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Section 1

Introduction

On behalf of Lockheed Martin Corporation (Lockheed Martin), Tetra Tech, Inc. (Tetra Tech) has
prepared this report presenting the analytical results for surface water samples collected in June,
September, and December 2016 for water bodies adjacent to the Middle River Complex (MRC) in
Middle River, Maryland (see Figure 1-1). Volatile organic compounds (VOCs) in groundwater at
two areas of the Middle River Complex appear to have migrated to adjacent surface water bodies.
These two areas include the southeastern trichloroethene (TCE) area adjacent to Dark Head Cove,
and the southwestern trichloroethene area adjacent to Cow Pen Creek. 1,4-Dioxane, a semivolatile
organic compound (SVOC) associated with solvents, is co-located with volatile organic
compounds in the southwestern trichloroethene area. 1,4-Dioxane has not yet been sampled for in
Dark Head Cove. These constituents may be introduced to Dark Head Cove and Cow Pen Creek
surface water from volatile-organic-compound groundwater plumes via direct groundwater
seepage at the creek bed or by storm drains intercepting groundwater containing volatile organic

compounds and discharging that groundwater at outfall locations to the cove and creek.

This investigation sought to determine the impacts of volatile organic compounds in Middle River
Complex groundwater to the adjacent surface waters of Dark Head Cove and Cow Pen Creek.
Additional project objectives include assessing 1,4-dioxane concentrations in Cow Pen Creek
surface water near the southwestern trichloroethene area, and determining whether polychlorinated
biphenyls (PCBs) are in surface water subsequent to a sediment removal action completed in Dark
Head Cove by Lockheed Martin Corporation in early 2015. To address these objectives, surface
water samples were collected in June and September along five transects in Dark Head Cove (at
Outfalls 005, 006, 007, 008, and 009) and at two locations in Cow Pen Creek.

The December 2016 sampling objective differed from that of the June and September surface water
sampling. The June and September events focused on sampling near several Dark Head Cove
outfalls and in Cow Pen Creek. The December surface water sampling focused on determining
concentrations of volatile organic compounds in Dark Head Cove near the recently investigated
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landward edge of the southeastern trichloroethene area. In October 2016, groundwater samples
were collected in Tax Blocks E and F to delineate the forward edge of the southeastern
trichloroethene area at locations hydraulically downgradient of underground storage tank (UST) 2
from the area of Chesapeake Park Plaza south to Dark Head Cove and west of Outfalls 006 and
008 (Figure 1-2). UST 2 was discovered adjacent to the foundation of former Building D in 2013
during construction of the Block E groundwater remedy. UST 2 contained trichloroethene, and is
considered the primary source of elevated concentrations of volatile organic compounds in
groundwater in the southeastern trichloroethene area. Probe groundwater-sampling using direct-
push technology in October 2016 indicated field-analyzed trichloroethene concentrations of more
than 60,000 micrograms per liter (ug/L) in groundwater south of Chesapeake Park Plaza.
Therefore, surface water samples were collected in Dark Head Cove at six locations adjacent to
the newly delineated landward edge of the southeastern trichloroethene area in December 2016 to
assess possible elevated volatile organic compound concentrations in surface water in this cove

area.

Future sampling of Dark Head Cove and Cow Pen Creek is scheduled for April 2017, June 2017
and September 2017. The current swimming criteria used to screen trichloroethene,
cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride (VC) in the 2016 Middle River Complex
surface water data were developed by Lockheed Martin Corporation for Frog Mortar Creek
adjacent to Martin State Airport. In 2017, Lockheed Martin Corporation will propose risk-based
swimming criteria specifically developed for Dark Head Cove and Cow Pen Creek for Maryland
Department of the Environment (MDE) approval, as the contaminants of concern in these two
water bodies differ from the contaminants of concern in Frog Mortar Creek. To date, vinyl chloride,
the primary risk driver in Frog Mortar Creek, has not been detected in either Dark Head Cove or
Cow Pen Creek. Swimming criteria will be developed for 1,4-dioxane and total polychlorinated
biphenyls, chemicals that have been found in Dark Head Cove and Cow Pen Creek, but are not
contaminants of concern in Frog Mortar Creek.

This technical memorandum is organized as follows:

Section 2—Site Background: Briefly describes the site, and describes where detailed
background information and reports of previous investigations can be found.

Section 3—Investigation Approach and Methodology: Presents the technical approach to
surface water sampling, and describes the field methodology employed.
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Section 4—Results: Presents the field program’s investigation results.

Section 5—Summary: Summarizes the investigation approach and findings.

Section 6—References: Cites references used to compile this report.
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Section 2

Site Background

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

LMC Properties, Inc. (the current MRC property owner) is responsible for facility and building
management and maintenance. The main site tenant, MRA Systems, Inc. (a subsidiary of General
Electric Company), designs, manufactures, fabricates, tests, overhauls, repairs, and maintains
aeronautical structures, parts, and components for military and commercial applications. Lockheed
Martin Rotary and Mission Systems (formerly Mission Systems & Training) (a Lockheed Martin
Corporation [Lockheed Martin] business segment) engineers, fabricates, assembles, tests, and
otherwise supports vertical-launch systems. A Lockheed Martin subsidiary, Applied
NanoStructured Solutions, LLC, also occupies a portion of MRC, where it researches and designs
nanotechnology applications.

In 1929, the Glenn L. Martin Company (GLM) (a predecessor entity of Lockheed Martin) acquired
large parcels of undeveloped land in Middle River, Maryland on which to manufacture aircraft for
United States government and commercial clients. In the early 1960s, GLM merged with
American-Marietta Company to form Martin Marietta Corporation. Around 1975, the adjacent
airport to the east (currently Martin State Airport, comprising approximately 750 acres) was
transferred to the State of Maryland. In 1995, Martin Marietta Corporation merged with Lockheed
Corporation to form Lockheed Martin Corporation. Shortly after the merger, General Electric
Company acquired most of Lockheed Martin’s aeronautical business in Middle River and a
General Electric subsidiary, MRA Systems, Inc., began operations at MRC.
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Numerous environmental investigations have been conducted at the Lockheed Martin MRC. These
include underground storage-tank closures and abandonments, soil excavations, Phase |
environmental site assessments (ESASs), and Phase Il ESAs. A 2003 facility-wide Phase | ESA at
the Lockheed Martin MRC identified 13 recognized environmental conditions (RECs) at the
facility, associated primarily with then-current site conditions (Earth Tech, 2003). Subsequent
review of historical site activities identified another 18 RECs at the facility (Tetra Tech, 2004).

