in Figure 3-4.
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Two 110-foot deep wells will be installed at A-MW9 and A-MW1. These two wells will he set at
110 feet, but drilling is anticipated to reach 150 feet depth to define the bottom elevation of the
Yorktown Aquifer. These two wells will be installed prior to installation of the 65-foot deep
wells. If contaminants exist at deeper levels than 65 feet, the total depth of the seven 65-foot
deep wells to be drilled downgradient from the landfill will be evaluated and modified, as

necessary.

Seven 65-foot deep monitoring wells will be installed subsequent to the installation of the two
110-foot deep wells. Two 65-foot deep wells will be installed on site at locations A-MW8 and
B-15W. The well at A-MW8 will be 4-inches in diameter to facilitate conducting an aquifer
test (Section 3.3.10). Five wells will be installed downgradient of the landfill on the other side
of the western drainage channel to characterize horizontal migration of contaminants in the-
Yorktown Aquifer. Additionally, these wells will be placed in locations which may be used to

measure groundwater elevations during the aquifer test.
®  One well will be installed on Forrest Avenue (within the Glenwood Park housing plan)
approximately midway between the Base fence and the intersection of Forrest Avenue

and Boush Avenue.

¢ One well will be installed approximately 150 feet west of the Base fence on Beechwood

Avenue.

¢  One well will be located approximately 800 feet west of existing well B-15W and east

of an existing dirt pile east of the Breezy Point Apartment complex.

¢  One well will be located approximately 600 feet west of existing well A-MWI1B.

&  One well will be located approximately 300 feet north of existing well nest A-MW1A/B
at the end of the gravel road along the Norfolk and Portsmouth Railroad Right-of-

Way.

One 65-foot deep piezometer will be installed near A-MW8 (approximately 50 feet south or

wesl, as accessible) to be utilized during the aquifer test.
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It is estimated that wells will be screened from 110 to 100 feet below ground surface in the two
110-foot deep wells, and from 65 to 55 feet below ground surface in the seven 65-foot deep
wells. However, these screen depths are subject to change depending upon field conditions and

Round 1 analytical results.

Sections 4.6 and 4.7 detail general field operations for well installation and well construction.
Sections 5.7 and 5.8 present “Borehole and Sample Logging” and “Monitoring Well

Installation,” respectively.
3.3.5 Source Characterization of Contamination from B-20W

The extent of contamination at monitoring well B-20W {see Figure 3-4) will be characterized
by installing one stainless-steel monitoring well to-the bottom of the surficial aquifer-
(approximately 30 feet below ground surface) to evaluate the presence of Dense, Nonagueous
Phase Liquids (DNAPLs) at this location. It is assumed that drilling will be performed in
elevated levels of personal protective equipment (Level C or Level B) during this activity, as
previous analytical results indicate high concentrations of volatile organic compounds (VOCs)

in the groundwater.

Eight soil borings will be drilled to a depth of 20 feet near B-20W, as shown in Figure 3-5, in
order to evaluate the extent of the scurce contamination in the soil surrounding this well.
Subsurface soil samples from the borings will be secreened with an HNu photoionization
detector to measure volatile organic vapors. One subsurface soil sample from each boring will
be submitted for analysis of TCL parameters. These samples will be obtained from just above
the water table. Additionally, one groundwater sample from the stainless-steel well will be
submitted for analysis of TCL and TAL parameters. It is assumed drilling will be performed in

elevated levels of personal protective equipment (Level C or Level B).
Section 4.8 details general field operations for Soil Borings. Sections 5.7, 5.9, 5.10, and 5.11
present Baker's SOPs for “Borehole and Sample Logging,” “Soil and Rock Sample

Acquisition,” “Photoionization Detector,” and “Flame lonization Detector,” respectively.

3.3.8 Geologic Borings

Ten subsurface borings will be drilled in and around the landfill at Area A (Figure 3-5) to

better define the distribution of the clay layer underlying the surficial aquifer. The clay layer
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is assumed to begin at a depth of approximately 30 feet and extend to a depth of about 60 feet.
The borings will be advanced to an estimated depth of 40 feet. However, when the clay unit is
encountered, drilling will advance no further than two to four feet into the clay to prevent

possible penetration through the unit.

It is assumed that drilling on the landfill will be performed in elevated levels of personal

protective equipment (Level C or Level B).

One sample of clay each will be collected from five of the ten borings (to be determined in the

field) and submitted to a laboratory for physical parameter testing including:

Grain size by sieve and hydrometer (D422) -
Atterberg limits

Bulk density

Moisture content (D2216)

Subsequent to drilling and sample collection each boring will be backfilled with a
cement/bentonite grout to the ground surface. Section 4.8 describes general field operations

for soil borings. Section 5.7 presents "Borehole and Sample Logging” SOPs.
3.3.7 Groundwater Sampling - Rounds 1, 2, and 3

Three separate groundwater sampling events will be conducted as part of the investigation.
The results of the first round will be used to help determine if the extent of the contamination
has been defined by the newly installed wells. Wells will be developed and sampled not less
than 24 hours after installation, as per LANTDIV's directive.

Round 1 - Subsequent to well development of each of the seven newly-installed, 65-foot deep
wells, groundwater will be collected and analyzed for chlorinated volatile organic compounds
(VOCs) by EPA Method 601. A local laboratory (non-NEESA certified) will be used to analyze

the samples from the 65-foot deep wells on a two- to three-day acecelerated turn around basis.

Additionally, the two 110-foot deep monitoring wells will be sampled and analyzed via EPA
Method 624. Two samples will be collected from each of the 110-foot deep wells. The local
laboratory will be used to ané]yze the first set of sarﬁples from the 110-foot deep wells on a two-

to three-day accelerated turn around basis. Additionally, a field Gas Chromatograph, to be
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used during the Geoprobe investigation at Area B may be available to “field screen” the second
set of groundwater samples from the two 110-foot deep wells using EPA Method 601
(modified).

Round 2 - Sixteen shallow wells and 15 deep wells will be sampled and samples submitted to
the laboratory to be analyzed for the TCL and TAL compounds, chloride, sulfate, and
alkalinity. Additionally, the 30-foot deep stainless steel well will be sampled and analyzed for
TCL parameters only. Contract Laboratory Program (CLP) protocols (Level D QA/QC) will be
used during analysis. TAL metals (dissolved) analysis may be modified te include total

metals.

Round 3 (Optional) - Fifteen deep wells will be sampled no less than three months (90 days)
after the second sampling event (Round 2). These samples will be analyzed-for the TCL
volatile organic eompounds only. It is assumed that the other compounds will not be detected

in significant concentrations to require continued monitoring. CLP protocols (Level D QA/QC)

will be used during analysis. If elevated concentrations of contaminants other than volatile

organic parameters are present in the Round 2, Baker will recommend increasing the

analytical program in Round 3 to include additional parameters, as necessary.

Static water level will be measured in all existing and newly installed wells during each
sampling event. Measurements will be obtained from top of casing to determine groundwater

elevation.

Sections 4.9 and 4.10 details general field operations for well development and groundwater
sampling activities, respectively. Sections 5.12 and 5.13 present “Water Level, Water-Product

Level, and Well Depth” and “Groundwater Sample Acquisition” SOPs, respectively.

3.3.8 Air Sampling at Brig Facility

Air sampling activities will be conducted according to the LANTDIV SOW and the Air
Sampling Plan Addendum to be developed by Baker. Eight air samples will be collected in the
vicinity of the Brig Facility at Area A and will be analyzed for TCL volatile organic compounds

only.

Three samples will be collected inside the facility at a location nearest to monitoring well

B-20W to characterize the effect the well has on interier ambient air conditions. Three
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samples will be collected from outside the facility (in the vicinity of monitoring well B-20W) to
characterize ambient air conditions in the immediate area. Additionally, one background
sample will be coliected from inside the building and one background sample will be collected

from outside the building at points farthest from well B-20W.

It is anticipated that two eight-hour sampling periods will occur during this activity. The Air
Sampling Plan Addendum will detail the Air Sampling Program including interior and

exterior sampling locations, parameters to be analyzed, sampling protocols, ete.

