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Section 1 

Introduction 

On behalf of Lockheed Martin Corporation (Lockheed Martin), Tetra Tech, Inc. (Tetra Tech) has 

prepared this technical memorandum presenting the analytical results for surface water samples 

collected adjacent to the Middle River Complex (MRC) in Middle River, Maryland on 

June 13, 2016 (see Figure 1-1). This technical memorandum presents results from surface water 

samples collected along five transects in Dark Head Cove (at Outfalls 005, 006, 007, 008, and 009) 

and at two locations in Cow Pen Creek near the southwestern trichloroethene (TCE) and 

1,4-dioxane plumes.  

Before 2016, surface water had been sampled annually. In 2016, sampling frequency increased to 

three times per year (March, June, and September) to provide further assurance during 

implementation of the groundwater remedy that volatile organic compounds are not reaching 

surface water. Future planned events include September 2016, March 2017, June 2017 and 

September 2017. Thereafter, sampling schedules will be evaluated and established, based on 

findings from sampling. This investigation obtained additional surface-water-quality data for Dark 

Head Cove and Cow Pen Creek to determine whether volatile organic compounds (VOCs) in 

groundwater at Middle River Complex are impacting the surface water of Dark Head Cove and 

Cow Pen Creek. Additional objectives were to determine possible concentrations of 

polychlorinated biphenyls in surface water subsequent to a sediment removal action completed by 

Lockheed Martin Corporation in early 2015, and to determine 1,4-dioxane concentrations in Cow 

Pen Creek surface water near the southwestern trichloroethene and 1,4-dioxane groundwater 

plumes.  

Two of the Dark Head Cove transects (Outfalls 006 and 008) are downgradient of the southeastern 

trichloroethene groundwater plume. Volatile organic compounds in groundwater at the Middle 

River Complex may be introduced to surface water by groundwater seepage or by groundwater 

infiltration into drains and outfalls that discharge to surface water. Surface water quality can also 
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be affected by constituents in creek-bottom sediment. This technical memorandum is organized as 

follows: 

Section 2—Site Background: Briefly describes the site and 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. 

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 memorandum. 
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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. 

Numerous environmental investigations have been conducted at the Lockheed Martin MRC. These 

include underground storage-tank closures and abandonments, soil excavations, Phase I 

environmental site assessments (ESAs), and Phase II ESAs. A 2003 facility-wide Phase I ESA at 

the Lockheed Martin MRC identified 13 recognized environmental conditions (RECs), associated 

primarily with then-current site conditions (Earth Tech, 2003). Subsequent review of historical site 

activities identified another 18 RECs (Tetra Tech, 2004). Many RECs are in the southern portion 

of the facility along the waterfront.  

Soil and groundwater sampling have identified contamination in these environmental media 

underlying the facility. Studies of soil and groundwater are ongoing (Tetra Tech, 2012a). 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 December 2015, 

whereby work is performed under the MDE Controlled Hazardous Substances framework to allow 

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

Sampling of surface water and sediment adjacent to the MRC’s southern and western property 

boundaries was first done in March 2005. Subsequent samples were collected in 2005, and each 
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year from 2010–2015, to characterize surface water and sediment, support the design development 

of the sediment remedy, and support storm-drain investigations.  

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 

conducted at Cow Pen Creek and Dark Head Cove 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 summarized in the 2015 Surface Water Sampling Report (Tetra Tech, 2015), and 

therefore are not repeated herein. 
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Section 3 

Investigation  
Approach and Methodology 

3.1 SURFACE WATER SAMPLING 

The 2016 surface water sampling described herein seeks to provide additional and updated surface-

water-quality data for Dark Head Cove and Cow Pen Creek. Specifically, the current goals are to 

determine whether: 

• volatile organic compounds (VOCs) detected in groundwater and site soil are reaching 
Dark Head Cove and Cow Pen Creek through groundwater infiltration or transport via 
storm drains 

• 1,4-dioxane detected in groundwater and soil is reaching Cow Pen Creek through 
groundwater infiltration or transport through storm drains 

• polychlorinated biphenyls (PCBs) detected in Block E soil are reaching Dark Head Cove 
through the storm drain system, and/or whether PCBs in surface water are present due to 
contaminants in sediment 

Concentrations of PCBs, VOCs, and 1,4-dioxane in surface water were determined through 

laboratory analyses of the environmental samples. These compounds are in groundwater and soil 

at the Middle River Complex (MRC), and might migrate into adjacent surface bodies via 

groundwater and overland surface water flow.  

