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- Chief of Naval Operations.

]
Q
9]

-~ Chain-of-Custody.

c

T

- Complex Resistivity.

Compensation,

CRAVE - Carcinogen Risk Assessment Verification Endeavor.

CRQIL - Contract Required Quantitation Limit.
CSRS - Confirmation Study Ranking System.

CWA - Clean Water Act.
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Data Gathering Plan. -
Data Management Plan.

- Department of Defense.

BEREK

Data Quality Objectives.

DOCR = bata Quality Control Report.

" DRMQ - Defense Reutilization and Karketing Otfice.
DVRS - Data Validation Report Sheets.

ECAQ - Environmental Criteria and Assessment Office.
EEM - Environmental Evaluation Manual.

EIS - Environmental Impact Study.

ELCR - Excess Lifetime Cancer Risk.

EM - Electromagnetic.

EPA -~ Environmental Protection Agency.

ESI - Extended Site In#pection.

FDER -~ Florida Department of Environmental Regulation.
FAC - Florida Administrative Code.

FDVC - Field Data Validation Checklist.

FFA = Federal Facilities Agreement.

FID - Flame Ionization Detector.

FIFRA - Federal Insecticide, Fungicide and Rodenticide
FS - Feasibility Study.

FSP - Field and Sampling Plan.

FWOC - Federal Water Quality Criteria.

GPR - Ground Penetrating Radar.

HA ~ Health Advisory. |

HASP - Health and Safety Plan.
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HEAST - Health Effects Assessment Summary Table.
HI - Hazard Index.

HQ - Hazard Quotient.

HRS - Hazard Ranking Systemn.

- IJAS - Initial Assessment Study.

‘IDE - Investigation-Derived Wastes

IR - Installation Restoration.

IRIS - Integrated Risk Information System.

IRP - Installation Restoration Program.

LDP -~ Laboratory Data Package.

LL - Liquid Limit.

LOAEL - Lowesﬁ Observed Adverse Effect Level.
LOQ - Limit of Quantitation.

LTO - Laboratory Task Order.

MCL - Maximum Contaminant Level.

MCLG - Maximum Contaminant Level Goal.

MDL - Method Detection Limit.

MF - Modifying Factor.

MPR - Monthly Progress Report.

MSL - Master Sample List.

NAAOS - National Ambient Air Quality Standards.
NACIP - Naval Assessment and Control of Installation Pollutants.
NADEP - Naval Aviation Depot.

NAS - Naval Air Station. '

NAT - Navy Aviation Trade.

NCP - National 0il and Hazardous Substances Contingency Plan.
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NEESA - Naval Energy and Environmental Support Activity. . }
NOAA - National Oceanographic and Atmospheric Administration.

NQAEL -~ No Observed Adverse Effect Level.

NQEL - No Observed Effect Level.

NPDES - kational Pollutant Discharge Elimination System.

'NPL - National Priority List.

NRMC -~ Naval Regional Medical Center.

NTGS - National Technical Guidance Series.

Q&M - Operation and Maintenance.

QSWER - Office of Solid Waste and Emergency Response.

QTA - Office of Technology Assessment.

QU - Operable Unit. |

OVA - Organic Vapor Analyzer.

PA - Preliminary Assesément. .-!
PCBs - Polychlorinated Biphenyls.

Pl - Plasticity Index.

PID - Photoionization Detecﬁor.

PL - Plastic limit.

PQL - Petroleum, 0il and Lubricant.

POL - Practical Quantitation Limit.

PSC - Potential Source(s) of Contamination.
PVC - Polyvinylchloride.

PWO - Public Works Officer.
QA =~ Quality Assurance.
QAQ - Quality Assurance Officer.

QAPP - Quality Assurance Program Plan.
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QAP4P - Quality Assurance Project Plan.
Q¢ - Quality Control. -

QCS - Quality Control Summary.

QCSR - Quality Control Summary Report.

RASQ - Radiological Affairs Support Office.

.RCRA - Resource Conservation and Recovery Act.

RED - Reference Dose.

BRI - Remedial Investigation.

RME - Reasonable Maximum Exposure.

ROD -~ Record of Decision.

RPD - Relative Percent Difference.

SARA - Superfund Amendments and Reauthorization Act of
SAS - Special Analytical Services.

SCBA - Self Contained Breathing Apparatus.

SDWA - Safe Drinking Water Act.

SEAM - Superfund Exposure Assessment Manual.
S8I ~ Site Inspection.

SIP - Spectral Induced Polarization.

SMP - Site Management Plan.

SP -~ Spontaneous Potential.

SOL - Sample Quantitation Limit.

SSHO - Site Safety and Health Officer.

SSHS - QU-Specific Safety and Health Supervisor.
TAG - Technical Assistance Grant.

TBC - To Be Considered.

TCE - Trichloroethene.
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TCLP ~ Toxicity Characteristic Leaching Procedure.
TEM - Transient Electromagnetics.

Iic
I0C

Tentatively Identified Compounds.

Total Organic Carbon.

TRC - Technical Review Committee.

" IScA - Toxic Substances Control Act.

UF - Uncertainty Factor.

USACE - U.S. Army Corps of Engineers

USCS - Unified soil Classification System.
USDA - United States Department of Agriculture.
USGS - United States Geoclogical Survey.

VOA - Volatile Organic Aromatic.

VOC - Volatile Organic Compound.
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EXECUTIVE SUMMARY

This is the Basic Site Work Plan for the Naval Air Statioen in
Jacksonville, Florida (Site). The plan documents procedures to be
utilized for CERCLA investigations of various potential sources of
contamination (PSCs) identified at the Site. Also, the plan
-outlines methods for evaluating exposure pathways and health risks
associated with contamination that may be present, establishes
applicable or relevant and appropriate requirements-(ARARs), and
proposes procedures for screening and selecting any remedial
actions that may be necessary.

The Basic Site Work Plan includes gquality assurance documents
that have been prepared and included as appendices, which describe
the procedures and protocols necessary for sample collection,
sample analysis, and data validation. Included are checklists to
be used for documenting the decision process and compliance with
data quality objectives and ARARs.

This Basic Site Work Plan will be used as the foundation for
oU-specific RI/FS work plans prepared for selected PSCs. The Basic
Site Work Plan coﬁprehensively applies to all CERCILA work conducted
at the Site; the OU-specific plans will precisely document field
tasks for DPSC characterization, including sampling locations,
matrices, and analytical parameters; potential exposure pathways:
concentration limits for constituents of concern; and
classifications of potential remedial actions, if necessary.
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1.0 opu ON

The Navy prepared this Basic Site Work Plan for the Naval Air
Station Jacksonville, referred to as the "Site." The basic purpose
of the Installation Restoration Program (IRP) is to characterize
the nature and extent of risks posed by uncontrolled hazardous
waste sites and to evaluate the potential remedial options. This
Basic Site Work Plan was prepared in accordance with the Scoping of
the IRP, the initial planning phase of the process. Activities of
the Scoping phase include: |

o the compilation and analysis of existing data;

] the initial identification of potential sources of
contamination (PSCs) and operable units (OUs), likely
response scenarios, and preliminary remedial action
objectives and alternatives;

o] the preliminary identification of ARARS;

o the identification of initial data quality objectives:;
and

o the preparation of investigative tasks.

The Basic Site Work Plan and appendices detail the tasks and
field investigations to be used for the IRP activities at the
identified PSCs. IRP activities may include Remedial
Investigation/Feasibility sStudy (RI/FS) tasks, PSC screening
activities, or the development of no further action justification.
Included in the Basic Site Work Plan is a Basic Sampling and
Analysis Plan (BSAP) consisting of a Quality Assurance Prograﬁ Plan
(QAPP) and a Basic Field Sampling Plan (BFSP). The Navy intends
this report to apply to all subsequent IRP activities for the Site.
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2.0 SCOPING

Initial scoping evaluations (Figure 2-1) are especially useful
in delineating preliminary data quality and remedial action

objectives for the PSCs. The EPA Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA discusses the

initial evaluation precess used during scoping of an RI/FS. These

.initial evaluation steps include: (1) collecting and evaluating

the existing data to determine the types and volumes of waste
present; (2) identifying potential pathways of contaminant
migration and preliminary public health and environmental impacts;
(3) identifying preliminary PSCs and 0OUs, and (4) identifying
preliminary response objectives and remedial action alternatives.

Scoping is performed prior to defining RI/FS work plan tasks
for specific PSCs and OUs at the Site. Preliminary response
objectives and remedial action alternatives are identified, as a
result of scoping, in the OU-Specific RI/FS Work Plans.
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3.0 NVESTTIGATIVE ASKS

3.1 Waste Characterization Investigation

Waste characterization inveolves collecting data that describe
the physical and chemical properties of -waste materials and the
matrices in which they are contained. These data are valuable for
identifying indicator parameters, possible migration pathways, and
monitorihg procedures, as well as determining the nature and scope
of remedial measures that may be applied.

The Navy may implement the Waste Characterization Plan
whenever it is necessary to identify the types of waste disposed at
each PSC. In contrast, the Navy may limit waste characterization
when the PSC of concern is no longer active and the waste cannot be
sampled.

The Waste Characterization Plan presents the appropriate
methods used for (1) collecting data through review of available
information, (2) «collecting additional information, and (3)
characterizing the physical and chemical properties of the
materials. Section 3.1.1 and 3.1.2 discuss a two-tier approach to
waste characterization. The tasks described in these sections
represent the minimum effort implemented for waste
characterization.

3.1.1 Review of Existing Data and Records
The examination of existing records identifies the types of
waste materials detected and indicates constituents of concern that

may be present at a PSC. These records may include but will not be
limited to the following: ’
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o waste characterization data used for permit applications, . fx

o facility records of past waste analyses used for shipping
manifests or any other purposes,

0. past federal, state or lodal compliance and inspection
| results, _

o recofds of disposal practices and operating procedures,

o facility health and safety monitoring data,

o reports on environmental assessments,

o information from waste haulers or generators,

o information concerning age and period of operation of

facility, and
o information from past or present employees.
3.1.2 PSsC Inspeptions
The Navy will conduct PSC inspections, as neéessary, to

generally define existing conditions. Information gained from a
site inspection includes, but is not limited to the following:

o) integrity of waste containment,

o location and size of areas of concern,

o location of drainage features and possible conduits for
migration,
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q locations of discharge points,

o level of site security, and

o__ facility map of all areas of concern.
3.1.3 Collection of Additional Information

In some cases, the Navy may adequately characterize the wastes
. by evaluating existing records or data on operating procedures.
Where detailed, verifiable information on wastes at a PSC is not
available, the Navy will conduct additiconal data collection
activities.

3.1.3.1 Teopegraphic Survevs. The Navy will conduct
topographic surveys to obtain accurate PSC maps to assist in

characterizing the areas of interest. If possible, the survey maps
may be compared to historical survey maps or areal photography to
determine changes in processes or disposal locations over time.
This information can facilitate the selection of appropriate
sampling locations.

3.1.3.2 Geophysical Surveys and Area] Photography. Where
applicable, the Navy will use geophysical methods to determine the
location and extent of buried waste deposits. The magnetic,
resistivity, radar, and electromagnetic methods are described in
the Hydrogeologic Investigation Plan (Section 3.2.2.4).

The Navy may also use areal photography and infrared imagery
to aid in defining sources and impacted areas. Areal photographs
of the facility and selected PSCs are available at the Site.

3.1.3.3 Sampling. The extent and location of sampling
required for waste characterization will be determined by a
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professional evaluation of additional information requirements.
The extent of information gathered during the review of available
data and PSC inspection, as well as the complexity of the PSC and
environmental media, will be factors in determining the extent and
locations of sampling. '

The type of material being sampled and the setting from which
the sample is collected dictate the sampling methods used. Waste
materials may include solids, sludges, and liquids; settings may
include drums, sludge drying beds, and surface impoundments. Table
3~1 provides a summary of sampling methods to be employed. Section
4.10 of the BFSP (Appendix 4.4.2) presents detailed descriptions of
the sampling procedures.

The Navy will choose analytical parameters based on the extent
of available information. Analyzing for ©broad indicator
parameters, such as total organic halogens or pH, may be useful
when the materials that may be present are unknown. Whenever
possible, the Navy will conduct analyses for specific constituents
of concern. Analyses may be performed by a laboratory or in the
" field when appropriate.

3.1.4 Chemical and Physical Characterization

The Navy will conduct compound-specific characterization
whenever possible. The Navy will analyze only those constituents
believed to be present in the waste. Also, analysis of samples in
the field will be conducted whenever appropriate.