3.3.9 Slug Tests

An in-situ hydraulic conductivity test (slug test) will be conducted on eight of the 11 newly
installed wells (six 65-foot and two 110-foot deep) at Area A. The 4-inch well, stainless steel. .
well, and piezometer, will not be included in this task. One rising head test and one falling

head test will be conducted on each well.

The rising-head test is conducted where the static water level in the subject well is nearly
instantaneously displaced vertically downward at the initiation of the test; the decay of this
artificially depressed head is measured against time to provide data for the calculation of

conductivity or transmissivity,

The falling-head test is conducted where the static water level in the subject well is nearly
instantaneously displaced vertically upward at the initiation of the test; the decay of this
artificially impressed head is measured against time to provide data for the calculation of

conductivitiy or transmissivity.

Section 4.11 details general field operating procedures for slug tests. Section 5.12 presents the

“In-situ Hydraulie Conductivity Testing” SOP.
3.3.10 Agquifer Test

The aquifer test will be conducted by the drilling subcontractor to determine the Yorktown
Agquifer hydraulic parameters. Monitoring well A-MW8B will be pumped for a 24-hour period
and will be allowed to recover for a period of 24-hours. Water levels will be monitored at seven

well locations and the newly installed piezometer during the 48-hour test.
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Section 4.12 details general field operations for conducting an aquifer test. Section 5.15

presents the “Aquifer Testing” SOP.

3.3.11 Land Surveying

Thirty-two existing monitoring wells, ten newly installed wells, one piezometer, and existing
staff gauges will be surveyed for vertical and horizontal control. A registered land surveyor
will determine the elevations and locations of all monitoring wells and site structures (i.e.,
staff gauges). Seoil borings, surface water/sediment sampling locations, and geophysical

survey points will not be surveyed, but will be referenced to existing structures and mapped.

Section 4.13 presents general land surveying procedures.

3.4 Field Activities - Area B

Field activities will include a geophysical survey, surface water/sediment/surface soil
sampling, installation of groundwater monitoring wells with associated groundwater
sampling, soil borings with associated subsurface soil sampling, slug tests, and land

surveying,
3.4.1 Surface Water/Sediment/Soil Sampling

A total of eight sediment samples will be submitted for analysis of parameters from the TCL
and TAL. Sediment samples will be coliected from six locations at a depth of 0 to 0.5 feet.
Additionally, one sediment sample will be shtained from a depth of 2 to 2.5 feet at two of the
locations. Samples will be collected in the vicinity of previous sediment sampling activities at

the pond and drainage channel located adjacent to Area B.

Surface water samples will be obtained from five locations at the pond and drainage channel

and will be analyzed for TCL and TAL parameters.

Near-surface soil samples will be collected from a depth of about two feet below ground surface
in the vicinity of the schoolyard adjacent to Area B. Due to a Technical Review Committee
(TRC) member request, a total of three grab samples will be submitted toAthe laboratory for
analysis of TAL metals only. All analytical work under this task will be conducted using CLP
protocols (Level D QA/QC).
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Figure 3-6 presents surface water/sediment sampling locations and surface soil sarapling
locations at Area B. Soil sample locations at the school were selected to address the schoolyard

area as a whole.

Section 4.5 details general field operations for surface water and sediment sampling,.

Section 5.6 presents Baker's “Surface Water and Sediment Sampling Acquisition” SOP.
3.4.2 In-situ Groundwater Sampling (Geoprobe)

The Geoprobe sampling technique can sample and analyze subsurface contamination in soil
gas, soil, and/or groundwater. During the initial phase of the investigation at Area B, the
Geoprobe system will be utilized to collect and analyze groundwater samples to assist in
determining the extent of contamination in the surficial aquifer, as well as the direction of
migration. This information will aid in determining optimum locations for the five shallow

monitoring wells to be instalied downgradient of Area B.

Prior to well installation, groundwater samples will be collected from 25 locations in a
“crescent shaped” area approximately 450 feet wide as presented in Figure 3-7. Due to the
presence of volatile organic contaminants in the existing wells, the area downgradient of the

wells will be investigated.

Two sets of groundwater samples will be collected at each sampling location. The first set of
samples will be collected and analyzed by a gas chromatograph (GC) in an on-site laboratory
equipped van. The on-site GC will be used to scan the groundwater samples and will be able to
relay results to the field crew on a same-day basis so that field decisions can be made regarding
the placement of shallow monitoring wells. EPA Method 601 (modified) will be used to

analyze selected VOCs based on previous analytical results.

The second set of groundwater samples will be shipped to a local laboratory (non-NEESA
certified) and will be analyzed within a two- to three-day time frame for chlorinated volatile

organic compounds using Method 601
Subsequent to collecting t};e groundwater sample, the probe will be removed and the hole will

be backfilled to the ground or surface with a cement/bentonite grout mixture. It is anticipated

that the Geoprobe will be advanced in both paved and grass-covered areas.
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The Geoprobe system will be used to collect and analyze groundwater samples at
approximately 10 locations per day. If contamination is present, proposed monitoring well
locations (tentatively located during the site visit) will be adjusted in order to better define the

contamination plume.
34.3 Drilling and Monitoring Well Installation

A total of eight monitoring wells will be installed to determine the extent of groundwater
contamination in both the surficial and Yorktown aquifers. Locations will be determined

during the site visit and by in-situ groundwater sampling (Geoprobe) results.

Five 25-foot deep monitoring wells will be installed at locations determined by the results of
the Geoprobe sampling activity. These wells will be constructed using 2-inch diameter PVC
riser and 10-foot screen length, The shallow wells will be screened from approximately 25 feet
to 15 feet below ground surface. It is anticipated that the majority of the shallow wells will be

completed with flush-mount protective casing in traffic areas.

Three 65-fcot deep monitoring wells will be installed adjacent to existing shallow wells
B-MW7, B-MW§, and B-MW11.

These wells will be constructed using 2-inch diameter PVC riser and 10-foot screen length.
The deep wells will be screened from approximately 65 feet to 55 feet below ground surface. It
is anticipated that the majority of the deep wells will be completed with a 5-foot length of

protective casing and guard posts in nontraffic areas.

Figure 3-7 also presents Area B proposed monitoring well locations.

Sections 4.6 and 4.7 detail general field operations for monitoring well installation and
construction, respectively. Sections 5.7, 5.8, and 5.9 presents Baker's “Borehole and Sample

Logging,” “Soil and Rock Sample Acquisition,” and “Monitor Well Installation” SOPs,

respectively.
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3.4.4 Characterize Source Contamination at Area B

As part of the Source Characterization Task, a magnetometer or Ground Penetrating Radar
(GPR) survey will be performed to determine if any drums or buried metal are present
(Figure 3-1).

Based on the results of the geophysical survey at Area B, ten borings will be drilled to a depth
of approximately 10 feet. Figure 3-7 shows proposed test boring locations at Area B based on
the results of a previous soil gas survey. Actual soil boring locations will be adjusted in the
field subsequent to review of the geophysical survey at Area B. It is assumed drilling on the

landfill will be performed in elevated levels of personal protective equipment (Level C or
Level B).

Subsurface soil samples will be screened for volatile organic vapors using an HNu
photoionization detector (PID). One subsurface soil sample from each borehole will be
submitted to the laboratory for chemical analysis. Most likely this sample will be collected
just above the water table or at a depth determined by the site geologist based on evidence of
visual and/or measured contamination. Analytical parameters will include TCL and TAL

parameters.

Sections 4.3 and 4.9 detail general field operations for geophysical survey and soil boring
activities. Sections 5.3 and 5.4 present “GPR” and “Magnetometry Profiling,” respectively.
Sections 5.7 and 5.9 present “Borehole and Sample Logging” and “Soil and Rock Sample

Acquisition,” respectively.
3.4.5 First Round Groundwater Sampling Event

Subsequent to well development, three newly installed 65-foct deep wells will be sampled
during this event. Samples will be analyzed for VOCs using EPA Method 601.

