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ACRONYMS

American Association of State Highway and Transportation Officials
American Petroleum Institute

applicable or relevant and appropriate requirements
ASTM International Inc.

anticipated typical concentration
benzo(a)pyrene equivalent

below ground surface

Criterium® DecisionPlus®

Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

Controlled Hazardous Substances
chemical(s) of concern

Code of Maryland Regulations

chemical(s) of potential concern

conceptual site model

diesel-range organics

electromagnetic

exposure-point concentration

environmental site assessment

Federal Remediation Technologies Roundtable
gallon

ground penetrating radar

general response action

gasoline-range organics

human health risk assessment

hazard index

incremental lifetime-cancer risk

Interstate Technology and Regulatory Council
land use controls

LMC Properties, Inc.

Lockheed Martin Corporation

Maryland Department of the Environment
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Mg/kg microgram(s) per kilogram

mg/kg milligram(s) per kilogram

MMBTU million British thermal units

MRC Middle River Complex

msl mean sea level

NCP National Oil and Hazardous Substances Pollution Contingency Plan

No. number

NO, nitrogen oxides

OCP Oil Control Program

O&M operation and maintenance

OM&M operation, maintenance, and monitoring

PAHs polycyclic aromatic hydrocarbons

PCBs polychlorinated biphenyls

pH hydrogen ion content; a measure used to express the relative acidity or alkalinity of a
solution

PMy, particulate matter, smaller than 10 microns

PPE personal protective equipment

PRG preliminary remedial goal

RAO remedial action objective

RAP remedial action plan

RCRA Resource Conservation and Recovery Act

REC recognized environmental condition

RRA residual-risk analysis

RSL regional screening level

SARA Superfund Amendments and Reauthorization Act

SB soil boring or subsurface (soil sample)

SO, sulfur oxides

SvoC semivolatile organic compound

TBC to be considered

TCA total cost analysis

TCLP toxicity characteristic leaching procedure

TEF toxicity equivalence factor

Tetra Tech Tetra Tech, Inc.

TPH total petroleum hydrocarbons

TSDF treatment, storage, and disposal facility

UCL upper confidence limit

USEPA United States Environmental Protection Agency

UsT underground storage tank
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VCP Voluntary Cleanup Program

VOC volatile organic compound
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GLOSSARY

applicable or relevant and appropriate requirements (ARARs)—Environmental cleanup
standards and requirements (i.e., federal and state laws and regulations) that must be attained
during cleanup operations and maintained at project completion (a directive of the federal
Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA]).

Aroclor—Aroclor is a polychlorinated biphenyl (PCB; see glossary term) mixture produced
from approximately 1930 to 1979. It is one of the most commonly known trade names for PCB
mixtures. There are many types of Aroclors and each has a distinguishing suffix number that
indicates the degree of chlorination. The numbering standard for the different Aroclors is as
follows: The first two digits generally refer to the number of carbon atoms in the phenyl rings
(for PCBs this is 12), the second two numbers indicate the percentage of chlorine by mass in the
mixture. For example, the name Aroclor 1254 means that the mixture contains approximately
54% chlorine by weight.

background (background level)—As defined by the United States Environmental Protection
Agency (USEPA), substances in the environment that are not influenced by releases from a site
and usually described as naturally occurring or anthropogenic. Naturally occurring is defined as
substances in the environment in forms that have not been influenced by human activity.
Anthropogenic is defined as natural and human-made substances in the environment because of
human activities, but not specifically related to the site in question.

benzene ring—A chemical structure consisting of six carbon atoms with alternating single and
double bonds between them; each carbon atom is bonded to a hydrogen atom in a closed
hexagon configuration chemical structure. Individual polycyclic aromatic hydrocarbons (see
below) consist of two or more fused benzene rings. These types of “ringed” compounds are
referred to as aromatic compounds.

benzo(a)pyrene equivalent (BaPEQ)—A risk-weighted concentration which is representative of
the additive effects of seven polycyclic aromatic hydrocarbons (PAHSs): benzo(a)pyrene,
benzo(a)anthracene, benzo(b)fluoranthene,  dibenz(a,h)anthracene, benzo(k)fluoranthene,
indeno(1,2,3-cd)pyrene, and chrysene. The BaPEq value is a calculated concentration accounting
for the combined toxicity of individual PAHs relative to benzo(a)pyrene when they occur
together in soil. Toxicity equivalency factors (TEFs) are used to convert each individual PAH
concentration into an equivalent concentration of benzo(a)pyrene, and the sum of these
equivalent concentrations for the six other PAHs (mentioned above) and benzo(a)pyrene is the
calculated BaPEq concentration.

carcinogen—Any substance that can cause cancer.

cathodic protection—An engineered protective feature, in the case of this document installed on
underground storage tanks (UST), to prevent corrosion. The cathodic protection usually consists
of a sacrificial anode coated with a material of suitable dielectric properties to electrically isolate
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the tank from its environment. For example cathodic protection on a UST isolates the tank from
potential electrical charges in the surrounding environment and thus slows or prevents
degradation of the tank.

chemical(s) of concern (COC)—Chemicals identified through the baseline risk assessment that
may potentially cause unacceptable adverse effects to human health and/or ecological receptors.

chemical(s) of potential concern (COPC)—Chemicals identified through a preliminary
screening, typically the first step in a baseline risk assessment that should be considered further
in the site evaluation.

cleanup—Actions to deal with a release or threat of release of a hazardous substance that could
affect humans and/or the environment. The term “cleanup” is sometimes used interchangeably
with the terms remedial action, removal action, response action, or corrective action.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)—
Commonly called Superfund, a federal law passed in 1980 and modified in 1986 by the
Superfund Amendments and Reauthorization Act (SARA). Among other things, this law
addresses the remediation of sites where one or more hazardous substances have been disposed
of or released to the environment.

conceptual site model (CSM)—A written and/or schematic representation of an environmental
system and the physical, chemical, and biological processes that affect the transport of chemicals
from sources through environmental media (e.g., air, soil, water, sediment or tissue) to humans
and ecological receptors in the system. The CSM is often revised periodically as additional data
become available at a site.

containment—A technology or design that prevents the movement of contaminants outside of
an originating source or property, or onto an outside property, but does not necessarily treat or
remove the contaminants.

controlled hazardous substance regulations — The statutory and regulatory requirements for
hazardous waste sites under the Maryland Department of the Environment Controlled Hazardous
Substance Division are found in Section 7-222 of the Environment Article and in COMAR
26.14. Hazardous waste sites are assessed through a three phase process: assessment; cleanup;
and operation, maintenance, and monitoring.

ex situ—Away from the original location or place where pollutants are found; in this report, ex
situ means on-site and at the surface, but not in place. For example, an ex situ treatment of
contaminated soil or groundwater will remove (through pumping or digging, for example) the
soil or groundwater from where it was found, and subsequently subject it to a treatment process.
(see also in situ, below.)

exposure assessment—One step in the human or ecological risk assessment processes. An
exposure assessment measures or estimates the magnitude, frequency, duration, and route of
exposure for a receptor (human or ecological) that may come into contact with an environmental
contaminant (for example, by touching contaminated soils). The most quantitative result
achieved by an exposure assessment is the calculation of an exposure dose or intake (i.e., the
amount to which the receptor is exposed).

PAGE xii 7931 TETRA TECH « LOCKHEED MARTIN MIDDLE RIVER COMPLEX « BLOCK F SOIL REMEDIAL ACTION PLAN



exposure pathway—The path from sources of chemicals to humans and ecological receptors
from contaminated media including air, soil, sediment, water, or food.

exposure route—The way a contaminant enters an organism after contact; i.e., by ingestion,
inhalation, or dermal absorption.

exposure scenario—A tool to develop estimates of potential exposure, dose, and risk, typically
for a specific group of people such as construction workers or residents. An exposure scenario
generally includes facts, data, assumptions, inferences, and sometimes professional judgment
about how the exposure for the specific group takes place.

hazard index (HI)—A numerical indicator of the potential for adverse non-carcinogenic health
effects (i.e., any health effect other than cancer) that is derived by summing the individual-
chemical hazard quotients. A hazard index greater than 1 suggests that adverse health effects are
possible whereas a hazard index equal to or less than one does not.

hazard quotient (HQ)—The ratio of estimated site specific exposure to a single chemical to a
selected toxicity threshold, which is either the level at which no adverse health effects are likely
to occur (i.e., the no-observed-adverse-effect level) or at which effects are likely to occur (i.e.,
the lowest-observed-adverse-effect level).

hazardous substance—From CERCLA, a hazardous substance is: “(A) any substance
designated pursuant to section 311(b)(2)(A) of the Federal Water Pollution Control Act
[33U.S.C. 1321(b)(2)(A)], (B) any element, compound, mixture, solution, or substance
designated pursuant to section 9602 of this title [i.e., CERCLA], (C) any hazardous waste having
the characteristics identified under or listed pursuant to section 3001 of the Solid Waste Disposal
Act [42 U.S.C. 6921] (but not including any waste the regulation of which under the Solid Waste
Disposal Act [42 U.S.C. 6901 et seq.] has been suspended by Act of Congress), (D) any toxic
pollutant listed under section 307(a) of the Federal Water Pollution Control Act
[33 U.S.C. 1317(a)], (E) any hazardous air pollutant listed under section 112 of the Clean Air Act
[42 U.S.C. 7412], and (F) any imminently hazardous chemical substance or mixture with respect
to which the Administrator has taken action pursuant to section 7 of the Toxic Substances
Control Act [15 U.S.C. 2606]. The term does not include petroleum, including crude oil or any
fraction thereof which is not otherwise specifically listed or designated as a hazardous substance
under subparagraphs (A) through (F) of this paragraph, and the term does not include natural gas,
natural gas liquids, liquefied natural gas, or synthetic gas usable for fuel (or mixtures of natural
gas and such synthetic gas).”

in situ—In this report, in situ means on-site and in place. For example, an in situ treatment of
contaminated soil or groundwater will treat these environmental media in place, without
removing the soil or groundwater to treat it.

institutional controls — Non-engineering measures intended to affect human activities in such a
way as to prevent or reduce exposure to hazardous substances. They are almost always used in
conjunction with, or as a supplement to, other measures such as waste removal, treatment or
containment. There are four categories of institutional controls: governmental controls;
proprietary controls; enforcement tools; and informational devices.
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impacted soil — soils having chemical(s) of concern (COC) concentrations associated with an
incremental lifetime cancer risk (ILCR) greater than one in 100,000 (1x107°) that were identified
in the residual risk analysis (RRA).

iteratively—In the context of the residual risk assessment, a step that is repeated over and over
again until the desired outcome or goal is achieved.

land use controls (LUCs)—Engineered and non-engineered (administrative) controls
formulated and enforced to regulate current and future land use options. Engineered controls
include fencing and signs. Non-engineered controls typically consist of administrative
restrictions that prohibit certain types of development and/or groundwater use.

leachability—The relative tendency of chemicals to be transferred from soil to groundwater
based on the contaminant characteristics, soil properties, and groundwater conditions.