Many RECs are in the southern portion of the facility along the waterfront.

Soil and groundwater sampling have identified contamination in the environmental media
underlying the facility. Studies of soil and groundwater are ongoing (Tetra Tech, 2012). The MRC
was previously entered into the Maryland Department of the Environment (MDE) Voluntary
Cleanup Program (VCP). Withdrawal from the VCP began in September 2013. Remediation of the
MRC is now conducted pursuant to an Administrative Consent Order signed in December 2015,
whereby work is performed under the MDE Controlled Hazardous Substances framework,

allowing both on- and off-site issues to be addressed under the same regulatory program.

Surface water and sediment adjacent to the MRC’s southern and western property boundaries were
first sampled in March 2005. Subsequent samples were collected in 2005, and each year from 2010—
2015, to characterize surface water and sediment, support the design development of the sediment
remedy, and support the groundwater remedy and storm-drain investigations. Trichloroethene
(TCE), one of the primary volatile organic compounds (VOCs) in groundwater at the MRC, has been
detected at concentrations well below ecologic and human-health screening criteria in Dark Head
Cove and Cow Pen Creek surface water samples. 1,4-Dioxane has been detected in Cow Pen Creek
surface water samples, also at concentrations below its ecological and human-health screening
criteria. Samples have not yet been collected for 1,4-dioxane analysis in Dark Head Cove.
Polychlorinated biphenyls (PCBs) have also been detected sporadically in Dark Head Cove samples;
however, a risk assessment indicated that swimming exposures were not associated with significant

cancer or noncancer risks.

The current annual sampling program seeks to determine the extent to which constituents in
groundwater and surface soil at the MRC have been transported to surface water. Studies at Dark
Head Cove and Cow Pen Creek from 1997-2015, and details of the area’s physical setting, land

use, physiography, and surface/subsurface conditions (i.e., soils, hydrology, and geology), are
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summarized in the 2015 Surface Water Sampling Report (Tetra Tech, 2015a), and therefore are not

repeated herein.
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Figure 2-1
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Section 3

Investigation Approach
and Methodology

3.1 SURFACE WATER SAMPLING

Previous surface-water sampling data for Dark Head Cove and Cow Pen Creek supported the need
for additional investigations to assess the extent to which contaminants detected in Middle River
Complex (MRC) groundwater plumes are affecting adjacent surface water bodies. The volatile
organic compound (VOC) trichloroethene (TCE) and other VOCs have previously been detected
in surface water samples collected from the cove and creek. 1,4-Dioxane has been detected in the
creek and polychlorinated biphenyls (PCBs) have been detected in the cove. These analytes have
also been detected in groundwater and soil at the MRC. Although VOC and 1,4-dioxane
concentrations in previously collected surface water samples have been below ecological and
human health screening criteria expressed in guidance issued by governmental authorities, PCBs
have been detected in Dark Head Cove surface water samples at concentrations exceeding such
criteria. Note, however, that a site-specific risk assessment conducted in accordance with guidance
published by governmental authorities determined that these PCB concentrations were not

associated with unacceptable risks to swimmers and recreational users of the cove.

The June and September 2016 surface water sampling sought to provide additional and updated
surface-water-quality data for Dark Head Cove and Cow Pen Creek. Specifically, the goals of these

two sampling events were to determine whether:

e VOCs detected in groundwater and site soil are reaching Dark Head Cove and Cow Pen
Creek via groundwater infiltration or transport through storm drains.

e 14-Dioxane detected in MRC groundwater and soil is reaching Cow Pen Creek via
groundwater infiltration or transport through storm drains. Sampling for 1,4-dioxane in
Dark Head Cove is planned in 2017.
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e Polychlorinated biphenyls (PCBs) detected in Block E soil may be reaching Dark Head
Cove through the storm-drain system. They also are in surface water, perhaps due to
sediment contamination.

The December 2016 surface water sampling sought to provide surface-water-quality data to

determine whether:

e VOCs in the recently investigated landward edge of the southeastern TCE area in Tax
Blocks E and F are reaching Dark Head Cove via groundwater seepage through cove-bed
sediments.

e VOC concentrations in Dark Head Cove from the recently investigated landward edge of
the southeastern TCE area in Tax Blocks E and F vary at near-surface water depth and
groundwater seepage locations above the cove sediment.

Concentrations of VOCs, 1,4-dioxane, and PCB homologs in surface water were detected through
laboratory analyses of the environmental samples. Chemical concentrations detected in surface
water samples collected in 2016 were compared to United States Environmental Protection Agency
(USEPA) national recommended water quality criteria (NRWQC), Maryland ambient water
quality criteria (AWQC), USEPA Biological Technical Advisory Group (BTAG) surface water
screening-benchmarks, and site-specific screening levels for swimming developed by Lockheed
Martin Corporation (Lockheed Martin) for nearby Frog Mortar Creek adjacent to Martin State
Airport. A Massachusetts drinking water guideline was used to screen 1,4-dioxane results, because

Maryland does not currently have a screening level for 1,4-dioxane.

Future sampling of Dark Head Cove and Cow Pen Creek is scheduled for April, June, and
September 2017. Also in 2017, Lockheed Martin will propose risk-based swimming criteria
specifically developed for Dark Head Cove and Cow Pen Creek for Maryland Department of the
Environment (MDE) approval, as some of the contaminants of concern in these two water bodies
differ from the contaminants of concern in Frog Mortar Creek (i.e., the study area where the current
swimming criteria used in this report were developed). To date, vinyl chloride, the primary risk
driver in Frog Mortar Creek, has not been detected in either Dark Head Cove or Cow Pen Creek.
Additional swimming criteria will be developed for 1,4-dioxane and total PCBs, chemicals that
have been found in Dark Head Cove and Cow Pen Creek, but which are not contaminants of
concern in Frog Mortar Creek.
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-
3.1.1 Surface Water Sampling and Analyses