Thirteen surface water samples were collected from Dark Head Cove and Cow Pen Creek on 

June 13, 2016 (Figure 3-1). Eleven were collected in Dark Head Cove and two were collected in 

Cow Pen Creek. All samples were analyzed for VOCs (the primary contaminants of concern in 

MRC groundwater). Samples collected from Dark Head Cove were also analyzed for PCBs, while 

samples from Cow Pen Creek were analyzed for 1,4-dioxane. Sampling methods were consistent 

with the 2016–2017 Groundwater and Surface Water Monitoring Work Plan (Tetra Tech, Inc. 
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[Tetra Tech], 2015) and amendments stipulated in the Addendum to the 2016–2017 Groundwater 

and Surface Water Monitoring Work Plan (Tetra Tech, 2016). 

3.1.1 Surface Water Sampling and Analyses 

Surface water samples were collected in Dark Head Cove along transects at Outfalls 005 

through 009 (Figure 3-1). Two samples were collected along each transect near Outfalls 006–009: 

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 (“A1” and “A2” samples), and a single sample was collected 

50-feet from shore, approximately midway between the two outlets (“B” sample). Surface water 

samples from Cow Pen Creek were collected near the western trichloroethene (TCE) plume. 

Samples were collected along the approximate centerline of the creek, upstream and downstream 

of the estimated boundaries of the western TCE plume. Table 3-1 summarizes (by surface water 

sampling location) the chemical analyses conducted for the 2016 monitoring program (Tetra Tech, 

2015). 

Surface water samples were collected as grab samples using direct-fill sampling techniques. All 

samples were collected approximately one foot below the water surface using a stainless-steel 

discrete-interval sampler. The sampler was lowered to approximately one foot below the water 

surface and the check valve was disengaged until 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 analysis; separate containers were used to collect samples for the 1,4-dioxane and PCB 

analyses. All equipment was cleaned after each sample had been collected. The discrete-interval 

sampler was cleaned after each use by rinsing with distilled water; no decontamination fluids other 

than distilled water were used, so collection and off-site disposal of rinse water generated during 

this sampling event was not necessary.  

Samples collected on June 13, 2016 were analyzed at a fixed-base laboratory (Test America, North 

Canton, Ohio) for VOCs via United States Environmental Protection Agency (USEPA) 

Method 8260C, for 1,4-dioxane via Method 522, and for PCBs via Method 680. One duplicate 

VOC sample was collected, and trip blanks were provided in each cooler containing VOC samples 

to ensure quality assurance/quality control. Water-quality parameters, including temperature, pH 
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(a measure of hydrogen-ion content indicating relative acidity or alkalinity), specific conductance 

(SC), hardness, salinity, turbidity, dissolved oxygen (DO), color, and oxidation-reduction potential 

(ORP), were measured at all surface water sampling locations at the time of sampling. The water 

depth at each sampling location was also recorded.  

Tidal stages were recorded on June 13, 2016 before sampling began and after it ended, using the 

MRC Cow Pen Creek direct-read staff gauge. The staff gauge read 3.44 feet at 11:45 a.m. and 

3.94 feet at 1:31 p.m. Tide data for the North Point station (south of Middle River, Maryland) 

reported high tide at 2:26 a.m., low tide at 8:56 a.m., and high tide at 2:18 p.m. Surface water 

samples were collected between 11:51 a.m. and 1:22 p.m., at the rising limb of the tidal cycle 

(Maryland Department of Natural Resources, 2016). All information was documented on surface 

water sample forms (Appendix A) and in the master site logbook. 