Middle River Complex (MRC)—The site of Lockheed Martin’s Mission Systems and Sensors
facility; Applied NanoStructured Solutions, which is a Lockheed Martin subsidiary; and General
Electric’s Middle River Aircraft System; also known locally as Plant 1.

naphthalene— Naphthalene is an aromatic volatile or semi-volatile organic compound which
occurs naturally in coal and oil. It has a strong odor that smells like tar or mothballs.
Naphthalene is used to make products like moth balls, dyes, leather goods, and insecticides.

National Oil and Hazardous Substances Pollution Contingency Plan (NCP)—A federal plan
that determines the party or parties that will respond, and how they will respond, to a spill or
release, or threat of release, of oil or a hazardous substance. It establishes a National Response
Team, headed by USEPA, and outlines requirements for accident reporting, spill containment,
and cleanup.

non-detect—Data point for which the chemical of interest was not detected in the chemical
analysis of an environmental sample.

polychlorinated biphenyls (PCBs)—PCBs are man-made organic chemicals manufactured and
used in construction materials and electrical products produced before 1979. PCBs belong to the
broad family of organic chemicals known as chlorinated hydrocarbons, and vary in consistency
from thin, light-colored liquids to yellow or black waxy solids. They have a range of toxicity,
including carcinogenic and non-carcinogenic effects. Due to their non-flammability, chemical
stability, high boiling point, and electrical insulating properties, PCBs were used in hundreds of
industrial and commercial applications including electrical transformers, hydraulic equipment,
thermal insulation, fluorescent lights, oil-based paint, carbonless copy paper, and many other
industrial applications. The manufacture of PCBs was banned in 1979.

polycyclic aromatic hydrocarbons (PAHs)— A name for a group of semi-volatile organic
chemicals that are often found together in groups of two or more. PAHs are created when
products like coal, oil, gas, and garbage are burned but the burning process is not complete. They
can also be found in the environment as a result of natural processes such as wild fires. PAHSs are
a concern because they are persistent in the environment, meaning they do not degrade readily
and can stay in the environment for long periods of time. A subset of PAHs are considered
probable carcinogens based on animal toxicity studies.
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preliminary remedial goal (PRG)—An acceptable contaminant level or range of levels for a
given medium that can be used to support an evaluation of remedial alternatives. Although the
preliminary remedial goals are established based on readily available information, the final
acceptable exposure levels should be determined on the basis of the results of the baseline risk
assessment and the evaluation of the expected exposures and associated risks for each
alternative.

recognized environmental condition (REC)—A condition that is, per ASTM International
(ASTM) E 1527-05, defined as “the presence or likely presence (as documented in public or
other available records) of any hazardous substances or petroleum products on a property, under
conditions that indicate a potential for an existing release, a possible past release, or a material
threat of a release of the hazardous materials into structures or into the soil, groundwater, or
surface water of the property”.

remediation—The process of correcting and/or cleaning up environmental contamination. This
process is governed by various federal and state laws, regulations, and other requirements.

response action—An action or series of actions to reduce, isolate, or remove contamination
from an environmental medium (e.g., soil, air, groundwater, surface water), with the goal of
preventing harmful exposure to people or animals and reducing its impact to the environment.

remedial action objective (RAO)—Cleanup objective specifying contaminants to be cleaned up
and the level (i.e., the reduction in contaminant concentrations), the area, and the time required to
achieve cleanup adequate to protect human health and the environment.

remedial action plan (RAP)—A "remedial action" is defined in the National Contingency Plan
in part as "those actions consistent with a permanent remedy taken instead of, or in addition to, a
removal action(s) in the event of a release or threatened release of a hazardous substance into the
environment, to prevent or minimize the release of hazardous substances so that they do not
migrate or cause substantial danger to present or future public health or welfare, or the
environment.” The RAP presents an evaluation of remedial alternatives (i.e., a feasibility study)
and details the remedial measures to be taken to minimize environmental and health risks
associated with known release(s) of hazardous substances. Depending on known or anticipated
risks to human health and the environment, appropriate action can include site closure,
monitoring and data collection, active or passive remediation, containment, or imposition of
institutional controls.

risk assessment—A qualitative or quantitative evaluation of the risk posed to human health
and/or the environment by the actual or potential presence or release of hazardous substances,
pollutants or contaminants.

site—The Middle River Complex, in this document specifically Tax Block F, an 11.94 acre
portion of the total property owned by Lockheed Martin Properties, Inc.

solubility—A measure of the amount of solute that will dissolve in a solution. It is the ability or
tendency of one substance to dissolve into another at a given temperature and pressure and is
generally expressed in terms of the amount of solute that will dissolve in a given amount of
solvent to produce a saturated solution.
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spalling—Term for breaking apart or fragmentation of a surface or solid object due to physical,
chemical, or environmental stresses, or weathering.

standard proctor—A standardized mechanical testing method used to determine the compaction
property of soil. The test is described in American Association of State Highway and
Transportation Officials (AASHTO) specifications T99 and ASTM International (ASTM)
standard D698-12.

total petroleum hydrocarbons (TPH)—TPH refers to a measure of concentration or mass of
petroleum hydrocarbon constituents present in a given amount of air, soil, or water.

toxicity equivalency factor (TEF)—TEFs are estimates of compound-specific toxicity relative
to the toxicity of an index chemical [e.g., benzo(a)pyrene]. TEFs are used in a risk assessment to
evaluate the risks associated with exposure to a mixture of similar compounds for human or
ecological receptors.

volatile organic compounds (VOCs)—A group of chemicals (organic compounds) that will
vaporize or evaporate into the atmosphere at room temperature. They often have a sharp smell
and can come from many products, such as office equipment, adhesives, carpeting, upholstery,
paints, petroleum products, solvents, and cleaning products. Trichloroethene is an example of a
VOC.

Voluntary Cleanup Program—A Maryland Department of the Environment (MDE)
administered program providing State oversight for voluntary cleanups of properties
contaminated with hazardous substances. The program was established in 1997 as an agreement
between MDE and the USEPA. The program provides liability protection for participants such
that USEPA will consider sites in the VCP of “no further interest” provided they are successful in
cleanup and MDE issues a No Further Requirements Determination or Certificate of Completion.
The goal of the program is to increase the number of sites cleaned by streamlining the cleanup
process while ensuring compliance with existing environmental regulations.
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Executive Summary

Environmental stewardship of our activities is an important aspect of Lockheed Martin
Corporation’s commitment to the communities in which we operate. Accordingly, the
Corporation has assumed responsibility for the assessment and cleanup of environmental impacts
associated with the Lockheed Martin Middle River Complex (MRC) located at 2323 Eastern
Boulevard in Middle River, Maryland. Tetra Tech Inc. has prepared this soil remedial action plan
for Lockheed Martin Corporation in accordance with the requirements of the Maryland
Department of the Environment Controlled Hazardous Substances regulations (Section 7-222 of
the “Environment Article,” Annotated Code of Maryland). This remedial action plan presents an
evaluation of remedial alternatives (i.e., a feasibility study) for remediation of soils in Tax Block
F, which is one of eight main land parcels that comprise the Middle River Complex. Tax Block F,
along with other portions of the Middle River Complex, was accepted into the Maryland
\Voluntary Cleanup Program in 2006. The land parcel was withdrawn from the program in 2013
in order to combine the environmental restoration of the entire MRC, including soils,
groundwater, and offshore sediments, into a single regulatory program. The goal for Tax Block F
under this remedial action plan is to receive a No Further Action letter from the Maryland
Department of the Environment under an industrial future land use category. Remediation
targeted for future industrial land use is being proposed to meet the current and projected future
use of the property. This does not prohibit Tax Block F from future development for residential,
commercial, or recreational use if additional remediation is conducted to meet the contemplated

land use.

Lockheed Martin will submit the remedial action plans for Tax Blocks D, E, G, and H to the
Maryland Department of the Environment in the fall of 2013. Block E is on a different overall
schedule because the detection of polychlorinated biphenyls above 50 milligrams per kilogram in
some soils, storm drains, and off-site shore sediment requires the review and approval of the
United States Environmental Protection Agency, in addition to the reviews and approvals required

by the Maryland Department of the Environment. The Block E remedial action plan will be
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completed during the same period as that of other tax blocks, but remedial activities are expected

to occur later than in the other blocks due to the additional agency reviews and approvals.

A response action for groundwater at the Middle River Complex was presented in a separate
groundwater response action plan. This plan was approved by Maryland Department of the
Environment in September 2012. Design of the groundwater remedy is underway, with

construction completion anticipated in early 2014.

Remediation of impacted offshore sediments near the Middle River Complex are also being
addressed within the bounds of the controlled hazardous substances regulations, although
sediments are within waters of the United States and are not Lockheed Martin Property. A
feasibility study for sediment remediation was submitted to the Maryland Department of the
Environment and the United States Environmental Protection Agency in December 2012.
Sediment remediation will likely occur in near shore sediments of Dark Head Cove and Cow Pen
Creek and is scheduled to start in late 2015 and be completed in 2016 pending regulatory

approvals and extensive remediation permitting.

Block F of the Middle River Complex comprises approximately 12 acres and consists of four
recognized environmental conditions (RECs): REC#4 (former boat launch area), REC #5
(former aviation fuel underground storage tanks), a portion of REC #6 (waterfront lot), and
REC #13 (former boat dock area). This remedial action plan primarily addresses a remedy for
soil in REC#13 because soil sampling results and risk assessment do not indicate that remedial
actions are required for soil in REC #4, REC #5, and REC #6 (Figure 1-2). Although not based
on a human health risk requirement, the abandoned-in-place underground storage tanks in
REC #5 will be removed as well.

Nature and extent of contamination—Investigations associated with Block F have been
conducted since 2003 and include record reviews, discussions with Middle River Complex
personnel, geophysical surveys, and soil and groundwater sampling. Most impacted soil at
Block F appears to be associated with fill material historically placed in the waterfront lot and
the former boat dock area. The results of these investigations show that site surface and
subsurface soils are primarily contaminated with polycyclic aromatic hydrocarbons randomly
distributed in the soil matrix. As presented in the Human Health Risk Assessment (HHRA) for
Blocks D, E, F, G, and H Soils (Tetra Tech, 2012b), polycyclic aromatic hydrocarbons are the
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primary risk drivers for industrial workers in Block F and have been identified in soils at

concentrations exceeding industrial risk-based preliminary remedial goals.

