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EXECUTIVE SUMMARY 

On behalf of Lockheed Martin Corporation, AECOM Technical Services, Inc., has prepared this 

report documenting the April, June, and September 2021 surface water monitoring at the Lockheed 

Martin Middle River Complex in Middle River, Maryland. This report is part of the long-term 

groundwater and surface water monitoring program at the Middle River Complex. The objectives 

of the surface water monitoring program are to determine whether volatile organic compounds, 

polychlorinated biphenyls, and/or 1,4-dioxane previously detected in groundwater, sediment, and 

soil are reaching Dark Head Cove and Cow Pen Creek via groundwater seepage, infiltration, or 

transport through nearby storm drains at concentrations greater than the established criteria 

including ecological and human health screening-level criteria and site-specific risk-based 

swimming screening levels.  

The risk-based swimming screening levels (developed to assess the cumulative risk to a theoretical 

recreational receptor compared with Maryland Department of the Environment risk management 

benchmarks) address six contaminants of concern in surface water adjacent to the Middle River 

Complex: trichloroethene, cis-1,2-dichloroethene, 1,2,4-trichlorobenzene, chlorobenzene, 

polychlorinated biphenyls, and 1,4-dioxane. Investigative activities conducted from 2018 to 2021 

as part of this surface water monitoring program include three annual rounds of sampling and 

chemical analyses of surface water in Dark Head Cove and Cow Pen Creek in April, June, and 

September of each year. Prior to 2018, annual surface water monitoring was completed by Tetra 

Tech, Inc. beginning in 2010. 

 

This report evaluates the April, June, and September 2021 surface water sampling analytical data 

based on current and historical results and estimates of potential groundwater to surface water 

discharge. The April and June sampling rounds were previously summarized individually and 

transmitted by Technical Memoranda to Lockheed Martin Corporation, the Remediation Technical 

Operations contractor CDM Smith, and Maryland Department of the Environment (AECOM 

Technical Services, Inc, 2021b, 2021c).  

During the April, June, and September sampling events, on-site personnel collected 23 surface 

water samples (including two duplicates) from 21 sampling locations in Cow Pen Creek and Dark 
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Head Cove, on behalf of Lockheed Martin Corporation. Surface water samples were sent to Alpha 

Analytical in Westborough, Massachusetts to be chemically analyzed for polychlorinated 

biphenyls, and Pace Analytical in West Columbia, SC to be chemically analyzed for volatile 

organic compounds and 1,4-dioxane. The full list of surface water sampling locations can be found 

in Table 1.   

The analytical results from the sampling events were evaluated with respect to ecological and 

human health screening-level criteria, including:  

• Maryland ambient water quality criteria for human health consumption of organisms (Code 
of Maryland Regulations 26.08.02.03) 

• United States Environmental Protection Agency National Recommended Water Quality 
Criteria – human health criteria, consumption of organism only (United States 
Environmental Protection Agency, 2015) 

• United States Environmental Protection Agency National Recommended Aquatic Life 
Criteria – freshwater, acute and chronic criteria (United States Environmental Protection 
Agency, 2018a) 

• United States Environmental Protection Agency Region III Biological Technical Advisory 
Group freshwater screening levels (United States Environmental Protection Agency, 2006) 

o If no benchmarks were listed by United States Environmental Protection Agency 
Region III, guidance from United States Environmental Protection Agency Region 
IV (United States Environmental Protection Agency, 2018b) and Region V (United 
States Environmental Protection Agency, 2003) were reviewed for additional 
ecological benchmarks. 

• Risk-based site-specific swimming screening levels developed in 2019 for trichloroethene, 
cis-1,2-dichloroethene, 1,2,4-trichlorobenzene, chlorobenzene, polychlorinated biphenyls, 
and 1,4-dioxane for Dark Head Cove and Cow Pen Creek at the Middle River Complex. 
These risk-based screening values were approved by the Maryland Department of the 
Environment in 2019 (Lockheed Martin Corporation, 2019). 

Chemical constituents detected in the April, June, and September 2021 surface water sampling are 

as follows: 

• 1,2-dichloroethylene – detected in two samples (MRC-SW11A-S and MRC-SW12A-S) 
from Dark Head Cove during the June 2021 sampling event at concentrations of 0.77 µg/L 
and 0.52 µg/L, respectively. This concentration is below the United States Environmental 
Protection Agency Biological Technical Advisory Group regional benchmark of 590 µg/L. 

• 1,4-dichlorobenzene – detected in one surface water sample (MRC-SW15A-S) during the 
September sampling event at an estimated concentration of 0.40 µg/L. This concentration 
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is below the most conservative United States Environmental Protection Agency Biological 
Technical Advisory Group regional benchmark of 26 µg/L. 

• 1,4-dioxane – detected in seven surface water samples where it was analyzed for in 2021 
(three sample locations in Cow Pen Creek and four samples from Dark Head Cove [MRC-
SW6A-S, MRC-SW6B-S, MRC-SW8A-S, and MRC-SW8B-S]) with the highest 
estimated concentration of 0.18 µg/L at MRC-SW17A in Cow Pen Creek during the April 
sampling event. During data validation of the laboratory results, seven samples were 
assigned a “B” as a final qualifier for 1,4-dioxane, indicating an associated blank detection. 
The qualified field sample results are usable as reported and should be considered potential 
false positives.  The reported concentrations are negligible compared to the United States 
Environmental Protection Agency ecological screening level of 22,000 µg/L. The 
concentrations are also below the Maryland Department of the Environment approved site-
specific risk-based swimming screening level of 20 µg/L. 

• acetone – detected in six surface water samples where it was analyzed for in 2021. Five 
samples displayed detections from the September sampling event (MRC-SW5A1-S, MRC-
SW6B-S, MRC-SW7A-S, MRC-SW11A-S, and MRC-SW18A-S) and one sample 
displayed a detection from the June sampling event (MRC-SW17A). Concentrations 
ranged from 4.0 to 5.8 µg/L below its ecological screening level of 1,500 µg/L. One 
sample, MRC-SW17A, was assigned a “J” as a final qualifier for acetone, indicating an 
estimated concentration.  

• chloroform – detected during the April, June, and September 2021 surface water sampling 
events in Cow Pen Creek at MRC-SW17A, at estimated concentrations ranging from 0.40 
to 0.52 µg/L, below its most conservative United States Environmental Protection Agency 
Biological Technical Advisory Group regional benchmark of 1.8 µg/L. 

• cis-1,2-dichloroethene – detected in two surface water samples in Dark Head Cove during 
the June 2021 surface water sampling event: MRC-SW11A-S, and MRC-SW12A-S, at 
concentrations ranging from 0.52 to 0.77 µg/L in 2021. The maximum cis-1,2-
dichloroethene concentration detected in 2021 is more than 20 times below the most 
conservative screening criteria of the Maryland Department of the Environment approved 
site-specific risk-based swimming screening level of 20 µg/L for evaluating exposure risks 
to swimmers. Cis-1,2-dichlorethene is not used on-site but is a degradation product of 
trichloroethene, which was historically used on-site. 

• polychlorinated biphenyls— detected at 16 locations sampled in Dark Head Cove during 
the April 2021 sampling, above the United States Environmental Protection Agency 
Region III Biological Technical Advisory Group Freshwater Screening Benchmark (0.074 
[nanograms per liter] ng/L) and nine locations are above the Maryland ambient water 
quality criteria for human health consumption of organisms (0.64 ng/L). Detected 
polychlorinated biphenyl concentrations for individual homolog groups 
(dichlorobiphenyls, trichlorobiphenyls, hexachlorobiphenyls, and heptachlorobiphenyls) 
range from 0.248 ng/L in sample MRC-SW8B-S to 0.604 ng/L in sample MRC-SW16A-
S, collected from Dark Head Cove. Sixteen of 17 samples collected exceed the ecological 
surface water screening level of 0.074 ng/L set in place by the United States Environmental 
Protection Agency Region III Biological Technical Advisory Group and 9 out of 17 
locations exceed the Maryland ambient water quality criteria for human health 
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consumption of organisms (0.64 ng/L). A fish consumption advisory is currently in effect 
for Middle River (Maryland Department of the Environment, 2018), recommending 
consumption of no more than six meals of blue crab or a number of fish species listed in 
the advisory per month, due to polychlorinated biphenyl contamination in the area.  