Sampling was conducted according to the 2016—-2017 Groundwater and Surface Water Monitoring
Work Plan (Tetra Tech, Inc. [Tetra Tech], 2015b) and work plan addenda (Tetra Tech, 2016a, b).
On June 13 and September 27, 2016, surface water samples were collected along transects
originating at Outfalls 005 through 009 in Dark Head Cove (locations MRC-SW5A through
MRC-SW9B on Figure 3-1), and at two locations in Cow Pen Creek (MRC-SW1A and
MRC-SW2A on Figure 3-1). On December 13, 2016, 12 samples (two each at MRC-SW10A
through MRC-SW12B on Figure 3-1) were collected in Dark Head Cove south of Chesapeake
Park Plaza and west of Outfall 008. The December sampling was to characterize the areal and
vertical distributions of VOCs in Dark Head Cove in an area adjacent to and hydraulically
downgradient of the recently investigated landward extent of the southeastern TCE area in Tax
Blocks E and F (Figure 3-1). In October 2016, elevated concentrations of TCE in groundwater
(more than 60,000 micrograms per liter [ug/L]) were found in Tax Block F near Dark Head Cove
(see Section 1). Therefore, these samples were collected to determine the extent to which VOCs

were emanating from groundwater to Dark Head Cove.

All samples were analyzed for VOCs (the primary contaminants of concern in MRC groundwater).
Samples collected in June were also analyzed for PCB homologs (same locations as TCE samples
in Dark Head Cove) and 1,4-dioxane (both locations in Cow Pen Creek). Table 3-1 summarizes
(by surface-water sampling location) the chemical analyses conducted for the 2016 monitoring

program.

In June and September 2016, two samples were collected along each transect near Outfalls 006
through 009 in Dark Head Cove: one sample per transect was collected 10-feet from shore
(“A” sample), and a second was collected 50-feet from shore (“B” sample). At Outfall 005, (which
has two outlets), one sample was collected at each outlet 10-feet from shore (“Al” and “A2”
samples), and a single sample was collected 50-feet from shore, approximately midway between
the two outlets (“B” sample). All June and September 2016 samples in Dark Head Cove were
collected one foot below the surface. Cow Pen Creek surface water samples were also collected in
June and September 2016 adjacent to the southwestern TCE area. These samples were collected
along the approximate centerline of the creek, one foot below the water surface upstream and

downstream of the estimated boundaries of the southwestern TCE area.
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December samples were collected from two depths at six locations in Dark Head Cove along three
transects. Along each transect, samples were collected 10-feet from shore (“A” sample) and 50-feet
from shore (“B” sample). At each location, a shallow (“S”) depth sample was collected one foot
below the water surface, and a deep (“D”) sample was collected one foot above the cove bed. The
shallow and deep samples are an initial characterization of VOC distributions in the Dark Head

Cove water column near the landward edge of the southeastern TCE area.

The deep “D”-sample results provide VOC concentrations in the water column near the
groundwater seepage interface with the cove, and can be used (with further sampling or pore-water
sampling) to delineate the full extent of the groundwater seepage zone. The deep-sample results
represent concentrations of VOCs emanating from groundwater to Dark Head Cove with minimal
dilution. The shallow “S” samples provide insight into dilution and volatilization that occurs
between the deep and shallow sampling zones. Results for both samples are used to assess risk to
possible human recreational users of the cove and ecological receptors.

All surface water samples were collected as grab samples using a stainless-steel discrete-interval
sampler and direct-fill sampling techniques. The sampler was lowered below the water surface to
the sampling depth, and the check valve was disengaged until the sampler was full; the sampler
was then brought to the surface and the water was removed through the valve to fill laboratory-
supplied containers. Laboratory-cleaned, hydrochloric-acid-preserved, 40-milliliter (mL) sample
vials were used for the VOC samples; separate containers were used to collect samples for the
1,4-dioxane and PCB analyses. All equipment, including the discrete-interval sampler, was
cleaned by rinsing with distilled water after each sample had been collected.

Samples were analyzed for VOCs at a fixed-base laboratory (TestAmerica, North Canton, Ohio)
via USEPA Method 8260C, for 1,4-dioxane via Method 522, and for PCBs via Method 680. One
duplicate sample was collected for each analyte group (i.e., VOCs, 1,4-dioxane, and PCB
homologs) in June and September; duplicates were not collected in December. Trip blanks were
placed in each cooler containing VOC samples to ensure quality assurance/quality control. Water-
quality parameters, including temperature, pH (a measure of hydrogen-ion content indicating
relative acidity or alkalinity), specific conductance, hardness, salinity, turbidity, dissolved oxygen,
color, and oxidation-reduction potential, were measured at all surface water sampling locations at

the time of sampling. The water depth at each sampling location was also recorded. Sample
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information and water depths were documented on surface water sample forms (Appendix A) and

in the master site logbook.

Surface-water sampling locations (horizontal coordinates) were surveyed using a handheld global
positioning system (GPS) receiver and recorded in the field logbook. Sampling latitude and
longitude coordinates were recorded in degrees, minutes, and have an accuracy of approximately
15 feet. Coordinates were converted to the Maryland State Plane North American Datum 1983

(feet) for use in the MRC geographical information system (GIS).

3.1.2 Documentation

A logbook was maintained as an overall record of field activities. Sampling documentation
includes completing chain of custody (COC) forms and matrix-specific sampling log sheets. A
COC form is a standardized form that summarizes and documents pertinent sampling information,
such as identification, matrix, and type, date and time of collection, sample preservation, requested
analyses, and the times and dates of custody transfers. Sample custody procedures document
sample acquisition and integrity. COC forms and data-validation reports for samples collected

during this investigation are in Appendix B.

3.1.3 Sample Nomenclature and Handling

Surface water samples were identified with a unique sample-identification tag that includes an
“SW” prefix followed by the sample number, followed by an “A” (designating a sample collected
10 feet from the shoreline) or a “B” (designating a sample collected 50 feet from the shoreline),
followed by a six-digit sampling date. For example, a surface water sample collected on
June 13,2016 from transect MRC-SW6 at the 10-foot (*A”) location is labeled
MRC-SW6A-061316. December sample identifications also include an “S” (shallow sample) or a
“D” (deep sample) Dbetween the sampling location and the sample date
(e.g., MRC-SW10A-S-121316) denoting the sampling depth. Trip blanks were labeled with a
“TB” prefix followed by the blank’s six-digit submittal date (e.g., TB-061316).