The Navy will perform analyses for a broad category of
constituents when little or no information is available concerning
the types of waste materials that may be present at the PSC. Broad
categories of constituents may include such parameters as total
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Table 3-1. Summary of Sampling Methods for Waste Characterization
Scoops Pump
and Core Glass and Kemmerer
Waste Type Shovel Thiefs Augers Samplers Tubes Dippers Tubing Bottle

- _
Waste Piles ' X X X

Land Treatment Units X X

Landfills X X

Prum Handling X X

Sacks and Bags X X

Trucks X X X

Conveyor Belts X

Unloading/Loading/

Transfer Areas X X

gludges

Waste Piles X X

Drum Handling X X X

Tanks X X

Surface Impoundments X X

Trucks X X X

Conveyor Belts X

Unloading/Loading/

X X X

Transfer Areas
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Table 3-1. continued

Scoops Pump
and Core Glass and Kemmerer
Waste Type Shovel Thiefs Augers Samplers Tubes Dippers  Tubing Bottle
8
Drum Handling X : X X
Tanks X X
Surface Impoundments X X X
Surface Disposal Areas X X X
Trucks X X X
Unloading/Loading/
X X

Transfer Areas




organic halocgens, pH, the Contract Laboratory List of constituents,
or Appendix IX list of constituents (40 CFR, Part 264).

Table 1-1 of the QAPP (Appendix 4.4.1) 1lists appropriate
analytical methods for identification of selected constituents and
chemical characterization of waste. ‘The Navy will gather
‘additional chemical information from review of <the selected
reference books listed in Table 3-2.

The Navy will reference computerized data bases such as the
Chemical Information Service to identify the ©physical
characteristics of the identified waste constituents. Physical
parameters of interest may include corrosivity, flammability,
specific gravity, boiling point, degradability, and compatibility
with other types of waste.

3.2 Hydrogeoleogic and Seojil Investigation Plan

The objective of the hydrogeologic investigation plan is to
provide an outline for conducting the investigations needed to (1)
determine the nature of the subsurface geology and aquifer
characteristics ét the PSC, (2) determine the presence or absence
of contamination, and (3) the horizental and vertical extent and
migration potential of the ground-water plume, if present. The
steps involved in conducting a hydrogeologic investigation include
(1) a review of existing regional and PSC-specific hydrogeolegic
data and reports, (2) a review of the operation history at the
PSC, (3) an evaluation of data needs, and (4) performance of field
investigations to collect PSC-specific data in order to achieve the
objectives.
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Table 3-2. References for Determining Physical
and Chemical Characteristics of Waste

Callahan et al. 1979. Water-Related Environmental Pate of 129
Priority Pollutants, Velumes I and II. Office of Water
Planning and Standards. NTIS PB 297606. Washington, D.cC.
20460.

Dawson, et al. 1980. Physical/Chemical Properties of Hazardous
Waste Constituents. Prepared by Southeast Envirommental
Research ' Laboratory for U.S. EPA. EPA RCRA Docket.
Washington, D.C. 20460.

U.S. EPA. 1985. Health Effects Assessment for [Specific Chemical].
[Note: 58 individual documents available for specific
chemicals or chemical groups]. Environmental Criteria and
Assessment Qffice. Cincinnati, Ohio 45268.

Jaber, et al. 1984. Data Acquisition for Environmental Transport
and Fate Screening. Office of Health and Environmental
Assessment, U.S. EPA 600/6-84-009. NTIS PB 84~-140102.
Washington, D.C. 20460.

Lyman, et al. 1982. Handbook of Chemical Property Estimation
Methods. McGraw-Hill, New York.

Mabey, et al. 1982. Aquatic Fate Process Data for Organic Priority
Pollutants. Prepared by SRI Internatiocnal, EPA Contract Nos.
68-01-3867 and 68-03-2981. Prepared for Office of Water
Regulations and Standards. Washington, D.C. 20460.

U.S. EPA. 1980. Treatability Manual, Volume I. EPA 600/2-82-001l1a.
Office of Research and Development. NTIS PB 80-223050.
Washington, D.C. 20460.

U.5. EPA. 1984. Characterization of Constituents from Selected
Waste Streams Listed in 40 CFR Section 261. Office of Solid
Waste. Washington, D.C. 20460.

U.S5. EPA. 1984. Exposure Profiles for RCRA Risk-Cost Analysis
Model. Office of Solid Waste. Washington, D.C. 20460.

U.S. EPA., 1986. Ambient Water Quality Criteria. office of Water
Regulations and Standards. Washington, D.C. 20460.

Perry and Chilton. 1973. Chemical Engineers' Handbook. McGraw-
Hill. 5th Ed. New York.

Verschueren. 1983. Handbook of Environmental Data for Organic
Chemicals., Van Nostrand Reinhold Co. New York. 2nd ed.
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Table 3-2. continued

Weast et al. 1979. CRC Handbook of Chemistry and Physics.
Windholtz, et al. 1983. The Merck Index. Merck & Co. Rahway, NJ.

U.S. EPA. 1986. Test Methods for Evaluating Solid Wastes. 3rd
Edition. Office of Solid Waste. EPA/SW-846. GPO No. 955-001-

00000-1. Washington, D.C. 20460,

U.S. EPA. 1984. Characterization of Hazardous Waste Sites--A
Methods Manual. Volume III. Available Analytical Methods.
EPA 600/4=~84=038. NTIS PB84-191048. Washington, D.C. 20460.
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3.2.1 Survey of Existing Hydrogeologic Data and Reports

The available literature on the PSC hydrogeology is reviewed
before PSC-specific field investigations are conducted. In order
to characterize the local hydrogeological parameters at the PSC, it
is necessary to examine and analyze the regional hydrologic
framework. Much of the regional hydrogeologic data, including
recharge/discharge areas, regional pumpage effects, regional
ground-water flow directions, regional water-quality trends, and
hydraulic characteristics of the aquifer(s), are available through
published reports and data generated by federal, state, and local
agencies. These types of reports include U.S. Geological Survey
water-supply and professional papers, Water Management District
professional publications, Soil Conservation publications, and
State reports. The Navy will also review existing hydrogeclogic
data and reports generated during earlier PSC~specific
investigations. The Navy will also review available historical
data and aerial photographs.

3.2.2 Field Reconnaissance Activities

The Navy may conduct several reconnaissance activities to
provide an overall assessment of the site. Reconnaissance
activities included soil gas sampling, surface geophysical surveys,
recording water levels and collecting samples from existing monitor
well at the PSC.

3.2.2.1 Water Well and Spring Survey. The Navy will conduct
water well inventory to determine the existence and location of
water wells, flowing wells, or springs, which are used or have the
potential for use by humans or livestock or wildlife, on or within

one mile downgradient and cross-gradient and one-half mile

upgradient of the PSC. The Navy will review water well records
and/or conduct a house-to-house inventory. Whenever possible, the
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Navy will determine well location, depth, screened interval,
grouted interval, well head protection, water use, owner, driller,
and number of people served. The purpese of the water well
inventory is to locate existing wells that may potentially be used
for monitor wells and to determine the existence of potential
receptors.

3.2.2.2 gSampling Existing Wells. The Navy may use existing
monitor wells as well as private wells for monitoring on a limited
basis. The Navy must obtain and evaluate well construction
information pertaining to each well to determine if the well is
properly constructed and grouted and if it is screened in the
zone(s) of interest. The Navy can measure water levels and collect
samples for chemical analyses from a properly constructed well.
Such wells may be used for aguifer testing as well. The Navy may
also obtain regional, or background, water level and water~-quality
data concerning private water wells or monitor wells located
offsite.

3.2,2.3 Sgil~-Gas Sampling. Concentrations of soil gas may
indicate the presence of vwvolatile organic constituents in the
saturated or unsaturated soil below the sampling locations. The
purpose of subsurface soil-gas sampling is two-fold:

o To identify scource areas and characterize the nature
and extent of migration of gaseous constituents
associated with soil contamination, and

o] To detect the release of gases associated with ground-
water contamination for the purpose of identifying the
lateral extent and boundaries of ground-water
contamination.
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The Navy will measure the concentrations of soil gas by
headspace in soil cores, or boreholes or by using the driven probes
method. Headspace measurements of soil cores or boreholes are
useful to determine hydrocarben concentrations. The Navy will
collect samples by auger or similar method and measure the
headspace in the half-filled container. The driven probes method
uses a drive tip that is driven into the ground and attached to the
probe and tube leading to the surface. Openings in the probe tip
allow gases to be pumped to the surface.

Soil gas samples may also be collected from shallow boreholes
(6 to 10 ft bls) using a bar punch. The bar punch is a steel bar,
which is either hammered or driven into the ground. After the bar
punch is pulled out, Teflon tubing is inserted to the bottom of the
borehole. The annular space between the Teflon tubing and the
borehole is closed with an impervious seal. A sampling pump is
then attached to the tubing and the hole is evacuated of air-
diluted gases. Methane gas measurements and organic vapor
measurements may now be made using an explosimeter and an organic
vapor analyzer-flame ionization detector (OVA FID), respectively.
Samples for specific constituents may be collected in Tedlar bags
for analysis by a portable gas chromatograph ecuipped with one or
more of a variety of common detectors.

3.2.2.4 sSurface Geophysjical Methods. Surface geophysical
methods provide information on the structure and stratigraphy of

the local geeologic environment and agquifer properties, as well as
locations of contaminant plumes, trenches, and buried drums.
Surface geophysical methods provide information on subsurface
conditions and geology, which can guide the placement of test pits,
monitor wells, exploratery drilling, or sampling locations.
Surveys can be performed to detect buried metallic objects,
conductive plumes, depth to bedrock, depth to the water table,
depth to confining layers, and ground-water resource location.
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These surveys are part of the initial investigations for remedial
action planning. Subsequent surveys may be used to monitor
corrective action operations. Additionally, contractors often
consult such surveys at hazardous waste site, as a safety
precaution, to avoid digging or driliing through "hot spot" areas
that may contain hazardous waste, buried drums, buried gas

‘pipelines, underground storage tanks, or subsurface telephone and
power cables.

Surface geophysical methods include electromagnetic surveys,
magnetic surveys, and resistivity surveys.

omagnet] u s: The term electromagnetic refers to
geophysical methods which use ground penetrating radar and metal
detectors to measure subsurface conductivities by low frequency
electromagnetic induction. )

Electromagnetic (EM) or ground conductivity methods measure
the electrical conductivity of subsurface soil, rock, and ground
water. Electrical conductivity is a function of the type of soil
and rock, its porosity, permeability, and the fluids which fill the
pore space. EM ﬁethods are applied to assess natural hydrogeologic
conditions and to map ground-water plumes. In addition, the Navy
may locate buried drums and conductive waste, trench boundaries,
and metallic objects using these techniques. A typical instrument
used for electromagnetic surveys is an EM31. This instrument has
transmitter and receiver c¢oils. The transmitter coil is used to
induce currents into the ground using 9.6 kilohertz (Khz) signals.
The receiver coil measures the magnetic field resulting from the
induced currents in the ground. The measured electromagnetic field
can be either in-phase with the primary signal at the transmitter
coil or out-of-phase. In-phase readings will be used to detect
buried metals. The out-of-phase signal will be used to measure the
conductivity of the ground. The orientation of the coils may be
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changed such that their plane lies parallel (vertical_dipole mode) ,
or perpendicular (horizontal dipole mode), to the ground surface,
The vertical dipole mode with the EM31 has an effective exploration
depth of about 20 feet. The horizontal dipole mode has an
effective exploration depth of about 10 feet. The two modes can be
used to assist in reducing the influence of near surface
resistivity changes on the deeper data. Readings are typically
taken along lines with station spacings of approximately 10 to 20
feet. Electromagnetic surveys provide quality reconnaissance data
for PSCs because they permit rapid data collection. However, depth
to target, subsurface resistivity, and noise considerations must be
evaluated beforehand, to optimize these types of surveys.

Ma i urvevs: Magnetic measurements are used to map
geologic structure and minerals and to locate pipes, buried drums
and trenches. Magnetometers measure the intensity of the earth's
magnetic field. The amount of ferrous material, either man-made or
naturally occurring, creates variations in the local strength of
the earth's magnetic field.

Contractors frequently use magnetic methods if the
electromagnetic -methods are unable to detect the metal targets,
which may be the object of a particular survey. If the ground is
conductive, the penetration of the electromagnetic waves may be
limited and deeper metal objects may be missed. The magnetic
method uses a magnetometer to measure the magnetic field strength
about 6 feet above the ground surface. Buried metal objects
influence the magnetic field for some distance surrounding the
object, creating an anomalous magnetic field. The Navy can observe
this field using a magnetometer. In addition, 'the Navy will
measure the vertical gradient of the magnetic field using a
gradiometer, resulting in the simultaneous collection of gradient
and total field magnetic data. This produces a data set that is
more sensitive to near-surface buried metal, and is useful in
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pinpeinting the location of the buried metal. Total field magnetic
data can help determine an order of magnitude depth estimate to the
source of the anomaly, and the vertical magnetic gradient data
provides near surface information. In addition, the gradient data
provides confirming evidence to the total field data since the
diurnal ' drift of the earth's magnetic - field is automatically
removed.

During a magnetometer/gradiometer survey, the'surveyor takes
. readings along lines at stations spaced approximately 10 to 20 feet
apart. The actual spacing used depends on the target size and
depth. In addition, the surveyor will establish a base station,
where readings will be taken approximately every hour. These
readings will allow for the removal of drift in the natural
magnetic field from the field data. To ascertain that no high-
frequency natural magnetic field oscillations are present, the
operation periodically remains stationary at one lecation and
observes the magnetic field data. If no significant changes are
occurring, then the survey continues. If significant changes
occur, then the surveyor monitors the base station more frecquently.
Large changes may indicate that a magnetic storm is in prcgress and
the survey may be stopped until normal conditions return.