• trichloroethene – the primary volatile organic compound of concern associated with 
groundwater at the Middle River Complex, was detected in eleven sampling locations over 
the 2021 triannual sampling events in Dark Head Cove: MRC-SW6A-S, MRC-SW6B-S, 
MRC-SW8A-S, MRC-SW8B-S, MRC-SW9A-S, MRC-SW11A-S, MRC-SW12A-S, 
MRC-SW13A-S, MRC-SW14A-S. MRC-SW15A-S, and MRC-SW16A-S at 
concentrations ranging from 0.42 to 2.5 µg/L, below its lowest screening level, the United 
States Environmental Protection Agency Biological Technical Advisory Group regional 
benchmark of 21 µg/L. The highest concentration of trichloroethene was observed during 
the June sampling event (2.5 µg/L in MRC-SW11A-S) where a portion of the 
trichloroethene groundwater plume in Blocks E and F may discharge into Dark Head Cove. 
The concentrations are also below the Maryland Department of the Environment approved 
site-specific risk-based swimming screening level of 30 µg/L. 
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SECTION 1  
INTRODUCTION 

On behalf of Lockheed Martin Corporation, AECOM Technical Services, Inc. has prepared this 

report documenting the April, June, and September 2021 surface water monitoring at the Middle 

River Complex in Middle River, Maryland (see Figure 1). This report details the analytical results 

from 20 surface water locations and associated quality assurance/quality control samples collected 

from Dark Head Cove and Cow Pen Creek during the April, June, and September sampling events. 

Site contaminants at the Middle River Complex could potentially be introduced to surface water 

through groundwater discharge or through groundwater infiltration into storm drains, thereby 

discharging into surface water through nearby outfalls.  

Before 2017, surface water had been sampled annually by Tetra Tech beginning in 2010. In 2017, 

the sampling frequency increased to three times per year (April, June, and September) to assess 

whether volatile organic compounds were reaching Dark Head Cove and Cow Pen Creek during 

implementation of the groundwater remedy at concentrations exceeding site-specific risk-based 

swimming screening levels. An additional objective of increased sampling frequency was to 

determine if polychlorinated biphenyls were in surface water subsequent to the sediment removal 

actions and in-place sediment treatment that Lockheed Martin Corporation performed in Dark 

Head Cove between 2015 and 2017, and to determine if the Block G 1,4-dioxane groundwater 

plume is potentially discharging to Cow Pen Creek.  

Surface water samples collected in Dark Head Cove in 2017 were not analyzed for 1,4-dioxane, 

as it was not a chemical of concern in groundwater in the southeastern portion of the Middle River 

Complex. Selected surface water samples collected under the current program from 2018 through 

2021 were analyzed for 1,4-dioxane because it was detected in the 2017 groundwater samples in 

the eastern Blocks E and F plume, and site-specific swimming screening levels had since been 

revised lower. Polychlorinated biphenyls are not chemicals of concern in groundwater that 

discharges to Cow Pen Creek and therefore were not analyzed for in surface water samples during 

the 2018 through 2021 triannual sampling.  
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This report is organized as follows: 

• Section 1—Introduction: Presents objectives for the surface water monitoring program. 

• Section 2—Site Background: Briefly describes site history and surface water sampling 
history. 

• Section 3—Investigation Approach and Methodology: Presents the technical approach to 
surface water sampling and describes the field methodology employed. 

• Section 4—Analytical Results: Discusses the analytical results for each analyte. 

• Section 5 – Summary: Summarizes findings and conclusions. 

• Section 6—References: Cites references used to compile this report. 
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SECTION 2  
SITE BACKGROUND 

The Middle River Complex is part of the Chesapeake Industrial Park at 2323 Eastern Boulevard 

in Middle River, Maryland, approximately 11.5 miles northeast of downtown Baltimore. It is 

composed of approximately 161 acres, including 12 main buildings, an active industrial area and 

yard, perimeter parking lots, an athletic field, a vacant concrete lot, a trailer and parts storage lot, 

and numerous grassy spaces along its perimeter. It 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 shows the Middle River Complex site layout. 

LMC Properties, Inc. owns the Middle River Complex. Its primary activities at the Middle River 

Complex include facility and building management and maintenance. The main site tenant, MRA 

Systems, LLC, whose ownership transferred to Vision Technologies Aerospace Incorporated (U.S. 

subsidiary of Singapore Technologies Engineering Ltd.) in June 2019, designs, manufactures, 

fabricates, tests, overhauls, repairs, and maintains aeronautical structures, parts, and components 

for military and commercial applications. Lockheed Martin Rotary and Mission Systems (a 

division of Lockheed Martin Corporation) conducts engineering activities and fabricates, 

assembles, tests, and otherwise supports vertical-launch systems. 

2.1 MIDDLE RIVER COMPLEX HISTORY 

In 1929, the Glenn L. Martin Company (a predecessor entity of Lockheed Martin Corporation) 

acquired large parcels of undeveloped land in Middle River, Maryland, on which to manufacture 

aircraft for the United States government and commercial clients. In the early 1960s, Glenn L. 

Martin Company merged with American-Marietta Company to form Martin Marietta Corporation. 

Around 1975, the adjacent eastern airport area (currently Martin State Airport), approximately 

750 acres, was transferred to the State of Maryland. In the mid-1990s, Martin Marietta Corporation 

merged with Lockheed Corporation to form Lockheed Martin Corporation. Shortly after the 

merger, General Electric Company entities acquired most of Lockheed Martin Corporation’s 

aeronautical business in Middle River and the General Electric subsidiary, MRA Systems, Inc., 
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began operations at the site. MRA Systems, LLC, was sold to Vision Technologies Aerospace 

Incorporated (United States subsidiary of Singapore Technologies Engineering Ltd.) in April 2019.  

2.2 MIDDLE RIVER COMPLEX CHARACTERISTICS 

2.2.1 Physiography 

The Middle River Complex is in the Western Shore of the Coastal Plain physiographic province, 

which is generally characterized by low relief. The Middle River Complex’s topography slopes 

gently, ranging from sea level to 32 feet above mean sea level (Cassell, 1977). The topography 

declines from Eastern Boulevard to the southwest and south toward Cow Pen Creek and Dark 

Head Cove. 

2.2.2 Hydrology 

The Middle River Complex is at the junction of Cow Pen Creek and Dark Head Cove. Both surface 

water bodies discharge into Dark Head Creek, a tributary of Middle River, which is a tributary of 

Chesapeake Bay. The Middle River Complex is approximately 3.24 miles (17,100 feet) upstream 

of Chesapeake Bay. The Middle River Complex has no surface water bodies on site.  

Surface-water runoff discharges from the facility via storm drains, except for areas immediately 

adjacent to Cow Pen Creek and Dark Head Cove.  

2.2.3 Regional Hydrogeology 

Sand and gravel zones in the unconsolidated surficial deposits at the Middle River Complex, when 

present, might form an unconfined or water table aquifer system (Bennett and Meyer, 1952). The 

water table at the Middle River Complex generally conforms to the land surface, with the highest 

water levels in interior land areas and the lowest levels at approximately surface water elevations 

along the shoreline.  

Regionally, the Patuxent Formation is the most important water-bearing formation in the Baltimore 

area. Industrial wells in the southeastern part of the area, specifically Curtis Bay and Sparrows 

Point, yield 500–900 gallons per minute (gpm). In these industrialized areas, the transmissivity 

and storage coefficient in confined portions of the aquifer average about 50,000 gallons per day 

per foot (g/d/feet) and 0.00026, respectively.  
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The Patapsco Formation is also an important water-bearing formation in industrialized Baltimore, 

where it is separated by clay into a lower and an upper aquifer. Industrial wells screened in the 

lower aquifer yield as much as 500–750 gpm, with an estimated transmissivity of 25,000 g/d/feet 

(Bennett and Meyer, 1952). The upper aquifer yields quantities of water similar to the lower 

aquifer, but likely has a higher overall transmissivity, because it is thicker than the lower aquifer. 

2.3 SURFACE WATER 

Dark Head Cove and Cow Pen Creek receive groundwater discharge from the Middle River 

Complex either directly or through outfalls. Chemicals of concern found in Middle River Complex 

groundwater (e.g., polychlorinated biphenyls, trichloroethene, and 1,4-dioxane) have historically 

been detected in creek and/or cove samples. Sampling of surface water and sediment adjacent to 

the Middle River Complex’s southern and western property boundaries began in March 2005 

(Tetra Tech Inc., 2005).  