A local (non-NEESA certified) laboratory will be used to analyze the samples on a two- to

three-day accelerated turnaround basis. Wells will be developed and sampled not less than 24
hours after installation per LANTDIV’s directive.
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3.4.6 Groundwater Sampling - Round 2 and Round 3

Round 2 - During the Area B investigation sixteen shallow and six deep monitoring wells will
be sampled and analyzed for the TCL and TAL compounds, chloride, sulfate, and alkalinity.
Contract Laboratory Program protocols (Level D QA/QC) will be used during analysis.

Round 3 (Optional) - Twenty-two wells (fourteen existing and eight newly installed wells) will
be sampled during this event. Samples will be analyzed for the TCL volatile organic
compounds only. Contract Laboratory Program protocols (Level D QA/QC) will be used during
Round 3 analysis. It is assumed that the other compounds will not be detected in significant
concentrations to require continued monitoring. However, if other compounds are detected in
significant concentrations during Round 2, a modification to the scope of work regarding

Round 3 may be requested to include additional parameters, as necessary.
Static water level will be measured in all existing and newly installed wells at Area B during

each sampling event. Measurements will be obtained from top of casing to determine

groundwater elevation.

Section 4.9 details general field operations for groundwater sampling. Section 5.13 presents

Baker’s “Groundwater Sample Acquisition” SOP.

3.4.7 SlugTest

An in-situ hydraulic conductivity test (slug test) will be performed on six of the eight newly
installed monitoring wells at Area B. The six wells at Area B will be selected in the field. One
rising head test and one falling head test will be conducted on each well. Refer to Section 3.3.9

for a description of rising and falling head tests.

Section 4.11 details general field operating procedures for slug tests. Section 5.14 presents the

“In-situ Hydraulic Conductivity Testing” SOP.

3.4.8 Land Surveying

Fourteen existing monitoring wells and eight newly installed monitoring wells will be

surveyed for vertical control and horizontal control at Area B.
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Section 4.13 details general field operations for land surveying.

3.5 Sample Analysis

All samples will be analyzed following NEESA standard methods. The appropriate number of
field QA/QC samples, including field blanks, rinsate blanks, and duplicates/replicates will be
analyzed in addition to laboratory QA/QC samples, including matrix spike and matrix spike

duplicate samples.

A subcontracted NEESA-certified laboratory will be used to perform the sample analysis.
Baker personnel will be responsible to track analysis of the samples and obtain results from
the laboratory. Three sampling events are anticipated for each area under investigation, with

a minimum time of three months (90 days) between the second and third event.

Table 3-1 presents sample summaries for environmental and QA/QC samples. Tables 3-2 to
3-12 present parameters, number of samples, bottle requirements, preservation, and holding

time requirements for each area for each sampling round.

Hydrochloric acid will be used to adjust aqueous volatile organic samples to a pH of less than 2.
Each aqueous sample obtained for TAL metals analysis will be preserved with nitric acid to a
pH of less than 2. The nitric acid (HNO3)} will be added to the dissolved metals sample aliquot
subsequent to filtering. Groundwater samples obtained for cyanide analysis will be preserved
with sodium hydroxide (NaOH) to a pH of greater than 12. Sample analysis for metals may be

modified to include total metals analysis.

Section 4.15 details general field operations for sample preservation. Section 5.16 presents

“Sample Preservation” SOPs.

The type of container used for each sampling effort, as well as a summary of preservation

requirements also are described in the QAPP.

3.6 Quality Assurance/Quality Control

The appropriate number of field QA/QC samples, including field blanks, rinsate blanks, and

duplicates will be analyzed in addition to laboratory QA/QC samples, including matrix spike
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TABLE 3-1

SUMMARY OF ENVIRONMENTAL SAMPLES*

No. of
Samples TCL TAL TAL®MD
Media/No. of per VOCs VOCs TCL Semi- | Pesticide/| (Dissolved) (Total} | Selected
Site Location Sample Type Locations Location | (Method 601} | (Methed 624) | VOCs volatiles PCBs Metals Metals | Metals®) | Chloride | Sulfide | Alkalinity
Area A Residential Wells | Aqueous/53} 1 5
Subsurface Soil | Solid/8 1 8 8 8
Surface Water Agqueous/8 1 8 8 8 8 8 8 8 8
Sediment 0-.5' [ Sohd/20 1 20
2-2.5' | Solid/6 1 6
Groundwater
Round 1 &) Aqueous/9 1 ki 2
Round 2 ¢} Aqueous/32 1 32 32 32 31 32 31 31 31
Round 3 (opt:) (® | Aqueous/15 1 15
Total Samples :
Area A 7 2 88 48 48 39 40 26 39 39 39
AreaB Subsurface Soil Selid/10 1 10 10 10 10
Surface Water Aqueous/d 1 b 5 5 5 5
Sediment 0-5 | Solid/6 i § ] 8 B
2-2.5' | Solid/2 1 2 2 2 2
Surface Soil Solid/3 1 3
Geoprobe Aqueous/2d 1 25
Groundwater
Round 1 4} Agqueous/3 1 3
Round 25 . Aqueous/22 1 22 22 22 22 22 22 22 22
Round 3 (OpL‘.) 8) § Aqueous/11(6) 1 11
Total Samples '
AreaB 28 56 45 45 27 48 22 22 22
Total -
Areas A and B | 35 2 144 93 93 66 102 26 61 61 61




i

¥o-¢

=
S
=
i
et
N
w

TABLE 3-1 (Continued)

e

QA/QC SAMPLE SUMMARY
No. of Matrix )
. Environmental Duplicate Replicate Spike/Matrix Equipment . Field(™
Task Media Samples {Aqueous) (Solid) Spike Duplicate Rinsate Trip Blanks Blanks
Area A
Residential Wells Aqueous 5 1 2
Subsurface Soil Solid 8 1 2 4 4 2
Surface Water Aqueous 8 1 2 1 4 218
Sediment: 0-.5" Solid 20 2 1 1
2.2.5 6 1 1 1 2
Groundwater
Round #14) Aqueous 9 1 9
Round #2® | 32 4 4 6 18 2
Round #3 ) 15 2 2 2 2 2
TOTAL AREA A . 103 9 4 12 15 39 10
Area B
Subsurface Soil Solid 10 1 2 5 8
Surface Water f Aqueous 5 1 2 1 3
Sediment: 0-.5' Solid 6 1
2-2.5' 2 1 1 1 1
Surface Soil Solid 3 (3 1 [£2] (9)
Geoprobe Aqueous 25 3
Groundwater
Round #1t4) - Aqueous 3 1 3
Round #2(¢ 22 3 4 4 17
Round #3 (5 22 3 2 3 3
TOTALAREAB ____ 87 10 3 14 14 38
TOTALAREASA ANDB 190 19 7 26 29 (i 10

*  Optional air samples at Brig - 15 samples to be determined.

(1) Forty (40) samples at Area A and 27 samples at Area B for total metals analysis reflect the Mod. 2 scope of work.

(2} Selected metals analysis will include: arsenic, beryllium, cadmium, chromium, lead, mercury, selenium, silver, and vanadium.
t3) Residential wells-(Area A) - Number of samples changed from 25 to 5 to reflect Mod. 2 scope of work.

t4) Round 1 GW - Areas A & B-non-NEESA QA/QC

8} Analysis will be performed {(in Rounds 2 and 3) under Level D QA/QC.

{6) Area B -Round 3 samples changed from 22 to 11 to reflect Mod. 2 scope of work.

(M Two sources of water (potable and deionized) will be analyzed for each parameter/each round.

8) Metalsonly.