Surface-water sampling locations (horizontal locational coordinates) were surveyed using a 

handheld global positioning system receiver and recorded in the field logbook. Sampling locations 

were recorded in degrees, minutes, and seconds using geographical latitude and longitude 

coordinates, 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 master site logbook was maintained as an overall record of field activities. Sample 

documentation includes completing a chain of custody (COC) form and matrix-specific sampling 

log sheets. A COC form is a standardized form to summarize and document pertinent sample 

information, such as sample identification and type, matrix, date and time of collection, 

preservation, requested analysis, and the times and dates of custody transfers. Sample custody 

procedures document sample acquisition and integrity. The COC form accompanies the 

data-validation report in Appendix B. 

3.1.3 Sample Nomenclature and Handling 

Surface water samples were identified with a unique sample-identification tag. Surface water 

samples were labeled with 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 
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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. The trip blank is 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 

used throughout sample handling ensure the evidentiary integrity of sample containers. 

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 included the signature of the 

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

3.1.4 Equipment Decontamination 

To minimize decontamination, both dedicated and disposable equipment (e.g., gloves, rope) were 

used for surface water sampling. 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 

No investigation-derived waste (IDW) was generated during this surface-water sampling event. 

General waste (i.e., gloves, rope, etc.) was disposed of in the proper waste disposal containers at 

the facility.  

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. 
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3.2.1 Data Tracking and Control 

A cradle-to-grave sample-tracking system was used from the beginning to the end of the 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 

were collected in the field, the field operations leader forwarded the COC form 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. 

3.2.4 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, 
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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 

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 this sampling event consist 

of chemical results from surface water samples. 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). The J-flag appears on the chemical-results tables in Section 4, and 

all flags appear in Appendices B and C. The 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. 
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Table 3-1 
Chemical Analyses of Surface Water Samples, June 2016 

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

Sampling location Sample 
number 

Distance from 
shore (feet) 

Analytical parameters Sampling month Number of 
samples 

Dark Head Cove 

Outfall 005  SW5A1 
SW5A2 
SW5B 

10(1) 
10(1) 
50 

Volatile organic compounds (VOCs), 
polychlorinated biphenyls (PCBs) 
field parameters 

June 2016 
 

1 
1 
1 

Outfall 006 and  
near the southeastern 
trichloroethene (TCE) plume 

SW6A 
SW6B 

10 
50 

VOCs, PCBs, 
field parameters 

June 2016 
 

1 
1 

Outfall 007  SW7A 
SW7B 

10 
50 

VOCs, PCBs, 
field parameters 

June 2016 
 

1 
1 

Outfall 008 and  
near the eastern TCE plume  

SW8A 
SW8B 

10 
50 

VOCs, PCBs, 
field parameters 

June 2016 
 

1 
1 

Outfall 009 SW9A 
SW9B 

10 
50 

VOCs, PCBs, 
field parameters 

June 2016 
 

1 
1 

Cow Pen Creek 

Near the southwestern TCE 
plume 

SW1A 
SW2A 

Upstream 
Downstream 

VOCs, 1,4-dioxane, field parameters June 2016 1 
1 

(1)Two near-shore samples (10-feet out) were collected at each outlet of Outfall 005. One near-shore sample was collected at all other Dark Head 
Cove outfalls (006–009). 
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Section 4 

Results 

Validated surface-water chemical data of the chemical analytes detected in the June 2016 

surface-water samples were used to generate a figure presenting the analytes detected (Figure 4-1), 

a statistical summary table (Table 4-1), and a table (Table 4-2) listing positive detections (only). 

(Note that because all sample names share the same leading prefix [“MRC”], that prefix has been 

dropped in the following discussion to improve readability. For example, MRC-SW1A is referred 

to simply as “SW1A” in this section.) Tables 4-1 and 4-2 are based on the full data listing provided 

in Appendix C (Table C-1). Table 4-2 compares surface-water sampling results to several 

applicable screening criteria, including: 

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

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

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

• 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) 

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

4.1 VOLATILE ORGANIC COMPOUNDS 

As shown in Table 4-1 and Figure 4-1, three VOCs were detected in surface water: trichlorethene 

(TCE), acetone, and chloromethane. TCE, the primary VOC associated with Middle River 

Complex (MRC) groundwater, was detected in four sampling locations in Dark Head Cove (SW6A 