Exposure assessment—An exposure assessment has been completed for the site to predict
human health risks associated with exposure to site contaminants under current and future
exposure scenarios. The results indicate that in some areas contaminated site soils pose

unacceptable risks to human receptors according to regulatory standards.

Remedial goals—Remedial goals for Block F soil were established using a two-step process.
First, a human health risk assessment was conducted that identified contaminants of concern
based on exposure to human receptors. The risk assessment also identified preliminary remedial
goals for final contaminants of concern. Risk is defined herein as the probability of adverse
health effect resulting from exposure to contamination. A residual-risk analysis was then
conducted to identify areas in Block F with impacted soils that must be remediated to meet an
industrial-use, human health, residual-risk level of 1 x 10 (i.e., a one in 100,000 increased
probability of cancer). A 1 x 107 risk level is MDE’s upper end risk threshold for carcinogenic

compounds.

The risk assessment process resulted in identifying chemicals of concern that will require
remediation if a typical industrial worker is the receptor of concern. The risk assessment consists

of the following six components:

e data evaluation e exposure assessment

e toxicity assessment e risk characterization

e uncertainty analysis e development of preliminary remedial
goal options

Polycyclic aromatic hydrocarbons, expressed as benzo(a)pyrene equivalent concentrations
(BaPEQq), were identified in the risk assessment as the primary chemicals of concern for Block F
soils. The residual-risk analysis identified impacted soil areas upon which remediation was
required to meet an industrial risk-based preliminary remedial goal for BaPEq to within a 95%
upper confidence level for Block F as a whole. Residual-risk analysis involves sequentially

“removing” contaminated soil samples, beginning with the highest concentration and continuing
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removal, until the average soil concentration is equal to or less than the industrial risk-based

preliminary remedial goal with a 95% certainty. The residual-risk analysis was performed on soil

from zero to two feet below ground surface (surface soils), and soil from two feet below ground

surface
steps.

to the water table (subsurface soils). The residual-risk analysis entailed the following five

identify the chemicals of concern
determine the preliminary remedial goals
rank locations

iteratively remove samples from the surface and subsurface data set and recalculate the
industrial-based exposure and residual risk for the block as awhole

once the 1x10® residua risk criterion is achieved in the analysis, examine remaining
contamination and using professional judgment, remove additional elevated-
concentration samples from the data set and recalculate exposure and residual risk to
provide amargin of safety

The areas identified for remediation in the residual-risk analysis are shown in Figure4-1. The

identification of these areas was based on BaPEq concentrations detected in surface soils located

within the zero- to two-foot depth interval below ground surface.

Remedi

al action objective—To obtain a No Further Action letter under an industrial future land

use for soils at Block F, the following remedial action objectives were devel oped (see Section 4):

Reme

objective

dial action Description

Reduce site-related chemicals of concern in Block F soilsto 1x10®
1 human health cancer-risk limits for industrial workers exposed to
contaminants of concern viaingestion, dermal contact, and inhalation.

Excavation and offsite recycling or disposal of seven abandoned-in-place
former aviation fuel underground storage tanks at REC #5 in accordance
2 with Maryland Oil Control Program Guidance and Code of Maryland
Regulations Title 26 Subtitle 10 “Oil Pollution and Tank Management” to
obtain a clean closure in REC #5 under aresidential use scenario.

Remedi

al action alternatives—After identifying the remedia action objectives, remedial action

alternatives for soil were identified and evaluated. Various technol ogies and process options were

considered and then separated into seven general response action categories. The genera
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remedial action categories include “no action,” “limited action,” “containment,” “removal,” “in
situ treatment,” “ex situ treatment,” and “disposal.” A detailed screening of process options was

then conducted, which resulted in the selection of the following six remedial alternatives:
e Alternative 1: No action (baseline for comparison to remaining alternatives)
e Alternative 2: Institutional controls

e Alternative 3: Excavation and off-site disposal of impacted soils, underground storage
tank removal, and institutional controls

e Alternative 4: Limited excavation and soil cover over impacted soils, underground
storage tank removal, and institutional controls

e Alternative 5: Enhanced bioremediation of impacted surface soils, underground storage
tank removal, and institutional controls

e Alternative-6: In situ stabilization of impacted soils downward to the groundwater table,
underground storage tank removal, and institutional controls

A detailed evaluation was performed upon each alternative according to the following criteria:

e long-term effectiveness and e implementability
permanence
e reduction in toxicity, mobility, and e environmental impacts

volume through treatment

e short-term effectiveness e COStS

The alternatives were then compared to each other qualitatively and quantitatively, based on

these same criteria.

Proposed remedial action—For Lockheed Martin Corporation, success depends on how well we
recognize and fulfill our responsibilities to the environment, to a safe workplace, to stewardship
of scarce natural resources, and to our customers and shareholders. All of these responsibilities
were considered in selecting the remedial action for Block F. This evaluation led to selection of
Alternative 3 (excavation and disposal of impacted soils, underground storage tank removal, and
institutional controls) as the soil remedial action for Block F at the Middle River Complex. As
part of the proposed remedial action, seven abandoned underground storage tanks located in
REC #5 will be removed.
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Alternative 3 will reduce human health risk (based on an industrial exposure scenario) to less
than a 1x107 risk level (i.e., less than a one in 100,000 probability) by removing soils to a depth
of two feet; institutional controls will mitigate risk posed by soils remaining after remediation.
The selected alternative will also ensure that both remedial action objectives are met. Acceptance
of the proposed remedial action by the Maryland Department of the Environment is required. A
No Further Action letter will be sought by Lockheed Martin Corporation from the Maryland
Department of the Environment subsequent to completion of the soil remedia action (i.e., when
the remedia action objectives are met). In that letter, the Maryland Department of the
Environment will establish the institutional controls for Block F. Though the proposed
remediation is based on human health risk under an industrial exposure scenario, industrial
risk-based remediation aigns remediation with current and anticipated future land use.
Remediation to remedia action objectives based on preliminary remedial goals for mitigating
risks posed under an industrial exposure scenario does not prohibit the site from future
development for residential, commercial or recreational use, athough additional remedial

activities may be required.

Schedule—A schedule of the remedial action implementation for Block F soil is provided in
Section 10 of the Block F Soil Remedial Action Plan. Mgor activities include:

e submit final remedia action plan—fall 2013
e remedia action implementation—Iate 2014

Communication and community relations—Lockheed Martin Corporation is committed to its
partnership with the Middle River community and to maintaining a high level of community
outreach, stakeholder engagement, and communication as work progresses. The Corporation has
and will continue to invest in the environmental, health, and economic needs of the community.
Lockheed Martin Corporation also will provide remediation program updates to the civic
association leadership and, upon request, will attend civic association meetings to provide
updates and answer questions and listen to issues and concerns. Lockheed Martin Corporation
also will hold a public information availability session before the remedia action begins to
inform and educate the stakeholders interested in this project. Lockheed Martin Corporation
remains committed to two-way communication with the community to ensure that questions are

answered and issues and concerns are addressed in atimely manner.
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Section 1

Introduction

This section presents the purpose, scope, and organization of the remedial action plan for Tax
Block F soils. A brief summary is provided for each subsequent section of the remedial action

plan.

11 PURPOSE OF THE REMEDIAL ACTION PLAN

On behalf of Lockheed Martin Corporation (Lockheed Martin), Tetra Tech, Inc. (Tetra Tech) has
prepared this remedial action plan (RAP) for soil at Tax Block F (“Block F”) of the Lockheed
Martin Middle River Complex (MRC) in Middle River, Maryland. The location of the Middle
River Complex is shown in Figure 1-1. This remedial action plan was prepared in accordance with
the requirements of the Maryland Department of the Environment (MDE) Controlled Hazardous
Substances (CHS) Enforcement Division (see Section 7-222 of the “Environment Article,” and
Code of Maryland Regulations [COMAR] 26.14). Tax Block F, along with other portions of the
Middle River Complex, was accepted into the Maryland Voluntary Cleanup Program in 2006.
The land parcel was withdrawn from the program in 2013 in order to combine the environmental
restoration of the entire Middle River Complex, including soils, groundwater, and offshore
sediments, into a single regulatory program. The withdrawal letter documenting this change is

included in Appendix A.

The purpose of the remedial action plan is to provide the background, supporting documentation,
and framework (i.e., goals, performance evaluation criteria, and schedule) for remediation of soils
at Block F. The plan details the remedial action objectives (RAOSs), screening of remedial
technologies, and the selection of the proposed remedial action. The remedial actions and goals
detailed herein are based on current and historical site data derived from the soil investigations
described in Section 2, and the current and anticipated future land use. This remedial action plan
provides information necessary to support the decision to remove contaminated soil to achieve the

following remedial action objectives:
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Soil remedial action objective 1— Reduce site-related chemicals of concern (COC)
in Block F soils to a 1x10™ human health cancer-
risk level for industrial workers exposed to
chemicals of concern via ingestion, dermal
contact, and inhalation

Soil remedial action objective 2— Excavation and offsite recycling or disposal of
abandoned-in-place  former  aviation  fuel
underground storage tanks (USTs) at REC #5 in
accordance with Maryland Oil Control Program
(OCP) Guidance and Code of Maryland
Regulations 26.10 “Oil Pollution and Tank
Management” to obtain a clean closure in REC #5
under a residential use scenario.

1.2 SCOPE

Block F contains four recognized environmental conditions (RECSs): recognized environmental
condition #4 (boat launch area), recognized environmental condition #5 (former aviation fuel
underground storage tanks [USTs]), a portion of recognized environmental condition #6
(waterfront lot), and recognized environmental condition #13 (former boat dock area). The

locations of these recognized environmental conditions are shown in Figure 1-2.

The Maryland Department of the Environment recognizes sites with a cancer risk greater than
1x107 (i.e., a one in 100,000 increased probability of cancer) or a hazard index greater than 1,
require remedial actions. This remedial action plan contains an evaluation of risk-based remedial
actions based on industrial land use and identifies the preferred option that will achieve the
remedial action objectives established for Block F soils. The response actions for Middle River
Complex groundwater are described under the separate, approved groundwater response action
plan. Planning to date for addressing impacts to offshore sediments is described in a separate

sediment feasibility study.

1.3 ORGANIZATION
This Block F soil remedial action plan is organized as follows:

Section 1—Introduction: Presents the purpose, scope, and organization of the remedial action
plan.

Section 2—Middle River Complex Block F Overview: Briefly describes the Middle River
Complex and Block F background, site history, environmental investigations, and results, and
presents the conceptual site model and a summary of the proposed soil remedial actions.
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Section 3—Exposure Assessment: Presents the current and potential future land use and
environmental media of concern, and describes possible exposure pathways.

Section 4—Cleanup Criteria: Presents remedial action objectives, chemicals of concern,
preliminary remedial goals, and protocols for attainment of cleanup goals.