Tetra Tech Inc. conducted subsequent sampling in 2005 and in each year from 2010–2017 to 

characterize surface water and sediment, conduct a human health and ecological risk assessment, 

aid in subsequent design of the sediment remedy, and to support storm-drain investigations (Tetra 

Tech Inc., 2017b). The current annual sampling program, which began in April 2018, seeks to 

determine the extent to which chemicals in groundwater, sediments, and soil at the Middle River 

Complex have been transported to surface water. The sampling program (occurring in April, June, 

and September) is also designed to provide analytical data during times of greatest recreational use 

of these surface water bodies.  
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SECTION 3  
INVESTIGATION APPROACH AND METHODOLOGY 

The overall objective in characterizing site surface water is to provide updated surface water 

quality data. Surface water analytical data from Cow Pen Creek and Dark Head Cove are used to 

assess the nature and extent of contamination, including potential contaminant transport from the 

Middle River Complex (MRC) into surface water. Before beginning fieldwork, appropriate 

personnel from AECOM Technical Services, Inc. (AECOM) reviewed the site-specific health and 

safety plan (HASP) and the respective “Safe Work” permits and emergency response plan included 

in the HASP.  

AECOM conducted mandatory health and safety tailgate meetings before fieldwork and a twilight 

debrief meeting at the end of the day. The AECOM site health and safety officer documented the 

topics covered and personnel in attendance. Safety requirements are addressed in detail in the site-

specific AECOM HASP, included in the 2018–2021 Groundwater and Surface Water Monitoring 

Work Plan and its associated addenda (AECOM, 2017, 2018a, 2018b, 2019, 2020, 2021). 

3.1 SURFACE WATER SAMPLING 

The April, June, and September 2021 surface water sampling described herein provides surface 

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

determine whether volatile organic compounds (VOCs), polychlorinated biphenyls (PCBs), and/or 

1,4-dioxane previously detected in groundwater, soil, and sediment are reaching Dark Head Cove 

and Cow Pen Creek via groundwater seepage, infiltration, or transport through nearby storm drains 

at concentrations greater than the established criteria including ecological and human health 

screening-level criteria and site-specific risk-based swimming screening levels. Concentrations of 

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

the collected samples. Analytical testing for PCBs and 1,4-dioxane is performed only in the April 

round of sampling.  
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Samples in Dark Head Cove and Cow Pen Creek were collected with dedicated, disposable tubing, 

attached to a depth transducer that was part of the YSI water quality meter, which measures the 

water quality parameters outlined in Section 4.4. The meter was lowered to one foot below the 

water surface and marked by electrical tape on the cord at the one-foot mark. The appropriate 

length of tubing was cut (to ensure collection from one foot below the water surface) and samples 

were collected via a peristaltic pump set at a purge rate of approximately 500 milliliters per minute. 

Samples collected from Dark Head Cove are designated with an “S” in the sample ID, indicating 

shallow surface water sample collected from one foot below the water surface. 

Table 1 summarizes the analytical constituents included in the 2021 monitoring program. Table 1 

is not sampling-event specific and outlines the chemical analyses and laboratory analytical 

methods collected at each location for the 2021 monitoring program. Footnotes associated with 

Table 1 provide clarification regarding which chemical analyses and laboratory analytical methods 

were to be collected and analyzed during the April, June, and September events. 

3.1.1 Dark Head Cove 

During the 2021 surface water sampling events, eighteen surface water locations were sampled in 

Dark Head Cove at and near Outfalls 005E, 005W, 006, 007, 008, and 009 which discharge to the 

cove (Figure 3). One sample was collected at Outfalls 007 (MRC-SW7A-S) and 009 (MRC-

SW9A-S): one sample from 10 feet offshore (“A” sample) at each of the above listed outfall 

locations. Two samples were collected at Outfalls 006 (MRC-SW6A-S and MRC-SW6B-S) and 

008 (MRC-SW8A-S and MRC-SW8B-S): one sample from 10 feet offshore (“A” sample) and a 

second sample from 50 feet offshore (“B” sample) at each of the above listed outfall locations. 

Two samples were collected west of Outfall 008 (MRC-SW11A-S and MRC-SW11B-S): one 

sample from 10 feet offshore (“A” sample) and a second sample from 50 feet offshore 

(“B” sample) at a location that is not directly influenced by any of the above listed outfall locations. 

Seven sampling locations west of Outfall 008 (MRC-SW12A-S, MRC-SW13A-S, MRC-SW20A-

S, MRC-SW15A-S, MRC-SW16A-S, MRC-SW18A-S, and MRC-SW14A-S) have no associated 

“B” sample. These surface water samples were collected 10 feet offshore. Two outlets are at 

Outfall 005: 005E and 005W. One sample was collected at each outlet, 10 feet offshore, recorded 

as the 5A1-S and 5A2-S samples. A single sample was collected 50 feet offshore, perpendicular 

to the bulkhead and halfway between the outlets, and was recorded as the “B” sample.  
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3.1.2 Cow Pen Creek 

For the April, June, and September sampling events, two samples (MRC-SW1A and MRC-SW2A) 

were collected along the centerline of Cow Pen Creek downgradient of Outfall 004, with one 

sample collected upstream near the Block G swale outfall and one sample collected downstream 

of the Block G swale outfall. A third sample (MRC-SW17A) was collected near Outfall 003 and 

represents the farthest upgradient sample that can be collected within the site boundaries. MRC-

SW17A was collected immediately downstream of the Baltimore Gas and Electric (BGE) property 

boundary. BGE owns this section of the creek and does not allow creek samples to be collected by 

Lockheed Martin on BGE property.  

3.1.3 Chemical Analyses 

Surface water samples were analyzed at Alpha Analytical (in Westborough, Massachusetts) for 

chemical analysis of PCBs and Pace Analytical (West Columbia, SC) for chemical analysis of 

VOCs and 1,4-dioxane. As shown in Table 1, all samples were analyzed for VOCs, Cow Pen Creek 

and select Dark Head Cove samples were analyzed for 1,4-dioxane, and Dark Head Cove surface 

water samples were analyzed for PCB homologs.  

Two field duplicates, two matrix spikes, and two matrix spike duplicate samples for each 

parameter (VOCs, 1,4-dioxane, and PCBs) were collected during the surface water sampling 

events (with 1,4-dioxane and PCBs collected during the April event only). One trip-blank sample 

per sampling event (i.e., one per cooler) was also collected for VOC analysis.  

Water quality parameters, including color, temperature, pH, specific conductance, hardness, 

salinity, turbidity, dissolved oxygen, and oxidation reduction potential, were measured at all 

surface water sampling locations at the time of sampling.  

3.1.4 Staff Gauges and Tidal Stages 

Tidal stages on the day of sample collection for the April, June, and September events were 

recorded from two on-site staff gauges shown on Figure 3. One staff gauge is in Dark Head Cove 

at the confluence with the mouth of Cow Pen Creek (MRC-STAFF02) and the other is in Dark 

Head Cove in the vicinity of Outfall 009 (MRC-STAFF01). Tidal stages were recorded before and 

after sampling during the April, June, and September surface water events. Tidal information from 
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the Bowley Bar Point station, southeast of Middle River, Maryland, reported low tide at 1525 

hours on April 13, 2021, 0517 hours on June 16, 2021, and 1418 hours on September 21, 2021. 

On-site staff gauge information is documented on the surface water sampling forms in 

Appendix A.  

3.2 MOBILE DATA-COLLECTION DOCUMENTATION 

Site activities and observations, including an overall record of field activities, were recorded on 

electronic field log sheets. Completed chains-of-custody (COC) and matrix specific sampling log 

sheets were maintained. Completed COC forms are found in the Data-Validation Report in 

Appendix B. AECOM used Esri’s mobile applications Collector for ArcGIS® during surface water 

data collection. Electronic data collection is designed to be consistent with the forms in 

Appendix A.  

Once in the field, if the technician required location services, needed to reference a base map, or 

needed to add or edit a location, Collector for ArcGIS® was used. The technician was also able to 

review historical information about the location, make edits, and take photos with the application, 

as required. Surface water sampling locations were also surveyed using a handheld global 

positioning system receiver in the Maryland State Plane North American Datum 1983.  

Water quality parameters from each sample location were recorded on Excel spreadsheets using 

field-dedicated tablets. Blank templates used to record sampling information and water quality 

data were pre-loaded on each field tablet. Tablets were connected to a central Microsoft OneDrive 

account where updates were synched periodically to a cloud network. While in the field, AECOM 

personnel also used Collector for ArcGIS, a mobile data application by Esri, to aid personnel with 

location services, provide base-map references, and allow the user to edit sampling location 

information based on field observations.  