[0.26J micrograms per liter (µg/L)]), SW6B [0.49J µg/L], SW8A [0.48J µg/L], and SW8B 

[0.42J µg/L]) near Outfalls 006 and 008. These sampling locations are adjacent to the southeastern 
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TCE groundwater plume. cis-1,2-Dichloroethene (cis-1,2-DCE) and vinyl chloride, breakdown 

products of TCE, and other common VOCs in MRC groundwater plumes, were not detected in 

these samples. The other two VOCs detected in surface water (acetone and chloromethane) were 

both detected in sample SW7B (2.2J µg/L and 1.1 µg/L, respectively), 50 feet from Outfall 007.  

As shown in Table 4-2, all detected VOC concentrations are low and less than their respective 

screening criteria. TCE detections are “J” qualified because the concentrations are above the 

method detection limit but below the laboratory practical quantitation-limit. TCE was not detected 

in the two samples collected from Cow Pen Creek. 

During the 2015 sampling round, the sole TCE detection (0.42J µg/L at SW5A2) was from a 

sample collected near Outfall 005. TCE concentrations in 2014 ranged from 0.3J µg/L (SW5A2) 

to 0.54 µg/L (SW8A). Similar to the 2015 sampling result, the highest TCE concentrations 

(1.1-1.9 µg/L) in 2013 were from samples SW5A1, SW5A2, and SW5B collected near 

Outfall 005. In contrast, the highest TCE concentrations detected in 2012 (0.55J–0.82J µg/L), 

2014 (0.52J–0.54J µg/L), and this 2016 event (0.26J–0.49J µg/L) were in samples collected from 

transects at Outfalls 006 and 008, near the southeastern TCE groundwater plume (see Table C-2 in 

Appendix C).  

The maximum 2016 TCE concentration (0.49J µg/L) is similar to the maximum TCE 

concentrations in 2015 (0.42J µg/L) and in 2014 (0.54J µg/L at Outfall 008). These concentrations 

are approximately one-quarter that of the maximum TCE concentration detected in 2013 (1.9 µg/L 

at Outfall 005). Note that surface water sampling is dynamic in nature, and the distribution of the 

contaminants in Dark Head Cove and Cow Pen Creek can be affected by tidal fluxes.  

USEPA and the State of Maryland have not established acute or chronic freshwater criteria for 

TCE or acetone. However, they have established a human health consumption-of-aquatic-

organism criterion of 300 µg/L (when adjusted for the MDE risk level of 1×10−05 [i.e., a one in 

100,000 risk probability]). The BTAG ecological screening levels for TCE and acetone are 21 µg/L 

and 1,500 µg/L, respectively.  

The maximum TCE concentration (0.49J µg/L) detected in this investigation is more than 40 times 

below the lowest (i.e., most conservative) regulatory screening level (21 µg/L), and more than 

20 times below its site-specific screening-criterion (10 µg/L) for evaluating exposure risks to 
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swimmers. All TCE, acetone, and chloromethane results are below ecological and human health 

screening criteria. 

4.2 1,4-DIOXANE 

As shown in Figure 4-1, 1,4-dioxane was detected at a concentration of 0.13J µg/L in the sample 

collected from SW1A, and 0.16J µg/L in the sample collected from SW2A. These concentrations 

are more than five orders of magnitude (nearly 100,000 times) lower than the USEPA ecological 

screening level (22,000 µg/L).  

4.3 POLYCHLORINATED BIPHENYLS 

Pentachlorobiphenyl is the only polychlorinated biphenyl (PCBs) homolog detected in the surface 

water samples collected in Dark Head Cove in June 2016. The only sample with a detected 

concentration was SW6B (0.036J µg/L), collected 50 feet from Outfall 006. This concentration 

exceeds the chronic NRWQC (0.014), the BTAG concentration (0.000074 µg/L), and the human 

health consumption-of-aquatic-organism criterion (0.00064 µg/L) for PCBs. 

The NRWQC and BTAG levels are screening levels. Reported concentrations below these 

screening levels indicate that no ecological impacts are expected, however, exceeding these 

screening levels does not necessarily mean that human health risk or ecological risk is occurring. 