Resistivity Surveys: Remedial Contractors use resistivity
methods to measure the electrical resistivity of the hydrogeologic
section, including the rock, soil and ground water. The Navy may
also use this method to evaluate contaminant plumes and locate
buried wastes. Other applications include locating trenches,
defining trench boundaries, and determining the depths of trenches.

Spectral Induced Polarization (SIP) or Complex Resistivity
(CR), measures the resistivity of the ground at numerous
frequencies. Such measurements evaluate the polarizability of the
ground. Scientists have reported changes in the natural
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polarizability of clays due to hydrocarbon contamination. It can
also change as the salinity of the water in the pores of the rock
changes. Polarizability increases dramatically in the presence of
naturally occurring sulfides or in the presence of buried metallic
cbjects. |

3.2.3 Hydrogeologic Field Investigations

Based on the review of existing data and reports and the
results of field reconnaissance activities, the Navy will undertake
a field investigation program to collect information on the
hydrogeology, including 1lithology, stratigraphy, structure,
presence of aquifer(s) and cenfining unit(s), aquifer
characteristics, physical and chemical characteristics of the soil,
water levels, recharge/discharge, water-quality, and ground-water
use.

3.2.3.1 Soil and Sediment ;nvgstigat;on Plan

Initially, the so0il and sediment investigation plan will
provide a framework for PSC-specific identification of the nature
and extent of soil contamination at each PSC. For purposes of this
discussion, soil is considered the material that exists in the
unsaturated zone above the water table. The potential for inter-
media transfer of releases from soil to other media is significant.
Contaminated soil can serve as a source of contamination to ground
water, air, subsurface gas, and surface water.

The investigation tasks will include a review of existing data
and field studies that will help define the nature and magnitude of
the existing contamination. Factors to be considered include
physical and chemical properties of soil, subsurface geology and
hydrolegy, and climatic or meteorclogic patterns.
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Soil and PSC maps aid in designing sampling procedures by
identifying drainage patterns, areas of high or low surface
permeability, and areas susceptible to wind erosion and contaminant
volatilizatien. The field personnel may prepare maps of
uncensclidated deposits from scil conservation maps, existing soil
core information, well drilling logs, or from previous subsurface
~studies.

During the field investigation, the field personnel will note
the depths of soil horizons, soil types and textures, and the
presence of joints, channels, and zones containing plant rcots or
animal Dburrows. Field ©personnel will record ©physical
characteristics of each distinct soil layer or boundary between
layers that may be affected by a waste release, Soil and formation
samples will be described in the field, and lithologic logs will be
prepared using the Unified Soil Classification System (USCS).
Determination of the range and variability of values for soil
properties and parameters will allow more accurate prediction of
the mobility of contaminants in the soil.

3.2.3.2 Field sampling Program for Soil and_Sediment

The objectives of soil sampling and characterization
activities are to characterize the chemical quality of soils in
order to determine the extent of soil contamination and to assess
the potential for contaminant migration. The field personnel will
conduct the soil sampling to verify suspected releases or to begin
" characterizing known releases. The characterization will require
physical and chemical measurements of the soil and sediments.

The Navy and its contractors will prepare monitoring
procedures that specify locations, numbers of samples, depths,
collection technigques, and constituents to be analyzed for soil
samples prior to each sampling effort. These procedures will
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provide the justification for the proposed samples, in terms of
their expected contribution to the investigation. '

(a) Determination of Sampling Locations. Determina-
tion of the sampling locations will depend on the facility layout,

topography, the distribution of surface soils, soil stratigraphy,
and information on the nature and source of the release. The size
and type of unit may affect the area under consideration.

Selection and sampling of appropriate background areas are
important because verification of a release in a contaminated area
may involve a comparison of study and background concentrations.
High wvariability in the chemical composition of soils makes
determination of background levels for the constituents of concern
essential. This is particularly important for quantification of
toxic metals, because such metals commonly occur naturally in soil.
Background areas not affected by releases at a PSC should be
selected based on their similarity to the study area in terms of
soil type, drainage, and other physical factors. The field
personnel will take background soil samples from areas that are not
near a suspected source of contamination and from the same
stratigraphic layer as the study area samples, if possible.

(b) Determination of Number of Samples. The field

perscnnel will collect soil samples from the vicinity of known
PSCs. The total number of samples necessary for the initial
investigation will depend on the extent of prior information, the
suspected potential areal extent and severity of the release, and
the objectives of the characterization.

(c) t inatjon o amplin ters. The Navy
and its contractors will determine sampling parameters based on a
review of existing soil 1abofatory analyses. Special attention
will be focused on parameters that have been detected and confirmed
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by multiple sampling events. The Navy and its contractors may
choose sampling parameters based on a review of a history of the
PSC and a determination of the wastes reportedly disposed of at the
PSC. The Navy and its contractors will select sample parameters in
accordance with the results of the Waste Characterization Plan, if
implemented. The Navy and its contractors-may also choose sampling
parameters based on the results of field screening investigations.

3.2.3.3 Reconnaissance and Field Screening Methods. The Navy
and its contractors may use field screening, or reconnaissance

methods, in some cases to aid in the identification of the areas of
concern, including general areas of disposal, areas of
contamination, and contaminant constituents of concern. Initial
characterization efforts may utilize rapid, field-screening
methods, such as soil gas surveys and/or shallow sampling and field
analyses to establish the extent of the study area. The field
personnel can detect volatile compounds near the soil surface using
rapid, field screening methods such as portable PID (HNu or
Photovag) or an organic vapor analyzer (OVA). The field personnel
can also detect and measure organic vapors in shallow boreholes or
in ground-ﬁater monitoring wells. Vapor sampling is useful for
initial characterization, because it is a rapid and semi-
quantitative technique. Surface geophysical techniques can
sometines identify subsurface soil c¢ontamination.

3.2.3.4 Sample Collection for Laboratory Geotechnical and
Chemical Analyses. Appropriate sample collection and preservation
techniques are specified in Section 4.7 of the BFSP (Appendix
4.4.2). The field personnel will follow specific procedures to
store and preserve samples to minimize their degradation. The
sampling techniques described herein are commonly used with a
minimum of so0il disturbance. Seil sampling methods will commonly
vary with the depth of interest. The field personnel can
accomplish surficial sampling in the upper 6 inches of soil usually
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with simple tools, including metal shovels, spatulas, soil punches,
and ring samplers. Constituents that have moved further downward
in the soil profile often require tools such as steel tube samplers
and augers. Manually operated tools are commonly useful to about
8 feet in depth, depending on the soil type. Below this depth,
hydraulically or mechanically driven equipment generally is needed.

At each PSC, the field personnel will describe in the field
the soil or sediment sample collected. The field personnel will
describe the lithology, stratigraphy, color, texture, grain size,
and visible staining. The field perscnnel will note other soil
conditions, such as solution channels, secondary porosity, and
expansive soils and clays. Where possible, the field personnel
will note the depth to ground water and the thickness of the
unsaturated zone, which may affect attenuation capacity of the soil
and the time necessary for contaminants to migrate to ground water.
The field personnel will note meteoreclogical conditions, including
wind and precipitation. '

(a) Surficial Sampling Technjiques. Surficial soils

may also contain various materials, including rocks, vegetation,
and man-made items. The field personnel will use care in choosing
sampling equipment that will not adversely affect the analytical
objectives (e.g., painted or chrome/nickel plated equipment may
adversely affect metals analyses). Some commonly used surficial
s0il sampling techniques are discussed below.

Soil Punch: A soil punch is a thin-walled steel tube that is
commonly 4 to 6 inches long and 0.5 inches to 2 inches in diameter.
The tube is driven into the ground with a wooden mallet and twisted
to free the sample. The punch is pulled out and the soil pushed or
shaken from the tube. This technique is rapid, but generally is
not useful in rocky areas or in loose, granular soils that will
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not remain in the punch. So0il punching is not useful for soil
structure descriptions because the method causes compaction that
destroys natural fractures.

Ring Samplers: A ring sampler donsists of a 6- to 12-inch-
diameter steel ring that is driven into the ground. The soil is
‘subsequently removed for analysis. This technique is useful when
results are to be expressed on a unit area basis, because the soil
ring contains a known area of soil. Ring samplers generally will
- not be useful in loose, sandy soils or stiff clays.

Shovels, Spatulas, and Scoops: The Navy and/or Contractor
does not recommend collection of grab samples by shovel, spatula,
or scoop if sample area or volume determinations are regquired.
(The two previous methods are more accurate). The reproducibility
of sample size is limited and subject to sample bias. The
principal advantages of grab sampling are the efficiency of
collection; more samples may be collected, thereby providing a
better understanding of the range of contaminant concentrations at
a PscC.

Tube Samplers: Tube samplers, which can be obtained in
several diameters, are designed to ocbtain samples from the upper
two meters of the soil profile. The tube sampler is commonly a
stainless-steel or brass tube that is sharpened and beveled on cone
end and fitted with a T-handle. The Field perscnnel push the
sampler into the soil in 8-~ to 12-inch increments. At the desired
depth, the field personnel pulls the tube out and the soil sample
extruded. The field personnel may consider the sample "disturbed"
or "undisturbed" depending on whether it c¢an be removed intact.
However, the samples generally are considered to be disturbked for
the purposes of engineering or physical measurements. Loose soils
will be difficult to sample with this tool, and the borehole may
tend to collapse when the tube is withdrawn te obtain samples.
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Hand Augers: Hand augers collect soil in a 3-inch diameter
cylindrical bucket and can be advanced to depth of up to 20 feet
below land surface or several feet below the water table. While
the augers provide disturbed samples, sufficient 1lithologic
information can be obtained.

(b) Deep Sampling Technjques. The field personnel may
take deeper soil samples in conjunction with drilling for monitor-
well installation.

Hollow=-Stem Augers: Hollow-stem augers have a continuous
flight-cutting blade arcund a hollow metal cylinder. A stem with
a plug is ordinarily kept inside the auger barrel to prevent soil
from entering. When core samples are desired, the stem is
withdrawn and a tube sampler or core sampler may be inserted to the
bottom of the borehole. The field crew may use this drilling
method for continuous soil sampling. An additional advantage of
hollow-stem augers is - that they do not require drilling fluids.

Sglid-Stem Augers: Solid-stem augers, as the name implies,
are augers that deo not have an inner barrel. As with the manual
variety, single-flight augers must be withdrawn each time a sample
is desired, or samples may be taken from the cuttings brought to
the surface by augers of the continuous flight ﬁype. The Field
Crew may use augers in conjunction with tube samplers by
withdrawing the auger and obtaining a sample from the bottom of the
boreheole. This sampling approach is only useful with soils that do
not cave in or crumble after drilling.

Core Samplers: The field crew may use core samples to
determine stratigraphy, for chemical and grain-size analysis, or
for pore water extraction. The field crew may use hydraulically or
mechanically~driven drilling rigs. The Field Crew will use thin-
walled Shelby tubes and split-spoon samplers.
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The Shelby tube is a metal cylinder with the end sharpened and
beveled for cutting into the soil. Common sizes used for field
investigation are 1 to 3 inches in diameter. The tube is pushed
down into the soil by applying downward pressure from a drilling
rig. Thin-walled tubes produce high quality undisturbed cores that
can be used for engineering and hydraulics testing, but are useful
only in cohesive soils because loose soils may fall out of the tube
during removal. The soil must be extruded from the tube in a
laboratory or in a field extruding unit because core removal is
generally difficult. For rapid characterization of the seoil
' stratigraphy in the field, split-spoon samplers are recommended.

Field personnel will conduct split-spoon sampling in
accordance with ASTM~D 1586-84. A split-spoon consists of a hollow
steel cylinder that can be divided in half. This assembly can be
connected to drill rods. The tube is commonly forced into the soil
by applying a 1l40-pound sliding hammer, dropping 30 inches along
the drill rod (ASTM, 1986) . The number of hammer blows required to
advance thé sampler in 6-inch increments is recorded. The total
blow count number for the second and third increments is related to
a standard engineering parameter indicating soil density. After
the tube is pulled from the so0il, the cylinder is removed from the
drill rod and opened, exposing the soil core. Split-spoons are the
preferred method for cbtaining unconsolidated soil samples and may
also be used to penetrate some types of rock.

3.2.3.5 a s of t Physical Properties of the Soil.
Depending upon the physical and chemical properties of the waste
and its constituents, contaminants of concern present may be bound
to the soil or dissolved in the pore water; contaminants may occur
as a vapor within the soil pores or interstitial spaces or as a
distinct 1liquid phase. = The investigation will take into
consideration the predominant form of the contaminant in the soil.
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The USCS is a procedure for qualitative field classification
of soils according to ASTM D2487-85. The USCS is based on field
determination of the percentages of gravel, sand and fines in the
soil, and on the plasticity and compressibility of fine-grained
soils.

The Navy and its contractors may conduct a variety of
geotechnical analyses in the field or laboratory, including field
infiltration tests and laboratory analyses of grain size, porosity,
hydraulic conductivity, relative permeability, soil sorptive
capacity, moisture content, and Atterberg Limits.