(9 Surface soil replicate, rinsate and trip blanks at Arca B are included in sediment QA/QC totals.
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ENVIRONMENTAL - SEDIMENT/SOIL SAMPLES

AREAA-ROUNDI1

b

b

# of

Preservation

Analytical

; ' ing Time &)
Parameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 8 glass teflon lined cap Cool t0 4°C 10 days CLP 1 x50 gm
(VOA)
Semi-Volatile Organic 8 glass teflon lined cap Cool to 4°C Extraction within 7 CLP 1x50gm
Compounds (SVOA) days
. Analyze 40 days
PCB/Pesticides 8 glass teflon lined cap Cool to 4°C Extraction within 10 CLP 1x50gm
days
Analyze 40 days
Selected Metals
Aqueous (1¥ - plastic/glass Cool to 4°C Mercury is 28 days CLP 1x 50 gm
Sediment 26 180 days
SELECTED METALS (below) (2)
Arsenic 26 plastic/glass Cool to 4°C 180 days EPA 206.2 1x50gm
(Furnace)
Beryllium 26 plastic/glass Cool to 4°C 180 days EPA 200.7
(ICAP) |
Cadmium 26 plastic/glass Cool to 4°C 180 days EPA200.7
JCAP) |
Chromium 26 plastic/glass Cool to 4°C 180 days EPA 200.7
(ICAP)
Lead 26 plastic/glass Cool to 4°C 180 days EPA 239.2
(Furne;gei)
Mereury 26 plastic/glass Cool to 4°C 28 days EPA 245.1
(Cold Vapor)
Selenium 26 plastic/glass Cool to 4°C 180 days EPA 270.2
(Furnace) |
Silver 26 plastic/glass Cool to 4°C 180 days EPA 200.7
(ICAP) |
Vanadium 26 plastic/glass Cool to 4°C 180 days EPA 200.7
(ICAP

13 Dissolved

(2 A total of 26 sediment samples will be analyzed for the metals indicated.
(3) VTSR - Validated time of sample receipt.
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TABLE 3-3
QA/QC - SEDIMENT/SOIL SAMPLES
AREAA-ROUND1

b

~
b

p Duplicate Trip Equipment é“lield 1di @) Analytical 1 1
argmeter Samples | Blanks (D | Rinsate® (??k MS/MSD Holding Time Method Bottle Volume
Volatile Organic 1 4 4 2 2 10 days CLP 1 x 50 gm (solid)
Compounds (VOA) 2 x 40 ml (aqueous)
Semi-Volatile Organic 1 - 4 2 2 Extraction within CLP 1 x50 gm (solid)
Compounds (SVOA) T days 2 x 1 liter (aqueous)
Analyze 40 days
PCB/Pesticides 1 - 4 2 2 Extraction within CLP 1 x 50 gm (solid)
10 days 2 x 1 liter (aqueous)
Analyze 40 days
Selected Metals
Aqueous - - 2 2 2 Mercury is 28 CLP 1 x 50 gm (solid)
days 1 x 1 liter (aqueous)
Sediment 3 180 days
SELECTED METALS (below)
Arsenic 3 - 2 2 2 180 days EPA 206.2 1x50gm
(Furnace)
Beryllium 3 -- 2 2 2 180 days EPA 200.7
(ICAP)
Cadmium 3 -- 2 2 2 180 days EPA 200.7
(ICAP)
Chromium 3 - 2 2 2 180 days EPA 200.7
(ICAP)
Lead 3 - 2 2 2 180 days EPA 2392
(Furnace)
Mercury 3 - 2 2 2 28 days EPA 2451
(Cold Vapor)
Selentum 3 - 2 2 2 180 days EPA 270.2
(Furnace)
Sitver 3 - 2 2 2 180 days EPA 200.7
(ICAP)
Vanadium 3 - 2 2 2 180 days EPA 200.7
(ICAP)

(1) Aqueous sample

(2) VTSR - Validated time of sample receipt
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TABLE 3-4

ENVIRONMENTAL - SWSAMPLES

AREAA-ROUND1
#of . Preservation | . . Analytical '
(2)
Parameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 8 glass teflon lined cap Cool to 4°C 10 days CLP 2x40ml
(VOA) 1:1 HCipH <2
Semi-Volatile Organic 8 glass teflon lined cap Cool to 4°C Extraction within 7 CLpP 2 x 1 liter
Compounds (SVOA) days
Analyze 40 days
PCB/Pesticides 8 glass teflon lined cap Cool to 4°C Extraction within 10 CLP 2 x 1 liter
' days
Analyze 40 days
Selected Metals
Aqueous (1) 8 plastic/glass HNO;4 Mercury is 28 days CLP 1x1liter
Sediment - to pH <2 180 days
OTHER ANALYTES (below)
Chloride 8 plastic/glass None required 28days EPA 325.3 1x1liter
Sulfate 8 plastic/glass None required 28days EPA 3754
Alkalinity 8 plastic/glass Cool to 4°C 14 days EPA 310.1

(I3 Dissolved

(2) VTSR - Validated Time of Sample Receipt
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QA/QC - SW SAMPLES

TABLE 3-5

AREAA-ROUNDI

i

Parameter Duplicate | ~ Trip ~} Fquipment glieii MS/MSD | Holding Time Analytical Bottle Volume
¢ Samples | Blanks @ } Rinsate ) (za 3 g i Method
Volatile Organic 1 4 1 - 2 10 days CLP 2 x 40 ml
Compounds (VOA)
Semi-volatile Organic 1 - 1 - 2 Extraction within CLP 2x 1 liter
Compounds (SVOA) Tdays
Analyze 40 days
PCB/Pesticides 1 - 1 - 2 Extraction within CLP 2x1 liter
10 days
Analyze 40 days
Metals (TAL)
Aqueous (1) 1 - 1 2 2 Mercury is 28 CLP 1x1liter
days
Sediment - - 180 days
SELECTED METALS (below)
Chloride 1 - 1 2 2 28 days EPA 325.3 1x1 liter
Sullate 1 = 1 2 2 28 days EPA 375.4
Alkalinity 1 -- 1 2 2 14 days EPA 310.1

(1) Dissolved
(Z)  Agueous sample

) Irield Blank Round 1 assumed as one event with two (potable/D.L) water sources
4) VTSR - validated time of sample receipt
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TABLE 3-6

ENVIRONMENTAL - SEDIMENT/SOIL SAMPLES
AREAB-ROUNDI1

ek

# of . Preservation . . Analytical
4)
Parameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 18 glass teflon lined cap Cool to 4°C 10 days CLP 1x50gm
(VOA)
Semi-Volatile Organic 18 glass teflon lined cap Cool to 4°C Extraction within 7 CLP 1x50gm
Compounds (SVOA) days
' Analyze 40 days
PCB/Pesticides 18 glass teflon lined cap Cool to 4°C Extraction within 10 CLP 1x50gm
days
Analyze 40 days
Metals (TAL) |
Aqueous (1> -- plastic/glass HNO3ztopH <2 Mercury is 28 days CLP 1x560gm
Sediment, 21 180 days -
QA/QC - SEDIMENT SOIL SAMPLES
AREABROUND1
p ¢ Duplicate Trip Equipment lg‘lielc:{ MS/MSD Holding Time (4 Analytical Bottle Volume
arameter Samples | Blanks @) | Rinsate (2) (;;) olding Lime Method
Volatile Organic 2 9 6 -- 4 10 days CLP 1 x 50 gm (solid)
Compounds (VOA) 2 x 40 ml {aqueous)
Semi-volatile Organic 2 - 6 -- 4 Extraction within CLP 1 x 50 gm (solid)
Compounds (SVOA) - 7 days 2 x 1 liter {agueous)
: Analyze 40 days
PCB/Pesticides 2 -- 6 - 4 Extraction within CLP 1 x 50 gm (solid)
10 days 2 x 1 liter (aqueous)
Analyze 40 days
Metals (TAL} :
Aqueous . - - 4 - 6 Mercury is 28 CLP 1 x 50 gm (solid)
days 1 x 1 liter (aqueous)
Sediment 3 - 180 days