For example, the NRWQC human health consumption-of-aquatic-organism (0.00064 µg/L) 

screening criterion for PCBs was developed to be protective assuming that someone is exposed to 

surface water from two exposure pathways: (1) drinking surface water that is used as a drinking 

water source and (2) via consuming fish caught in the surface water. The value is particularly low 

to protect surface water as a drinking water source. Since people are not drinking water from Dark 

Head Cove, the NRWQC is overly protective (low) as a screening value. Fish consumption 

advisories for the entire region are in effect, because PCBs bioaccumulate and multiple sources 

contribute PCBs to the upper Chesapeake Bay. A human health risk assessment (HHRA) 

completed in 2014 to assess exposure to people swimming in Dark Head Cove (a more applicable 

exposure scenario) indicates that similar PCB concentrations detected in surface water would 

result in cancer and non-cancer risks less than MDE risk benchmarks.  

The BTAG screening is very low to be protective of aquatic organisms, because PCBs 

bioaccumulate in the ecological food web. The objective of the upcoming sediment remediation in 
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Dark Head Cove will be to reduce sediment and surface water contaminant concentrations. No 

PCBs were detected in Dark Head Cove water samples collected in 2015 after completing the 

sediment removal action near Outfall 005.  

4.4 WATER-QUALITY PARAMETERS 

Water-quality parameters measured in the field in June 2016 for each surface water sample are in 

Table 4-3. Data were collected for color, pH, specific conductivity (SC), hardness, temperature, 

turbidity, dissolved oxygen (DO), salinity, and oxidation-reduction potential (ORP). The 

June 2016 pH values are consistent with natural surface water in this region. SC is closely 

associated with salinity, and samples with lower salinity had an expected lower SC, and vice versa. 

pH was slightly lower in Cow Pen Creek samples, which also had lower salinity and SC, as 

compared to samples from Dark Head Cove. These results may be due to runoff into the creek, or 

due to restricted water flow into or out of the creek.  

Turbidity was consistent in most samples, with the highest turbidity found in Dark Head Cove 

sample SW9B. All DO levels are on the high side of typical values, indicating a healthy estuarine 

environment. ORP values are all positive, which is consistent with an oxygen-rich environment. 

All water-quality parameters are typical of a tidally controlled estuarine environment. 
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Table 4-1

Statistical Summary of Analytes Detected in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland 

Frequency

Chemical  of Detection

Number Percent
Volatile organic compounds (µg/L)
TRICHLOROETHENE 4/13 31 0.22 U 0.22 U 0.25 J 0.49 J MRC-SW6B 0.203 0.41 0.155
ACETONE 1/13 8 0.94 U 0.94 U 2.2 J 2.2 J 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 (µg/L)
1,4-DIOXANE 2/2 100 -- -- 0.12 J 0.16 J MRC-SW2A 0.135 0.135 0.007
Polychlorinated biphenyls (ug/L)
PENTACHLOROBIPHENYLS 1/11 9 0.013 U 0.014 U 0.036 J 0.036 J MRC-SW6B 0.009 0.036 0.009

For non-detects, 1/2 sample quantitation limit was used as a proxy concentration to caluclate statistics. 
µg/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-SW5B-061316 MRC-SW7B-061316
MRC-SW2A-061316 MRC-SW6A-061316 MRC-SW8A-061316
MRC-SW2A-061316-D MRC-SW6A-061316-D MRC-SW8B-061316
MRC-SW5A1-061316 MRC-SW6B-061316 MRC-SW9A-061316
MRC-SW5A2-061316 MRC-SW7A-061316 MRC-SW9B-061316

Mean of 
Positive 
Detects

Standard 
Deviation

Minimum Non‐
Detect 

Concentration

Maximum Non‐
detect 

Concentration

Minimum 
Detected 

Concentration

Maximum  
Detected 

Concentration

Location of 
Maximum 

Detected Sample

Mean of All 
Samples



Table 4-2

Detected Analytes and Screening Level Exceedances in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 1 of 4