3.3 EQUIPMENT DECONTAMINATION 

The surface water samples were collected using a peristaltic pump and disposable tubing which 

was changed between each sample location. Therefore, equipment decontamination was not 

necessary during the surface water sampling events.  



 

April 2022 2021 Comprehensive Surface Water Report  Page 3-5 

3.4 WASTE MANAGEMENT 

No investigation derived waste was generated during the surface water sampling events. General 

waste, such as gloves and tubing, was disposed of as general refuse.  

3.5 DATA REVIEW 

Laboratory data were entered into an internal sample database and evaluated against site-specific 

risk-based swimming screening levels and applicable regulatory criteria. AECOM performed a 

manual data review and data validation using the EQuIS™ Automated Validation Assistant tool. 

This included completing a limited data review (evaluating data completeness, holding times, 

laboratory and field blank contamination, laboratory batch quality control, field duplicate 

precision, and detection limits) concurrent with the data evaluation review.  

The review is based on the United States Environmental Protection Agency (USEPA) National 

Functional Guidelines for Organic Superfund Methods Data Review (USEPA-540-R-2017-002, 

January 2017a) and USEPA National Functional Guidelines for Inorganic Superfund Methods 

Data Review (USEPA 540-R-2017-001, January 2017b) for an Organic/Inorganic Level I 

(https://www.epa.gov/quality/epa-region-3-data-validation) data review. Data were reviewed 

based on the specifics of the analytical method used. The data-qualifying flags applied to the 

surface water chemical results during data validation are identified in the Data Validation Reports 

in Appendix B. The analytical laboratory reports can be found in Appendix C. AECOM has 

uploaded validated data into the Lockheed Martin ESH-GIS database. Some of the major findings 

encountered during data review are discussed below. 

3.5.1 Quality Control Samples 

During each sample event, quality control (QC) samples were collected to measure sample 

representativeness (see Section 3.1.3 for specific QC samples collected per event). 

Representativeness qualitatively expresses the degree to which data accurately reflect site 

conditions. Factors that affect the representativeness of analytical data include appropriate sample 

population definitions, proper sample collection and preservation techniques, analytical holding 

times, use of standard analytical methods, and determination of matrix or analyte interferences. 

Representativeness is also monitored using negative controls such as trip blanks, field blanks, and 
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equipment blanks, along with adherence to the standard operating procedures and sampling plans. 

Laboratory method blanks were prepared at a frequency of one per laboratory QC batch and a total 

of one (1) trip blank was analyzed, at a rate of one per VOC sample cooler per sampling event. 

3.5.1.1 April 2021 

The method blank prepared in batch WQ89524 displayed a detection greater than the reporting 

limit (RL) for 1,4-dioxane. The associated positive field sample results that displayed a 

concentration within five times the method blank detection were qualified B,bl. The qualified field 

sample results are usable as reported and should be considered potential false positives. During 

data review, AECOM staff observed laboratory quality control anomalies encountered during 

initial sample analysis that warranted laboratory re-extraction. These samples were ultimately re-

analyzed outside of the extraction holding time. The qualified results are potentially impacted by 

a negative bias from the holding time exceedance. Due to the historical presence of 1,4-dioxane in 

surface water samples from the same locations, only the initial results, qualified B,bl due to the 

method blank detection, are considered to be representative as conservative estimates and are 

recommended for use.  

3.5.1.2 June 2021 

During data validation, two minor anomalies were noted in the VOC analysis which is to be 

expected based on statistical predictability of standard analytical procedures. One field sample 

result, a detection of acetone, was qualified “J, ld” during data validation due to imprecision 

between the laboratory control spike and the laboratory control spike duplicate.  This anomaly is 

considered minor and the qualified field sample result should be considered usable as an estimated 

value with an indeterminate bias. Analytes detected below the reporting limit and above the 

method detection limit were reported and qualified “J” as estimated values by the laboratory.  Data 

are considered usable as qualified, for their intended purpose based on the data reviewed.  

3.5.1.3 September 2021 

No detections were encountered in the method blanks or trip blank associated with the September 

2021 sampling event.  
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Data Usability Accuracy is a measure of confidence in a measurement. The smaller the difference 

between the measurement of a parameter and its "true" or expected value, the more accurate the 

measurement. Accuracy in the field was monitored using negative controls that included 

laboratory-blind trip blanks, field blanks, and equipment rinsates, along with adherence to the 

standard operating procedures and sampling plans. Analytical accuracy was assessed through the 

measurement laboratory method blanks, percent differences in initial/continuing calibration 

verifications, as well as percent recoveries in the surrogate spikes, the laboratory control spike pair 

(LCS/LCSD), and the matrix spike pair (MS/MSD).   

Overall data usability met the completeness requirement outlined in the Quality Assurance Project 

Plan at 100% for the April, June, and September sampling events in 2021. During data validation, 

several minor anomalies were noted which is to be anticipated based on statistical predictability of 

standard analytical procedures. Several field sample results were qualified due to these minor 

anomalies. All data are considered usable as qualified, for their intended purpose based on the data 

reviewed.  

3.6 ENVIRONMENT, SAFETY, AND HEALTH-GIS DATABASE 

AECOM uploaded the surface water sampling locations and validated data into the Lockheed 

Martin Environment, Safety and Health (ESH)-GIS database for the April, June, and September 

surface water sampling events. 

3.7 SUSTAINABILITY APPROACH 

AECOM incorporated Green and Sustainable Remediation practices into the surface water 

monitoring program at the MRC to advance Lockheed Martin’s Corporate ESH key objectives to 

protect, enhance, optimize and simplify, and to highlight the added values that sustainable 

practices bring.  

AECOM implemented sustainable approaches in aspects of work wherever practical and with prior 

approval from Lockheed Martin and the Lockheed Martin Remediation Technical Operations 

contractor. For the MRC monitoring program, AECOM implemented paper-free electronic data 

collection during the surface water sampling program to minimize waste and physical resource 

consumption. This data collection approach and the use of rechargeable batteries for field 
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instruments reduced total waste and provided resource efficiency. The utilization of local field 

staff, carpooling, and the use of locally sourced materials wherever possible contributed to reduced 

overall mobile emissions.  
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SECTION 4  
ANALYTICAL RESULTS 

Validated analytical data from the April, June, and September 2021 surface water sampling were 

evaluated with respect to ecological and human health screening-level criteria, including:  

• Maryland ambient water quality criteria for human health consumption of organisms (Code 
of Maryland Regulations [COMAR] 26.08.02.03) 

• United States Environmental Protection Agency (USEPA) National Recommended Water 
Quality Criteria – human health criteria, consumption of organism only (USEPA, 2015) 

• USEPA National Recommended Aquatic Life Criteria – freshwater, acute and chronic 
criteria (USEPA, 2018a) 

• USEPA Region III Biological Technical Advisory Group (BTAG) freshwater screening 
levels (USEPA, 2006) 

• If no benchmarks were listed by USEPA Region III, guidance from USEPA 
Region IV (USEPA, 2018b) and Region V (USEPA, 2003) were reviewed for 
additional ecological benchmarks. 

• Risk-based site-specific swimming screening levels developed in 2019 for trichloroethene 
(TCE), cis-1,2-dichloroethene (cis-1,2-DCE), 1,2,4-trichlorobenzene, and 1,4-dioxane for 
Dark Head Cove and Cow Pen Creek at the Middle River Complex (MRC). These risk-
based screening values were approved by the Maryland Department of the Environment 
(MDE) in 2019 (Lockheed Martin Corporation [Lockheed Martin], 2019). 

Site contaminants in groundwater at the MRC could potentially be introduced to surface water 

through groundwater discharge, or through groundwater infiltration into storm drains thereby 

discharging to surface water through nearby outfalls.  

Table 2 outlines the detected analytes from each sampling location from the April, June, and 

September sampling events and compares analytical concentrations to the screening levels 

established by each of the above entities. The distribution of detections is shown in Figure 4. The 

full list of analytical results, including non-detects, is provided in Appendix D. Surface water 

sampling nomenclature for locations sampled includes the “MRC-” prefix. To improve readability 

throughout Section 4, the leading “MRC” prefix before each sample name has been dropped, 

i.e., MRC-SW17A will henceforth be referred to as SW17A.   
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4.1 VOLATILE ORGANIC COMPOUNDS 

Table 2 summarizes volatile organic compound (VOC) and 1,4-dioxane detections in 2021 and the 

distribution of detections is shown in Figure 4. Five VOCs were detected in surface water over the 

course of the three sampling events:1,4-dichlorobenzene, acetone, chloroform, cis-1,2-DCE, and 

TCE. As shown in Table 2, the detected VOC concentrations are well below their various 

respective screening criteria.   