Sample handling includes field-related considerations concerning the selection of sample
containers, preservatives, allowable holding times, and analyses requested. Proper custody
procedures were followed throughout all phases of sample collection and handling. COC protocols
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used throughout sample handling ensure the evidentiary integrity of sample containers and

contents.

Sample containers were released under signature from the laboratory and accepted under signature
by the sampler(s) or individual responsible for maintaining custody until the sample containers were
transferred to the sampler(s). Transport containers returned to the laboratory were sealed with
strapping tape and a tamper-proof custody seal. The custody seal includes the signature of the

individual initially releasing the transport container, along with the date and time.

3.14 Equipment Decontamination

To minimize decontamination, disposable equipment was used for surface water sampling where
appropriate (e.g., gloves, rope). The stainless-steel discrete-interval sampler (i.e., a “bacon bomb”

sampler) was rinsed with distilled water before the first sample was collected and after each use.

3.1.5 Waste Management

Disposable waste (i.e., gloves, rope, etc.) was placed in plastic bags and disposed of in the proper
waste disposal containers at the facility. Rinse water (i.e., distilled water) from cleaning the

discrete-interval sampler was allowed to drain to the water body being sampled.

3.2 DATA MANAGEMENT

Laboratory data-handling procedures met the requirements of the laboratory subcontract. All
analytical and field data are maintained in project files. These files include copies of the COC
forms, sampling log forms, sampling location maps, and documentation of laboratory quality

assurance.

3.2.1 Data Tracking and Control

A sample-tracking system was used from the beginning to the end of each sampling event. This
system allows for early detection of errors made in the field so adjustments can be made while the
field team is still mobilized. Before field mobilization, the field operations leader coordinated and
initiated sample tracking. Sample jar labels were handwritten in the field and reviewed to ensure

that they were accurate and adhered to work plan requirements.

The project manager (PM) coordinated with the analytical laboratory to ensure that they were

aware of the number and types of samples and analyses being submitted. On the day that samples
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were collected in the field, the field operations leader forwarded the COC form(s) to the PM (or
designee) and the laboratory. The PM or designee confirmed that the COC forms provided the
information required by the work plan. After all requested analyses had been completed, the
laboratory submitted an electronic deliverable for every sample delivery group. When all
electronic deliverables had been received from the laboratory, the PM or designee ensured that the

laboratory had performed all requested analyses.

3.2.2 Sample Information

Data from field measurements were recorded using appropriate log sheets and summarized in
tabular form. Raw instrument-data from the laboratory were also tabulated. The field operations
leader verified field data daily; laboratory data were verified by the group supervisor and then by

the laboratory’s quality control/documentation department.

3.2.3 Project Data Compilation

The analytical laboratory generated a portable document format (PDF) file of the analytical data
packages, as well as electronic database deliverables. The electronic data were checked against the
PDF file from the laboratory, and updated as required by applying data-qualifier flags during data
validation. All data, such as units of measure and chemical nomenclature, are consistent with the

project database.

3.24 Geographical Information System

Data management systems consist of a relational database and GIS used to manage environmental
information pertaining to the MRC. The relational database stores chemical, geological,
hydrogeological, and other environmental data collected during environmental investigations; the
GIS is created from the relational database and contains subsets of the larger data pool. The GIS
allows posting of environmental data onto base maps to represent the information graphically.

Compiled sampling, chemical, and positional data were incorporated into the GIS.

3.3 DATA REVIEW

Data from the laboratory were entered into a sample database and evaluated against various
screening criteria. Data validation (consisting of data completeness, holding time, calibrations, lab
check standards, laboratory contamination, detection limits, surrogate recovery, and method

blanks) was completed concurrent with the data evaluation. The review was based on USEPA
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Region 3’s Modifications to the National Functional Guidelines for Data Review (USEPA, 1993
and 1994) and the specifics of the analytical method used.

Data from the sampling consist of chemical results from surface water samples. Data-validation
reports and chain of custody forms are in Appendix B as PDF files (on compact disc). Appendix C
contains tables of all 2016 MRC surface-water-sample analytical data, and includes validation

qualifiers, non-detects, and analytical detection limits.

Validation of the MRC data concluded that they are acceptable for their intended uses (i.e., risk
screening and risk assessment). Data qualifiers (i.e., flags) applied to the chemical results during
data validation are listed below:

J The analyte is considered present in the sample, but the value is estimated and may not
meet highest accuracy or precision standards. In this program, samples were qualified
with “J” because quantitation was above the method detection limit but below the
laboratory reporting limit.

U  Not detected; the analyte was not detected at the reported value.

UJ The analyte was not detected, but the quantitation or detection limit may be inaccurate
or imprecise.

UR The nondetect result is considered qualitatively or quantitatively unreliable.

Several of the data qualifiers above appear in the chemical-results tables and figures in Section 4;

all data qualifiers appear in Appendices B and C.
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Table 3-1
Chemical Analyses of Surface Water Samples, 2016
Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland

Distance
Sampling location Sample number from shore Analytical parameters
(feet)
June and September 2016—Dark Head Cove
Outfall 005 SW5A1 10 June
SW5A2 10 \olatile organic compounds
SW5B 50 (VOCs), polychlorinated
biphenyls (PCBs), field
parameters
September
VOCs, field parameters
Outfall 006 and SW6A 10 June
near the southeastern SW6B 50 VOCs, PCBs, field parameters
trichloroethene (TCE) area September
VOCs, field parameters
Outfall 007 SWT7A 10 June
SW7B 50 VOCs, PCBs, field parameters
September
VOCs, field parameters
Outfall 008 and SWS8A 10 June
near the southeastern TCE SW8B 50 VOCs, PCBs, field parameters
area September
VOCs, field parameters
Outfall 009 SW9A 10 June
SW9B 50 VOCs, PCBs, field parameters
September
VOCs, field parameters
June and September 2016—Cow Pen Creek
Cow Pen Creek near the SW1A—Upstream Center of June
southwestern TCE area SW2A—Downstream channel VOCs, 1,4-dioxane, field
parameters
September
VOC:s, field parameters
December 2016—Dark Head Cove
Near elevated VOCs in SW10A-S SWI11A-S A=10 December
southeastern TCE area SW10A-D SW11A-D B =50 VOCs, field parameters
south of Chesapeake Park | SW10B-S  SW12A-S “S” = shallow sample one foot
Plaza and west of SW10B-D SW12A-D below water surface
Outfall 008 SW11B-S  SW12B-S “D” = deep sample one foot
SW11B-D SW12B-D above creek bottom
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Section 4