(a) Infiltration Tests (Infiltrometer method). The

field personnel may use infiltration tests to determine
permeabilities of sediment or unsaturated soils within the upper
ten feet of land surface. Infiltration influences runcff and
determines soil moisture. Tests identify the ability of the
sediments to transmit fluids. Methods for determining infiltration
rates include infiltrometers. Standard test method ASTM-D 3385-88
involves calculating the infiltration rate of soils in the field
using a double ring infiltrometer.

(b) Grain-size Analvses. Grain-size analysis provides
a means to examine the size and distribution of the grains. Grain-
size distribution is determined by passing the disaggregated sample
through a series of sieves. The Navy and its contractors plots the
cumulative weight of the particles caught on each screen as a
percent of the total sample weight against grain size. The plot
~indicates the degree of sorting and average grain size. Grain-size
distribution will be analyzed in accordance with ASTM-D 421-85 and
422-63.
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The grain-size distribution has two major uses in a soils
investigation: (1) estimation of the hydraulic conductivity of the
soil, and (2) assessment of soil sorptive capacity.

1. The hydraulic conductivity (K) may be estimated from
the grain-size distribution using the Hazen formula:

2
K = A(dy)

where d,; is equal to the effective grain size, which
is that grain-size diameter at which 10 percent by
weight of the particles are finer and 90 percent are
coarser (Freeze and Cherry, 1979). The coefficient a
is equal to 1.0 when K is in units of cm/sec and d,, is
in mm. Results should be verified with in-situ
hydraulic conductivity techniques.

2. Particle size can affect sorptive capacity and,
therefore, the potential for retardation of
contaminants in the soil. Sandy soils generally have
a low sorptive capacity whereas clays generally have a
high affinity for heavy metals and some organic
contaminants. The larger surface area of clays can
result in stronger interactions with waste molecules.
Clays may also bind contaminants due to the chemical
structure of the clay matrix.

(c) Poresity. Soil porosity is the percentage of the
total soil volume not occupied by solid particles (i.e., the volume
of the voids). In general, the greater the porosity, the more
readily fluids may flow through the soil. An exception is clayey
soils that tightly hold fluids by capillary forces. The Navy and
its contractors usually meésure' porosity by oven-drying an
undisturbed sample and weighing it. It is then saturated with
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liquid and weighed again. Finally, the saturated sample is ‘
immersed in the same liquid, and the weight of the displaced liquid
is measured. Porosity is the weight of liquid required to saturate

properties of the contaminant and the availability of suitable
analytical techniques to measure the chemical.

A second approach for determining K, is to estimate the value
from soil and waste properties. Soil properties that should be
considered when using this approach are particle size distribution,
cation exchange capacity, and soil organic carbon content. The
waste properties that should be determined will vary depending on
the type of waste.

Cation exchange capacity (CEC) represents the extent to which
the clay and humic fractions of the soil will retain charged
species such as metal ions. The CEC is an important factor in
evaluating transport of lead, cadmium, and other toxic metals.
Soils with a high CEC will retain correspondingly high levels of
these inorganics. Although hazardous constituents . may. be .
immobilized by such soils in the short-term, such conditions do not
rule out the possibility of future releases given certain }
conditions (e.g., action of additional releases of low pH). A S
method for the determination ¢of CEC is detailed in SW-846, Method
9081 (U.S. EPA, 1986).

The amount of natural organic material in a soil also can have
a strong effect on retention of organic pollutants. The greater
the fraction by weight of organic carbon (F,), the greater the
adsorption of organics. Soil F, ranges from under 2 percent for
many subsurface soils to over 20 percent for a peat soil. An
estimate of F, shall be based on literature values for similar
soils if site-specific information is not available.

(g) 14} c ine ogy. The presence of clay and
other minerals may affect not only the fluid flow characteristics
through the hydrogeologic uniﬁ buﬁ may also affect the rate and
transport of contaminants. The Navy and its contractors may use
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X~ray diffraction for determining bulk and clay mineralogy. Each
mineral is composed of a unique unit cell which has its own
signature as determined by an X-ray diffraction machine. X-ray
diffraction techniques utilizes the minerals' unique signature to
determine minerals and clays present. The Navy and its contractors
may repért values as relative percent of the total rock or sample.

(h) Mopisture content. Measurement of soil moisture
content is important for two reasons: (1) active biocdegradation
generally does not occur in relatively dry soils, and (2) moisture
content may be related to the relative strength of the seoil.
Moisture content is important when designing remediation systems
and quantifying contaminant transport. The Navy and its
contractors will conduct measurement of soil moisture content in
the laboratory in accordance with ASTM-D 2216-80. Laboratory
standard methods for determining meisture content are similar to
that of porosity determination and involve weighing and heating of
the sample.

(i) Atterberg Limit. Atterkerg Limit tests (ASTM-D
423 and 424 and ASTM-D 4318-84) are conducted to determine the
Plastic Limit (PL), Liquid Limit (LL), and Plasticity Index (PI) of
fine-grained soils (i.e., soils containing more than 50% fines,
soil passing the No. 200 Sieve). The PI and LL are used to
classify the soil sample using the USCS as per ASTM Method D 2487-
85. The value of the PI also determines the classification
together with the LL of the sample.

3.2.3.6 Analyses of the Chemjcal Properties of the Sojil. The

field perscnnel may collect soil samples for laboratory chemical
analyses. The methedology for preparation of samples and
analytical techniques are described in the BSAP (Appendix 4.4).
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The field personnel may conduct field analyses on soil
samples, including determination of volatile organic vapors using
either an OVA or an HNu or Photovac instrument. The OVA uses a FID
to measure organic vapors. Any organic material that burns in a
hydrogen flame can be detected. The OVA is most sensitive to
aliphatic and aromatic hydrocarbons. It is less sensitive to
alcohols, ketones, and aldehydes. The instrument's sensitivity
decreases with increasing chlorine substitution to various
hydrocarbons. The OVA is only moderately sensitive to many
volatile organic halocarbons and is relatively insensitive to
trihalomethanes and carbon tetrachloride.

The HNu and Photovac use a PID to detect selected organic
vapors in the sampled air stream. These instruments primarily
respond to organic compounds containing double or triple bonds such
as alkenes (ethene, propene, etc.), chlorinated alkenes
(trichloroethene, tetrachloroethene, various dichlorocethenes),
aromatic hydrocarbons (benzene, xylene, toluene), as well as many
ketones and aldehydes. '

3.2.4 Monitor Wells

The purpose of monitor wells will be to supplement existing
wells in defining ground-water flow rates and direction, aquifer
characteristics, and to assist in delineating the extent of ground-
water contamination. Monitor wells will be installed in either the
unconsolidated surficial sediments or the consolidated bedrock.
Field personnel will decontaminate drilling development and
sampling equipment in accordance with Section A.5.4 of Attachment
A to the BFSP (Appendix 4.4.2).

3.2.4.1 Drilling. The selection of appropriate types of
drilling is a function of the anticipated litheology. Drilling
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methods considered for the site are hydraulic rotary, and hollow
stem auger.

Hydraulic Rotary: Hydraulic rotary drilling involves drilling
with a rotating bit. Soil and rock samples are removed by a
recirculating drilling fluid consisting of a mixture of bentonite

-and/or natural mud and water. During mud-rotary drilling, a

coating forms on the wall of the borehole sealing the borehole and
preventing collapse. Formation samples, or drill cuttings, which
are mixed and suspended in the drilling fluid move up the annular
space of the borehole to land surface. Field personnel utilize the
samples for describing the lithologies of the formations
encountered, but not for obtaining chemical analyses due to the
disturbance of the sample and the mix with drilling fluid and
borehole sediments. However, upon removal of the drill stem, field
personnel may use a split-spoon or Shelby tube sampler to obtain an
undisturbed sample for geotechnical analyses. This method also
utilizes large quantities of drilling fluid which may be a problem
in c¢ontaminated conditions. However, depending on the purpcse,
rotary drilling is fast and may be cost effective when drilling
below the surficial aquifer.

o] w-stem er: Hollow-stem auger drilling involves the
use of holleow auger flights to drill a borehole. The method is
rapid and extremely effective in most unconseolidated, but cohesive
sediments. The major advantage to this method is that fluids are
not introduced to the haole. Also, it is the ideal metheod for
drilling to obtain undisturbed samples for geotechnical and
chemical analyses. The best method for collecting a soil sample
using auger drilling is by driving a split speon through the center
of the auger flight. Maximum penetration using hollow stem auger
is generally 75 to 100 feet below land surface. '
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3.2.4.2 ici ito We . The Navy and 1its
contractors will drill boreholes for installation of surficial
monitor wells by one of the described drilling methods. The
borehole will be of sufficient diameter to permit a minimum of two
inches of annular space when the well is installed. The field crew
will complete the surficial monitor wells at varying depths
depending on the lithology encountered; depths of surficial wells
will be approximately 50 feet and less. The field personnel will
collect (fofmation) split-spoon samples continuously to 10 feet
below land surface (ft bls) and at 5-ft intervals thereafter to the
total depth of the well where possible. Soil samples for grain-
size distribution and moisture content will be collected with the
split-spoon samplers. The field personnel will collect samples for
Atterberg limits using a thin-walled sampling tube.

The field personnel will describe each sample's physical
characteristic in detail on lithologic logs using the USCS. The
field personnel will classify soil samples based on the results of
geotechnical laboratory analyses as described in Section 3.2.3.5.
and, the field personnel will prepare a detailed well construction
log for each well (Figure 3-1).

The Navy and its contractors will construct monitor wells
using 5 ft or more of new, 2-inch~diameter, factory slotted or
continuous wrap, Type I, pelyvinyl chloride (PVC) well screen with
Schedule 40, threaded, flush joint, PVC casing extending to three
ft above land surface. A schematic diagram of a typical surficial
monitor well is shown in Figure 3-1. The PVC casings will conform
to the requirements of ASTM~-D 1785 and will carry the seal of the
National Sanitation Foundation. The field crew may attach a
minimum 2-ft section of closed-end, Schedule 40, PVC casing to the
bottom of each screen to provide a sump for the collection of fine
sediments that may accumulate in the well (Figure 3-1). The field
crew will fit each well with a vented PVC cap.
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The Navy and its contractors will select the screen length,
screen size, and screened interval of the well so that the
completed monitor well yields quantities.of water and samples that
are representative of the selected zone of interest. The Navy and
its contractors may perform a sieve analysis of one or more
representative samples of the screened formation in accordance with
ASTM-C 117 and C 136 if existing information is insufficient to
select the appropriate screen size and sand pack.

The annular space between the borehcle and screen will be
filled with a uniformly graded silica sand (appropriately sized for
the selected well screen) from the bottom of the hole to
approximately 2 ft above the top of the well screen using the
tremie method. The tremie method incorporates the use of a drop
pipe placed in the annular space of the well through which sand can
be placed at the desired depth.

The field crew will place a bentonite seal above the filter
pack in each well to prevent downward migration of cement grout.
The field crew will install the seal, consisting of tamped
bentonite pellets or bentonite slurry, also by the tremie method.
The bentonite seal will be allowed to hydrate for one hour. The
field crew will seal the remaining annular space above the
bentonite by pressure grouting with cement grout to land surface.
The cement grout will consist of a mixture of Portland Type 1
cement (ASTM—C 150) and water in the proportion not to exceed seven
gallons of clean water per bag of cement (94 pounds).
Additionally, the field crew shall add 5 to 10 percent by weight of
bentonite powder to the grout to prevent shrinking and to coentrol
the heat of hydration during grouting, which can cause the casing
to warp.

The field crew will drill the boreholes as near to plumb and
true as possible to assist in proper casing alignment, sand pack,
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and cement seal. Centralizers will be used when necessary to
assist in plumbness and alignment of the wells; centralizers will
not be installed on the screened portion of any well.

The field crew will take care during the drilling and well
construction to prevent the entry of foreign material into the

‘well. Whenever the field crew is offsite (i.e., at night), the

borehole/monitor well will be covered and secured to prevent
vandalism. Upon completion of the well, the well casing will

extend to 2 to 3 ft above grade and will be surrounded by a larger

diameter steel casing set into a concrete pad. The steel casing
will have a lockable cap. The concrete pad will be a minimum 3 ft
X 3 ft x 4 inches, sloped away from the well. Four 2-inch or
larger diameter steel posts will be equally spaced around the
concrete pad and cemented into the ground to a depth of at least 3
ft bls.

After the completion of each monitor well, but no sooner than
48 hours after grouting is completed, the field crew will develop
the wells by alternately swabbing (with a surge block) and pumping
or bailing. The wells will be developed until pH, conductivity and
temperature have stabilized. The field crew will not use acids,
dispersing agents, or explosives in the well. Development will
continue until it is determined that further development will not
provide significant improvement of the turbidity. If the well
yield is too low to permit continuous pumping or bailing, the well
will be alternatively swabbed, pumped, or bailed dry, and allowed
to recharge.