4.1.1 Trichloroethene 

Trichloroethene, the primary VOC of concern associated with groundwater at the MRC, was 

detected in eleven sampling locations over the triannual sampling events in Dark Head Cove: 

SW6A-S, SW6B-S, SW8A-S, SW8B-S, SW-9A-S, SW11A-S, SW12A-S, SW13A-S, SW14A-S, 

SW15A-S, and SW16A-S at concentrations ranging from 0.42 to 2.5 micrograms per liter (µg/L) 

in 2021. The highest concentration of TCE, 2.5 µg/L, was observed during the June sampling event 

at SW11A-S where a portion of the TCE groundwater plume in Blocks E and F may discharge to 

Dark Head Cove. The groundwater/surface water relationship is dynamic in nature, influenced by 

tidal zone mixing and mechanisms of the groundwater/surface water discharge/recharge 

relationship, which is being further evaluated as part of the Blocks E and F mass discharge 

assessment. 

USEPA and MDE have not established acute or chronic freshwater criteria for TCE. The BTAG 

ecological screening level for TCE is 21 µg/L. The maximum TCE concentration (2.5 µg/L) 

detected in this investigation is more than eight times below the most conservative regulatory 

screening level of 21 µg/L, and 12 times below the MDE-approved risk-based swimming 

screening level of 30 µg/L for evaluating exposure risks to swimmers (Table 2). 

4.1.2 cis-1,2-Dichloroethene 

cis-1,2-DCE, a breakdown product of TCE, was detected in two surface water samples in Dark 

Head Cove at concentrations ranging from 0.52 to 0.77 µg/L (SW12A-S and SW11A-S, 

respectively) during the June 2021 sampling event. These concentrations were below the MDE-

approved risk-based swimming screening level of 20 µg/L for evaluating exposure risks to 

swimmers (Table 2). USEPA and MDE have not established acute or chronic freshwater criteria 

or a human health consumption of aquatic organism criterion for cis-1,2-DCE, a breakdown 
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product of TCE. cis-1,2-DCE was not detected in field samples collected during the April or 

September 2021 sampling events. 

4.1.3 Additional Volatile Organic Compounds 

Acetone was detected in six surface water sampling locations, ranging from 4.0 to 5.8 μg/L. The 

BTAG ecological screening level of 1,500 μg/L is the only established criterion for acetone in 

surface water. Therefore, no acetone detections exceeded the screening levels.  

A single detection for 1,4-dichlorobenzene was present at sampling location SW15A-S, within 

Dark Head Cove, at an estimated concentration of 0.40 µg/L, below its most conservative BTAG 

regional benchmark of 26.0 µg/L.  

During the April, June, and September 2021 surface water sampling events, chloroform was 

detected in one sampling location in Cow Pen Creek, in SW17A, at estimated concentrations 

ranging from 0.40 to 0.52 µg/L, below its most conservative USEPA BTAG regional benchmark 

of 1.8 µg/L. 

4.2 1,4-DIOXANE 

As shown in Table 2, 1,4-dioxane was detected at seven of the sample locations it was analyzed 

for in concentrations ranging from 0.088 B,bl to 0.18 B,bl µg/L. Discussions of B-flags and other 

data qualifying flags are discussed in Section 3.5 and presented in detail in Appendix B. These 

concentrations are negligible compared to the USEPA ecological screening level of 22,000 µg/L. 

These concentrations are also below the MDE-approved risk-based swimming screening level of 

20 µg/L. In April 2020 and 2019, 1,4-dioxane was detected in the same seven sample locations as 

in 2021, with concentrations ranging from 0.026 J to 0.056 J µg/L (2020) and 0.024 J to 0.064 J 

µg/L (2019). However, in April 2018 only one sample result, at location SW8B-S, detected 1,4-

dioxane at a concentration of 0.049 J µg/L. 

4.3 POLYCHLORINATED BIPHENYLS 

Table 2 summarizes PCB detections in April 2021. Sixteen out of seventeen samples collected had 

PCB detections, the distribution of detections is shown in Figure 4. Four PCB homologs were 

detected in surface water samples collected in Dark Head Cove: dichlorobiphenyls, 

heptachlorobiphenyls, hexachlorobiphenyls, and trichlorobiphenyls.  
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Detected polychlorinated biphenyl concentrations for individual homolog groups 

(dichlorobiphenyls, trichlorobiphenyls, hexachlorobiphenyls, and heptachlorobiphenyls) range 

from 0.248 ng/L in sample MRC-SW8B-S to 0.604 ng/L in sample MRC-SW16A-S. Detected 

dichlorobiphenyl concentrations range from 0.264 J ng/L in sample MRC-SW8B-S to 0.317 J ng/L 

in sample MRC-SW16A-S. Detected trichlorobiphenyl concentrations range from 0.306 J ng/L in 

sample MRC-SW8A-S to 0.604 ng/L in sample MRC-SW16A-S. Detected hexachlorobiphenyl 

concentrations range from 0.248 J ng/L in sample MRC-SW8B-S to 0.355 J ng/L in sample MRC-

SW15A-S. Detected heptachlorobiphenyl concentrations range from 0.279 J ng/L in sample MRC-

SW6B-S to 0.289 J ng/L in sample MRC-SW12A-S. Total PCB homolog concentrations, 

representing the sum of individual homolog detections in each sample, range from 0.575 ng/L in 

sample MRC-SW8B-S to 1.1 ng/L in sample MRC-SW12A-S. Detection limits of PCB homolog 

groups via SW846-8270D Selected Ion Monitoring (SIM) range from 0.245 ng/L to 0.263 ng/L. 

The PCB homolog analytical method was changed from EPA Method 680 to SW846-8270D SIM 

in 2021, which resulted in decreased detection limits compared to historical PCB homolog data at 

the site. Figure 6 provides context and continuity between the 2021 results and the previous PCB 

homolog detections of dichlorobiphenyls via EPA Method 680 from 2018 to 2020, showing 

changes in the detected concentrations and detection limits of total dichlorobiphenyls. The results 

for each PCB homolog group detected in April 2021 are shown in comparison to the changing 

detection limits from 2018 to 2021 in Figure 7 through Figure 10.  

Sixteen of 17 samples collected exceed the ecological surface water screening level of 0.074 ng/L 

for total PCBs set in place by the USEPA Region III Biological Technical Advisory Group. 

However, even with the lower level of sensitivity, the 2021 PCB homolog detection limits are not 

protective of the ecological surface water screening level of 0.074 ng/L. Therefore, non-detect 

results for Total PCBs should be considered as potential exceedances of the ecological surface 

water screening level. A total of 9 samples exceeded the human health consumption-of-organisms 

level of 0.64 ng/L for total PCBs per the Code of Maryland Regulations (COMAR). However, 

detections for total PCBs were significantly lower than the site-specific risk-based swimming 

screening level of 5,000 ng/L (Lockheed Martin, 2019). Total PCB detections are compared to the 

applicable surface water screening levels in Figure 11, represented on a logarithmic scale. Figure 

12 shows detected Total PCB concentrations compared to only the two screening levels that had 

exceedances to better represent the variability of the results and differentiate the instances where 

a screening criterion was exceeded.  
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The 2021 MDLs (between 0.245 ng/L and 0.263 ng/L) are significantly lower than previous years’ 

detection limits and accounts for the increased number of overall homolog detections during the 

April 2021 sampling round. Additionally, this variation over time may be explained by the 

understanding that surface water is dynamic in nature, influenced by tidal zone mixing, runoff, and 

mechanisms of the groundwater/surface water discharge/recharge relationship, all contributing to 

potentially uneven or fluctuating identification of PCBs over time within Dark Head Cove. 

4.4 WATER QUALITY PARAMETERS 

Water quality parameters were collected in the field for each of the 21 field samples collected 

during the April, June, and September 2021 sampling. Water quality parameters, including 

temperature, pH, specific conductance, hardness, salinity, turbidity, dissolved oxygen (DO), and 

oxidation reduction potential (ORP), were measured at surface water sampling locations at the 

time of sampling and are included in Table 3. Associated parameters were measured at 

approximately one foot below the water surface, before sample collection.  