Results

Validated data for chemical analytes detected in the 2016 surface-water samples were used to
generate a statistical summary table (Table 4-1) and tables (Tables 4-2 through 4-4) listing positive
detections (only) for June, September, and December. These tables are based on the full data
listings in Appendix C. Tables 4-2 through 4-4 compare surface-water sampling results to several

applicable screening criteria, including:

e United States Environmental Protection Agency (USEPA) Region 3 Biological Technical
Advisory Group (BTAG) freshwater screening-benchmarks (USEPA, 2006)

e USEPA Region 5 ecological screening level for 1,4-dioxane in water (USEPA, 2003)

e USEPA national recommended water quality criteria (NRWQC) for acute and chronic
aquatic-organism exposures and NRWQC for human health aquatic-organism consumption
(USEPA, 2009)

o State of Maryland ambient water quality criteria (AWQC) for acute and chronic
aquatic-organism-exposures, and AWQC for human health aquatic-organism-consumption
(Code of Maryland Regulations, 2016)

e Massachusetts drinking water guideline for 1,4-dioxane (USEPA, 2014)

e Site-specific screening levels for swimming, developed by Lockheed Martin Corporation
(Lockheed Martin) to assess primary volatile organic compounds (VOCs) at Frog Mortar
Creek near Martin State Airport (Tetra Tech, Inc., [Tetra Tech], 2013a)

As noted above, results for the primary VOCs trichloroethene (TCE), cis-1,2-dichloroethene
(cis-1,2-DCE), and vinyl chloride (\VC) are compared to site-specific screening levels developed
by Lockheed Martin. These values were developed at the request of the Maryland Department of
the Environment (MDE) and are used to assess risks posed to recreational users of Dark Head
Cove and Cow Pen Creek. These screening levels were developed to protect the health of
swimmers and other recreational users of the cove and creek, assuming that they have long-term

exposure to surface water (i.e., assumed swimming of four hours per day, 70 days per year, for
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30 years). These screening levels are used because they are the most conservative (i.e., most

protective) for assessing human health from exposures to surface water constituents.

USEPA and several states have established various health advisories, guidelines, notification
levels, and cleanup standards for 1,4-dioxane. At present, Maryland does not have a guideline or
standard for 1,4-dioxane. Although Dark Head Cove and Cow Pen Creek are not used for drinking
water, recreational users might incidentally ingest surface water while swimming. Therefore, the
Massachusetts drinking water guideline, a conservative (i.e., protective of human health and the
environment) concentration of 0.3 micrograms per liter (ug/L) is used to screen 1,4-dioxane
concentrations detected during the June 2016 sampling.

Appendix C contains tables summarizing analytical data, including nondetect results and detection
limits. Since the data discussed herein share the “MRC” prefix, this prefix is dropped when
referring to transects or samples (e.g., “SW12” refers to transect MRC-SW12), to improve
readability. In addition, many of the lower VOC detections were estimated (i.e., J-qualified); these
qualifiers (flags) are also dropped in the following discussion to improve readability. See
Tables 4-2 through 4-4 for complete detected results, with qualifiers and comparison to screening

criteria.

4.1 VOLATILE ORGANIC COMPOUNDS

TCE, cis-1,2-DCE, and VC are the three primary VOCs found in Middle Rive Complex (MRC)
groundwater, and are therefore of the most concern in groundwater and surface water adjacent to
the MRC. TCE has been commonly used as an industrial degreaser, and is the parent or “primary”
compound in the subject groundwater. TCE released into the environment will weather or
breakdown (i.e., “degrade”) into “daughter” products with lower chlorine-containing compounds
(i.e., dichloroethenes, VC, ethene, and ethane) if favorable conditions exist. TCE has degraded in
MRC groundwater and has produced cis-1,2-DCE and VC concentrations above MDE standards
in groundwater. These daughter products have further degraded to produce less toxic VOCs, such
as ethene and ethane, in groundwater. All of these constituents are dissolved in groundwater at the
MRC, and can be introduced to surface water by groundwater seepage through creek or cove
sediments, or by groundwater infiltration into drains and outfalls that discharge to surface water.
Therefore, Dark Head Cove and Cow Pen Creek were sampled to assess groundwater contaminant

concentrations in adjacent receiving surface water bodies.
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The June and September 2016 sampling results are shown in Figure 4-1, and the concentrations of
TCE, cis-1,2-DCE and VC are compared to the site-specific swimming levels on Figures 4-2 and
4-3, respectively. The December 2016 sampling results are shown on Figure 4-4, and the
concentrations of TCE, cis-1,2-DCE, and VVC are compared to the site-specific screening levels on
Figure 4-5. These swimming levels are the lowest comparison concentrations for these chemicals,
and are therefore the most protective of human health and the environment. Note that surface water
sampling results are dynamic in nature, and the distribution of the contaminants in Dark Head
Cove and Cow Pen Creek can be affected by tidal fluxes and seasonal effects. Therefore

concentrations are expected to vary among sampling events.

4.1.1 June and September Results

Figures 4-1 and 4-2 show that TCE was detected at low concentrations in June at four Dark Head
Cove sampling locations near Outfalls 006 and 008 (i.e., inner green circles in Figure 4-2 at
SW6A, SW6B, SWB8A, and SW8B). TCE was not detected in Cow Pen Creek samples collected
in June. In contrast, TCE was detected at a low concentration in one Cow Pen Creek location
(SW1A), and at low concentrations in all but two Dark Head Cove locations in September 2016
(see Figures 4-1 and 4-3). Table 4-1 shows a similar range of TCE concentrations detected in June

and September (0.25-0.49 micrograms per liter [ug/L] and 0.165-0.62 pg/L, respectively).