3.2.4.3 Monitor Wells with Surface Casings. The Navy

and its contractor will drill boreholes for monitor wells requiring
surface casings installation using the previously described
drilling methods. The field crew will drill a pilot hole through
the surficial sediments to the expected depth of surface casings
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installation (estimated to be approximately 30 feet or less). The
field crew will collect split-spoon formation samples, in the
manner previously described, continuously from land surface to 10
ft bls and at 5 ft intervals thereafter until reaching the desired
surface casing depth. The Navy and its contractors will store
samples in labeled, air-tight plastic or glass containers. The
field personnel will describe the physical characteristics of the
samples obtained in detailed lithologic logs using the USCS. The
Navy and its contractors will conduct geotechnical 1laboratory
analyses as described previously.

After removal of the drill bit, the field crew will install a
10-inch diameter PVC surface casing to the total depth of the
borehole. The field crew will then seal the annular space with
cement grout by pressure grouting from the bottom of the hole to
land surface. The grout used in these wells will meet the same

specifications described for surficial monitor wells.

After allowing the surface casing grout to set for at least 24
hours, the field crew will drill a nominal 8-inch diameter borehole
inside the surface casing by hydraulic rotary drilling. The field
crew will use clean water as the circulating media during drilling
to clear the borehole of cuttings. The field crew will complete
the monitor wells at varying depths depending on the lithology and
ground water encountered.

The Navy and its contractors will construct the monitor wells
using 5 ft or more of new, 2-inch diameter, factory-slotted or
continuous wrap, Type I, PVC well screen with Schedule 40,
threaded, flush joint, PVC casing extending to three ft above land
surface. Figure 3-2 shows a schematic diagram of a typical
surface-cased monitor well. The PVC casings will conforﬁ to the
requirements of ASTM-D 1785 and will carry the seal of the National
Sanitation Foundation. The field crew may attach a minimum 2-ft
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section of closed-end, Schedule 40 PVC casing to the bottom of each
screen to provide a sump for sediments. The field crew will fit
each well with a vented PVC cap.

The Navy and its contractors will select the screen length,
screen size, and screened interval of the well so that completed
monitor well yields quantities of water and samples that are
representative of the selected zone of interest. The field crew
will fill the annular space between the borehole and the screen
with uniformly graded silica sand (appropriately sized for the
selected well screen) from the bottom of the hole to approximately
2 ft above the well screen using the tremie method. The Navy
and/or Contractor will complete the remaining well construction and
preparation of drilling logs as previously described for shallow

monitor wells.

3.2.4.4 Location and Elevation Survey. Location coordinates

and elevations shall be established for each monitor well by a
registered professional surveyor. Location coordinates and
elevations for soil borings and soil/sediment sampling points will
be surveyed by the field crew. The horizontal coordinates shall be
to the closest. 1.0 foot and referenced to the State Plane
Coorindate System. Elevations to the closest 0.01 foot shall be
established for the top of the casing (measuring point) at each
monitor well, piezometer, and staff gauge. Elevations to the
closest 0.1 foot shall be established on the ground surface for
each boring and soil/sediment sampling site. These elevations
shall be referenced to the National Geodetic Vertical Datum of
1929.

3.2.4.5 Aquifer Testing. The Navy and its contractors may
design an aquifer test program to test the hydraulic
characteristics of various aquifers beneath the PSC site. The Navy
and its contractors will identify hydrologic parameters such as
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storage coefficient, transmissivity, and leakage by aquifer

testing. Hydraulic properties vary considerably from place to
place depending on characteristics such as grain size, sorting,
packing, cementation, stratigraphy, structure, and boundary
conditions. These properties are reflected in values of
transmiésivity, storage coefficient, and hydraulic conductivity
that indicates the ability of an aquifer to yield water to wells.
Hydraulic properties will be calculated by aquifer testing.

(a) In Situ Permeabjlity Tests. The Navy and its
contractors may perform in situ permeability tests on monitor wells
to determine the hydraulic conductivity of the formation around the
screened portion of the wells. The field personnel perform the
tests by rapidly lowering a closed end, water-filled PVC pipe
(slug) into each well to displace the water column from its initial
static level. The field personnel will monitor the water level in
each well using a pressure transducer and portable data logger.
The initial phase of the test is known as a falling head
permeability.

After the water level equilibrates, the slug will quickly be
removed causing the water column to instantly fall and then begin
to rise toward its initial level, thereby initiating a rising head
permeability. The Navy and its contractors will analyze the rising
head data to determine the hydraulic conductivity at each well
tested.

In situ permeability tests are useful in areas where disﬁosal
of large volumes of contaminated water accumulated during the
longer duration tests, may pose a problem. Other benefits include
speed and reduced cost. Drawbacks include relative inaccuracy and
the limited amount of calculated hydraulic parameters.
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/ (b) Specific Capacjty Testing. Specific capacity

testing involves the pumping of a well for a given time period
(typically one to three hours) and measuring and recording the
drawdown within the well. When the pump is turned off, the
recovery of water levels in the well is measured and recorded.
Specific capacity measures the rate of discharge of a well per unit
drawdown. Analyses of the results of the specific capacity testing
can provide information regarding the specific capacity of the well
and well efficiency as well as some hydraulic properties of the
aquifer, including hydraulic conductivity and transmissivity. 1In
areas with contaminated ground water, disposal of the pumped water
may pose a problem.

/ (¢) Multiple Well Aquifer Pump Tests. Multiple well
aquifer pump tests are similar in principle to single well tests.
A well is pumped for a given time at a specific rate and water
levels are measured in several wells at different distances and
directions from the pumped well. The results of these tests
provide the most useful and accurate information for determining
hydraulic characteristics of the aquifers, including hydraulic
conductiviﬁy, transmissivity, storage coefficient, specific yield,
and leakance coefficient. The duration of these tests is typically
24 hours or leonger. Significant guantities of water may be removed
from the agquifer, the disposal of which may pose problems in areas
of contaminated ground water.

3.2.4.6 Ground-Water Sampling Technjgques. Various techniques
are available to sample ground water, including ground-water
probes, sampling from temporary well points, and sampling from
monitor wells.

(a) Greound-water Probes. The Navy and its contractors

may use driven probes to sample chemical constituents within the
ground water. The field personnel can drive probes by hand or by
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a geophysical rig to desired depths to collect discrete ground-
water samples. A steel probe point is driven into the zone of
interest, a small screen section is exposed for ground-water
intake, the section is closed, and the sample is pulled to the
surface. Subsequently, the Navy and its contractors can analyze
the samples on site or in an analytiéal laboratory for the
constituents of concern.

(b) Temporary Well Points. The Navy and its
" contractors can place temporary piezometers constructed of small
diameter, slotted PVC well screen and casing, in hand augered soil
borings in areas of shallow ground water. These temporary wells
allow for a preliminary determination of ground~-water flow
direction and general water quality.

(<) itor We Sampling. The field personnel will
sample existing and proposed monitor wells according to the
procedures specified in Sections 4.5 and 4.13.5 of the BFSP
(Appendix 4.4.2). The sampling process typically includes
obtaining field analyséé, purging and sampling the well(s), and
preparing, prese;ving, and shipping the sample(s) to the laboratory
for specific analyses.

Water-Level Measurements: The field personnel will measure
the static water level prior to purging and sampling the ground
water. The field personnel will determine the static water level
to the nearest 0.01 ft. The field perscnnel will use an electronic
water-level indicator (M~scope) or chalked steel tape for the
water-level measurement. The field personnel will record duplicate
measurements for each well and will reference the measurement to
the survey point (top of well casing). The field personnel shall
calibrate devices used to measure ground-water levels to 0.01 ft
per ten feet length. Before each use, the field personnel shall
prepare these devices according to the manufacturer's instructions
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(if appropriate) and checked for obvious damage. The field
personnel shall decontaminate these devices after each use as
described in Section A.5.1 of Attachment A to the BFSP (Appendix
4.4.2). The field personnel shall record all calibration and
maintenance data in a logbook.

Purging the Well: After a water level measurement has been
taken, the field personnel will purge the monitor well to remove
the standing water. Purging can be accomplished by pumping or
bailing. If pumping is used, the field personnel will position the
end of the intake tube just below the static water level. The
intake is then lowered as the water level drops so that the water
in the well casing is completely and efficiently removed. The
intake tube will be removed from the well before suction has been
discontinued. Bailing the well is acceptable; however, if a bailer
is employed, the field personnel will take extreme care in lowering
the bailer into the well to avoid "su;ging" the water in the
casing. The field personnel will evacuate three to five volumes
of water from each well and/or until pH, conductivity and
temperature have stabilized. This will ensure that a
representative sample of formation water is collected.

Field Measurements: After purging the well, the field
personnel will collect a water sample to obtain measurements of pH,
temperature, and conductivity. Before obtaining these
measurements, the field personnel shall properly calibrate the
field instrumentation in accordance with Section 5.4 of the BFSP
(Appendix 4.4.2).

e Collectijon: After obtaining the field measurements,
the field personnel will sample the monitor well for the parameters
of interest. The Navy and its contractors will obtain samples for
organic analyses with a bottcmeiliing Teflon™ bailer. Samples for
inorganic parameters will be collected with a Teflon™ bailer or
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peristaltic sampling pump fitted with Teflon™ tubing. Samples for
dissolved metals will be collected directly into appropriate sample

bottles using an in~line 0.45 um membrane filter connected to the
outlet of the peristaltic pump as indicated in Attachment C of the
BFSP (Appendix 4.4.2).

The field personnel will collect samples of the ground water
present in the screened interval by lowering the pump intake or
Teflon™ bailer, as appropriate, to a depth below land surface (bls)
that is approximately equal to the depth to the center of the well
screen. This procedure will ensure that the sample collected is
representative of ground water at the depth of the screened
interval.

Table 1-1 and Section 5.4 of QAPP (Appendix 4.4.1) specify
sample containers, preservation techniques, and shipping
procedures, respectively. Attachment A of the BFSP (Appendix
4.4.2) details decontamination procedures for the pumping and
sampling equipment.

3.3 Surface Water Investigation Plan

The objective of the Surface Water Investigation Plan is to
provide a framework for the classification of surface water and
sediment and the identification of physical features. Once.these
considerations have been identified, the Navy and its contractors
can select sampling locations for PSC characterization at selected
PSCs.

3.3.1 Review of Existing Data and Reports

A review of reports and documents will provide information
that is vital to the investigation. These reports will disclose
what types of materials have been disposed at the site, and whether
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there has been a documented release directly into surface waters
located near a PSC or via ground-water flow. Information obtained
through this literature survey and by implementing the waste
characterization plan, if necessary, will assist in determining the
physical and chemical constituents/parameters of concern for
potentially impacted sediment and surface-water bodies. The review
of existing data, maps, aerial photos, and reports should identify
the location of surface-water bodies onsite, the types of surface
water and sediment, the classification of water bodies, and some of
the physical features of the surface-water bodies.

3.3.1.1 Locations gnd Types of Surface Waters. The Navy and

its contractors will identify surface-water bodies at the Site and
at each PSC using existing data such as aerial photos and site
maps. Site visits will confirm their location. Types of surface-
bodies that may exist at the facility and that may act as exposure
pathways for constituents at selected PSCs include streams, rivers,
manmade canals and ditches, lakes, impoundments, and basins.

Streams, Rivers, Ganals, and Ditches: Ephemeral streams are
those that only flow in response to local precipitation. The
bottom of the stream is always above the water table. Therefore,
constituents that may be present at a PSC may migrate as a result
of runoff. Intermittent streams receive some seascnal ground-water
discharge and runoff from precipitation, and thus both avenues of
flow are possible. Time periods for sampling are limited to after
major rain events, or in the case of intermittent streams, during
the wet season.

Perennial: Perennial streams flow throughout the year in
response to ground-water discharge and/or surface-water runoff.
Perennial streams are continually either receiving ground-water
discharge (a gaining stream) or recharging the ground water (a
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losing stream). Sampling events for perennial streams are not
limited to certain seasons or rain events. '

Lakes and Impoundments: Lakes are natural, while impoundments
are manmade. The water source for these bodies may either be
surface water and/or ground water.

Wetlapnds: Wetlands are areas that are inundated or saturated

by surface or ground water. Included are swamps, marshes, and

bogs. Wetlands are recognized as one of the most sensitive areas

' to contamination. The presence of contaminants in wetlands can

serve as a secondary source of contamination for downstream surface
waters in times of flood.

3.3.1.2 Classification of Water Body. Water-quality

classifications are arranged in order of the degree of protection
required, with Class I water having generally the most stringent
water-quality criteria and Class V the least. The Navy and its
contractors will use these criteria when assessing the surface-
water impacts at selected PSC and with the final development of
ARARS.

3.3.1.3 Egygigal'zeatures. The Navy and its contractors may
identify some of the physical features of the surface-water bodies,
such as flow quantity and water quality in existing data or 'state
reports. The Navy and its contractors will obtain flow records for
gauged streams and rivers from the United States Geological Survey,
Water Resources Division (USGS, WRD) in Jacksonville, Florida. The
Navy and its contractors will obtain surface water-quality data
from either the USGS, the FDER, or the St. Johns River Water
Management District. The Navy and its contractors will also assess
previous reperts for information pertaining to surface-water flow
quantity and guality. ' '
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The Navy and its contractors will also compile historical
meteorological data. Seasonal variations in temperature and
precipitation impact both surface-water quality and quantity.