The pH values for the 2021 sampling events vary from slightly acidic to slightly basic, with values 

ranging between 6.40 and 8.70, consistent with natural surface water in this region. Turbidity was 

consistent in most samples, with the highest turbidity reported from SW9A-S within Dark Head 

Cove at 57.8 nephelometric turbidity units during the June 2021 sampling event.  

Salinity values for the 2021 sampling events ranged from 0.27 to 2.30 parts per trillion. Salinity is 

an important parameter potentially impacting submerged aquatic vegetation growth in Cow Pen 

Creek and Dark Head Cove.  

Dissolved oxygen levels, ranging from 3.97 to 8.99 milligrams per liter, indicate a healthy 

estuarine environment. Additionally, oxidation-reduction potential values are positive, ranging 

from 125 to 275 millivolts, which is consistent with surface water containing oxygen.  
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SECTION 5  
SUMMARY 

On behalf of Lockheed Martin Corporation, AECOM Technical Services, Inc., has prepared this 

report documenting the April, June, and September 2021 surface water monitoring at the Lockheed 

Martin Middle River Complex in Middle River, Maryland. During the April, June, and September 

sampling events, 21 surface water locations in Cow Pen Creek and Dark Head Cove were collected 

for chemical analysis along with associated quality assurance/quality control samples. Surface 

water samples were sent to Alpha Analytical in Westborough, Massachusetts to be chemically 

analyzed for polychlorinated biphenyls, and Pace Analytical in West Columbia, SC to be 

chemically analyzed for volatile organic compounds and 1,4-dioxane.  Analysis for 

polychlorinated biphenyls and 1,4-dioxane are only collected during the April round of sampling. 

These analyses were carried out to determine if these constituents are in surface water. A statistical 

data summary table is provided in Table 4. 

The analytical results from the sampling events were evaluated with respect to ecological and 

human health screening-level criteria, including:  

• Maryland ambient water quality criteria for human health consumption of organisms (Code 
of Maryland Regulations 26.08.02.03) 

• United States Environmental Protection Agency National Recommended Water Quality 
Criteria – human health criteria, consumption of organism only (United States 
Environmental Protection Agency, 2015) 

• United States Environmental Protection Agency National Recommended Aquatic Life 
Criteria – freshwater, acute and chronic criteria (United States Environmental Protection 
Agency, 2018a) 

• United States Environmental Protection Agency Region III Biological Technical Advisory 
Group freshwater screening levels (United States Environmental Protection Agency, 2006) 

o If no benchmarks were listed by United States Environmental Protection Agency 
Region III, guidance from United States Environmental Protection Agency Region 
IV (United States Environmental Protection Agency, 2018b) and Region V (United 
States Environmental Protection Agency, 2003) were reviewed for additional 
ecological benchmarks. 
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• Risk-based site-specific swimming screening levels developed in 2019 for trichloroethene, 
cis-1,2-dichloroethene, 1,2,4-trichlorobenzene, chlorobenzene, polychlorinated biphenyls, 
and 1,4-dioxane for Dark Head Cove and Cow Pen Creek at the Middle River Complex. 
These risk-based screening values were approved by the Maryland Department of the 
Environment in 2019 (Lockheed Martin Corporation, 2019). 

Chemical constituents detected in the April, June, and September 2021 surface water sampling are 

as follows: 

• 1,2-dichloroethylene – detected in two samples (MRC-SW11A-S and MRC-SW12A-S) 
from Dark Head Cove during the June 2021 sampling event at concentrations of 0.77 µg/L 
and 0.52 µg/L, respectively. This concentration is below the United States Environmental 
Protection Agency Biological Technical Advisory Group regional benchmark of 590 µg/L. 

• 1,4-dichlorobenzene – detected in one surface water sample (MRC-SW15A-S) during the 
September sampling event at an estimated concentration of 0.40 µg/L. This concentration 
is below the most conservative United States Environmental Protection Agency Biological 
Technical Advisory Group regional benchmark of 26 µg/L. 

• 1,4-dioxane – detected in seven surface water samples where it was analyzed for in 2021 
(three sample locations in Cow Pen Creek and four samples from Dark Head Cove [MRC-
SW6A-S, MRC-SW6B-S, MRC-SW8A-S, and MRC-SW8B-S]) with the highest 
estimated concentration of 0.18 µg/L at MRC-SW17A in Cow Pen Creek during the April 
sampling event. During data validation of the laboratory results, seven samples were 
assigned a “B” as a final qualifier for 1,4-dioxane, indicating an associated blank detection. 
The qualified field sample results are usable as reported and should be considered potential 
false positives.  The reported concentrations are negligible compared to the United States 
Environmental Protection Agency ecological screening level of 22,000 µg/L. The 
concentrations are also below the Maryland Department of the Environment approved site-
specific risk-based swimming screening level of 20 µg/L. 

• acetone – detected in six surface water samples where it was analyzed for in 2021. Five 
samples displayed detections from the September sampling event (MRC-SW5A1-S, MRC-
SW6B-S, MRC-SW7A-S, MRC-SW11A-S, and MRC-SW18A-S) and one sample 
displayed a detection from the June sampling event (MRC-SW17A). Concentrations 
ranged from 4.0 to 5.8 µg/L below its ecological screening level of 1,500 µg/L. One 
sample, MRC-SW17A, was assigned a “J” as a final qualifier for acetone, indicating an 
estimated concentration.  

• chloroform – detected during the April, June, and September 2021 surface water sampling 
events in Cow Pen Creek at MRC-SW17A, at estimated concentrations ranging from 0.40 
to 0.52 µg/L, below its most conservative United States Environmental Protection Agency 
Biological Technical Advisory Group regional benchmark of 1.8 µg/L. 

• cis-1,2-dichloroethene – detected in two surface water samples in Dark Head Cove during 
the June 2021 surface water sampling event: MRC-SW11A-S, and MRC-SW12A-S, at 
concentrations ranging from 0.52 to 0.77 µg/L in 2021. The maximum cis-1,2-
dichloroethene concentration detected in 2021 is more than 20 times below the most 
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conservative screening criteria of the Maryland Department of the Environment approved 
site-specific risk-based swimming screening level of 20 µg/L for evaluating exposure risks 
to swimmers. Cis-1,2-dichlorethene is not used on-site but is a degradation product of 
trichloroethene, which was historically used on-site. 

• polychlorinated biphenyls— detected at 16 locations sampled in Dark Head Cove during 
the April 2021 sampling, above the United States Environmental Protection Agency 
Region III Biological Technical Advisory Group Freshwater Screening Benchmark (0.074 
[nanograms per liter] ng/L) and nine locations are above the Maryland ambient water 
quality criteria for human health consumption of organisms (0.64 ng/L). Detected 
polychlorinated biphenyl concentrations for individual homolog groups 
(dichlorobiphenyls, trichlorobiphenyls, hexachlorobiphenyls, and heptachlorobiphenyls) 
range from 0.248 ng/L in sample MRC-SW8B-S to 0.604 ng/L in sample MRC-SW16A-
S, collected from Dark Head Cove. Sixteen of 17 samples collected exceed the ecological 
surface water screening level of 0.074 ng/L set in place by the United States Environmental 
Protection Agency Region III Biological Technical Advisory Group and 9 out of 17 
locations exceed the Maryland ambient water quality criteria for human health 
consumption of organisms (0.64 ng/L). A fish consumption advisory is currently in effect 
for Middle River (Maryland Department of the Environment, 2018), recommending 
consumption of no more than six meals of blue crab or a number of fish species listed in 
the advisory per month, due to polychlorinated biphenyl contamination in the area.  