The maximum TCE concentrations detected in June and September 2016 (0.49 pg/L and
0.62 pg/L, respectively) are more than 30 times below its lowest (i.e., most conservative)
screening level (21 pg/L), and more than 15 times below its site-specific screening-criterion
(10 pg/L) for evaluating exposure risks to swimmers (see Tables 4-2 and 4-3, and Figures 4-1
through 4-3). Concentrations of all other VOCs detected in June and September (acetone,
chloromethane, 2-butanone, and 2-hexanone) are below their respective ecological and
human health screening levels (Tables 4-2 and 4-3). Figure 4-1 shows that the highest TCE
concentrations detected in June and September were typically near Outfalls 006 and 008 (samples
SW6A, SW6B, SWB8A, and SW8B), and that September TCE concentrations at Outfall 009
(SW9A, SW9B) and Outfall 007 (SW7A, SW7B) were similar to, but slightly lower than, the
maximum TCE concentrations near Outfalls 006 and 008. cis-1,2-DCE and VC were not detected
in surface water samples collected in June and September 2016.
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The maximum TCE concentrations collected in June and September 2016 (0.49 pg/L and
0.62 pg/L, respectively) are similar to the maximum detected TCE concentrations for 2015
(0.42 pg/L) and 2014 (0.54 ug/L at Outfall 008) (see Table C-1 in Appendix C). These maxima are
approximately one-quarter to one-third that of the maximum TCE concentration detected in 2013
(1.9 pg/L at Outfall 005). TCE has not been detected in samples collected at Outfalls 005E
(location SW5A2) since the Outfall 005 storm drain was plugged with concrete beneath
Chesapeake Park Plaza in August 2015 (TCE at SW5AL [Outfall 005W] was last detected in
2013).

41.2 December Results

TCE was detected in both the shallow “S” samples (1.2-4.4 ug/L), and the deeper “D” samples
(0.44-7.8 pg/L) collected above the cove bed (Figures 4-3 and 4-4; Table 4-4). cis-1,2-DCE, a
degradation product of TCE, was not detected in the shallow “S” samples, but was detected in the
four deeper samples collected from the center and western transects (0.45-5.5 pg/L at SW11A-B
and SW12A-B). Other VOCs found in MRC groundwater, such as toluene, total xylenes, and
1,2,4-trimethylbenzene, were also detected in the December samples. However, December 2016
TCE and cis-1,2-DCE concentration are below their swimming levels (10 pg/L and 300 ug/L,
respectively), and all other VOCs detected (acetone, toluene, total xylenes, and
1,2,4-trimethylbenzene) are likewise below their respective ecological and human health screening

levels (Table 4-4 and Figures 4-4 and 4-5). VC was not detected in the December samples.

TCE concentrations in the shallower (“S”) cove samples (4.1-4.4 pug/L) were consistently higher
than the deeper (“D”) samples (0.7-2.7 ug/L) at all near-shoreline (“A”) locations (Figure 4-4).
TCE concentrations at SW11B and SW12B (collected farther from the shoreline) were higher in
the deeper (“D”) samples than the shallow (*S”) samples, indicating dilution or volatilization of
TCE in the upper portion of the water column after groundwater seepage from the southeastern
TCE plume in the Block F area. The exception was at eastern transect location SW10B, where the
shallow sample TCE concentration (1.2 pug/L) was higher than the deeper sample concentration
(0.44 pg/L).

TCE and cis-1,2-DCE results for samples collected farther from the shoreline show increasing
concentrations from east to west (i.e., from SW10B to SW12B) (Figures 4-4 and 4-5). A slight,

increasing, east-west concentration trend for TCE, cis-1,2-DCE, 1,2,4-trimethylbenzene, toluene,
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and xylenes is noted for shallower samples collected farther from the shoreline (SW10B to
SW12B), and for TCE and cis-1,2-DCE collected in deep samples near the shoreline (SW10A to
SW12A). These trends indicate that transect SW12 may be nearer to the maximum VOC
groundwater seepage area than are transects SW10 and SW11. These results also indicate that
VOCs in Dark Head Cove from the southeastern TCE area groundwater seepage have not been
fully delineated, and that additional surface water sampling is required to delineate the extent of
TCE in Dark Head Cove west of Outfalls 006 and 008.

TCE was detected more frequently and at higher concentrations in December than it was in June
and September. The December VOC concentrations for Dark Head Cove samples are expected to
be higher because those samples were collected near the landward edge of the southeastern TCE
area in Block F where elevated concentrations of TCE were found in groundwater, and not near
MRC outfalls, as were the June and September samples. The higher VOC concentrations may also
be due, in part, to sampling in cold weather months, a phenomenon found at other creek sampling
sites that likely results from lower volatilization rates during cooler weather. Furthermore, the
lower concentrations of TCE previously detected at areas east and west of the December 2016
sampling locations (e.g., Outfalls 005, 009, and 007) may be due, in part, to tidal mixing and
transport of higher TCE concentrations from this groundwater seepage zone to these areas, and not

to direct discharges of TCE from these outfalls.

4.2 1,4-DIOXANE

As shown in Figure 4-1, 1,4-dioxane was detected in the samples collected from SW1A
(0.13 pg/L) and SW2A (0.16 pg/L). These concentrations are approximately one-half of the lowest
1,4-dioxane screening level (0.3 pg/L), and more than five orders of magnitude (nearly 100,000

times) lower than the USEPA ecological screening level (22,000 pg/L).

4.3 POLYCHLORINATED BIPHENYLS

Pentachlorobiphenyl was the only polychlorinated biphenyl (PCB) homolog detected in June 2016
Dark Head Cove surface water samples (Figure 4-1), and was detected in only one sample: SW6B,
at 0.036 pg/L. This sample was collected 50 feet from Outfall 006, and exceeds three PCB
screening levels: the chronic NRWQC (0.014 ug/L), the BTAG concentration (0.000074 pg/L),
and the human health consumption-of-aquatic-organism criterion (0.00064 pg/L). It is likely from

PCBs in cove sediment or from sediment transported from Block E via storm drains.
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The NRWQC and BTAG comparison concentrations are screening levels, and the reported
concentrations below these levels indicate that no ecological impacts are expected. However, PCB
concentrations exceeding these screening levels are not necessarily associated with detrimental
human health or ecological risks. For example, the NRWQC human health consumption-of-
aquatic-organism (0.00064 ug/L) level was developed to protect receptors exposed to surface
water via two exposure pathways: through surface water used as a drinking water source and via
consumption of fish caught in surface water. Thus, the NRWQC value is particularly low to protect
humans using surface water as a drinking water source. Since Dark Head Cove is not used as a
source of drinking water, the NRWQC value is overly protective (low) when used as a screening
value in this instance. Multiple sources contribute PCBs to the upper Chesapeake Bay, so fish
consumption advisories (due to PCB bioaccumulation) have been in effect for the entire MRC
region. A human health risk assessment completed in 2014 to assess exposure to people swimming
in Dark Head Cove adjacent to MRC (a more appropriate and applicable exposure scenario)
indicated that PCB concentrations similar to those detected in June 2016 surface water samples

would not result in cancer and noncancer risks above MDE risk benchmarks (Appendix D).