3.3.1.4 sSurface-Water Use. The Navy and its contractors
will determine surface water use in order to identify potential
receptors and to assess the environmental impacts of site
activities. Surface water use may be included in federal, state,
or local records or previous environmental assessments. If
necessary, interviews with local municipalities and/or a site visit
to view the extent and use of surface-water bodies may be
conducted.

3.3.2 Hydrelogic Field Investigations

In order to fully characterize the surface-water bodies and
potential for contamination to these waters, the Navy and its
contractors may need to conduct field investigations. Such field
studies would be designed to sample/monitor water quality,
quantity, and flow. '

3.3.2.1 ‘M tio otentjial. Understanding migration
potential is important to PSC characterization and risk
assessments. Migration is impacted by infiltration rates, the
velocity and gradient of the surface-water body.

“(a) Infiltration Rate. The rate of infiltration

directly influences the migration potential for contaminants to
surface waters. Soils having a high infiltration capacity decrease
the potential for surface runoff. Conversely, areas with low
infiltration capacities, such as paved surfaces maximize the
potential for runoff. The Soil and Sediment Plan (Section 3.2.3.5)
describes procedures for determining infiltration rates of soil.
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(b) Gradient. The Navy and its contractors will
establish the hydraulic gradient for each PSC. The topography
creates the drainage gradient and impacts hydraulic gradients; flat
topography produces a low gradient and hence a slow rate of flow,
high topographic relief increases the gradient, and hence the rate
of flow.

‘ (c) Flow Rate. The rate of flow influences the
migration potential for contaminants to downstream and off-site
areas, stream gauging is commonly used in streams and creeks to
determine stream-flow velocity. A common field stream gauging
instrument is a current meter. A current meter consists of a
pinwheel of stainless steel cups which are lowered into the stream
or creek to a depth of 0.6 times the total dépth. The number of
rotations of the cups within a particular time interval is used to
calculate the average velocity of the stream. The Navy and its
contractors can use the velocity values, together with the
hydraulic cross section to determine flow rates.

3.3.2.2 Surface-Water Quaiity.

(a) - Selection and Identification of Sample Locations.
Based on the available information compiled for the PSC, the Navy
and its contractors will choose applicable surface-water and
sediment sample locations. The Navy and its contractors will
select sample locations at the inferred point of entry of surface
water to the PSC, possibly near runoff/discharge locations within
the PSC boundary, and locations downstream as far as necessary to
determine the impact of constituents. Sampling locations in small,
standing surface-water bodies and/or temporary basins will be
located strategically so as to sufficiently determine potential
impacts from constituents. '
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(b) Determination of Apalytes. The Navy and its

_contractors will choose sample analytes at each PSC in accordance
with the results of the historical information review, results cf
previous sample analyses, and/or results of waste characterization
investigations.

(¢) Sampling. Once surface-water bodies are located,
the Navy and its contractors will evaluate the potential that a
particular water body is, or has been, impacted by conditions at
the PSC. This process involves the assessment of the migration
potential of contaminants through or over media to the surface-
water body located near the PSC. The Navy and its contractors will
identify specific sampling locations in the OU-specific sampling
and analysis plans prepared for PSC characterization at selected
QUs. The field personnel will collect surface-water and sediment
samples according to the methods described in Sections 4.6 and 4.8
of the BFSP (Appendix 4.4), respectively.

3.4 Air sampling Plan

The Navy and its contractors will conduct air sampling
programs when ambient air is suspected to contain chemical vapors
at concentrations that pose a risk to public health and the
environment. The Navy and its contractors may use air sampling
programs to evaluate both baseline ambient air conditions and
ambient air during remedial activities. The objectives of‘ah air
sampling program are to determine the quality (type) and quantity
(concentration) of airborne chemicals that may be present. The
Navy and its contractors use this data in exposure assessment
equations to determine magnitude of human health and environmental
risk.
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3.4.1 Data Use

The purposes for conducting air sampling are as follows: (1)
to understand potential health effects if a no-action remedial
alternative is selected, (2) to assess the appropriateness or
impact  of other selected remedial actions, and (3) establish
existing site conditions to select protective equipment for working
at the PSC.

3.4.1.1 Assess current Conditjons (No Further Action
" Altermative). The Navy and its contractors can determine magnitude
of human health and environmental risk for current and future
conditions from data obtained from the air sampling program. The
human health risks associated with a PSC under current conditions
(or the no-action alternative) are particularly important because
of their potential economic impact on the $Site. The magnitude of
human health risk under current conditions will determine whether
remedial action will be required to lower human health risks to
acceptable levels. If human health risks under current conditions
are acceptable, then a lesser financial effort may be necessary to
achieve aéceptable human health risks and satisfy regulatory
concerns.

The Navy and its contractors evaluate current conditions by
calculating the human health risk associated with inhalation
exposure. The Navy and its contractors derive the health risks
from an equation that predicts the amount of chemical taken into
the body according to a particular exposure scenario. The equation
incorporates exposure conditions (frequency and duration of
exposure, body weight, breathing rate, chemical concentration,
etc.) to compute the health risk. Where possible, the exposure
conditions should represent circumstances at the PSC rather than
conditions in general. ' '
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3.4.1.2  Evaluate Health Risks of Selected Remedial (@

Activities. Another use of air sampling data is to evaluate the
magnitude of human health risk under exposure conditions created by
remedial activities. In this phase of the investigation, the Navy
and its contractors derive health risk calculations for each
remedial alternative. The Navy and its contractors select remedial
activities based on several criteria. These criteria are that the
selected remedial activities: (1) lower the risk to an acceptable
level, (2) are practicable, and (3) are economically feasible.

3.4.1.3 t ine e oprjate ve o s50na
Protection Edquipment. The Navy and its contractors use air

monitoring data to determine the appropriate level of personal -
protection at hazardous waste sites. Under these circumstances,
the field personnel gather air samples from the breathing zone to
provide the basis to select persceonal protection equipment. The
Health and Safety Plan outlines the selection of personal
protection equipment.

3.4.2 Air Evaluation Process

The process for evaluating air quality conditions begins with
a review of the Site history, and includes evaluaticns of existing
data as PSCs are investigated, identification of constituents of
concern, aﬁd air sampling. These processes are described below.

3.4.2.1 Review of Existing Data apnd Records. The Site
history and description assist in the design of the air sampling

program by indicating those chemicals that should be sampled. The
Navy and its contractors use the physical characteristics of the
chemicals to predict those that may be detected in the breathing
zone and transported to off-site receptors. The Site background
and history are described in Section 3.0 of Volume 1, Organizaticn
and Planning and in Section 2.0 of the QU specific plans.
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Previous investigations may provide valuable insight into
existing conditions. If these data were sampled incorrectly,
obtained at an inappropriate time, or analyzed by incorrect
methods, then they may have gqualitative value only. The Navy and
its contractors will review data from previous investigations for
representativeness before the start of the air sampling programn.

A physical description of the PSC assists in the design of the
air sampling program. Before designing an air sampling program,
the Navy and its contractors should conduct a PSC visit to
" corroborate historical information, to confirm the potential for
airborne releases at the PSC, and to select potential air sampling
stations.

A variety of constituents may have been reported in either
s0il, ground~water, sediment, or air samples. Many of <these
constituents may be inappropriate for air sampling and analysis.
The Navy and its contractors will use a hazard analysis to
designate those constituents of greatest human health concern.

3.4.2.2 Establishing Criteria _for Data Evaluation.

Evaluating the data collected as a result of implementing the Air
Sampling Plan is a function of two criteria: (1) regulatory
standards for the constituents of c¢oncern, and (2) analytical
detection limits. '

A review of existing federal, state, and local air requlations
will provide a basis to determine the most precise and appropriate
analytical method and corresponding detection limits for air
sampling studies. The Navy and its contractors will identify
Federal, state, and local air quality standards and criteria will
be identified to select the appropriate analytical metheods. - It is
essential that the analytical methods selected have detection
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limits that are equal or less than the standards and criteria
established for the chemicals of concern. '

The applicable, relevant, and appropriate requirements (ARARs)
provide an understanding of the standards that the remedial
alternative(s) must meet. The Navy and its contractors will review
air ARARsS to assure that when possible the analytical detection
limits of the air sampling program are equal to or less than the
ARAR. Without this assurance, it would be difficult to determine
" whether data obtained from the air sampling program could be used
in the risk assessment.

Understanding the analytical methods and detection limits will
support the design of the air sampling program and risk evaluation
efforts. A review of existing data for the PSC under investigation
will provide the basis for selecting constituents of concern.

3.4.3 Field Sampling Program

Additional air monitoring data may be necessary to
characterize the PSC. Physical conditions at the PSC or the
availability of additional PSC information may indicate the need
for additional air monitoring information. For this reason, the
field personnel may include analytical parameters not included in
previcus work for sampling and analysis.

PSC-specific conditions may affect the representativeness of
air samples. Meteorology, sampling locations, sampling methodolo-
gies are based on PSC-specific conditions.

The field personnel will evaluate meteorological data to
determine the worst case circumstances for sampling, i.e., time of
day and month. This will assure the usefulness of the data for
risk assessment calculations. The field personnel will obtain up-
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to-date wind directions, ambient temperatures, and humidity from
the nearest meteorological station to select the worst case

conditions for air sampling.

The field persconnel will use ambient air data to establish
background chemical wvapor concentratioﬁs at the PSC. These
' measurements may be particularly important at PSCs near gas
stations, air landing strips, and manufacturing facilities. Once
the ambient concentrations of chemical vapors are established, the
field personnel can more easily quantify identification of chemical
vapors from source areas.

The field personnel will select individual sampling locations
based on the intended location(s) of remedial activities, proximity
to the nearest off-site receptors, and climatoleogical information.
The field personnel will base the duration and periodicity of air
sampling on the constituents of concern, baseline conditions,
analytical methodology, and proposed remedial activities. The Navy
and its contractors will describe the number, frequency, and
location of samples in the specific work plans for each PSC being
investigated.

Specific procedures for collection of ambient air samples are
presented in Section 4.12 of the BFSP (Appendix 4.4.2).

3.4.4 Analytical Methcodelogy

The constituents of concern will determine the selection of
the analytical methodology. Federal and state criteria, in
addition to health-based risk assessment objectives, will determine
the sensitivity of the analytical methods. '

Method sensitivity and detection 1limits vary with the
instrument, the analyte measured, the complexity of the sample
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matrix, and the technique of the method selected. Sensitivity is
defined as the analyte concentration that produces a response in an
analytical system of a given amount. Typically the method
sensitivity is lower than the detection limit.

Analytical quality control measures represent the procedures
and checks performed during the analyéis to assure that the
analytical system was operated under controlled conditions. These
controls help ﬁo assure that the reported results are of acceptable
accuracy and precision.

Reportables represent the legal evidence that the laboratory
performed the analyses according to EPA methodology. Should the
analytical information obtained from an air sampling program come
under regulatory scrutiny, the reportables substantiate the
analytical aspects of the program.

Specific analytical procedures and Quality Assurance
procedures used in analyses of ambient air samples will be
presented in the QAPjP for each OU.

3.4.5 Data Manipulation

The Navy and its contractors will compile air data for use in
the risk assessment, feasibility study, and health and safety
planning. Under baseline conditions, air modeling allows the
calculation of risk under existing conditions. In the feasibility
study, the Navy and its contractors may use air modeling to predict
human health risk corresponding to the selection of a remedial
alternative.

3.4.5.1 Air Modeling. The Navy and its contractors use air
modeling to predict the fate  and transport of airborne
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7
constituents. This technique is often used to predict human health

risks via airborne exposure at off-site receptor populations.

3.4.5.2 Data Evaluation. Following compilation of the air
sampling results and completion of the air modeling results, the
Navy and its contractors will compile and compare all data to
‘regulatory standards. This process identifies chemicals that
exceed promulgated criteria and standards established by the
federal, state, and local governments. ‘

3.4.5.3 Health Risk Calculation. Health risk calculations
represent the ultimate use of data collected from an air monitoring
program. The Navy and its contracters use chemical vapeor
concentrations in air and human exposure information (body weight,
duration of exposure, length of exposure, absorption rates, etc.)
to derive the magnitude of human health risk. Once the Navy and
its contractors determine the magnitude of human health risk, these
risk levels are used to select the appropriate remedial action
alternative.

(a) No ?u;;he; Action Alterpative. The Navy and its
contractors will select the no further action alternative when
there are minimal acceptable health risks. The toxiceological
characteristics of the chemical vapors, the probability of exposure
to human receptors, and regulatory considerations determine the
degree of acceptable risk.

(b) Remedjial Alternatives. The Navy and its contractors
will select remedial alternatives when the human health risks

exceed acceptable levels. The acceptable risk levels for

-¢arcinogenic compounds may range from 1 X 10° to 1 x 10%. An
arceptable hazard index for noncarcinogenic compounds is less than
one.
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3.5 jca ve ation

The Navy and its contractors use the ecological investigation
to identify the natural resources of the PSC and ecological
communities that are present. The results of the investigation
will be used to assess the impact of releases at a PSC, with or
without remedial activities, on the local environment. A detailed
description of the tasks necessary to complete an Ecological
Assessment at each OU will be presented in the specific 0OU Work
Plan.