Section 5—Remedial Action Alternative Evaluation and Selection: Presents the screening of
remediation technologies and process options, the development and analysis of remedial
alternatives, a comparative analysis of alternatives, and describes the alternative selected to
clean up the soils in Block F.

Section 6—Design Confirmation Sampling: Presents the investigation that is required to
address minor data gaps surrounding areas identified for remediation so that remedial action
boundaries can be more accurately defined in a final design.

Section 7—Contingency Measures for the Selected Remedial Action: Presents the contingency
measures to be employed in the event the selected alternative does not perform as expected.

Section 8—Proposed Remedial Actions: Presents the plan for the work and controls necessary
to perform the proposed remedial action.

Section 9—Permits and Notifications: Presents local, state, and federal laws and regulations that
prescribe the permits and approvals required to implement the Maryland Department of the
Environment-approved remedial action plan.

Section 10—Implementation Schedule: Presents the detailed schedule for the work necessary to
implement the Maryland Department of the Environment-approved remedial action plan.

Section 11—References: Lists references and citations used in compiling this remedial action
plan.

Appendices:
Appendix A — Voluntary Cleanup Program Withdrawal Letter

Appendix B—Block F Industrial Exceedances of Risk-Based Screening Criteria (Table)
Appendix C—Soil Data from Previous Investigations (Table)

Appendix D —Residual-Risk Analysis

Appendix E—BaPEq Calculation

Appendix F—Block F Depth-to-Water Contours

Appendix G—SiteWise™ Information

Appendix H—Total Cost Analysis

Appendix I—Criterium® DecisionPlus® Results

Appendix J—Permits
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Section 2

Middle River Complex
Block F Overview

The following presents an overview of the site background and site-specific chemicals of
concern. Also summarized are the findings of previous site investigations, the understanding of
nature and extent of site contaminants, their persistence and migration in the environment, and

applicable exposure pathways, collectively known as the conceptual site model.

2.1 MIDDLE RIVER COMPLEX BACKGROUND

In 1929, the Glenn L. Martin Company, a predecessor entity of Lockheed Martin Corporation
(Lockheed Martin), acquired a large parcel of undeveloped land in Middle River, Maryland to
manufacture aircraft for the United States government and commercial clients. In the early
1960s, Glenn L. Martin Company merged with American-Marietta Company to form Martin
Marietta Corporation. In the mid-1990s, Martin Marietta Corporation merged with Lockheed to
form Lockheed Martin, in turn focusing its on-site operations on equipment construction and
testing for the United States government and commercial clients. Shortly after the merger,
General Electric acquired most of Lockheed Martin’s aeronautical business in Middle River,

which began operating as MRA Systems, Inc.

The Middle River Complex (MRC) is part of the Chesapeake Industrial Park located at
2323 Eastern Boulevard in Middle River, Maryland, approximately 11.5 miles northeast of
downtown Baltimore. The MRC comprises several tax blocks and covers approximately
161 acres; it includes 12 main buildings, an active industrial area and yard, perimeter parking
lots, an athletic field, vacant lots, and numerous grassy green spaces along its perimeter. The
MRC is bounded by Eastern Boulevard (Route 150) to the north, Dark Head Cove to the south,
Cow Pen Creek to the west, and Martin State Airport to the east. Figure 2-1 is a layout map of

the MRC. This map shows the active industrial facility (Block I) and the external Blocks A, B,
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D, E, F, G, and H surrounding Block I. LMC Properties, Inc. (LMCPI) owns and operates the

MRC and periodically leases space to other parties for storage and parking.

Block F occupies approximately 11.94 acres in the southern portion of the MRC. Block F is
bounded on the north by the former Building D (Block E) and properties formerly owned by
Lockheed Martin now occupied by the Tilley Chemical Company and North American Electric.
Block F is bounded to the east by the waterfront lot portion of Block D and Dark Head Cove, to
the south by Dark Head Cove, and to the west by Cow Pen Creek (see Figure 2-1). East of MRC
is the Martin State Airport, totaling approximately 750 acres, which in 1975 was transferred from
Martin Marietta to the State of Maryland.

Review and analysis of limited information in the Phase | Environmental Site Assessment (ESA,
Earth Tech, 2003), MRC records, and historical aerial photographs indicate that a portion of
Block D, which includes parking lot number (No.) 6, and the waterfront, were backfilled
between 1938 to 1949, raising the topography to its current elevations and extending the MRC
property to its current layout. A bulkhead was constructed along much of the current water line at
Block F and the cove along the bulkhead was dredged in the early 1940s to create a federally
approved navigation channel. Dredged material may have been placed as backfill along the
inland side of the bulkhead at the time of its construction, based on review of historical aerial
photographs. Portions of the bulkhead are stone riprap covered with concrete and portions are
steel sheet piling capped with a concrete wall. Dredging was done near the shoreline to lower the
bottom of Dark Head Cove to ten feet below sea level to facilitate use of the creek as a proposed
anchor basin. After the shoreline had been reconstructed and backfilling was completed, the
waterfront lot in Block F and parking lot No. 6 in Block D were paved with asphalt. Both
locations are referred to as recognized environmental condition (REC) #6 in the Phase | ESA
(Earth Tech, 2003).

2.2 BLOCK F BACKGROUND

Block F includes RECs #4, #5, #6, and #13, as identified in the Phase | ESA (Earth Tech, 2003)
and as shown on Figure 2-1. The former boat launch area (REC #4) and the former aviation-fuel
underground storage tanks (USTs) (REC #5) are primarily covered by a concrete tarmac that
defines the boundary of REC #4. REC #5 is comprised of seven abandoned-in-place USTs
underneath the north central portion of the concrete tarmac; this location has no other structures.
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A chain-link fence runs along the northern edge of REC #4, along Chesapeake Park Plaza,
prohibiting unauthorized access to these two RECs. Vehicle and personnel access to these RECs

is through a locked gate.

The concrete tarmac is comprised of smaller concrete slabs in relatively good condition, with
some minor cracks and sinkholes in a few locations. Grass and soil are in many of the slab joints.
A grassy strip runs along the southeastern edge of REC #4, separating the southeastern portion of
the tarmac from a steel and concrete section of bulkhead along Dark Head Cove. This section of
bulkhead is in poor condition; cracking and spalling (or flaking) of the concrete and erosion of
the fill adjacent to the bulkhead are evident at numerous locations (Tetra Tech, 2012a).

The waterfront lot, on the eastern portion of Block F, comprises only a portion of REC #6.
Parking lot No. 6 on the adjacent Block D is also a part of REC #6. Historical information
obtained during the Phase I ESA suggests that the REC #6 area was backfilled behind the
bulkhead construction along the Dark Head Cove waterfront (Earth Tech, 2003). Consequently,
this area was classified in the Phase | ESA as a REC due to the lack of chemical or physical

characterization of the fill. Characterization of this area has since been completed.

The waterfront lot is a well-manicured, grassy strip of land between Chesapeake Park Plaza and
Dark Head Cove and between parking lot No. 6 and Dark Head Cove. The lot has several trees,
and the grass there appears to be in good condition. A concrete-covered riprap bulkhead bounds the
unit along most of its border with Dark Head Cove. The concrete covering on the riprap bulkhead
in this area shows significant cracking. Minor erosion of the shoreline behind the riprap and
undermining of stormwater outfall structures were observed in the REC #6 portion of the bulkhead
during a May 2012 inspection (Tetra Tech, 2012a). Major erosion and washout of the reinforced

riprap were also observed at one location near the middle of REC #6 (Tetra Tech, 2012a).

The former boat dock area (REC #13), in the southwestern portion of Block F, is now an open,
relatively flat grassy parcel. A chain-link fence running along the perimeter of Chesapeake Park
Plaza limits unauthorized access to REC #13. No fences are located along the boundaries shared
with North American Electric or with the former boat launch area (REC #4). Vehicle and
personnel access to REC #13 is obtained through a locked gate along Chesapeake Park Plaza at
REC #4.
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The former boat dock area (REC #13) is covered with a well-maintained lawn, with shrubs and
trees growing thickly along the Cow Pen Creek shoreline. Several trees are in this REC.
Although no structures are currently in REC #13, the severely degraded remnants of several
walkways, parking areas, and a few foundations are still evident. A review of available aerial
photographs and facility maps shows that the former boat dock area was developed before 1949.
Structures in this area once included a cottage, service building, storage building, training school,
boathouse, and two docks. This area once reportedly had as many as 11 buildings. Based on

historical photographic records, the buildings were demolished before 19609.

2.3 BLOCK F PREVIOUS INVESTIGATIONS

Environmental investigations associated with Block F have been conducted since 2003 and
include record reviews, discussions with MRC personnel, geophysical surveys, and soil and
groundwater sampling. The primary findings of these investigations as they relate to this
remedial action plan (RAP) for soils are included in Sections 2.3.1 through 2.3.11. Figures 2-2
and 2-3 show locations of soil samples collected in the western and eastern portions of Block F,
respectively, during previous investigations. Table 2-1 provides a summary of previous
investigations related to Block F soils. Appendix B presents positive detections only for soil
sampling results from all the previous investigations discussed in this section (non-detect results
are not listed). Chemical data in Appendix B are compared to the risk-based preliminary
remedial goals (PRGs) developed for Block F. The PRGs are based on a human health risk
assessment (HHRA) that evaluated all Block F data (Tetra Tech, 2012b), as described in
Section 2.4. A complete database of all existing Block F soils data (including non-detect results)
is in Appendix C.

During previous investigations, screening criteria used for data comparison have varied due to
revisions in the applicable Maryland Department of Environment (MDE) soil standards. In
addition, residential screening criteria have been used to screen data in the past as well as MDE
anticipated typical concentrations (ATCs) for some metals (regional background concentrations
recognized by the MDE [MDE, 2008]). However, based on the current projected future use of
the property, using industrial soil screening criteria is more appropriate. For clarity in the
discussion below, previous investigation results are presented in general terms, with qualitative

comparison to the preliminary residential or industrial screening criteria that were used at the

PAGE 2-4 7931 TETRA TECH « LOCKHEED MARTIN MIDDLE RIVER COMPLEX « BLOCK F SOIL REMEDIAL ACTION PLAN



time of those previous investigations (referred to hereinafter as the “previously used” criteria).
Chemicals detected in soils during the previous investigations that exceeded the more
conservative MDE residential screening criteria were evaluated further in each subsequent series
of investigations. Exceedances of MDE residential and industrial criteria were collectively
addressed as chemicals of potential concern (COPC) in the HHRA, as discussed in Section 2.4.
The COPCs are further evaluated to produce a final list of chemicals of concern (COC) and then
PRGs are developed and presented in Section 6 of the HHRA. The current screening criteria are
the MDE soil cleanup levels, ATCs, and industrial PRGs listed in Table 2-2 and discussed in the

following sections.