Location ID

Sample ID

Sample Date

ACETONE NA -- -- -- NA
CHLOROMETHANE NA -- -- -- NA
TRICHLOROETHENE 10 -- -- -- NA

1,4-DIOXANE NA 0.13 J 0.16 J 0.14 0.12 J

PENTACHLOROBIPHENYLS NA NA NA NA NA

3 - For carcinogens, criterion is for incremental cancer risk of 1x10-5

5 - Value is for total polychlorinated biphenyls.
Gray shading indicates a result that exceeds a screening criterion.
--  not detected MRC - Middle River Complex
J - estimated result NA - not analyzed or not available
µg/L - micrograms per liter SW - surface water

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)

4 - Site-specific swimming screening levels were developed for cis -1,2-dichloroethene, trichloroethene, and 
vinyl chloride only

0.00064(3)0.014 0.000074(5)

Polychlorinated biphenyls (µg/L)

NA
NA

300(3)

NA

1500
NA
21

22000

NA
NA
NA

NA
Semivolatile organic compounds (µg/L)

NA
NA
NA

Volatile organic compounds (µg/L)

NA

NA

20160613 20160613 20160613 20160613

MRC‐SW1A‐
061316

MRC‐SW2A‐
061316

MRC‐SW2A‐
061316‐AVG

MRC‐SW2A‐
061316‐D

National Recommended 
Water Quality Criteria(1)

Ecological 
Surface Water 
Screening 
Level(2)

Human Health 
Consumption of 

Organism 
Only(1)(3)

Swimming 
Screening 
Levels(4)

Freshwater

Acute Chronic

MRC‐SW1A MRC‐SW2A



Table 4-2

Detected Analytes and Screening Level Exceedances in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 2 of 4

Location ID

Sample ID

Sample Date

ACETONE NA
CHLOROMETHANE NA
TRICHLOROETHENE 10

1,4-DIOXANE NA

PENTACHLOROBIPHENYLS NA

3 - For carcinogens, criterion is for incremental cancer risk of 1x10-5

5 - Value is for total polychlorinated biphenyls.
Gray shading indicates a result that exceeds a screening criterion.
--  not detected MRC - Middle River Complex
J - estimated result NA - not analyzed or not available
µg/L - micrograms per liter SW - surface water

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)

4 - Site-specific swimming screening levels were developed for cis -1,2-dichloroethene, trichloroethene, and 
vinyl chloride only

0.00064(3)0.014 0.000074(5)

Polychlorinated biphenyls (µg/L)

NA
NA

300(3)

NA

1500
NA
21

22000

NA
NA
NA

NA
Semivolatile organic compounds (µg/L)

NA
NA
NA

Volatile organic compounds (µg/L)

NA

NA

National Recommended 
Water Quality Criteria(1)

Ecological 
Surface Water 
Screening 
Level(2)

Human Health 
Consumption of 

Organism 
Only(1)(3)

Swimming 
Screening 
Levels(4)

Freshwater

Acute Chronic

-- -- -- --
-- -- -- --
-- -- -- 0.26 J

NA NA NA NA

-- -- -- --

20160613 20160613 20160613 20160613

MRC‐SW5A1‐
061316

MRC‐SW5A2‐
061316

MRC‐SW5B‐
061316

MRC‐SW6A‐
061316

MRC‐SW6AMRC‐SW5A1 MRC‐SW5A2 MRC‐SW5B



Table 4-2

Detected Analytes and Screening Level Exceedances in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 3 of 4

Location ID

Sample ID

Sample Date

ACETONE NA
CHLOROMETHANE NA
TRICHLOROETHENE 10

1,4-DIOXANE NA

PENTACHLOROBIPHENYLS NA

3 - For carcinogens, criterion is for incremental cancer risk of 1x10-5

5 - Value is for total polychlorinated biphenyls.
Gray shading indicates a result that exceeds a screening criterion.
--  not detected MRC - Middle River Complex
J - estimated result NA - not analyzed or not available
µg/L - micrograms per liter SW - surface water

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)

4 - Site-specific swimming screening levels were developed for cis -1,2-dichloroethene, trichloroethene, and 
vinyl chloride only

0.00064(3)0.014 0.000074(5)

Polychlorinated biphenyls (µg/L)

NA
NA

300(3)