• trichloroethene – the primary volatile organic compound of concern associated with 
groundwater at the Middle River Complex, was detected in eleven sampling locations over 
the 2021 triannual sampling events in Dark Head Cove: MRC-SW6A-S, MRC-SW6B-S, 
MRC-SW8A-S, MRC-SW8B-S, MRC-SW9A-S, MRC-SW11A-S, MRC-SW12A-S, 
MRC-SW13A-S, MRC-SW14A-S. MRC-SW15A-S, and MRC-SW16A-S at 
concentrations ranging from 0.42 to 2.5 µg/L, below its lowest screening level, the United 
States Environmental Protection Agency Biological Technical Advisory Group regional 
benchmark of 21 µg/L. The highest concentration of trichloroethene was observed during 
the June sampling event (2.5 µg/L in MRC-SW11A-S) where a portion of the 
trichloroethene groundwater plume in Blocks E and F may discharge into Dark Head Cove. 
The concentrations are also below the Maryland Department of the Environment approved 
site-specific risk-based swimming screening level of 30 µg/L.   
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Di = Dichlorobiphenyls
Hepta = Heptachlorobiphenyls
Hexa = Hexachlorobiphenyls
J = Estimated concentration
of the analyte in the sample.
PCBs = Polychlorinated Biphenyls 
Tri = Trichlorobiphenyls
Total PCBs = Summation of individual homolog concentrations
Notes:
1) Concentrations are in nanograms per liter (ng/L)
2) Data was collected in April 2021

FIGURE 4

PCBs DETECTED IN SURFACE WATER
SAMPLES, 2021 
COW PEN CREEK AND DARK HEAD COVE

Di 0.286 J
Tri 0.352 J
Hexa 0.304 J
Total PCBs 0.942

MRC-SW5A2-S

Di 0.274 J
Tri 0.327 J
Total PCBs 0.601

MRC-SW5B-S

Di 0.269 J
Tri 0.330 J
Total PCBs 0.599

MRC-SW6A-S
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Hepta 0.279 J
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Di 0.312 J
Tri 0.324 J
Total PCBs 0.636

MRC-SW7A-S
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Total PCBs 0.579
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Di 0.268 J
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Hexa 0.248 J
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Tri 0.378 J
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Total PCBs 1.01
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Total PCBs 0.890
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Total PCBs 0.973
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Di 0.317 J
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Di 0.265 J
Tri 0.350 J
Total PCBs 0.615
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Total PCBs 0.896
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All values reported in ng/L 
Exceedance of BTAG Ecological Surface Water Screening Criteria (0.074 ng/L)
Exceedance of COMAR Human Health Consumption of Organisms Criteria (0.64 ng/L)
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B= Associated method or field blank displayed a detection greater than the
   detection limit (data are considered false positives)
J= Estimated concentration
ND= Not dectected
NS = Not sampled
TCE = Trichloroethene
Notes:
1) Concentrations are in micrograms per liter (µ/L)
2) Data was collected in April 2021

FIGURE 5

ANALYTES DETECTED IN SURFACE WATER
SAMPLES, 2021 
COW PEN CREEK AND DARK HEAD COVE

Analyte April June September
1,4-Dioxane 0.15 B NS NS

MRC-SW1A

Analyte April June September
1,4-Dioxane 0.15 B NS NS

MRC-SW2A

Analyte April June September
Acetone ND ND 4.4 J

MRC-SW5A1

Analyte April June September
1,4-Dioxane 0.099 B NS NS
TCE 0.51 ND ND

MRC-SW6A-S

Analyte April June September
1,4-Dioxane 0.088 B NS NS
Acetone ND ND 4.7 J
TCE 0.86 ND ND

MRC-SW6B-S

Analyte April June September
Acetone ND ND 5.4 J

MRC-SW7A

Analyte April June September
1,4-Dioxane 0.12 B NS NS
TCE 0.88 ND ND

MRC-SW8A-S

Analyte April June September
1,4-Dioxane 0.15 B NS NS
TCE 0.59 ND ND

MRC-SW8B-S

Analyte April June September
TCE 1.1 ND ND

MRC-SW9A-S

Analyte April June September
1,2-DCE ND 0.77 ND
Cis -1,2-DCE ND 0.77 ND
Acetone ND ND 5.4 J
TCE 0.53 2.5 ND

MRC-SW11A-S

Analyte April June September
1,2-DCE ND 0.52 ND
Cis -1,2-DCE ND 0.52 ND
TCE 1.2 0.83 ND

MRC-SW12A-S

Analyte April June September
TCE 0.57 0.45 J 0.42 J

MRC-SW13A-S

Analyte April June September
TCE 0.53 ND NS

MRC-SW14A-S

Analyte April June September
1,4-Dichlorobenzene ND ND 0.40 J
TCE 0.86 1.1 ND

MRC-SW15A-S

Analyte April June September
TCE 0.85 ND ND

MRC-SW16A-S

Analyte April June September
1,4-Dioxane 0.18 B NS NS
Acetone ND 5.8 J ND
Chloroform 0.40 J 0.52 0.41 J

MRC-SW17A

Analyte April June September
Acetone ND ND 4.0 J

MRC-SW18A

Acetone ND ND ND
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Table 1
2021 Surface Water Sampling Locations, Chemical Analyses, and Laboratory Analytical Methods

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

MRC-SW5A1-S 10 1 x x
MRC-SW5A2-S 10 1 x x
MRC-SW5B-S* 50 1 x x
MRC-SW6A-S 10 1 x x x
MRC-SW6B-S 50 1 x x x

Outfall 7 MRC-SW7A-S 10 1 x x
MRC-SW8A-S 10 1 x x x
MRC-SW8B-S 50 1 x x x

Outfall 9 MRC-SW9A-S 10 1 x x
MRC-SW11A-S 10 1 x x
MRC-SW11B-S 50 1 x x
MRC-SW12A-S 10 1 x x
MRC-SW13A-S 10 1 x x
MRC-SW20A-S 10 1 x x
MRC-SW15A-S 10 1 x x
MRC-SW16A-S 50 1 x x
MRC-SW18A-S 10 1 x x
MRC-SW14A-S** 10 1 x

Outfall 3 MRC-SW17A downstream(2) 1 x x

MRC-SW1A upstream(2) 1 x x

MRC-SW2A downstream(2) 1 x x

*    MRC-SW5B-S collected in April only

**    MRC-SW14A-S collected in April and June only

1    Two near-shore samples (10-feet) will be collected only at Outfall 5; at the remaining outfalls, one near-shore (10-feet) sample will be collected 

2    Samples will be collected from the creek’s centerline, 10 feet upstream (northwest) and 10 feet downstream (southeast) from the estimated GW plume boundaries

3    1,4-Dioxane and PCB samples will be collected only in the April round

4    Samples are to be collected in April, June, and September, 1 foot below the water surface

5   Field parameters will be collected at all sampling locations and include pH, temperature, specific conductance, dissolved oxygen (DO), hardness, turbidity, 

    oxidation-reduction potential (ORP), and salinity using calibrated portable field instruments (Horiba U-52) at the time of sampling.

6    Field blank: one sample, PCB homologs only

7    Equipment rinseate blank: one sample, PCB homologs only

8    PCB trip blank/laboratory-blind bottle blank: one sample, homologs only

8    Field Duplicate Frequency - 20% frequency, all analyses

9    Trip blank - one per shipment to the laboratory, VOCs only

Location and/or analysis added to the 2021 sampling program

GW - Groundwater

MRC - Middle River Complex

PCB - polychlorinated biphenyl

USEPA - United States Environmental Protection Agency

VOCs - volatile organic compounds

Near western plume

Outfall 6 

Outfall 8 

Cow Pen Creek

Volatile Organic 
Compounds

(USEPA Method 8260D)

1,4-Dioxane
(USEPA Method SW846 

8270E SIM)(3)

PCB Homologs 
(USEPA Method SW846 

8270D SIM)(3) 

Dark Head Cove

Dark Head Cove

Sample Location Sample Identification Distance From 
Shore (feet)

Samples Per 
Round(4)

Outfall 5(1) 





Table 2
D

etected A
nalytes and Screening Level Exceedances in 2021 Suface W

ater Sam
ples

Lockheed M
artin C

orporation, M
iddle R

iver C
om

plex, M
iddle R

iver, M
aryland

Page 1 of 3

Analyte
C

AS N
um

ber
Acute

C
hronic

Result
FQ

RC
Result

FQ
RC

Result
FQ

RC
Result

FQ
RC

Result
FQ

RC
Result

FQ
RC

Result
FQ

RC
Result

FQ
RC

VO
LATILES (µg/L)

April 2021
ND

U
NS

ND
U

ND
U

ND
U

ND
U

ND
U

ND
U

June 2021
0.77

NS
ND

U
0.52

ND
U

ND
U

ND
U

ND
U

Sept 2021
ND

U
ND

U
ND

U
ND

U
ND

U
NS

ND
U

ND
U

April 2021
ND

U
NS

ND
U

ND
U

ND
U

ND
U

ND
U

ND
U

June 2021
ND

U
NS

ND
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ater Quality Criteria, http://water.epa.gov/scitech/swguidance/standards/current/index.cfm; 
FQ - Final Qualifier

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

MRC - Middle River Complex
     26.08.02.03,     http://www.dsd.state.md.us./comar/comarhtml/26/26.08.02.03-2.htm

ND - not detected
2   United States Environmental Protection Agency (USEPA) Region 3 Biological Technical Advisory Group (BTAG)

NE - not established
     Freshwater Screening Benchmarks. Value for 1,4-dioxane is the USEPA Region 5 ecological screening value

NS - not sampled
     (USEPA, 2003).