2.3.1 Phase | Environmental Site Assessment (2003)

A Phase | ESA was conducted on the MRC in February 2003 in accordance with ASTM
International, Inc. (ASTM) standard E 1527 (Earth Tech, 2003). The primary goal of the Phase I
ESA was to identify RECs through a desktop study of historical documents and a cursory site
inspection. The Phase I ESA consisted of a historical review of the facility (i.e., a review of
available facility documents, aerial photographs, and city directories); a review of federal, state,
and local agency databases; interviews with MRC personnel; and a site visit. Thirteen specific
RECs associated with the MRC and four RECs within Block F were identified in the Phase I
ESA. The four Block F RECs were as follows:

e former boat launch area (REC #4)

e former aviation fuel USTs (REC #5)

e waterfront lot (part of REC #6)

e former boat dock area (REC #13)
In addition to identifying RECs, a recommendation was included in the Phase | ESA for further
investigation of historical activities at MRC to identify other possible environmental concerns.
2.3.2 Phase Il Investigation (Fall/Winter 2003)

The initial Phase Il investigation entailing soil and groundwater sampling and a geophysical
survey was conducted in the fall of 2003 on seven of the 13 Phase | RECs, including RECs #4,
#5, and #6 within Block F, to determine and evaluate baseline environmental conditions for the

entire MRC (Tetra Tech, 2004a). The geophysical surveys were conducted to provide evidence of
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buried USTs, utilities, or metallic debris in the subsurface underlying the RECs. During this
investigation, four soil borings (SB-22 through SB-25) were advanced in the concrete tarmac at
the boat launch area for general geographic coverage across REC #4. Two subsurface soil samples
(five and 10 feet below ground surface [bgs]) were collected from each boring and analyzed for
volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), polychlorinated
biphenyls (PCBs), metals, and total petroleum hydrocarbons (TPH)-gasoline-range organics
(GRO) and TPH-diesel-range organics (DRO). A summary of the samples acquired and analyses
performed from the fall 2003 investigation is in Table 2-3.

Four soil borings (SB-26 through SB-29) were advanced near the former USTs (REC #5), one on
each of the four sides of the UST location. One subsurface soil sample (at 10 feet bgs) was
collected from each boring and analyzed for VOCs and TPH-GRO. One additional boring
(SB-30) was advanced in the waterfront lot area (REC #6) and one subsurface sample (at
five feet bgs) was collected. This sample was analyzed for VOCs, SVOCs, pesticides/PCBs,
metals, and TPH-GRO and TPH-DRO.

VOCs and metals were consistently detected in soil samples collected at RECs #4, #5, and #6.
Mercury was detected at a low concentration in one soil sample collected at a depth of five feet
in SB-24 (at REC #4).

An electromagnetic (EM) geophysical survey was completed at the waterfront lot and parking
lot No. 6 to detect possible areas of waste disposal or possible buried drums or other metallic
debris that may be in the REC #6 fill area. Nine EM anomalies were identified. A follow-up
ground-penetrating radar (GPR) survey of these anomalies found that eight of the anomalies
were associated with utilities (primarily storm drains), but the survey did not identify the source
for the final anomaly in parking lot No. 6. The EM signature of this unidentified anomaly was
not consistent with commonly encountered utilities or buried metallic objects (e.g., drums,
tanks), and was attributed to fill (e.g., cache of concrete or large stones). Results of soil sampling
near the anomaly (i.e., SB-30) did not exhibit signs of contamination. The results of the
geophysical survey are in Appendix B of the Final Report, Phase Il Site Investigation of Exterior
Areas (Tetra Tech, 2004a).
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2.3.3 Historical Survey (2004)

The historical research investigation of the MRC (Tetra Tech, 2004b) was conducted in
summer 2004 to review all available historical information identified in the 2003 Phase | ESA.
The historical survey included a review of MRC maps (e.g., as-builts, proposed construction
plans, and plot maps), interviews with Lockheed Martin and tenant personnel, and
documentation of site visits. Relevant to Block F, the review of MRC documents identified a
cottage, service building, storage building, training school, and boathouse formerly located in the
boat dock area (REC #13). Other MRC maps and data indicate that multiple buildings were
on-site from the 1940s until 1969 (Earth Tech, 2003). No additional information regarding
chemical and material storage and waste handling practices was identified during the historical

survey.

234 Site-Wide Phase Il Investigation (2004)

The site-wide Phase Il investigation in 2004 further explored environmental concerns identified
at RECs from the 2003 Phase Il investigation and in the historical research survey, and addressed
possible data gaps associated with the 2003 investigation. All 31 RECs at the MRC were
investigated during the site-wide Phase Il investigation, which included geophysical surveys of
five areas plus soil and groundwater sampling. A summary of the samples and analyses for this

investigation is in Table 2-3.

Surface soil samples (SB-22A-SS through SB-25A-SS and SB-50-SS) were collected from the
first foot of soil from soil borings installed adjacent to the 2003 soil borings in REC #4
(SB-22 through SB-25). Samples were analyzed for VOCs, SVOCs, pesticides/PCBs, metals,
and TPH-GRO and TPH-DRO. To verify the subsurface mercury concentrations detected in the
earlier samples (SB-24), an additional soil boring (SB-50) was installed, and one surface soil and
two subsurface soil (five and 10 feet bgs) samples were collected and analyzed for VOCs,
SVOCs, pesticides/PCBs, metals, and TPH-GRO and TPH-DRO.

At the waterfront lot, one surface soil sample was collected from the 2003 soil boring location
(SB-30). Two new soil borings (SB-55 and SB-56) were also installed in areas associated with a
former mound of unknown material, near the former service roads identified on historical aerial
photographs and a storm-sewer utility trench. Surface and subsurface samples (from five and

10 feet bgs) from the two new soil borings (SB-55 and SB-56) and the surface soil sample in
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SB-30 were analyzed for VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO and
TPH-DRO.

Four soil borings (SB-93 through SB-96) were advanced in the former boat dock area. One surface
soil sample and two subsurface soil samples (five and 10 feet bgs) were collected from each
boring. An additional subsurface soil sample (15 feet bgs) was collected from each soil boring
SB-93, SB-94, and SB-96. All samples were analyzed for VOCs, SVOCs, pesticides, PCBs,
metals, TPH-GRO, and TPH-DRO.

Mercury is the only compound in REC #4 that exceeded the previously used MDE residential
soil-screening levels. This mercury exceedance was found in surface soil sample SB-24A-SS,
collected at a location consistent with a previously elevated mercury level detected in SB-24.
Arsenic and lead were detected in soil samples from the waterfront lot and boat dock area at
concentrations in excess of previously used MDE residential-soil screening levels. Lead
concentrations ranged from non-detect to 420 mg/kg (SB-55-SS). Mercury, arsenic, and lead
concentrations in these samples that exceeded residential criteria, however, are less than the

subsequently developed risk-based industrial PRGs for Block F soils.

Four polycyclic aromatic hydrocarbons (PAHSs), Aroclor-1260, cadmium, chromium, and
mercury were detected at concentrations greater than previously used MDE residential-soil
screening levels in soil samples collected in the former boat dock area (REC #13) and the
waterfront lot (REC #6). The PAH compound benzo(a)anthracene was detected at concentrations
ranging from non-detect to 1,800 pug/kg (SB-93-SS); benzo(b)fluoranthene was detected at
concentrations ranging from non-detect to 1,800 pg/kg (SB-95-SS); and indeno(1,2,3-cd)pyrene
was detected at concentrations ranging from non-detect to 990 pg/kg (SB-95-SS).
Benzo(a)pyrene was detected at concentrations ranging from non-detect to 1,600 pg/kg
(SB-95-SS). Concentrations of Aroclor-1260 range from non-detect to 1,400 pg/kg (SB-94-SS).
Cadmium and chromium exceeded the previously used MDE residential-soil screening levels.
Cadmium concentrations ranged from non-detect to 4.5 mg/kg (SB-94-SS); chromium
concentrations range from 9.3 mg/kg (SB-96-SS) to 110 mg/kg (SB-93-SS).

Results of this investigation are in the Final Data Report Site Wide Phase Il Investigation,
(Tetra Tech, 2005). As stated, past investigations used residential screening levels for comparison
to site concentrations. The projected future use of the property is industrial; thus soil results were
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screened in the HHRA and for this RAP in Section 2.3.11 using the more appropriate industrial
screening criteria. The 2004 soil sample results exceeding risk-based preliminary remedial goals

developed in this RAP for future industrial land use are shown in Figure 2-4 and Appendix B.

2.3.5 Phase Il Soil Investigation (Summer 2005)

To further delineate elevated detections of mercury in the boat launch area (REC #4), three
additional soil borings (SB-236 through SB-238) were advanced in 2005 and soil samples were
collected from various depths (0-1, 1-2, and 4-5 feet bgs). These samples were analyzed for
metals and TPH-DRO (SB-238 only). An elevated lead concentration detected in a surface soil
sample collected in 2004 (SB-55) from along the waterfront led to further evaluation of the area in
2005, through installation of four additional soil borings (SB-250 through SB-253). Soil samples
were collected from 0-1 and 1-2 feet bgs from each boring and analyzed for metals. A summary
of the samples and analyses from this investigation is in Table 2-3.

In 2005, six additional soil borings (SB-265 through SB-270) were advanced in REC #13 to further
evaluate the levels of PAHs, chromium, and PCBs detected in surface soil samples SB-93 to SB-95
in 2004. Soil samples were collected from 0-1 and 1-2 feet bgs and analyzed for SVOCs. Surface
soil samples were also analyzed for pesticides/PCBs and metals. Several metals, PAHs, and
TPH-DRO were found at concentrations greater than the formerly applied MDE residential-soil

screening levels.

PAHSs are a class of compounds with a similar chemical structure consisting of two or more fused
benzene rings. Rather than assessing potential PAH cancer health risks on an individual
compound basis, benzo(a)pyrene equivalents (BaPEq) were calculated during the 2004
investigation. Per United States Environmental Protection Agency (USEPA) guidance
(USEPA, 1993b), concentrations of benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-c,d)pyrene can be
combined in a relative-potency adjusted concentration that is expressed in terms of
benzo(a)pyrene toxicity. This calculated value, called a BaPEq, uses USEPA-recommended
toxicity equivalency factors (TEFs) to estimate the potency of each of these PAH compounds
relative to that of benzo(a)pyrene. The TEFs are then used to convert each individual PAH
concentration into an equivalent concentration of benzo(a)pyrene; these values are summed to

arrive at the calculated BaPEq concentration. Concentrations of BaPE(Q exceeding the previously
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used USEPA residential screening criteria ranged from 219 pg/kg (SB-266-02) to 38,098 pg/kg
(SB-268-SS).