(1 Dissolved
(2)  Agqueous sample

4 1Meld Blank - assumes Round 1 assumed as one event with two (potable/DI) water sources
41 UTMQR Ualidatad blmo nf rnmiala wnaniae
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TABLE 3-7

i
b

ENVIRONMENTAL - SW SAMPLES
AREAB-ROUND1

Nk

#of . Preservation . , Analytical
(4)
Parameter Samples Boitle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 5 glass teflon lined cap Cool to 4°C 10 days CLP 2 x 40 ml
{(VOA) 1:1 HCl pH <2
Semi-Volatile Organic 5 glass teflon lined cap Cool to 4°C Extraction within 7 CLP 2 x 1 liter
Compounds (SVOA) days
Analyze 40 days
PCB/Pesticides 5 glass teflon lined cap Cool to 4°C Extraction within 10 CLP 2 x 1 liter
: days
Analyze 40 days
Metals (TAL)
Aqueous (1), 5 plastic/glass HNOjg topH <2 Mercury is 28 days CLP 1x1 liter
Sediment - 180 days
QA/QC-SW SAMPLES
AREAB-ROUND1
. . . Field .
Duplicate Trip Equipment . () Analytical
Parameter Samples | Blanks @ Rinsate ) B(l2a;1)k MS/MSD Holding Time Method Bottle Volume
Volatile Organic 1 3 1 - 2 10 days CLP 2x 40 ml
Compounds (VOA)
Semi-volatile Organic 1 - 1 - 2 Extraction within CLP 2x1 liter
Compounds (SVOA) 7 days
Analyze 40 days
PCB/Pesticides ‘ 1 - 1 -- 2 Extraction within CLP 2 x 1 liter
10 days
Analyze 40 days
Metals (TAL)
Aqueous 1 - 1 -- 2 Mercury is 28 CLP 1x1 liter
days
Sediment . - - 180 days
1) Dissolved

(2

3
i

Aqueous sample

Field Blank - assumes Round 1 assumed as one event with two (potable/DI) water sources
YVMOD Validataditlnmn afnnmmnle cnaated
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TABLE 3-8

e

s

ENVIRONMENTAL - GW SAMPLES

AREA AROUND2
# of . Preservation . . Analytical
2)
Parameter Samples Bottle Requirements Requirements Holding Time Method B\ottle Volume
Volatile Organiec Compounds 32 glass teflon lined cap Cool to 4°C 10 days CLP 2x 40 ml
(VOA) 1:1 HCl pH <2
Semi-Volatile Organic 32 glass teflon lined cap Cool to 4°C Extraction within 7 CLP 2 x 1 liter
Compounds (SVOA) days
. Analyze 40 days
PCB/Pesticides 32 glass teflon lined cap Cool to 4°C Extraction within 10 CLP 2 x 1 liter
days
Analyze 40 days
Metals (TAL)
Aqueous (1) 31 plastic/glass HNO3 Mercury is 28 days CLP 1x1liter
Sediment - to pH <2 180 days
Chloride 31 plastic/glass None required 28days EPA 325.3 1x1liter
Sulfate 31 plastic/glass None required 28days EPA 375.4
Alkalinity 31 plastic/glass Cool to 4°C 14 days EPA 310.1

(1) Dissolved

2) VTSR - Validated Time of Sample Receipt
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TABLE 3-9
QA/QC - GW SAMPLES
AREA A-ROUND2
Parameter Duplicate Trip Equipment gliejx(ll{ MS/MSD Holding Time 4 Analytical Bottle Volume
Samples | Blanks(® | Rinsate 2 (23 3) & Methaod
Volatile Organic 4 18 6 2 4 10 days CLP 2x 40 ml
Compounds (VOA)
Semi-volatile Organic 4 - 6 2 4 Extraction within CLP 2 x 1 liter
Compounds (SVOA}" T days
Analyze 40 days
PCRB/Pesticides 4 - 6 2 4 Extraction within CLP 2 x 1 liter
10 days
Analyze 40 days

Metals (TAL) .

Agqueous 1) | 4 -- 6 2 4 Mercury is 28 CLP 1x1 liter

days

Sediment -- - 180 days
Chloride _ 4 - 6 2 4 28 days EPA 325.3 1x1liter
Sulfate | 4 - 6 2 4 28 days TPA 375.4
Alkalinity 4 - 8 2 4 14 days EPA 310.1

th Dissolved

2)  Aqueous sample -

{3) Field Blank Round 2 assumed as one event with two (potable/D.1.) water sources
4 VTSR - validated time of sample receipt
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TABLE 3-10

ENVIRONMENTAL- GW SAMPLES

AREAB-ROUND2

ke

# of . Preservation . . Analytieal
2)
Parameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 22 glass teflon lined cap Coolto 4°C 10 days CLP 2 x40 ml
(VOA) 1:1 HCl1pH <2
Semi-Volatile Organie 22 glass teflon lined cap Cool to 4°C Extraction within 7 CLP 2x 1 liter
Compounds (SVOA) days
: Analyze 40 days
PCB/Pesticides. 22 glass teflon lined cap Cool te 4°C Extraction within 10 CLP 2 x 1 liter
days '
Analyze 40 days
Metals (TAL)
Aqueous (1 22 plastic/glass HNO;4 Mercury ig 28 days CLP 1x1liter
Sediment -- topH <2 180 days
Chloride 22 plastic/glass None required 28days EPA 325.3 1x1liter
Sulfate 22 plastic/glass None required 28days EPA 37b.4
Alkalinity 22 plastic/glass Cool to 4°C 14 days EPA 310.1

(1) Dissolved

2} VTSR- Validated Time of Sample Receipt
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TABLE 3-11

ek

QA/QC - GW SAMPLES
AREA B-ROUND2
Parameter Duplicate Trip FEquipment Ifll:rll(]i{ MS/MSD Holding Time (4 Analytical Bottle Volume
Samples | Blanks® | Rinsate® | “p'0 oicing Time Method °
Volatile Organic 3 17 4 - 4 10 days CLP 2 x40 ml
Compounds (VOA)
Semi-volatile Organic 3 - 4 - 4 Extraction within CLP 2x1 liter
Compounds (SVOA) Tdays
Analyze 40 days
PCB/Pesticides 3 - 4 - 4 Extraction within CLP 2x 1 liter
10days
Analyze 40 days
Metals (TAL)
Aqueous (1 3 -- 4 - 4 Mercury is 28 CLP 1x1liter
days
Sediment - - 180 days
Chloride 3 - 4 - 4 28 days EPA 325.3 1x1liter
Sulfate 3 -- 4 - 4 28 days EPA 375.4
Alkalinity 3 - 4 - 4 14 days EPA 310.1

{1 Dissolved
2)  Aqueous sample

(3) Field Blank Round 2 assumed as one event with two (potable/D.1.) water sources
41 VTSR - validated time of sample receipt

ks
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TABLE 3-12

~

ENVIRONMENTAL - GW SAMPLES
AREA A-ROUND 3 (Optional)

#of . Preservation . . Analytical
P (6}
arameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 15 glass teflon lined cap Cool to 4°C 10 days CLP 2 x40 ml
(VOA) 1:1HClpH <2
QA/QC - GW SAMPLES
AREA A -ROUND3
‘ Duplicate Trip Equipment Field . v Analytical
Parameter Samples | Blanks (2 Rinsate  IBlank & MS/MSD Holding Time 8 Method Bottle Volume
Volatile Organic 2 2 2 2 2 10 days CLP 2 x 40 ml
Compounds (VOA)
1 Aqueous Sample .
(2) Field Blank - Round 3 assumed as one event with two (potable/DI) water sources
3 VTSR - Validated time of sample receipt
ENVIRONMENTAL - GW SAMPLES
AREA B-ROUND 3 (Optional)
1 # of . Preservation . . Analytical
(5
Parameter Samples Bottle Requirements Requirements Holding Time Method Bottle Volume
Volatile Organic Compounds 22 glass teflon lined cap Cool to 4°C 10 days CLp 2 x40 ml
(VOA) 1:1HCIpH <2
QA/QC - GW SAMPLES
AREA B-ROUND3
. Duplicate Trip Equipment Field . o (5) Analytical
Parameter | Samples | Blanks @ Rinsate Blank @ MS/MSD Holding Time Method Bottle Volume
Volatile Organic 3 4 4 -- 4 10 days CLP 2 x 40 ml
Compounds (VOA)

‘h Aqueous Sample .