Similarly, the BTAG screening level is low to protect aquatic organisms, because PCBs
bioaccumulate in the ecological food web. The sediment remediation in Dark Head Cove in 2016-
2017 is intended to reduce sediment and surface water contaminant concentrations of PCBs. Note
that after completing the sediment removal action near Outfall 005, PCBs were not detected in
Dark Head Cove surface water samples collected in 2015. Surface water and sediment sampling
for PCBs will follow the current and upcoming sediment removal actions to characterize any

residual concentrations.
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Statistical Summary of Surface Water Sampling Results-June, September, and December 2016

Table 4-1

Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 1 of 2
Frequency Minimum Maximum Minimum Maximum Location of Mean of | Mean of standard
. . Non-Detect Non-detect Detected Detected Maximum All Positive .
Chemical of Detection ) X ) i Deviation
Number | Percent Concentration | Concentration | Concentration | Concentration | Detected Sample | Samples | Detects
June 13, 2016
Volatile organic compounds (ug/L)
Trichloroethene 4/13 31 022 U 022 U 0.251 0.49 ] MRC-SW6B 0.203 0.41 0.155
Acetone 1/13 8 094 U 094 U 2.2) 220 MRC-SW7B 0.603 2.2 0.480
Chloromethane 1/13 8 0.44 UJ 0.44 UJ 1.1 1.1 MRC-SW7B 0.288 1.1 0.244
Semivolatile organic compounds (ug/L)
1,4-Dioxane 22 | 100 -- -- 0.12 J 0.16 J MRC-SW2A 0.135 | 0.135 0.007
Polychlorinated biphenyls (ug/L)
Pentachlorobiphenyls 111 | 9 0.013 U 0.014 U 0.036 J 0.036 J MRC-SW6B 0.009 | 0.036 0.009
September 27, 2016
Volatile organic compounds (ug/L)
Trichloroethene 10/13 77 022 U 022 U 0.165 0.62 J MRC-SW6,8,9B 0.422 0.52 0.227
2-Butanone 2/13 15 053 U 053 U 092 511 MRC-SW1A 0.687 3.01 1.3
2-Hexanone 1/13 8 048 U 048 U 0.55 J 0.55 J MRC-SW1A 0.264 0.55 0.086
Acetone 1/13 8 094 U 094 U 7710 771 MRC-SW1A 1.026 7.70 2.0
December 13, 2016
Volatile organic compounds (ug/L)
Trichloroethene 12/12 100 -- -- 0.44 ) 7.8 MRC-SW12B-D 2.85 2.85 2.11
Acetone 6/12 50 18 U 18 U 2.0 291 MRC-SW10A-S 1.63 2.37 0.799
Toluene 6/12 50 023 U 023 U 0.29 J 0.79 J MRC-SW12B-S 0.303 0.49 0.236
Xylenes, Total 6/12 50 024 U 024 U 0.28 ) 0.90J MRC-SW12B-S 0.29 0.46 0.236
cis-1,2-Dichloroethene 4/12 33 03 U 03 U 0.45J 5.5 MRC-SW12B-D 0.870 2.31 1.640
1,2,4-Trimethylbenzene 1/12 8 024 U 024 U 0.24 ) 0.24 ) MRC-SW12B-S 0.130 0.24 0.035




Table 4-1

Statistical Summary of Surface Water Sampling Results-June, September, and December 2016
Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland
Page 2 of 2

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration to caluclate statistics.

Mg/L - micrograms per liter

MRC - Middle River Complex

SW - surface water
U - not detected

UJ - nondetect result is estimated

-- Value is not available because analyte is detected in all samples.

Associated Samples:
MRC-SW1A-061316
MRC-SW2A-061316
MRC-SW2A-061316-D
MRC-SW5A1-061316
MRC-SW5A2-061316

MRC-SW2A-092716
MRC-SW5A1-092716
MRC-SW5A2-092716
MRC-SW5B-092716
MRC-SW5B-092716-D

MRC-SW10A-S-121316
MRC-SW10A-D-121316
MRC-SW10B-S-121316
MRC-SW10B-D-121316

MRC-SW5B-061316
MRC-SW6A-061316
MRC-SW6A-061316-D
MRC-SW6B-061316
MRC-SW7A-061316

MRC-SW6A-092716
MRC-SW6B-092716
MRC-SW7A-092716
MRC-SW7B-092716
MRC-SW8A-092716

MRC-SW11A-S-121316
MRC-SW11A-D-121316
MRC-SW11B-S-121316
MRC-SW11B-D-121316

MRC-SW7B-061316
MRC-SW8A-061316
MRC-SW8B-061316
MRC-SW9A-061316
MRC-SW9B-061316

MRC-SW8B-092716
MRC-SW9A-092716
MRC-SW9B-092716

MRC-SW12A-5-121316
MRC-SW12A-D-121316
MRC-SW12B-S-121316
MRC-SW12B-D-121316



Table 4-2

Detected Analytes and Screening Level Exceedance in Surface Water Samples-June 2016

Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 1 of 9

National Recommended | Ecological | Human Health S
Location ID Water Quality Criteria® | Surface Water Consumption of z‘gr';ner:;:g g:ii?:hﬁz:ésr MRC-SW1A MRC-SW2A
Sample ID Freshwater Screengg Organ(iigT Levels® Guidge”ne MRC-SW1A-061316 MRC-SW2A-061316
Sample Date Acute | Chronic Level Only 20160613 20160613
\Volatile organic compounds (pg/L)
ACETONE NA NA 1500 NA NA NA - -
CHLOROMETHANE NA NA NA NA NA NA - -
TRICHLOROETHENE NA NA 21 300® 10 NA - -
Semivolatile organic compounds (ug/L)
1,4-DIOXANE | NA | NA | 22000 | NA [ NA 0.3 0131 0.16 J
Polychlorinated biphenyls (pg/L)
[PENTACHLOROBIPHENYLS | NAa | 0014 | 0000074® | 000064® [ NA NA NA NA