Concentrations of Aroclor-1260, a PCB compound, ranged from 29 ug/kg (SB-270-SS) to
756 ug/kg (SB-266-SS), the latter concentration exceeding the previously used MDE
residential-soil PCB screening level of 320 ug/kg. Arsenic, chromium, and lead concentrations
exceeded previously used MDE residential-soil screening levels. Arsenic concentrations ranged
from 3 mg/kg (SB-236-SS, SB-238-SS, SB-238-01, and SB-238-05) to 7 mg/kg (SB-236-05),
chromium concentrations ranged from 11.8 mg/kg (SB-250-SS and SB-252-SS) to 185 mg/kg
(SB-237-01), and lead ranged from 10 mg/kg (SB-252-SS) to 447 mg/kg (SB-268-SS). The
detected TPH-DRO levels exceeded previously used MDE residential-soil screening level of
230,000 pg/kg in SB-238-SS (271,000 ug/kg) and SB-238-05 (881,000 pg/kg). Results of this
investigation are in the Site Characterization Report, Revision 1.0, Lockheed Martin Middle
River Complex (Tetra Tech, 2006). The 2005 soil sample results exceeding the risk-based PRG

developed in this RAP for future industrial land use are shown in Figure 2-4 and Appendix B.

2.3.6 Geophysical Survey/Soil Investigation (Fall 2005)

A geophysical survey and subsequent sampling event in 2005 were designed to provide more
certainty regarding environmental conditions in Block F. An EM survey in the fall of 2005
screened the REC #13 area in Block F. Identified EM anomalies were further evaluated with
GPR. Results of the geophysical surveys are presented in the 2006 site characterization report
(Tetra Tech, 2006). These surveys identified four geophysical reading anomalies that could not
be resolved as being associated with known features (e.g., utilities). These anomalies were more
closely investigated by advancing five additional soil borings (SB-295 through SB-299).
Subsurface soil samples were collected from two depths in each boring (4.5 and 9.5 feet bgs) and
analyzed for VOCs, SVOCs, pesticides/PCBs, metals, TPH-GRO, and TPH-DRO. A summary of
the samples acquired and analyses performed during this investigation is presented in Table 2-3.

Several metals were detected in these soil samples at concentrations greater than the respective
soil screening levels used at that time. Arsenic, chromium, and vanadium exceeded their
previously used MDE residential-soil screening levels of 2 mg/kg, 23 mg/kg, and 55 mg/kg,
respectively. Arsenic concentrations ranged from 1.3 mg/kg (SB-299-0405) to 5.7 mg/kg
(SB-296-0405), chromium concentrations ranged from 16 mg/kg (SB-299-0910) to 39.4 mg/kg
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(SB-298-0910), and vanadium ranged from 20.7 mg/kg (SB-299-0910) to 61.6 mg/kg
(SB-296-0405). The 2005 soil sample results exceeding the risk-based preliminary remedial goal

developed in this RAP for future industrial land use are shown in Figure 2-4 and Appendix B.

2.3.7 Site Characterization Report (May 2006)

The 2006 site characterization report (Tetra Tech, 2006) was prepared from the fall of 2005
through May 2006 and provided a summary of data collected in all environmental media through
2005. Chemicals detected in soil were screened against site-specific background concentrations
collected in Block B in an area of the MRC historically used only for recreation. This report also
includes an HHRA that identified potential adverse human health effects resulting from exposure
to the detected chemicals for a number of current and hypothetical future use scenarios. The
2006 risk assessment has been superseded by a more current human health risk assessment
completed in 2012 (Tetra Tech, 2012b); therefore, the 2006 results are not discussed in detail in
this RAP.

2.3.8 Additional Soil Characterization (Fall 2007)

Areas of concern for soil in Block F were further delineated in 2007 to better define the
boundaries of chemicals of concern as defined in the May 2006 site characterization report (Tetra
Tech, 2006) based on the previously used residential-use exposure scenario. These areas were
characterized both laterally and vertically, limited by depth to groundwater. Thirty soil borings
(SB-382 through SB-490) were installed in REC#13 and REC#4 near previous soil borings
SB-93, SB-94, SB-95, SB-265, SB-266, SB-269, and SB-268. The new borings were spaced on a
grid pattern across the previously identified geophysical-anomaly areas. Soil borings were
advanced to a depth of eight feet bgs. Soil samples were obtained continuously while drilling, and
121 samples collected at two-foot intervals (1-2, 2-3, 4-5 and 7-8 feet bgs) were submitted for
chemical analysis. All samples were analyzed for PAHs (using USEPA method SW-846 8270) and
PCBs (using USEPA method SW-846 8082). Table 2-4 summarizes the soil sampling and

chemical analyses completed for this investigation.

Benzo(a)pyrene concentrations in soils ranged from non-detect to 19,000 pg/kg at soil boring
SB-383 (1-2feetbgs). The remaining 47 detections of benzo(a)pyrene were less than
1,000 pg/kg. PAHSs, reported in terms of BaPEqQ, exceeded the previously used USEPA

residential-soil screening criterion in six of 121 soil samples (including duplicates). The 2007 soil
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sample results exceeding subsequently developed risk-based preliminary remedial goals that

assume future industrial land use are shown in Figure 2-4 and Appendix B.

2.3.9 Final Soil Delineation (Blocks D, F, G, and H, Fall 2009)

Some data gaps remained after the 2007 investigation, resulting in the 2009 delineation
investigation (Tetra Tech, 2011). In this study, samples were collected in two tiers to help define
the horizontal and vertical nature and extent of soil impacts. The vertical clean margin was
defined by two clean intervals (e.g., concentrations less than residential screening levels), spaced
at one-foot increments beneath impacted intervals. Table 2-5 summarizes the samples collected

and analyses completed for Block F samples collected as part of the 2009 investigation.

Samples collected during the first tier of delineation sampling (the “inner tier” samples) came
from previously completed, isolated sampling locations in areas where samples with non-detect
or less-than-detection-limit results had been used to calculate BaPEqQ concentrations. BaPEq
concentrations had been calculated using the conservative assumption that any non-detect sample
with a detection limit greater than the screening level was an exceedance of the screening level.
Therefore, to calculate more precise BaPEq concentrations, soil near these borings was
resampled and analyzed using a lower quantitation limit (a target quantitation limit of 6.7 pg/kg).
BaPEqQ concentrations were then recalculated using the new inner tier data and compared to the
previously used USEPA residential screening level for BaPEQ. Inner tier sampling results were
also used to identify the vertical clean margin, as the resampling effort collected samples at more
evenly spaced depth intervals.

If soil collected from inner tier samples exceeded screening levels, then an “outer tier” sample
was collected at the next one-foot depth increment below the deepest exceedance in the inner
tier. The outer tier delineation approach was to collect samples from borings at locations
extended outward laterally from the area of contamination (as defined by the results of the inner
tier sampling). For final delineation sampling, all data were considered in determining the
location and depth for vertical and horizontal delineation of impacts. In some cases, the limit of
impacts, defined by COC concentrations above the residential screening levels used at the time,
was sufficiently delineated in one or both directions, such that the full scope of inner and/or outer

tier sampling was unnecessary.
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During the delineation investigation, seventy-seven soil borings (28 inner tier and 49 outer tier)
were advanced, and 427 soil samples were collected from the areas of concern throughout the
MRC. At Block F, 231 soil samples were collected from inner tier borings and 168 soil samples
were collected from outer tier borings. Of the 399 samples analyzed (not including duplicates),
363 samples at Block F were analyzed for PAHs, 27 were analyzed for mercury, and 53 were

analyzed for PCBs.

Mercury analytical results in all Block F soil delineation samples range from non-detect to
2.7 mg/kg in F-SB-626-2. Mercury concentrations exceeding the previously used residential
screening level were found in five shallow subsurface samples collected at 1-2 feet bgs during
the 2009 investigation. Detected PCB concentrations did not exceed the previously used MDE

residential soil screening level.

BaPEq results in all Block F soil delineation samples ranged from non-detect to 50,039 pg/kg
(F-SB-95RE-1). BaPE(q exceedances were detected in the shallow-subsurface samples as well as
in subsurface samples as deep as 13 feet bgs. The previously used residential screening level for
BaPEq (150 pg/kg) was exceeded in 49 of 363 samples analyzed for PAHs. The 2009 soil sample
results exceeding subsequently developed risk-based PRGs for future industrial land use are
shown in Figure 2-4 and Appendix B.

2.3.10 Data Gap Investigation (Fall 2010)

Upon completion of the 2009 final-delineation sampling event, additional delineation sampling
of PAHs and mercury was deemed necessary (based on the previously used residential screening
criteria) to more accurately fill data gaps and determine the extent of soil contamination in
Block F. The 2010 data gap investigation was conducted to evaluate these areas
(Tetra Tech, 2011). The soil sampling program is summarized in Table 2-6. Six soil borings
(F-SB-797 through F-SB-802) were advanced to a maximum depth of five feet in the Block F
areas requiring additional delineation; three soil samples were collected at two-foot intervals
(1, 3, and 5 feet bgs) from each boring. Nine samples plus one duplicate were collected from soil
borings F-SB-797 through F-SB-799 and analyzed for total PAHs. Two samples (1 and
5 feet bgs) from location F-SB-797 were also analyzed for alkyl PAHs. Three samples (1, 3, and
5 feet bgs) from borings F-SB-800 to F-SB-802 were analyzed for mercury. The 2010 data gap
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soil sample results exceeding the risk-based PRGs for future industrial land use subsequently
developed for this RAP are shown in Figure 2-4 and Appendix B.

The 2010 soil investigation verified benzo(a)pyrene and mercury in soil at the six boring
locations. Benzo(a)pyrene exceeded the previously used MDE residential screening level in two
of 10 samples analyzed. Mercury did not exceed the corresponding residential screening level in

any samples analyzed.