(2) Field Blank - Round 3 assumed as one event with two (potable/DI) water sources
@) VTSR - Validated time of sample receipt

e



and matrix spike duplicate samples. A subcontracted laboratory will be used to perform

sample analysis.
QA/QC samples will be collected at the following frequencies, which are standard to the IRP.
e Trip Blanks - one per shipping cooler containing samples for volatile organic analysis

e Field Blank (Ambient Conditions Blank) - two samples per sampling event (one

potable and one deionized water)
¢ Equipment Biank - one sample per day for subsurface soil (split-spoon sampler)
sampling, sediment (hand auger and/or trowel) sampling, and groundwater (bailer)

sampling.

e TField Duplicate - one sample for every 10 (10%) environmental groundwater samples

collected at each site.

e Field Replicate - one sample for every 10 (10%) environmental soil/sediment samples

collected at each site.
Additional samples for internal laboratory QA/QC (i.e., matrix spikes, etc.) will be collected.
Refer to Table 3-2 for a presentation of QA/QC sample requirements.

3.7 Sample Numbering

In order to identify and accurately track the various samples to be collected during this
investigation, a numbering system must be developed. A two letter designation will be used to
denote sampling media (i.e., SB for soil collected from soil borings, SE for sediment samples,
SW for surface water samples, SS for surface soil samples, RW for residential well samples,
GW for groundwater samples, GP for samples collected during the Geoprobe investigation, and

GB for soil collected from the geologic borings at Area A},

Sample locations then will be addressed using the letter A or B to designate the site location

(Area AorB, respectivefy).

3-36



Three numbers will follow the media and site location description to characterize sample
location and depth. The numbers will describe the sampling round (1, 2 or 3) and the sample
location (i.e., 01 denotes sample location number one, 02 denotes sample location number two,
ete.) In the case of two or more sample depths collected at a sample location, a letter
designation will follow (S will indicate a shallow sample and D will indicate a deep sample).
Therefore, a groundwater sample from Well B-MW11B (say, location number 8) during the
Round 2 sampling event will be designated as GWB-208. Well numbers will be described in
the field logbook.

Duplicate samples will be denoted by the next number in the series for a particular media.
Therefore, if the last number for surface water sampling at Area B is SWB-05, then the
duplicate associated with one of the samples (SWB-01 to 05) will be designated as SWB-06.
The field log book will include with which sample the duplicate is associated. This will ensure

sample anonymity at the laboratory.

Rinsate samples and Trip Blanks will be designated as RSA/B (Rinsate Sample Area A or B)
and TBA/B (Trip Blank Area A or B) - 01, 02, 03, etc.

3.8 Groundwater Modeling (Qptional)

USGS MODFLOW software will be used to simulate groundwater conditions at the site in the
unconfined surficial aquifer and in the confined Yorktown Aquifer. In general, the models will
be used to help evaluate the effectiveness of potential remediation alternatives. The models
will be established by defining appropriate groundwater boundary values, field determined
aquifer conditions and other identifiable hydrogeologic features. The selection of the
boundary surfaces and conditions will be the primary step in conceptualizing and developing

models of the subject groundwater systems.

Section 4.14 presents general groundwater modeling procedures.
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4.0 GENERAL FIELD OPERATIONS
4.1 Mobilization

The field investigation will be initiated through mobilization activities such as equipment
procurement, procurement of the field trailer and utility clearances, and location of
decontamination areas and drum storage areas. All drilling and decontamination equipment
and associated equipment and materials will be mobilized by Baker’s drilling subcontractor.
Remaining sampling equipment and other supplies will be collected and provided by the Baker
field team.

4.2 Field Team Personnel and Responsibilities

Baker intends to staff the investigation with a Project Manager, a Project Geologist serving as
the Field Team Supervisor, a Health and Safety Officer trained in Industrial Hygiene, as well
as additional team members (geologists, engineers, environmental scientists, and
technicians), as needed. Additionally, administrative and technical support staff will be
available off site for various tasks of the project. Figure 4-1 presents the Project Organization

Summary.

The Project Manager will provide technical support and oversight during the project,
including budget and schedule review, preparation and review of invoices, project-specific
personnel resources planning, and coordination with LANTDIV, the Activity, and

subcontractors.

The Project Geologist will locate the soil borings and monitoring wells, and is responsible for
the technical aspects of the project during the field program as well as during report
preparation. As Field Team Supervisor, the Project Geologist also will be responsible for all

logistical planning and be the primary point of contact with Base personnel.

The Field Team Supervisor will be responsible for directing all drilling and sampling
activities, and accomplishing the work in accordance with the Sampling and Analysis Plan, as
well as working with the Health and Safety Officer to assure compliance with the Health’'and
Safety Plan.
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FIGURE 4-1
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The Health and Safety Officer will be responsible for assuring that the investigation is
conducted in accordance with the Health and Safety Plan. Additionally, he/she will use air
monitoring instruments when on site to indicate whether or not an upgrade in the level of
personal protection is necessary and will be the central point of contact for all health and
safety issues. When the Health and Safety Officer is not on site, the Field Team Supervisor

will be responsible for health and safety issues.

The Site Geologist(s) will determine subsurface soil sample locations, maintain the field log
book, maintain all sample documentation (i.e., Chain-of-Custody, sample labels, sample tags,
etc.) take project photographs (if permitted by the Activity), and assist sampling technicians
with soil and groundwater sample collection, as well as sample packaging. Additionally, the
Site Geologist will monitor the ambient air during drilling and sampling operations in the
absence of the Health and Safety Officer.

The Environmental Scientists/Sampling Technicians will perform subsurface soil and
groundwater sampling during field activities. Additionally, this person(s) will assist the Site

Geologist with sample packaging activities.

4.3 Geophyvsical Survey

Electromagnetic (EM), ground penetrating radar (GPR), gamma logging, resistivity sounding,
and magnetometry techniques will be utilized to define potential areas of buried wastes,
and/or utilities at the areas under investigation, as well as the underlying clay layer at
Area A. Data will be used to modify the locations of subsequent soil borings and monitoring

wells and to characterize the condition of the subsurface.

Electromagnetic terrain conductivity profiling is a non-invasive method of obtaining
subsurface information through inductive electric measurements made at the ground surface.
The EM survey is a rapid, cost effective reconnaissance tool for identifying lateral changes in
subsurface conductivity. Areas of higher than background conductivity are often associated
with surficial and /or buried wastes, contaminants, or metals (i.e., underground storage tanks,
product lines). Conductivity measurements will be obtained with a Geonics Model EM-31

instrument for an effective depth of penetration to 15 feet.

Ground penetrating radar (GPR) is an active geophysical system which transmits high

frequency EM waves into the ground and detects the energy reflected back to the surface. GPR
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operates on a similar principal as seismic reflection, except, instead of acoustic waves,
electromagnetic waves of radio and microwave frequencies (80 MHZ to 1,000 MHz) are
utilized. Reflections typically occur at lithologic changes, subsurface discontinuities, and

internal soil structures.

Borehole geophysical techniques (also called logging) are a group of active and passive
geophysical methods used to provide detailed measurements of soil, rock, and water
properties. This is done by lowering tools into the borehole to measure the electrical,
acoustical, or radioactive properties of the materials surrounding the borehole. The surveys
are nondestructive and can often be run in existing boreholes and water supply wells with no

modifications.

Two borehole techniques will be used during the Camp Allen Landfill investigation: natural
gamma, which yields a measure of potassium- 40 content in rocks; and resistivity profiling,

which provides a measure of clay content in geological materials.

Magnetometry measurements detect local perturbations in the earth's magnetic field. Both
naturally-occurring and man-made magnetic materials can modify the ambient field. Shallow
buried ferrous objects, such as drums, tanks, and product lines, usually produce a detectable
magnetic anomaly. Magnetic measurements will be obtained with a Geometrics Model G-856

proton precession magnetometer operated in the total field mode.

Both electromagnetic and magnetic data will be digitally recorded and downloaded to a PC for
processing and analysis. Measurements will be contoured over the area of investigation to
facilitate identification of anomalously high/low conductivity and magnetic intensities. Areas

interpreted to represent buried waste, contaminants, or metals will be delineated.
Sections 5.1 to 5.4 present SOPs for “Geophysics - Borehole,” “Geophysics - Electromagnetic
Induction,” “Geophysics - Ground Penetrating Radar,” and “Geophysics - Magnetometry

Profiling,” respectively.