3.5.1 Background Information

Background information is compiled using the following
information:

County Soil Survey(s)
U.S. Fish & Wildlife Service National Wetland Inventory
Map Installation Studies:

Natural Resources Management Plan

Special Studies/Field Data Cellected Under the Plan
Rare & Endangered Species List
Aerial Photographs at best available scale
List of expected contaminants & their known or suspected
fate in the ecosystem

3.5.2 0U Visit

A visit to the QU will be performed to classify it into
ecological communities in accordance with the Florida Natural Areas
Inventory's (FNAI) Natural Communities Classification System.
(Unnatural_communities will be designated in an appropriate manner,
e.g., field, pasture, ruderal, man-made pond, exposed soil, etc.)
Each community will have its FNAI global or state ranking recorded.
Within each community, the dominant plant species will be recorded
for the herb, shrub, understory, and overstory layers. Dominance
will be based on some appropriate measurement such as basal area,
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number, crown coverage, etc. The most dominant species which
(together) comprise 50% of the dominance measure will be recorded
as will cother species that comprise greater than 20% of the
dominance measure for the appropriate strata. Other species (or
more general taxa) that are noted for fruit production (e.g., Rubus
sp., Quercus sp., etc.) will also be recorded if the observer
‘considers them to be significant. Aquatic habitats will be
described using the same approach but through the use of aquatic
sampling techniques. The primary fish and wildlife species
. associated with each community, based on the literature and
location, will be determined.

3.5.3 Evaluation

For communities suspected or kncwn to transport contaminants,
the transport path(s) and potential receiver(s) of the contaminant
(e.g., other community or animal taxa) will be described.
Downgradient communities will be identified based on the estimated
distance at which the contaminant would become too dispersed or
otherwise not discernible, or until the contaminant would become
accessible to the public or a rare or endangered species or habitat
via some transport vector.

Based on the information collected on site and the list of
known and suspected contaminants, the specific pathways for
contaminants to reach humans or rare and endangered species or
communities will be determined. Key components of these pathways
will be selected for future sampling.

3.5.4 Testing

Components will be sampled and contaminants will be tested in

accordance with the Compendium of CERCLA Response Selection
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Guidance Documents and the Superfund Public Health Evaluation
Manual or other appropriate test. '

3.5.5 Reporting

The extent of public health endangerment and ecosystem
contamination will be reported. The communities and species to be
protected during remedial action will be listed as well as any new
contaminant pathways that may be created by remedial action.
Measures necessary to protect human health during remedial action
will also be determined.

3.5.6 Soil Microbioclogical Analysis

Bioremediation is a potentially cost-effective method to treat
soil and ground-water contaminants. Bioscreening is used to
determine the potential applicability of bioremediation based on
constituent type, geological conditions, and the suitability of
micro-organisms at an OU. A soil microbial analysis will be
performed to identify the presence of aercbic bacteria capable of
oxidizing organic chemicals detected at the OU.

3.5.6.1 Methodology. The objective of the microbial analysis
is to determine whether naturally-occurring microbes can biodegrade
chemicals detected at the OU. This objective is accomplished in
three steps: (1) soil collection and extraction, (2) bacterial
plating and enumeration, and (3) bacterial evaluation of specific
carbon source degradation.

3.5.6.2 Interpretation of Resylts. The results obtained from
the bacterial evaluation will determine whether bioremediation
alternatives may be implemented at the OU. Two experimental
results may indicate that bioremediation is not appropriate for the
OU. These results.are (1) the absence of aerobic microbes in soil
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samples, and (2) the inability of aercbic microbes to oxidize
chemicals detected at the OU. Experimental results indicating that
aerobic microbes are present in sufficient number and are capable
of oxidizing the chemicals of concern would support the
applicability of bioremediation.

3.6 jologica nvestigatio n
The'objective of the radiclogical investigation is to evaluate

~a selected PSC for its radiclogical condition. The primary tasks
performed in achieving this objective may include the following:

o review of available PSC information

o avaluation of hazards associlated with identified radio-
nuclides

o  gamma radiation PSC surveys

o collection of water and solil samples

o) determination of background radicactivity levels

o analysis of water and soil samples for radicactivity
parameters

o] comparison of PSC radicactivity levels to background
levels

The Flow Chart in Figure 3-3 illustrates the course of the
radiological investigation. The Flow Chart will be used to
determine whether radioactive materials are present at PSCs and
will provide a systematic procadufe for evaluating the types of
materials and hazards asscciated with the PSCs.
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The Flow Chart consists of pathways based on the availability
of information on past or current use of radiocactive materials at
PSCs. If specific radionuclides are present, a mechanism is
presented to collect pertinent information on the materials. The
Navy and its contractors then evaluate the information collected to
determine whether a radiation hazard may exist. If further
information is needed, Section 3.6.3.1 presents guidelines for
radiation screening and performing gamma site surveys and for
collectiﬁg s0il and water samples for gamma spectfoscopy, gross
alpha, and/or gross beta analyses. Alternatively, if the radiation
hazard present at a PSC is unknown, the Navy and its contractors
will develop a process for the collection of OU information and
evaluation of potential radiation sources.

The following sections describe the procedures for collecting
OU information, evaluating radionuclide information, and conducting
measurements of alpha, beta, and gamma radicactivity.

3.6.1 Review of Existing Data

The Navy and its contractors may undertake a review of
existing PSC documentation, PSC inspections, topographic surveys,
and geophysical surveys 1in evaluating potential sources of
radicactive materials that may have been used, stored, or disposed
at an OU. Details on the collection o¢f 0U information are
described in the Waste Characterization Plan (Section 3.1).

3.6.2 Evaluation of Identified Radicactive Materials

For each radionuclide associated with an OU, the Navy and its
contractors will evaluate the type of radicactivity, half-life,
decay products, and chemical properties in determining the
potential radiological hazard.- Takle 3-3 presents the properties
of the radicactive materials found in previous Site investigations.
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Table 3-3. Radioactive Mate

rials Used or In Use at HAS Jacksonville

Major Type '

Nuclide of Radiation Half-Life Use Properties pecay Products

RA-226 alpha 1600 years ' Radium Paint Soluble in water Rn-222

for Gauges Po-218

Pb-214

Po-210

RA-228 Beta 5.75 years Radium Paint Soluble in water Ac-228

: for Gauges Th-228

Ra-224

Rn-220

Poc-216
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3.6.2.1 Types of Radjoactivity. The three basic forms of
radioactivity are gamma rays, alpha particles, and beta particles.
Gamma rays, which are equivalent to photons, may present the
greatest hazard from external dose due to their low attenuation in

~air and soil. This property also makes gamma radiation the easiest

to detect. Alpha and beta particles have a much lower range in air

' due to their size and are much more difficult to detect.

3.6.2.2 Half-Life. A half-life is the time required for a
radiocactive material to decay to one-half of its activity.
Evaluating the half-life of materials associated with the PSC can
be used in determining whether radicactive hazards still exist.
Assuming the source of a radicactive material has long since been
eliminated, a material with a relatively short half-life (<5 years)
may have had sufficient time for its activity to be significantly
reduced. After seven half-lives less than one percent of the
original material is present.

3.6.2.3 Decay Products. When a radicactive material decays,
it is transformed into a new material. This new material is called
a decay product. In some instances the decay product is a stable
material that does not undergo radiocactive decay. In other
instances, the new material formed is radicactive. The Navy and
its contractors will evaluate the decay products of radicactive
materials identified at an OU. The Navy and its contractors will
conduct the evaluation of the decay products in accordance with the
procedures used to evaluate the original radiocactive material.

3.6.2.4 Chemical and Physjcal Propertjes. The Navy and its
contractors will evaluate chemical and physical preoperties to
determine the relative mobility of identified radicnuclides and
their decay products. These data will be useful in evaluating the
potential areal extent of migration within the environment.
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3.7 Remedial Investigation Report

The format of the Remedial Investigation Report is presented
in Table 3-4. The report includes the investigation tasks
performed and the results of implementing the investigation. The
risk assesément is also included in the Remedial Investigation
Report as outlined in Section 4.0. The results of the risk
assessment are essential to determining remedial action objectives
and identifying the appropriate remedial action alternatives for
waste management.
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Table 3-4. Remedial Investigation Report Format

Page 1 of 2

-=  Executive Summary

1.0 Introduction
1.1 Purpose of Report
1.2 OQU Background
1.2.1 QU Description
1.2.2 QU History
. 1.2.3 Previous Investigations
1.3 Report Crganization

2.0 Study Area Investigation - OU Characterization Tasks
2.1 Field Activities Descriptions
2.1.1 Surface Features
Contaminant Sources
Meteorolegical Investigation
Surface-wWater Investigation
Sediment Investigation
Geological Investigation
30il and Vadose Zone Investigation
Ground~-Water Investigation
Human Population Survey
Ecological Investigation
2.2 Technical Memoranda

L) L[ ] L ] - L] . L) »
e e
RPO®dOU s WN
o

MR

3.0 Physical Characterization of Study Area
3.1 Surface Features
3.2 Geological Investigation
3.3 Soils
3.4 Surface Water Hydrology
3.5 Hydrogeology
3.6 Meteorology
3.7 Demography and Land Use
3.8 Ecolecgical Investigation

4.0 Nature and Extent of Contamination
4.1 Ground Water
4.1.1 Dug (Test pits, trench)
4.1.2 Wells
4.1.3 Potable Water (Wells)
4.2 Surface-Water
4.2.1 Lakes, rivers, stream
4.2.2 Surface Impoundments
4.2.3 Marine water bodies
.3 Sediments
.4 Soil
4.4.1 Surface Soil
4.4.2 Soil Borings and Subsurface Soil
4.5 Sludge
4.6 Waste Streams
4.7 Waste Piles
4.8 Landfills
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Table 3-4. Remedial Investigation Report Format

Page 2 of 2

4.9 Closed/Open Containers
4.10 Ambient Air

5.0 Contaminant Fate and Transport
5.1 Potential Routes of Migration
5.2 Contaminant Persistence
5.2.1 Estimated Persistence-Physical, Chemical,
Biological
5.2.1.1 Ground Water

5.2.1.2 Surface Water

5.2.1 3 Sediments

5.2.1 4 Soil

5.2.1 5 Sludge

5.2.1 6 Waste Streams

5.2.1 7 Waste Piles

5.2.1.8 Landfills

5.2.1.9 Closed/Open Containers

5.2.1.10 Ambient Air

1 Ground Water

2 Potable Water (Wells)
3 Surface-Water

4 Sediments

5§ 8Soil

& Sludge

7 Waste Streams

8 Waste Piles

9 Landfills

10 Closed/Open Containers
.3.11 Ambient aAir

5.4 Modeling

oo uuocnQn

6.0 Baseline Risk Assessment
6.1 Human Health Evaluation
6.1.1 Exposure Assessment
6.1.2 Toxicity Assessment
6.1.3 Risk Characterization
6.2 Envirommental Evaluation

7.0 Summary and Conclusions

7.1 Summary
7.1.1 Nature and Extent of Contamination
7.1.2 Fate and Transport
7.1.3 Rigk Assessment

7.2 Conclusions :
7.2.1 Data Limitations
7.2.2 Recommended Future Work
7.2.3 Recommended Remedial Action Objectives

Appendices
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4.0 RISK ASSESSMENT

A risk assessment will be performed as part of each OU-
specific RI to determine the current and potential risk to human
. health and the environment associated with constituents released to
the environment as a result of past activities at the 0OU. Risk
assessments are performed to accomplish two specific objectives:
the evaluation of baseline risk and the identification of remedial
goals. The two objectives are discussed in the following
paragraphs.

The analysis of baseline risk identifies the risks that exist
if no remedial actions or institutional controls are implemented at
an OU. The results of the baseline risk assessment are used to
determine if implementation of the no further action alternative is
feasible at an OU or if remedial actions are necessary. If
baseline risk levels indicate that remedial action is necessary,
the baseline risk assessment is used to identify the exposure
pathways that need to be remediated. '

The second major objective of risk assessments performed in
connection with CERCLA RI/FS activities is the identification of
remediation goals. The risks and exposure pathways developed in
the baseline risk assessment are used to target chemical
concentrations associated with risk levels that will be adequately
protective of human health for a particular OU. A similar process
is employed to assess threats to ecosystems and the environment for
development of remediation goals based on risk to the envircnment.

The Risk Assessment Report is based on quidelines specified
"Risk Assessment Guidance for Superfund, Volume I, Human Health
Evaluation Manual (Part a), Interim_Final" (EPA, December, 1589).
The environmental assessment part of the risk assessment follows
gquidelines given in the EPA document "Risk Assessment Guidance for
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Superfund, Volume II, Environmental Evaluation Manual, Interim
Final," March 1989,

4.1 Data Collection

To pérform.an OU-specific risk assessment, the following types
- of data are necessary: the identity of contaminants, concentrations
of contaminants in the media of interest,- contaminant source
characteristics, and specific environmental characteristics that
may affect the fate, transport, and the persistence of
contaminants. Before sampling strategies are made final, the risk
assaessor will identify the human exposure points, potential.
exposure routes, and type and length of possible exposure for each
contaminated media. Information about the OU may be obtained from
several sources (i.e., the RI, photographs, hazardous substance
disposal information, ete.). Using . these sources, the number,
type, and location of samples needed can be determined. Only data
that is reliable, accurate, and verifiable can be used in the
quantitative risk assessment; data not meeting criteria can be
discussed either qualitatively or used elsewhere.