2.3.11 Human Health Risk Assessment

The Human Health Risk Assessment for Blocks D, E, F, G, and H Soils, Lockheed Martin Middle
River Complex, Middle River, Maryland (Tetra Tech, 2012b) was revised and finalized in 2012 to
update the risk evaluations to current standards and in accord with planned property use. The
collective MRC environmental characterization data set was used for the 2012 risk assessment;
as detailed above, a significant volume of environmental data was collected from 2004 to 2010 to
further characterize the nature and extent of impacts to soil in Block F. The HHRA identified
COC in Block F soils that require remediation assuming a typical industrial worker is the

receptor of concern. The HHRA consisted of the following six components:

o (data evaluation e risk characterization

e exposure assessment e uncertainty analysis

o toxicity assessment o development of preliminary remedial
goal options

The HHRA used validated soil data from the previous investigations at Block F to assess risks to
potential human receptors. Site contaminant concentrations were compared to conservative
toxicity-screening values to compose a list of COPC. After the list of COPC was developed, an
exposure assessment evaluated the type and magnitude of human exposure to the chemicals at
Block F (as described in Section 4). Following the exposure assessment, quantitative estimates of
the relationship between the magnitude and type of exposures, and the severity or probability of
human health effects, were defined for the identified COPC in a toxicity assessment. The
quantitative toxicity values determined during the toxicity assessment were integrated with
exposure assessment outputs to characterize the potential occurrence of adverse health effects for
each receptor group.
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Potential risks to human receptors were estimated on the assumption that no actions would be
taken to control contaminant releases. Primary guidance sources used to prepare the HHRA
include the MDE Cleanup Standards for Soil and Groundwater, Interim Final Guidance
(MDE, 2008) and Voluntary Cleanup Program Guidance (MDE, 2006). Current guidance and
reports published by USEPA and USEPA Region 3 were also considered in preparing the risk
assessment. Historical land uses suggest that construction workers and industrial workers are the

primary receptors that could potentially be exposed to contaminated soils at the MRC.

Cancer and non-cancer risk estimates were calculated for these receptors using reasonable
maximum-exposure assumptions, assuming that human exposure may occur via incidental
ingestion, dermal contact, and inhalation exposure-routes. Cancer-risk estimates were presented
in terms of incremental lifetime-cancer-risks (ILCR); non-cancer-risk estimates were presented
in terms of hazard indices. Potential cancer effects were interpreted using the MDE cancer risk
benchmark (1x10, or a one-in-100,000 probability of developing cancer) for cumulative risk,
and the USEPA target cancer risk range (1x10™ to 1x10°). Non-cancer risks were evaluated
using a total hazard index (HI) value of 1 (adverse non-cancer health effects are not anticipated
when the estimated HI is equal to or less than 1). BaPEq is the only final COC identified for
future industrial use in the HHRA for Block F surface soils. No COC were identified based on

non-cancer health effects.

As previously described, the Block F area (and entire MRC) has been intensely developed in the
past for industrial purposes. Thus, much of the current land surface is paved or denuded of
vegetation other than maintained grass areas (i.e., the available habitat for current flora/fauna
populations is limited, thus, the potential for ecological receptor exposure/risk is also limited). In
addition, the planned future use of the Block F area will continue to be industrial. Consequently,
it is anticipated that the amount and quality of the habitat in the Block F area will continue to be
limited. For these reasons an Ecological Risk Assessment was not developed for the site.
Remedial action and risk management decisions are based on the results of the HHRA.

2.4 CONCEPTUAL SITE MODEL

RECs #4, #5, and #6 are not considered sources of contamination based on sampling and risk
assessment results (although seven abandoned underground storage tanks will be removed from
REC #5). Therefore, the action proposed in this RAP addresses soils at REC #13 (former boat
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dock area). REC #13 is an open, relatively flat parcel of land covered by a well-maintained lawn
with shrubs and trees growing thickly along the Cow Pen Creek shoreline. Severely degraded
remnants of several walkways, parking areas, and a few foundations are still evident. The
following sections describe the sources of contamination at Block F, as well as land use scenarios

and exposure pathways.

241 Contaminant Sources and Soil Chemicals of Concern

Most PAHs found in soils at Block F are likely related to fill material historically placed in the
former boat dock area (REC #13) and used for general fill and grading activities associated with
development of the MRC in the 1930’s and 1940°s. The source(s) of historic fill at Block F are
unknown. Soil sampling results suggest that PAHs are randomly distributed in the Block F soil
matrix. PAHSs, expressed as BaPEq, are the primary risk drivers for industrial workers and have
been identified at concentrations exceeding risk-based criteria in REC #13 surface and
subsurface soils. Naphthalene at one soil sample location was calculated to be a slight
contributor to cancer risk only for the exposure pathway that assumes inhalation of soil particles
by the construction worker for subsurface soils. The subsurface soil sample posing risk for
naphthalene (F-SB-238) corresponds to a depth of five feet bgs; this depth is below the exposure
depth used for the future industrial use scenario and applied for the proposed remedial action.

Therefore, naphthalene is not discussed further in this RAP.

2.4.2 Land Use Scenario and Exposure Pathways

Currently, the land use scenario at Block F is considered as Tier 3 Industrial under the land use
definition provided in the MDE \oluntary Cleanup Program (VCP) guidelines. Under the
industrial land use scenario, current and future industrial workers and construction workers are
considered potential receptors. The 2012 HHRA also evaluated different potential future land use
scenarios for Block F, including future recreational use and hypothetical future residential use, to
determine if an institutional control such as a deed restriction might be required for the property.
The deed restriction would not prohibit future recreational and residential development, but would
indicate the need for additional remedial action for alternate development (other than industrial) to
proceed. Possible exposure pathways associated with soil include dermal, inhalation, and

incidental ingestion exposure for all potential receptors.
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Surface soils are accessible and may become exposed in the grass-covered areas of Block F and
in areas not covered by tarmac. If exposed or disturbed, contaminants in surface soil could
migrate to air through wind erosion; however, this is unlikely since most of Block F is covered
either by asphalt or by well-maintained grass. Subsurface soil is not currently exposed, but if
future construction were to bring subsurface soil to the surface, contaminants in these soils could

be transported into the air through wind erosion or through volatile emissions.

Surface water runoff generated in the grass-covered areas will generally infiltrate into the
underlying soil or discharge to Dark Head Cove or Cow Pen Creek as overland sheet flow.
Therefore, overland runoff and erosion can only be potential migration pathways if contaminated
soil is exposed during future construction and runoff is not contained and controlled as in its
current state. PAHs generally adhere to soils; therefore, migration of these contaminants from
soils to groundwater is not considered a complete migration pathway. This is supported by results
of years of groundwater monitoring. BaPEq and other chemical constituents in soil do not pose a

threat of soil vapor intrusion. This is supported by results of subslab vapor monitoring in Block 1.

Section 4 of this RAP provides details of the exposure pathways and receptors for Block F soils.
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Table 2-1

Historical Soil Investigations
Block F Soil Remedial Action Plan
Lockheed Martin Corporation Middle River Complex

Middle River, Maryland

Investigation Year General scope Reference

Phase | environmental site investigation 2003 13 rec.ogmzec.zl environmental conditions (RECs) identified at Earth Tech, 2003
the Middle River Complex

Phase I investigation 2003 Groundwater and soil sampled at 13 RECs and geophysics Tetra Tech, 2004a
performed at seven RECs

Historical survey 2004 18 additional RECs identified Tetra Tech, 2004b
Groundwater and soil sampled at 31 RECs, geophysical

Site-wide Phase Il investigation 2004 survey performed at five locations, radiological survey at Tetra Tech, 2005

one location

Phase Il Soil Investigation

2005 and 2006

Installed and sampled wells at various depths and perfromed
hydraulic testing

Tetra Tech, 2006

Geophysical Survey/Soil Investigation 2005 Geophysical survey and soil sampled at five locations Tetra Tech, 2006
Soil Charcterization 2007 Soil sampled at 30 locations Tetra Tech, 2011
Final Delineation Investigation 2009 Inner and outer tier soils sampled at 77 locations Tetra Tech, 2011
Data Gap Investigation 2010 Soil sampled at six locations Tetra Tech, 2011

REC- recognized environmental condition




Table 2-2

Block F Applicable Soil Screening Critiera
Block F Soil Remedial Action Plan
Lockheed Martin Corporation Middle River Complex
Middle River, Maryland

Block F Applicable Soil Screening Criteria (mg/kg)
Current
Constituents Identified in [Current Maryland . .
) ) Maryland O Industrial, Risk-
Soils at Concentrations Maryland . Anticipated .

_ ) ; . Industrial . Based Preliminary
Exceeding Screening Residential Screening Typical Remedial Goal®
Levels Cleanup Level® 1 Concentration? !

Level
BaPEq 0.022 0.39 NA 2.89"
Naphthalene 160 200 NA NA
Arsenic 0.43 1.9 3.6 NA
Hexavalent chromium 23 310 28 NA
Mercury 2.3 31 - NA
TPH-DRO 230 620 NA NA

BaPEq - Benzo(a)pyrene equivalent. [Maryland Cleanup Levels not available for BaPEq, so criteria for benzo(a)pyrene are shown.]

TPH-DRO - Total petroleum hydrocarbons diesel-range organics.

mg/kg - milligrams per kilogram, or parts per million concentration in soil.

" -" not available for mercury for the indicated region.

NA - criteria not available or not applicable for corresponding contaminant.

1. Cleanup Levels for soils from "State of Maryland Department of the Environment Cleanup Stanbdards for Soil and Groundwater", June 2008.

2. Anticipated Typical Concentration (ATC) for select metals in the Eastern region of Maryland as published in (1) above.

3. Site-specific, risk-based cleanup goal determined as part of the Human Health Risk Assessment for Block F (discussed further in Section 4.0).

4. BaPEq was the only Block F soil constituent posing risk under the future industrial land use scenario based on the results of the Human Health
Risk Assessment. Therefore, for Block F soils, a risk-based (industrial) preliminary cleanup goal was developed for BaPEq only.
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Location Sample Depth (feet)

Identifier Identifier Top | Bottom

Soil Analyses

Phase |l Sitelnvestigation Samples (Fall/Winter 2003)

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO

SB-022 SB-22-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-022 SB-22-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-023 SB-23-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-023 SB-23-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-024 SB-24-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-024 SB-24-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-025 SB-25-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-025 SB-25-10 10 10 and -DRO
SB-026 SB-26-10 10 10 VOCs and TPH-GRO
SB-027 SB-27-10 10 10 VOCsand TPH-GRO
SB-028 SB-28-10 10 10 VOCs and TPH-GRO
SB-029 SB-29-10 10 10 VOCsand TPH-GRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-030 SB-30-05 5 5 and -DRO

Site-Wide Phase Il Investigation Samples (2004)

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO

SB-022 SB-22A-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-023 SB-23A-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-024 SB-24A-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-025 SB-25A-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-030 SB-30A-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-050 SB-50-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-050 SB-50-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-050 SB-50-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-055 SB-55-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-055 SB-55-05 5 5 and -DRO
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VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-055 SB-55-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-056 SB-56-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-056 SB-56-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-056 SB-56-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-056 SB-56-15 15 15 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-093 SB-93-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-093 SB-93-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-093 SB-93-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-093 SB-93-15 15 15 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-094 SB-94-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-094 SB-94-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-094 SB-94-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-094 SB-94-15 15 15 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-095 SB-95-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-095 SB-95-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-095 SB-95-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-096 SB-96-SS 0 1 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-096 SB-96-05 5 5 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-096 SB-96-10 10 10 and -DRO