4.4 Residential Well Sampling

Approximately five residential wells are proposed to be sampled. Samples will be collected
from outside taps which are located closest to the well. Well water will be allowed to flow from

the tap for a period of approximately 10 to 15 minutes prior to sampling to permit the lines to
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clear of stagnant water. Water will be collected into a bucket at the tap and will be disposed of
periodically by pouring the water onto the ground surface no less than 30 feet away from the

tap.

During the 15 minute purge time, temperature, pH, and specific conductivity will be measured
using field instrumentation. Stabilization of field measurements are discussed in Section 5-5
“Water Quality Testing.”

Subsequent to purging, groundwater will be collected into the appropriate sampling
containers, packaged, and shipped to the laboratory for analysis of volatile organic compounds.

All sampling equipment will be removed prior to departure from the residence.

4.5 Surface Water/Sediment/Surface Soil Sampling

A stainless steel hand auger (or other appropriate tool) will be used to obtain each sediment
samples. Sediment collected into the hand auger will be transferred into a stainless steel
sampling bowl or bucket. Samples for volatile organic analysis will be transferred by trowel
directly from the sampling bowl into the appropriate sample container. The remaining sample
will be homogenized by thorough mixing and then will be transferred into the appropriate
sampling containers (see Tables 3-3, 3-4 and 3-6). Sediment sampling will be conducted from

downstream to upstream sampling points.

Surface water samples for TCL volatile organic analysis will be collected directly into the 40
milliliter glass sample container according to Section 5.6 “Surface Water and Sediment
Sampling.” Surface water for the remaining analyses will be collected into a clean, stainless
steel bucket. The water then will be poured (in equal portions) into the appropriate sample
container. If more water is needed, the bucket again will be filled and equal portions of surface

water will be poured into the sample containers. This procedure will ensure a uniform sample.

Near-surface soil samples will be collected from a depth of about two feet below ground surface
in the vicinity of the schoolyard adjacent to Area B. A total of three grab samples will be
submitted to the laboratory for analysis of TAL metals only. All analytical work under this
task will be conducted using CLP protocols (Level D QA/QC).
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4.6 Monitoring Well Installation

A total of 17 groundwater monitoring wells and one piezometer will be installed during this RI
as described above. Well borings will be advanced using a truck mounted or all-terrain (ATV)
type vehicle drill rig. The well borings will not be sampled for chemical analysis during this
investigation. Instead, subsurface soil will be sampled for lithologic information only. Each
well boring will be continuously split-spoon sampled to the water table and then (at 3 to 5-foot
intervals) advanced to final depth. Well borings that will penetrate into the Yorktown aquifer
will be “cased off” to eliminate the potential of downward migration of contaminants from the
surficial aquifer into the lower aquifer. A monitoring well will be installed subsequent to the

advancement of the well boring.

One shallow well (approximate depth of 30 feet below ground surface) will be installed in the
vieinity of existing well B-20W at Area A.

Five shallow wells (approximate depth of 25 feet below ground surface) will be installed
downgradient from the Area B landfill using Geoprobe sampling results. The well screen will
be placed to intercept the water table. Therefore, wells will be advanced approximately seven

feet below the water table to account for seasonal fluctuation in groundwater elevation.

Ten deep wells (seven at Area A and three at Area B) and one piezometer (approximate depth
of 65 feet below ground surface) will be installed. These wells will be screened to intercept the

upper Yorktown Aquifer.

Additionally, two deep wells (approximate depth of 110 feet below ground surface) will be
installed at Area A during this RI. These wells will be screened to intercept the lower
Yorktown Aquifer. A 30-foot deep stainless steel well will be constructed in the vicinity of
existing well B-20W as part of the source characterization task.

Section 5.8 presents “Monitoring Well Installation” SOPs.

4.9 Well Construction

The well to be located adjacent to existing well A-MWS8 (see Figure 3-4} will be constructed to
facilitate conducting the aquifer test. Therefore, this well will be constructed of 4-inch inside

diameter (I.D.), Schedule 40, PVC, 0.010 machine slot well screen and solid polyvinyl chloride
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(PVC) riser pipe extending from the screen to the ground surface. The well to be located in the
vicinity of existing well B-20W (Figure 3-4) to characterize source contamination in Area A
will be constructed of 2-inch I.D. stainless steel riser and screen. The remaining wells will be
constructed of 2-inch 1.D., Schedule 40, PVC, 0.010 machine slot screen (ten feet length) and
solid PVC riser.

In order to prevent the possible migration of the surficial aquifer into the lower Yorktown
Aquifer, the 110-foot and 65-foot deep wells will be “cased off.” First, drilling will advance to
the clay unit located at approximately 30 feet below ground surface. Next, a 6-inch diameter
steel surface casing will be installed one to two feet into the clay., Grout will be tremied around
the outer annular space. The grout will be allowed to set for a minimum period of 8 to 12
hours. Then, drilling will continue to the targeted depth of the well. The well will be
constructed such that the top of the screened interval is placed three to five feet below the
bottom of the clay unit.

A gravel pack of clean quartz sand will be placed in each well to a minimum of one foot above
the screen. A bentonite pellet seal will be installed a minimum of two feet above the gravel
pack. After the bentonite seal has been hydrated, a cement/bentonite grout will be installed to
one foot below ground surface. A flush mounted protective casing with locking cap will
complete the well for wells constructed in high traffic areas. A cement apron will be placed so
that surface water does not collect at the well. Additionally, a 3" x 3" x 4" concrete pad will be

installed in the asphalt or concrete to reinforce the shallow wells.

A 5-foot length of “stick up” protective casing with locking cap will complete the well for wells
that are constructed in areas with no vehicular traffic. A concrete pad (3" x 3" x 4") will be
placed so that surface water does not collect at the well. Additionally, four 5-foot long
concrete-filled steel posts will be installed around the pad to prevent damage to the well and

protective casing.

4.8 Soil Borings

A total of 28 soil borings will be drilled during this RI. Eight borings will be advanced to an
approximate depth of 20 feet near existing well B-20W (Area A) to evaluate the extent of the

"source contamination (landfill material) in the soil. Ten borings will be advanced to an

approximate depth of 40 feet in the vicinity of the landfill at Area A to characterize the extent

and continuity of the underlying clay unit. Additionally, ten soil borings will be drilled to an
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approximate depth of 10 feet at the landfill in order to evaluate the extent of the source

contamination (landfill material} in the soil at Area B.

Soil borings will be advanced using a truck mounted drill rig. The borings at each Area (A and
B) are to be sampled continuously to the water table and then at 3-foot intervals to depth (f
necessary) for lithologic characterization using a 1-3/8 inch inside diameter split barrel
sampler in accordance with ASTM Method D-1586.

A Baker geologist will observe the drilling and sampling operations. During advancement of
the augers, soil cuttings and split-spoon samples will be monitored using an HNu
photoionization detector (PID) for volatile organic contamination. Stratigraphic horizon
descriptions, discolorations, odors and other visual observations will be described and recorded

on a Field Test Boring Record.

Each subsurface soil sample will be analyzed as described in Section 3.3. Subsurface soil

samples will be collected for laboratory analyses from each boring as follows:
Area A:

¢ One sample will be collected at just above the water table from each of the eight

borings adjacent to existing well B-20W,

® One sample from each of the 10 geological borings will be collected from the clay unit
at a depth of approximately 30 to 40 feet below ground surface but not deeper than 2 to
4 feet into the clay.

Area B:

® One sample will be collected at just above the water table from each of the ten borings
located on the landfill.

Upon completion of sampling, each boring will be backfilled with a grout mixture of cement
and bentonite powder. All auger cuttings will be containerized. It is assumed that this task

will 'require elevated levels of personal protective equipment (Level B or Level C).

Refer to Sections 5.7 and 5.8 for Drilling SOPs.
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4.9 Well Development

Prior to groundwater sampling, the newly installed monitoring wells will be developed by
removing water from each well into 55 gallon drums using a teflon bailer and clean rope, air
lift unit, submersible pump, and/or bladder pump. Dedicated sampling equipment also may be
utilized. If dedicated sampling equipment will not be used, equipment will be decontaminated

between wells.