NA

1500
NA
21

22000

NA
NA
NA

NA
Semivolatile organic compounds (µg/L)

NA
NA
NA

Volatile organic compounds (µg/L)

NA

NA

National Recommended 
Water Quality Criteria(1)

Ecological 
Surface Water 
Screening 
Level(2)

Human Health 
Consumption of 

Organism 
Only(1)(3)

Swimming 
Screening 
Levels(4)

Freshwater

Acute Chronic

-- -- -- --
-- -- -- --

0.255 0.25 J 0.49 J --

NA NA NA NA

-- -- 0.036 J --

20160613 20160613 20160613

MRC‐SW6A‐
061316‐AVG

MRC‐SW6A‐
061316‐D

MRC‐SW6B‐
061316

MRC‐SW7A‐
061316

MRC‐SW6B MRC‐SW7A

20160613

MRC‐SW6A



Table 4-2

Detected Analytes and Screening Level Exceedances in Surface Water Samples-June 2016
Cow Pen Creek and Dark Head Cove

Lockheed Martin Middle River Complex, Middle River, Maryland
Page 4 of 4

Location ID

Sample ID

Sample Date

ACETONE NA
CHLOROMETHANE NA
TRICHLOROETHENE 10

1,4-DIOXANE NA

PENTACHLOROBIPHENYLS NA

3 - For carcinogens, criterion is for incremental cancer risk of 1x10-5

5 - Value is for total polychlorinated biphenyls.
Gray shading indicates a result that exceeds a screening criterion.
--  not detected MRC - Middle River Complex
J - estimated result NA - not analyzed or not available
µg/L - micrograms per liter SW - surface water

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)

4 - Site-specific swimming screening levels were developed for cis -1,2-dichloroethene, trichloroethene, and 
vinyl chloride only

0.00064(3)0.014 0.000074(5)

Polychlorinated biphenyls (µg/L)

NA
NA

300(3)

NA

1500
NA
21

22000

NA
NA
NA

NA
Semivolatile organic compounds (µg/L)

NA
NA
NA

Volatile organic compounds (µg/L)

NA

NA

National Recommended 
Water Quality Criteria(1)

Ecological 
Surface Water 
Screening 
Level(2)

Human Health 
Consumption of 

Organism 
Only(1)(3)

Swimming 
Screening 
Levels(4)

Freshwater

Acute Chronic

2.2 J -- -- -- --
1.1 -- -- -- --

-- 0.48 J 0.42 J -- --

NA NA NA NA NA

-- -- -- -- --

20160613 20160613 20160613 20160613 20160613

MRC‐SW8A‐
061316

MRC‐SW8B‐
061316

MRC‐SW9A‐
061316

MRC‐SW9B‐
061316

MRC‐SW8B MRC‐SW9A MRC‐SW9B

MRC‐SW7B‐
061316

MRC‐SW7B MRC‐SW8A



 
Table 4-3 

Field Measurements for Surface-Water Quality, June 2016 
Cow Pen Creek and Dark Head Cove 

Lockheed Martin Middle River Complex, Middle River, Maryland 

Sample 
No. 

Color pH 
(S.U.) 

SC 
(mS/cm) 

Temperature 
 (ºC) 

Turbidity 
(NTU) 

DO 
(mg/L) 

Salinity 
(%) 

ORP 
(mv) 

SW1A Clear  6.30 5.44 24.20 5.40 6.35 3.0 136 

SW2A Clear 6.70 6.02 24.54 6.22 5.47 3.3 149 

SW5A1 Clear 7.25 6.34 24.25 6.44 4.69 3.5 60 

SW5A2 Clear 7.26 6.38 24.34 7.36 4.07 3.5 110 

SW5B Clear 7.34 6.37 24.32 6.22 4.53 3.5 123 

SW6A Clear 7.24 6.32 24.60 4.30 4.15 3.4 140 

SW6B Clear 7.33 6.31 24.70 4.90 5.64 3.4 138 

SW7A Clear 6.90 6.24 24.50 2.41 5.90 3.4 135 

SW7B Clear 7.10 6.28 24.32 5.86 3.90 3.4 128 

SW8A Clear 7.40 6.32 24.71 4.77 5.47 3.4 143 

SW8B Clear 7.40 6.31 24.72 4.67 6.18 3.4 142 

SW9A Clear 7.10 6.33 24.52 4.88 4.40 3.4 136 

SW9B Clear 7.20 6.30 24.63 6.58 4.40 3.4 139 

Average Clear 7.12 6.23 24.49 5.39 5.01 3.38 129.2 

ºC— degrees Celsius 
DO— dissolved oxygen 
Gr/Br— greenish brown 
mg/L— milligram(s) per liter 
mS/cm—milliSiemen(s) per centimeter 
mv— millivolt(s) 