VOCs, SVOCs, pesticides/PCBs, metals, and TPH-GRO
SB-096 SB-96-15 15 15 and -DRO

Phase Il Soil Investigation Samples (Summer 2005)

SB-236 SB-236-SS 0 1 Metals
SB-236 SB-236-01 1 2 Metals
SB-236 SB-236-05 5 5 Metals
SB-237 SB-237-SS 0 1 Metals
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SB-237 SB-237-01 1 2 Metas
SB-237 SB-237-05 5 5 Metals
SB-238 SB-238-SS 0 1 Metas, TPH-DRO
SB-238 SB-238-01 1 2 Metals, TPH-DRO
SB-238 SB-238-05 5 5 Metals, TPH-DRO
SB-250 SB-250-SS 0 1 Metals
SB-250 SB-250-02 1 2 Metas
SB-251 SB-251-SS 0 1 Metals
SB-251 SB-251-02 1 2 Metas
SB-252 SB-252-SS 0 1 Metals
SB-252 SB-252-02 1 2 Metas
SB-253 SB-253-SS 0 1 Metals
SB-253 SB-253-02 1 2 Metas
SB-265 SB-265-SS 0 1 SVOCs, PCBs, and metals
SB-265 SB-265-02 1 2 SVOCs
SB-266 SB-266-SS 0 1 SVOCs, PCBs, and metals
SB-266 SB-266-02 1 2 SVOCs
SB-267 SB-267-SS 0 1 SVOCs, PCBs, and metals
SB-267 SB-267-02 1 2 SVOCs
SB-268 SB-268-SS 0 1 SVOCs, PCBs, and metals
SB-268 SB-268-02 1 2 SVOCs
SB-269 SB-269-SS 0 1 SVOCs, PCBs, and metals
SB-269 SB-269-02 1 2 SVOCs
SB-270 SB-270-SS 0 1 SVOCs, PCBs, and metals
SB-270 SB-270-02 1 2 SVOCs
Soils Investigation Samples (Fall 2005)
SB-295 SB-295-0405 4 5 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-295 SB-295-0910 9 10 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-296 SB-296-0405 4 5 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-296 SB-296-0910 9 10 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-297 SB-297-0405 4 5 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-297 SB-297-0910 9 10 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-298 SB-298-0405 4 5 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-298 SB-298-0910 9 10 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-299 SB-299-0405 4 5 VOCs, SVOCs, PCBs, metals, TPH-GRO and -DRO
SB-299 SB-299-0910 9 10 VOCs, SVOCs, PCBs, metds, TPH-GRO and -DRO

DRO - diesel-range organics
GRO - gasoline-renage organics
PCBs - polychlorinated biphenyls
SVOCs - semivolatile organic compounds
TPH - total petroleum hydrocarbons
VOCs - volatile organic compounds
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Sample i Number of
Identification Location Depth Intervals (feet) Samples
Collected
SB-382 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-383 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-384 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-385 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-386 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-387 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-388 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-389 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-390 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-391 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-392 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-393 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-394 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-395 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-396 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-397 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-398 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-399 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-400 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-401 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-402 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-403 REC #13 Grid 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-404 Northeast of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-405 South of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-406 Co-located with SB-238 | 1to 2 feet; 2 to 3 feet; 4to 5 feet; 7 to 8 feet 4
SB-407 North of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-408 North of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-409 North of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-489 Northwest of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4
SB-490 Northwest of SB-238 1to 2 feet; 2 to 3 feet; 4 to 5 feet; 7 to 8 feet 4

All samples were analyzed for benzo(a)pyrene by United States Environmental Protection Agency (USEPA)
Method SW-846 8270 and for polychlorinated biphenyls by USEPA Method SW-846 8082.
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SB-24A Resampling

SB-624 15 feet north of SB-24A 1 to 5 at one-foot intervals Mercury SW-846 7470A 3

SB-625 15 feet east of SB-24A 1 to 5 at one-foot intervals Mercury SW-846 7470A 4

SB-626 15 feet south of SB-24A 1 to 5 at one-foot intervals Mercury SW-846 7470A 5

SB-626B Outer Tier east 1 to 4 at two-foot intervals Mercury SW-846 7470A 1

SB-626C Outer Tier south 1 to 4 at two-foot intervals Mercury SW-846 7470A 2

SB-626D Outer Tier west 1 to 4 at two-foot intervals Mercury SW-846 7470A 2

SB-627 15 feet west of SB-24A 1to 5 at one-foot intervals Mercury SW-846 7470A 5

SB-24ARE Resample 1 to 5 at one-foot intervals Mercury SW-846 7470A 5
SB-55 Resampling

SB-628 15 feet north of SB-55 10 to 14 at one-foot intervals cPAHs SW-846 8270D 5

SB-629 15 feet east of SB-55 10 to 14 at one-foot intervals cPAHs SW-846 8270D 5

SB-630 15 feet south of SB-55 10 to 14 at one-foot intervals cPAHs SW-846 8270D 5

SB-631 15 feet west of SB-55 10 to 14 at one-foot intervals cPAHSs SW-846 8270D 5

SB-55RE Resample 10 to 14 at one-foot intervals CcPAHSs SW-846 8270D 5
SB-56 Resampling

SB-56RE | Resample | 1to15atone-footintervals |  cPAHs | SW-846 8270D | 15
SB-93 Resampling

SB-93RE | Resample | 1to 15 at one-foot intervals | cPAHs, PCBs | SW-846 8270D, SW-846 8081 | 15
SB-94 Resampling

SB-94RE | Resample | 1to 15 at one-foot intervals | cPAHs, PCBs [  SW-846 8270D, SW-846 8081 | 15
SB-95 Resampling

SB-95RE | Resample | 1to15atone-footintervals |  cPAHs | SW-846 8270D | 15
SB-96 Resampling

SB-96RE | Resample | 1to15atone-footintervals |  cPAHs | SW-846 8270D | 15
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SB-265 Resampling

SB-265RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-266 Resampling

SB-266RE | Resample | 3to7atone-footintervals | cPAHs, PCBs | SW-846 8270D, SW-846 8081 | 5
SB-267 Resampling

SB-267RE | Resample | 3to7atone-footintervals |  cPAHs | SW-846 8270D | 5
SB-268 Resampling

SB-268RE | Resample | 3to15atone-footintervals |  cPAHs | SW-846 8270D | 13
SB-269 Resampling

SB-269RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-270 Resampling

SB-270RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-383 Resampling

SB-383RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-388 Resampling

SB-388RE | Resample | 3to7atone-footintervals |  cPAHs | SW-846 8270D | 5
SB-389 Resampling

SB-389RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-390 Resampling

SB-390RE | Resample | 6to010atone-footintervals |  cPAHs | SW-846 8270D | 5
SB-393 Resampling

SB-393RE | Resample | 3to7atonefootintervals |  cPAHs | SW-846 8270D | 5
SB-397 Resampling

SB-397RE | Resample | 6to010atone-footintervals |  cPAHs | SW-846 8270D | 5
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SB-405 Resampling
SB-632 15 feet north of SB-405 9 to 13 at one-foot intervals cPAHs SW-846 8270D 5
SB-633 15 feet east of SB-405 9 to 13 at one-foot intervals cPAHSs SW-846 8270D 5
SB-634 15 feet south of SB-405 9 to 13 at one-foot intervals cPAHs SW-846 8270D 5
SB-635 15 feet west of SB-405 9 to 13 at one-foot intervals cPAHSs SW-846 8270D 5
SB-635C Outer Tier south 1to 11 at one-foot intervals cPAHSs SW-846 8270D 6
SB-635D Outer Tier west 1 to 11 at one-foot intervals cPAHSs SW-846 8270D 5
SB-405RE Resample 9 to 13 at one-foot intervals CPAHSs SW-846 8270D 5
Outer Tier Sampling
SB-636 Outer Tier 1to 9 at two-foot intervals | cPAHs, PCBs® |  SW-846 8270D, SW-846 8081 6
SB-636A Outer Tier 1 to 7 at two-foot intervals cPAH SW-846 8270D 4
SB-636B Outer Tier 1 to 7 at two-foot intervals cPAH SW-846 8270D 4
SB-636C Outer Tier 1 to 7 at two-foot intervals cPAH SW-846 8270D 4
SB-636D Outer Tier 1 to 7 at two-foot intervals cPAH SW-846 8270D 4
SB-637 Outer Tier 1 to 5 at two-foot intervals cPAHSs, PCBs SW-846 8270D, SW-846 8081 3
SB-637B Outer Tier 1 to 5 at two-foot intervals cPAH SW-846 8270D 3
SB-637C Outer Tier 1 to 5 at two-foot intervals cPAH SW-846 8270D 3
SB-638 Outer Tier 1 to 5 at two-foot intervals cPAHSs, PCBs SW-846 8270D, SW-846 8081 3
SB-639 Outer Tier 1 to 5 at two-foot intervals cPAHs, PCBs SW-846 8270D, SW-846 8081 3
SB-640 Outer Tier 1 to 5 at two-foot intervals cPAHSs, PCBs SW-846 8270D, SW-846 8081 3
SB-641 Outer Tier 1 to 3 at two-foot intervals cPAHSs SW-846 8270D 3
SB-641A Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-641B Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-641C Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-642 Outer Tier 1 to 15 at two-foot intervals cPAHSs SW-846 8270D 0+
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Outer Tier Sampling (continued)
SB-642A Outer Tier 1 to 15 at two-foot intervals cPAHs SW-846 8270D 8
SB-642B Outer Tier 1 to 15 at two-foot intervals cPAHSs SW-846 8270D 8
SB-642C Outer Tier 1 to 15 at two-foot intervals cPAHs SW-846 8270D 8
SB-643 Outer Tier 1 to 15 at two-foot intervals cPAHs SW-846 8270D 8
SB-643B Outer Tier 1 to 15 at two-foot intervals cPAHSs SW-846 8270D 8
SB-643C Outer Tier 1 to 15 at two-foot intervals cPAHSs SW-846 8270D 8
SB-644 Outer Tier 1 to 15 at two-foot intervals cPAHSs SW-846 8270D 8
SB-645 Outer Tier 1 to 7 at two-foot intervals cPAHSs SW-846 8270D 4
SB-645A Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-645B Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-645C Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-646 Outer Tier 1 to 7 at two-foot intervals cPAHs SW-846 8270D 4
SB-647 Outer Tier 1 to 7 at two-foot intervals cPAHs SW-846 8270D 4
SB-647A Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-647B Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-647C Outer Tier 1 to 3 at two-foot intervals cPAH SW-846 8270D 2
SB-648 Outer Tier 1 to 7 at two-foot intervals cP