Well development will be performed only after the grout used to construct the well has been
allowed to adequately set (typically 24 hours or more). It is assumed that the existing wells

scheduled to be resampled during this RI will not require redevelopment.

Groundwater levels will be measured to the nearest 0.01 foot from the top of the PVC casing.
Development will continue until temperature, pH, and specific conductivity stabilized. A
sample of the development water will be containerized after the groundwater has stabilized to

document final silt content.

All monitoring wells will be purged using a teflon bailer and clean rope. A total of three to five
well volumes will be removed prior to sampling. Temperature, pH, and specific conductivity
measurements will be collected during purging as well as after sampling. Additionally,
groundwater level measurements will be obtained prior to purging and just after groundwater

sampling. This information will assist in determining well recovery rates.

Sections 5.5, and 5.12 present SOPs for “Water Quality Testing” and “Water Level, Product
Level and Well Depth Measurements,” respectively.

4,10 Groundwater Sampling

Groundwater sampling will occur immediately after purging the wells. One groundwater
sample will be collected from each well using a clean teflon bailer. The sample will be
transferred from the bailer into properly labeled, laboratory prepared sampling containers;
cocled to approximately 4°C; and shipped to the analytical laboratory under appropriate

Chain-of-Custody documentation procedures.

Section 5.13 presents Baker’s “Groundwater Sample Acquisition” SOP.
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4.11  Slug Tests

An in-situ hydraulic conductivity test (slug test) will be conducted on eight of the 11 newly
installed wells (six 65-foot and two 110-foot deep) at Area A. The 4-inch well, stainless steel

well and piezometer are not included in this task.

An in-situ hydraulic conductivity test (slug test) will be performed on six of the eight newly
installed monitoring wells at Area B. The six wells at Area B will be selected in the field. One
rising head test and one falling head test will be conducted on each well.

Section 5.14 presents the “In-situ Hydraulic Conductivity Testing” SOP.

4.12  Aquifer Testing

The aquifer test will be conducted to determine aquifer parameters. Monitoring well A-MWS8B
will be pumped for a 24-hour period and will be allowed to recover for a period of 24 hours.

Water levels will be monitored at seven or more locations during the 48-hour test.

Aquifer characterization tests will be performed to evaluate the hydraulic characteristics of
the Yorktown aquifer. Tests will include a step drawdown, a 24-hour drawdown, and a 24-
hour recovery. The 4-inch Type III well (A-MW8B) will be used as the pumping well location
and observation wells will be selected from surrounding monitoring wells and the nearby
piezometer. Observation locations will be verified in the field. A maximum of eight locations
will be observed using pressure transducers. Other locations may be manually monitored

using water level indicators.

The step drawdown test will be performed in order to establish the constant flow rate to be
used during the 24-hour drawdown test. Based on hydrogeologic information of the area, the
maximum flow rate is not anticipated to exceed 5-10 gallons per minute. All discharged
groundwater will be containerized for proper disposal. The drilling subcontractor will supply

required tanker trucks for groundwater containment.

The drawdown test will be an aquifer test in which a constant discharge rate will be

maintained for a 24-hour interval. Water level measurements via pressure transducers and
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water level indicators will be recorded at prescribed time intervals. Flow rates will be

periodically recorded as well.

At the conclusion of the drawdown phase df the testing, the pump will be shut down and water
level recovery measurements will be recorded for a period of 24-hours or until water levels
have reached *10% initial water level elevations.

Section 5-15 presents Baker’s “Aquifer Test” SOP.

4.13 Land Surveying

Area A: Thirty-one monitoring wells from the Interim Remedial Investigation, the nine newly
installed wells, the new piezometer, and well A-MW10B will be surveyed for vertical control

and horizontal control.

Area B: Fourteen existing monitoring wells and eight newly installed monitoring wells will

be surveyed for vertical control and horizontal control.
The following specific activities are associated with the land survey.

1. The elevations of 18 groundwater monitoring wells (ten at Area A and eight at
Area B), one piezometer (Area A), and soil borings (to an accuracy of 0.01 feet,
referenced to Mean Sea Level [MSL]) will be determined from an on-base USGS

benchmark. Benchmarks may not be readily accessible to the survey sites.

2. The elevation point for each well and boring will be established at the top of the inner
PVC well casing and a permanent mark designating the elevation point shall be
established on each well. In addition, the ground surface elevation for each well and
boring shall be established to an accuracy of 0.1 feet. Horizontal control shall be
established to the nearest foot. {Note: Some monitoring wells will be flush-mounted
level with the pavement; thus, the land surface elevation will be above the “top of

casing” elevation for these wells.)

3. The location of eéch well and boring will be tied to permanent land monuments (e.g.

building corners). A reproducible, legible property dravﬁng will be provided with the
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wells and borings located on the drawing and a table listing the well designation, “top-

of-casing” and ground surface elevations for each well and boring.

4. The surveyor will provide one legible copy of the field survey notes used to determine

the elevation and location of the wells.

5. The surveyor will perform these services in accordance with standard, acceptable

surveying practices as required by the State of Virginia.

6. All work will be conducted under the supervision of a Registered Land Surveyor, duly

licensed to work in the State of Virginia.

4,14 Groundwater Modeling (Optional)

This task consists of the development of a mathematical computer model of the geologic and
hydrogeologic conditions of the surficial and Yorktown aquifers in the vicinity of the Camp
Allen Landfill. The purpose of this exercise is to aid in the evaluation of potential
groundwater remedial alternatives through the development and use of this medel. 1t is likely
that the USGS MODFLOW software will be used for this task. However, the use of other
computer models will be considered if the geologic and hydrogeologic configuration and

boundary conditions so warrant.

The USGS MODFLOW software is a three-dimensional finite-difference groundwater flow
model. This software package allows for the simulation of multiple unconfined and/or confined
aquifers. Various "add-on modules” allow for the simulation of surface water flows, flows to
and from wells, recharge, and other hydrologic stresses which may effect an aquifer.

The groundwater flow modeling will be conducted in four principle steps:

® Review of geologic and hydrogeologic information to develop a conceptual model of the

site.
® Input of the conceptual model into the computer software.

e (alibration of the computer software.
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® Evaluation of potential remedial alternatives.

The first step is the review of the geologic and hydrogeologic information collected during the
site investigation to develop a conceptual model of the site. Surficial conditions, as well as
conditions documented in the subsurface investigations, will be used in the development of the
conceptual model. Some of the specific items that will be considered include surficial
topography; surface water characteristics; depth to and thickness of each formation; formation
properties such as hydraulic conductivity, storativity, porosity, etc.; piezometric surfaces;
recharge/evapotranspiration and constant head; and, constant flux or head dependent
boundary conditions around the area selected for simulation. The development of the
conceptual model will be performed as a part of and in conjunction with the evaluation of the

field information for the remedial investigation report.

Input of the conceptual model parameters into the MODFLOW software constitutes the second
step of this exercise. Information developed for the conceptual model will be input into the
modeling software through the use of Modelcad software (Computer-Aided Design for Ground-
Water Modeling, Geraghty & Miller, Inc.). This software allows for the graphical input of the
groundwater system configuration including aquifer geometries, aquifer parameters, and
boundary conditions. Digitized site base maps created in Autocad will be used as the initial

basis for input of the conceptual model.

The third step consists of calibration of the MODFLOW software. Calibration refers to the
adjustment of the model input parameters so that various computer simulations refiect
measured field conditions. Two principal calibration scenarios will be tested. The first
scenario is the simulation of "static" conditions (i.e., simulation of groundwater flow
conditions without induced stresses such as pumping wells). The results of this simulation
will be compared to the static water level measurements collected from the monitoring wells.
The second calibration scenario will be the simulation of the aquifer test which is to be
conducted on one of the deep wells compieted in the Yorktown aquifer (A-MWS8B). The results
of this simulation will be compared to water level measurements collected from both shallow
and deep wells during the aquifer tests. The results of each of these scenarios will be
evaluated to ascertain whether the 