NTU— nephelometric turbidity unit(s) 
ORP— oxidation-reduction potential 
pH— hydrogen ion content (a measure of  
 acidity or alkalinity) 
SC— specific conductance 
S.U.— standard unit(s)  
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Section 5 

Summary 
Tetra Tech, Inc. (Tetra Tech) collected 13 water samples from Cow Pen Creek and Dark Head Cove 

on June 13, 2016 on behalf of Lockheed Martin Corporation (Lockheed Martin), The samples were 

chemically analyzed for volatile organic compounds (VOCs), 1,4-dioxane (for the two Cow Pen 

Creek samples only), and polychlorinated biphenyls (PCBs) (for the Dark Head Cove samples 

only). These analyses were performed to determine if these constituents are in surface water and 

if they originate from stormwater outfalls, sediments, or groundwater plumes at the Middle River 

Complex (MRC). The results were validated in accordance with United States Environmental 

Agency (USEPA) procedures, and were compared to ecological and human-health criteria 

including site-specific screening concentrations developed by Lockheed Martin Corporation for 

evaluating risks to recreational swimmers for three volatile organic compounds that are found at 

elevated concentrations in Middle River Complex groundwater plumes. 

The volatile organic compound trichloroethene (TCE) was detected at low concentrations (ranging 

from 0.26J to 0.49J micrograms per liter [µg/L]) in four surface water samples collected in Dark 

Head Cove near Outfalls 006 and 008, adjacent to the southeastern trichloroethene plume 

(trichloroethene was not detected in the two Cow Pen Creek samples). These trichloroethene 

concentrations are below ecological and human-health screening criteria used for the investigation, 

and are similar to trichloroethene concentrations detected in 2015 and in 2014. 

1,4-Dioxane was detected in Cow Pen Creek surface water at concentrations of 0.13J µg/L and 

0.16J µg/L in two Cow Pen Creek samples. These concentrations are more than five orders of 

magnitude (nearly 100,000 times) lower than its United Stated Environmental Protection Agency 

ecological screening-level (22,000 µg/L). 1,4-Dioxane is likely being discharged to Cow Pen 

Creek from the southwestern trichloroethene and 1,4-dioxane groundwater plume.  

The polychlorinated biphenyl (PCB) homolog pentachlorobiphenyl was detected in surface water 

sample SW6B, collected 50 feet from Outfall 006 in Dark Head Cove. The pentachlorobiphenyl 

concentration (0.036 J µg/L) exceeds the Biological Technical Advisory Group ecological criterion 
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and the human health consumption-of-aquatic-organism criterion. However, the single detection 

of a polychlorinated biphenyl homolog in one sample indicates reductions in the frequency and 

concentrations of polychlorinated biphenyls in Dark Head Cove water samples compared to 

previous samples collected in 2014. The reduction of polychlorinated biphenyl concentrations in 

2016 (and 2015 samples) and associated risk around Outfall 005 and Dark Head Cove may be 

attributed to the removal of sediment with elevated levels of polychlorinated biphenyls that was 

conducted in the winter of 2014–2015; this removal dredged sediment in a portion of Dark Head 

Cove adjacent to Outfall 005. 
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APPENDIX A—SURFACE-WATER-SAMPLING LOG SHEETS 
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APPENDIX B—DATA-VALIDATION REPORT (ON CD) 
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APPENDIX C—CHEMICAL-RESULTS DATA TABLES
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APPENDIX D—RISK ESTIMATES FOR  
RECREATIONAL SWIMMING IN DARK HEAD COVE 
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