Background samples are collected to determine whether
contaminants are either naturally-occurring at the OU or non-oOU~-
related contaminants. Background samples are collected from each
media of concern in areas not influenced by constituents released
to the environment at the OU.

4.2 Data Evaluation

The project team will gather data collected from all available
sources. . The data must be validated according to the steps
outlined in the QAPP before it is used in the risk assessment. If
contaminant concentrations change significantly between sampling
periods, then it may be useful to keep data separate. The most
recent data may be included in the quantitative risk assessment,
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while older data may be evaluated qualitatively. Justification for
elimination of data sets must be fully documented.

Analytical results that do not specify a particular compound
(e.g., total organic carbon [TOC]) and analytical results that are
obtained from less precise analytical methods (e.g., organic vapor
analyzer and field gas chromatography) are not appropriate for use
in a quantitative risk assessment.

4.3 Exposure Agsessment

In EPA, 198%a, the stated objective of the exposure assessment
is "to estimate the type and magnitude of exposures to the
chemicals of potential concern that are present at or migrating
from a site. The results of the exposure assessment are combined
with chemical-specific toxicity information to characterize
potential risks".

"Exposure is the contact of an organism ...with a chemical or
physical agent. The magnitude of exposure is determined by
measuring or estimating the amount of an agent availabie at the
exchange boundaries (i.e., the lungs, gut, skin) during a specified
time pericd. Exposure assessment is the determination or
estimation (qualitative or quantitative) of +the magnitude,
frequency, duration, and route of exposure. EXposure assessments
may consider past, present, and future exposures using varying
assessment techniques for each phase" (EPA, 198%a). Superfund
exposure assessments are concerned with current and future
exposures.

The toxicologist initiates the exposure assessment after all
data has been collected and validated, and chemicals of potential
concern have been chosen. The three-steps involved in the exposure
assessment are as follows: characterization of exposure setting,
identification of exposure pathways, and quantification of
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exposure . The _exposure- setting describes the physical
characteristics of the OU (climate, vegetation, presence/absence of
surface water, etc.) and characteristics of population (locations,
activity patterns, sensitive subpopulations, etc.) on and near the
. OU. Human populations would include current and potential future
populations projected for alternate land uses.

Previously identified populations can be revealed during an
exposure pathway analysis. Each exposure pathway has a unique
mechanism of exposure and is based on the following: (1) the
sources, releasas, types, and locations of OU-related chemicals:;
(2) the environmental fate; and (3) the location and activities of
potentially exposed populations. The toxicologist will identify
exposure points (points of actual contact with the chemical) and
exposure routes.

In the aquantification of contaminant exposure, the
toxicologist determines the magnitude, frequency, and duration of
exposure for each exposure pathway. The quantification of exposure
is conducted by the following steps: (1) estimating exposure
concentrations (the'concentration of chemicals contacted through
the entire exposure period) and (2) calculating chemical intakes
in mg/kg-day using equations that include variables for exposure
concentration, contact rate, exposure frequency, exposure duration,
body weight, and exposure averaging time. Estimates of dose
intakes are organized by the type of peopulation. Fellowing these
steps, the sources of uncertainty (e.g., variable assumptions,
variability in data) are evaluated and summarized. The conclusion
of this section is presented as a summary of the estimated intakes
for each exposure pathway.

As stated in EPA, 1989%a, "Actions at Superfund sites should be

based on an estimate of the reasonable maximum exposure (RME)
expected to occur under both current and future Iland-use

conditions. RME is defined here as the highest exposure that is
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reasonably expected to occur at a site...and are estimated for
individual pathways. If a population is exposed via more than one
pathway, the combination of exposures across pathways also must
represent an RME. The intent ©f the RME is to estimate a
conservative exposure case (i.e., well above the'average case) that
is still within the range of possible exposures."

4.4 TIoxicity Assessment

"The purpose of the toxicity assessment is to weigh available
evidence regarding the potential for particular contaminants to
cause adverse effects in exposed individuals and to provide, where
possible, an estimate of the relationship between the extent of
exposure to a contaminant and the increased likelihood and/or
severity of adverse effects." (EPA, 1989%a).

The two steps involved in toxicity assessment are:

(1) Determining whether exposure to an agent is likely to cause an
increase in the incidence of any adverse health effect in

humans (hazard jdentificatjon); and

(2) Quantitatively evaluating the available toxicity information
to derive an estimate of the potential for adverse health
effects as a function of human exposure to the agent
(dose-res e ava tion). The EPA has performed these steps
for numerous chemicals and has made available the resulting
toxicity information and toxicity values.

4.5 i aracterjzatj
Risk characterization is the final step in the risk assessment

process. The toxiceologist calcuiates risk estimates separately for
carcinogenic (Integrated Risk Information System [IRIS], 1990) and
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non~carcinogenic effects by combining the appropriate information
from the toxicity and exposure assessment sections.

Because many chemicals and exposure pathways may exist at an
. OU, the information must be sorted and checked for completeness.
The toxicologist will evaluate each exposure pathway and land use
. scenario for necessary exposure and toxicity information. A
checklist from EPA 1989a is provided below:

Exposurxe Information

¢ Estimated intakes (chronic, subchronic, and shorter-term, as
appropriate) for chemicals.

L Inportant exposure modeling assumptions, including:

- chemical concentration at the exposure point;

- frequency and duration of exposure:

- absorption assumptions; and

-~ characterization of uncertainties. | .}

¢ List of which exposure pathways can reasonably contribute to
the exposure of the same individuals over the same period.

I [} - ! I E ) ! I
Toxicity information for risk characterization includes:
1) "Slope factors" for all carcinogenic chemicals;

2) Discussion of weight of evidence and classifications for
all carcinogenic chemicals:;

3) Type of cancer for Class A carcincgens;
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4) ~Chronic and subchronic RfDs and shorter-term toxicity
values (if appropriate) for all chemicals (including
carcinogens and developmental toxicants);

5). Critical effect associated with each RED:
6) Discussion of uncertainties, uncertainty factors, and
-modifying factor used in deriving each RfD and 'degree of

confidence'! in RfD (i.e., high, medium, low);

7) Whether the toxicity values are expressed as absorbed or
administered doses;

8) Pharmacokinetic data that may affect the extrapolation
from animals to humans for both the RfD and slope factor:;
and

9) Uncertainties in any route~to-route extrapolations. (EPA,
l1989%a).

EPA, 198%a, states that it is important <toc "Check the
consistency and validity of key assumptions common to the exposure
outputs and the toxicity outputs for each contaminant and exposure
pathway of concern. These assumptions include the averaging period
for exposure, the exposure route, and the absorption adjustments.
The basic principle is to ensure that the exposure estimates
correspond as closely as possible with the assumptions used in
developing the toxicity values."”

The toxicologist calculates carcinogenic risks by multiplying
the average daily intake by the slope factor. The slope factor is
the upper 95 percent confidence limit (based on the multistage
model) of the dose-response curve and is usually based on
laboratory animal studies. The result is a probability estimate
known as the excess lifetime cancer risk (ELCR). This estimate,
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according to EPA, 1989&, is "the incremental probability of an
individual developing cancer over a lifetime as a result of
exposure to the potential carcinogen." The model assumes that any
dose of a carcinogen could theoretically cause cancer (i.e., there
- is no threshold dose below which effects would not occur). A risk
estimate of 1 x 10° means that the individual exposed would have
- an expacted additional probability (i.e., above background) of cne
chance in .a million of developing cancer. Or, in other words, if
one million people were exposed, one excess cancer case would be
expected. Because the rigk estimate is based on the upper-bound
slope factor, the EPA is reasonably sure that the true risk will
not exceed the risk estimate derived from the above method.

The risk estimates derived for non-carcinogenic effects are
not expressed as the probability of an effect but as the ratio,
hazard quotient (HQ), of the average intake for the exposure period
to the appropriate RfD. This approach assumes that there is a
threshold dose that must be exceeded for an effect to occur. An HQ
of greater than one indicates that the acceptable dose has been
exceeded and that there is reason for concern. It is important to
include RfDs for the non-cancer effects for the carcinogens in the
calculations. However, "it is important to emphasize that the
level of concern does not increase linearly as the RfD is
approached or exceeded because RfDs do not have equal accuracy or
precision and are not based on the same severity of toxic effects.
Thus, the slopes of the dose-response curve in excess of the RfD
can range widely depending on the substance." (EPA, 1989%a).

The HQs will be calculated separately, if appropriate, for short-
term, subchronic, and chronic exposures as discussed in the
Averaging Period Subsection.
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4.5.1 Assessment of Uncertainty

The risk measures used in Superfund risk assessments usually
are not fully probabilistic estimates of risk, but conditional
estimates given a considerable number of assumptions about exposure
and toxicity (e.g., risk given a particular future land use).

" Thus, it is important to fully specify the assumptions and

uncertainties inherent in the risk assessment to place the risk
estimates in proper perspective. Another use of uncertainty
characterization can be to identity areas where a moderate amount
of additional data collection might significantly improve the basis
for selection of a remedial altermative.

4.5.2 0Other Considerations

In some cases, site-~specific human health studies may be
available. If the site is a Superfund National Priorities List
(NPL) site, then the Agency of Toxic Substances and Disease
Registry (ATSDR) will have completed a preliminary health
assessment for the site. The Navy should review and compare such
information to the risk assessment. It is important that the risk
assessment identify all the exposure pathways and chemicals of
concern that were discussed in the other documents. Any
differences in conclusions should be explained.

4.5.3 Summary of the Rasults

The final discussion of the risk characterization results is
a key component of the RI Report. At a minimum, the discussion
should include the following:
(1) Verification that the key site-related contaminants were

identified and contaminant concentrations relative to
background concentration ranges were discussed;
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(2)

(3)

(4)

(3)

(6)

(7)

(8)

(9)

A description of the various types of cancer and other health
risks present at the'OU (e.g., liver toxicity, neurctoxicity),
distinquishing between known effects in humans and those that
are predicted to occur based on animal experiments;

The quantitative toxicity information used to estimate risks
and presantation of qualitative information on the toxicity of
substances not included in the quantitative assessment:;

The eiposure estimates for key exposure pathways and related
exposure parameter assﬁmptions:

The magnitude of the cancer risks and noncancer hazard indices

relative to the Superfund site remediation goals in the NCP
(e.g., the cancer risk range of 10 to 10 and noncancer
hazard index of 1.0): '

The major factors driving the 0U risks (e.g., substances,
pathways, and pathway combinations):

The major factors reducing the certainty in the results and
the significance of these uncertainties (e.g., adding risks
over several substances and pathways):

Exposed population characteristics: and

Comparison with site-specific health studies, when available.

This section provides general guidance for performing

environmental assessments at Superfund Sites. The issues and
information presented in the following text outline and briefly
describe the basic components of an environmental risk assessment.

This information is consistent with guidance provided in the
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document entitled "Risk Assessment Guidance for Superfund, Volume
II, Environmental Evaluation Manual ~ Interim Final." (EEM) (EPA,
1989m) .

There are other documents that the ecological risk assessor
should review both before and during an environmental assessment.
. The suggested (in EEM) reference document that provides guidance
concerning the design, implementation, and interpretation of the
data and information gathered during an environmental assessment is
entitled "Ecological Assessment of Hazardous Waste Sites: A Field
and Laboratory Reference" (EPA, 1989n). The toxicologist will
consult other references prepared by the USEPA that provide useful
information. These are listed below:

(1) Review of Ecological Risk Assessment Methods (EPA,
1988e) ;

(2) The Nature and Extent of Ecological Risks at Superfund
Sites and RCRA Facilities (EPA, 19890);

(3) Ecological Risk Assessment Methods: A Review and
Evaluation of Past Practices in the Superfund and RCRA
Programs (EPA, 1989p);

(4) Ecological Risk Management in the Superfund and RCRA
Programs (EPA, 1989q); and

(5) Summary of Ecological Risks, Assessment Methods, and Risk
Management Decisions in Superfund and RCRA (EPA, 1989r).

The basic components that should be included in an ecoclogical
assessment include: objectives of the assessment, scope of the
assessment, site characterization, constituents of concern,
exposure characterization, risk characterization, and conclusion
and uncertainty.
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4.6.1 Objectives of the Assessment

An environmental assessment may be conducted at an OU for a
number of reasons, ranging from the evaluation of actual (or
. potential) on~site and/or off-site impact to biotic communities, to
assessihQ' the potential or observed environmental effects of

' remediation activities (EPA, 1989m). It is important that the

toxicologist state the objective of the investigation clearly so
that the reader understands the specific nature and'direction of
the assessment.

4.6.2 Scope of the Assessment

This section of the report describes the type (i.e., grab vs.
composite water samples, depth of sediment core samples, etc.) and
quantity of data that was collected in association  with the
investigation. The risk assessof will present the data in a
tabular format that summarizes the occurrence of the data in the
sampled environmental media (i.e., so0il, surface water, sedi