5

J-

National Recommended Water Quality Criteria, http://water.epa.gov/scitech/swguidance/standards/current/index.cfm;

and Maryland Numerical Criteria for Toxic Substances in Surface Waters, Code of Maryland Regulations (COMAR)

26.08.02.03,

http://www.dsd.state.md.us./comar/comarhtml1/26/26.08.02.03-2.htm

United State Environmental Protection Agency (USEPA) Region 3 Biological Technical Advisory Group (BTAG)
Freshwater Screening Benchmarks. Value for 1,4-dioxane is the USEPA Region 5 ecological screening value
(USEPA, 2003). Value for 1,4-dioxane is USEPA Region 5 screening value (USEPA, 2003)
For carcinogens, criterion is for incremental cancer risk of 1x10°
Site-specific swimming screening levels were developed for trichloroethenegis -1,2-dichloroethene, and vinyl
chloride for Frog Mortar Creek, Martin State Airport. Lockheed Martin is developing site-specific criteria

for Middle River Complex surface water contaminants of concern for Maryland Department of the Environment
approval because the contaminants of concern are different than those for Frog Mortar Creek. Samples will be
collected in April, June, and September 2017. The 2017 results will be screened against the newly-developed Middle

River Complex criteria.

Value is for total polychlorinated biphenyls.
Gray shading indicates a result that exceeds a screening criterion.
-- not detected

estimated result

Hg/L - micrograms per liter

MRC - Middle River Complex
NA - not analyzed or not available

SW - surface water




Table 4-2

Detected Analytes and Screening Level Exceedance in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 2 of 9

National Recommended | Ecological | Human Health A
Location ID Water Quality Criteria® | Surface Water |Consumption of ?::Vrltrane?;:g g:ils(?:hl:;:tt;sr MRC-SW2A
Sample ID Freshwater Screenigg Organ(:{isT Levels® Guidznne MRC-SW2A-061316-AVG | MRC-SW2A-061316-D
Sample Date Acute | Chronic Level Only 20160613 20160613
\Volatile organic compounds (pg/L)
ACETONE NA NA 1500 NA NA NA - NA
CHLOROMETHANE NA NA NA NA NA NA - NA
TRICHLOROETHENE NA NA 21 300® 10 NA - NA
Semivolatile organic compounds (ug/L)
1,4-DIOXANE | Na | NA [ 22000 | NA [ NA | 03 | 0.14 | 012
Polychlorinated biphenyls (pg/L)
[PENTACHLOROBIPHENYLS | NA | 0014 | 0000074® | 000064® | NA | NA | NA | NA

1 National Recommended Water Quality Criteria, http://water.epa.gov/scitech/swguidance/standards/current/index.cfm;
and Maryland Numerical Criteria for Toxic Substances in Surface Waters, Code of Maryland Regulations (COMAR)
26.08.02.03, http://www.dsd.state.md.us./comar/comarhtml|/26/26.08.02.03-2.htm

2 United State Environmental Protection Agency (USEPA) Region 3 Biological Technical Advisory Group (BTAG)
Freshwater Screening Benchmarks. Value for 1,4-dioxane is the USEPA Region 5 ecological screening value
(USEPA, 2003). Value for 1,4-dioxane is USEPA Region 5 screening value (USEPA, 2003)

3 For carcinogens, criterion is for incremental cancer risk of 1x10°

4 Site-specific swimming screening levels were developed for trichloroethenegis -1,2-dichloroethene, and vinyl
chloride for Frog Mortar Creek, Martin State Airport. Lockheed Martin is developing site-specific criteria
for Middle River Complex surface water contaminants of concern for Maryland Department of the Environment
approval because the contaminants of concern are different than those for Frog Mortar Creek. Samples will be
collected in April, June, and September 2017. The 2017 results will be screened against the newly-developed Middle
River Complex criteria.

5 Value is for total polychlorinated biphenyls.

Gray shading indicates a result that exceeds a screening criterion.

-- not detected

J - estimated result

Hg/L - micrograms per liter

MRC - Middle River Complex

NA - not analyzed or not available

SW - surface water



Table 4-2

Detected Analytes and Screening Level Exceedance in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 3 0of 9

National Recommended | Ecological | Human Health S
Location ID Water Quality Criteria® | surface water Consumption of z‘gr';ner:;:g g:ils(?:hl:;:tt;sr MRC-SW5A1 MRC-SW5A2
Sample ID Freshwater Scree"gg Orga”(ii;? Levels® Guid%”ne MRC-SW5A1-061316 | MRC-SW5A2-061316
Sample Date Acute | Chronic Level Only 20160613 20160613
\Volatile organic compounds (pg/L)
ACETONE NA NA 1500 NA NA NA - -
CHLOROMETHANE NA NA NA NA NA NA - -
TRICHLOROETHENE NA NA 21 3009 10 NA - -
Semivolatile organic compounds (ug/L)
1,4-DIOXANE | nNa | NA [ 22000 | NA [ NA | 03 | NA | NA
Polychlorinated biphenyls (pg/L)
[PENTACHLOROBIPHENYLS [ ~NA | 0014 | 0000074® | 000064® | NA |  NA ] - | -

1 National Recommended Water Quality Criteria, http://water.epa.gov/scitech/swguidance/standards/current/index.cfm;
and Maryland Numerical Criteria for Toxic Substances in Surface Waters, Code of Maryland Regulations (COMAR)
26.08.02.03, http://www.dsd.state.md.us./comar/comarhtml|/26/26.08.02.03-2.htm

2 United State Environmental Protection Agency (USEPA) Region 3 Biological Technical Advisory Group (BTAG)
Freshwater Screening Benchmarks. Value for 1,4-dioxane is the USEPA Region 5 ecological screening value
(USEPA, 2003). Value for 1,4-dioxane is USEPA Region 5 screening value (USEPA, 2003)

3 For carcinogens, criterion is fo