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

Sept - September
4   Risk-based swimming screening levels were developed for trichloroethene, cis-1,2-dichloroethene, 1,4 dioxane,

SW
 - surface water

     1,2,4-trichlorobenzene and Total PCBs for Dark Head Cove.
µg/L - micrograms per liter

Data Qualifiers and Reason Codes
B = Blank contamination
J = Estimated concentration
U = The analyte was analyzed for, but not detected at a level greater than or equal to the level of the Method Detection Limit (MDL) for sample and method.
UJ = The analyte was not detected at a level greater than or equal to the detection limit. However, the reported detection limit is approximate and may be inaccurate or imprecise.
bl = laboratory blank contamination
h = holding times
ld = Laboratory control spike duplicate imprecision
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     Freshwater Screening Benchmarks. Value for 1,4-dioxane is the USEPA Region 5 ecological screening value
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3   For carcinogens, criterion is for incremental cancer risk of 1x10 -5

4   Risk-based swimming screening levels were developed for trichloroethene, cis-1,2-dichloroethene, 1,4 dioxane,
     1,2,4-trichlorobenzene and Total PCBs for Dark Head Cove.
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MRC - Middle River Complex
ND - not detected
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B = Blank contamination
J = Estimated concentration
U = The analyte was analyzed for, but not detected at a level greater than or equal to the level of the Method Detection Limit (MDL) for sample and method.
UJ = The analyte was not detected at a level greater than or equal to the detection limit. However, the reported detection limit is approximate and may be inaccurate or imprecise.
bl = laboratory blank contamination
h = holding times
ld = Laboratory control spike duplicate imprecision
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2   United States 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).
3   For carcinogens, criterion is for incremental cancer risk of 1x10 -5

4   Risk-based swimming screening levels were developed for trichloroethene, cis-1,2-dichloroethene, 1,4 dioxane,
     1,2,4-trichlorobenzene and Total PCBs for Dark Head Cove.
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ND - not detected
NE - not established
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B = Blank contamination
J = Estimated concentration
U = The analyte was analyzed for, but not detected at a level greater than or equal to the level of the Method Detection Limit (MDL) for sample and method.
UJ = The analyte was not detected at a level greater than or equal to the detection limit. However, the reported detection limit is approximate and may be inaccurate or imprecise.
bl = laboratory blank contamination
h = holding times
ld = Laboratory control spike duplicate imprecision
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Table 3 
Field Measurements for Surface Water Quality, 2021

Lockheed Martin Corporation, Middle River Complex, Middle River, Maryland
Page 1 of 2

Location Date Time Temp 
(°C)

pH 
(s.u.)

Specific 
Conductance 

(µS/cm)

Turb 
(NTU)

DO 
(mg/L)

ORP
(mV)

Salinity
(ppt)

4/13/2021 1550 17.96 8.62 2.56 7.8 6.89 188 1.32
6/16/2021 1220 23.77 6.92 2.33 39.3 8.23 207 1.30
9/21/2021 1230 24.99 7.68 2.42 29.2 5.72 192 1.20
4/13/2021 1220 23.77 6.92 2.33 39.3 8.23 207 1.30
6/16/2021 1230 24.99 7.68 2.42 29.2 5.72 192 1.20
9/21/2021 1315 26.66 7.84 4.28 14.0 6.52 214 2.30
4/13/2021 1510 17.85 8.69 2.92 5.6 8.18 184 1.52
6/16/2021 1205 25.24 7.83 3.04 18.4 4.53 194 1.60
9/21/2021 1300 25.26 7.56 3.03 6.8 5.22 192 1.60
4/13/2021 1205 25.24 7.83 3.04 18.4 4.53 194 1.60
6/16/2021 1155 25.26 7.56 3.03 6.8 5.22 192 1.60
9/21/2021 1250 26.37 7.63 4.32 5.3 5.22 204 2.30

MRC-SW5B-S 4/13/2021 1455 17.64 8.7 2.96 5.0 7.88 190 1.54
4/13/2021 0955 16.50 7.7 2.98 7.1 7.06 195 1.55
6/16/2021 0915 25.04 7.49 3.00 42.9 4.99 221 1.60
9/21/2021 0930 25.09 7.59 2.99 47.0 5.26 210 1.60
4/13/2021 1025 16.54 8.01 2.97 6.9 6.84 178 1.54
6/16/2021 915 25.04 7.49 3.00 42.9 4.99 221 1.60
9/21/2021 0930 25.09 7.59 2.99 47.0 5.26 210 1.60
4/13/2021 0911 16.39 6.4 2.95 11.0 8.15 223 1.53
6/16/2021 0905 24.36 7.36 2.95 41.9 3.97 227 1.50
9/21/2021 0940 25.05 7.36 4.30 30.9 4.78 256 2.30
4/13/2021 1045 16.57 8.12 2.95 5.8 7.49 189 1.53
6/16/2021 0940 24.85 7.77 2.97 38.8 5.95 205 1.50
9/21/2021 0950 25.04 7.83 2.99 27.1 5.69 154 1.60
4/13/2021 1105 16.72 8.25 2.97 5.9 7.30 187 1.54
6/16/2021 0950 25.04 7.83 2.99 27.1 5.69 154 1.60
9/21/2021 0950 25.04 7.83 2.99 27.1 5.69 154 1.60
4/13/2021 0931 16.36 7.14 2.95 6.3 8.34 199 1.54
6/16/2021 0830 24.86 6.4 2.99 57.8 8.64 275 1.60
9/21/2021 0955 25.32 7.4 4.33 23.6 5.22 253 2.30
4/13/2021 1225 16.93 8.26 2.97 5.2 7.36 185 1.54
6/16/2021 1030 25.10 7.74 3.01 25.0 4.83 179 1.60
9/21/2021 1040 25.13 7.72 2.94 17.9 5.78 184 1.50
4/13/2021 1030 25.10 7.74 3.01 25.0 4.83 179 1.60
6/16/2021 1040 25.13 7.72 2.94 17.9 5.78 184 1.50
9/21/2021 1145 25.94 7.82 4.32 17.2 6.46 218 2.30
4/13/2021 1300 17.06 8.45 2.97 4.8 7.47 193 1.54
6/16/2021 1050 25.10 7.74 2.96 11.2 4.57 188 1.50
9/21/2021 1155 25.95 7.77 4.27 9.1 5.93 222 2.30

Notes:
Temp - Temperature µs/cm - MicroSiemens per centimeter DO - Dissolved oxygen
(°C) - Degrees Celcius Turb - Turbidity mg/L - milligrams per liter
s.u. - Standard units NTU - Nephelometric turbidity unit ORP - Oxidation reduction potential
mV - millivolts ppt - parts per thousand

MRC-SW9A-S

MRC-SW1A

MRC-SW2A

MRC-SW5A1-S

MRC-SW5A2-S

MRC-SW6A-S

MRC-SW6B-S

MRC-SW7A-S

MRC-SW8A-S

MRC-SW8B-S

MRC-SW11A-S

MRC-SW11B-S

MRC-SW12A-S



Table 3 
Field Measurements for Surface Water Quality, 2021

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

Location Date Time Temp 
(°C)

pH 
(s.u.)

Specific 
Conductance 

(µS/cm)

Turb 
(NTU)

DO 
(mg/L)

ORP
(mV)

Salinity
(ppt)

4/13/2021 1330 17.11 8.51 2.96 3.9 7.38 191 1.54
6/16/2021 1100 25.19 7.71 2.98 13.5 4.42 186 1.50
9/21/2021 1210 26.15 7.84 4.28 9.3 5.78 206 2.30
4/13/2021 1350 17.36 8.41 2.95 4.4 8.74 189 1.54
6/16/2021 1110 25.16 7.61 3.00 0.0 5.10 190 1.60
4/13/2021 1210 16.92 8.10 2.95 4.7 6.68 189 1.53
6/16/2021 1015 24.98 7.96 2.97 24.5 5.27 178 1.50
9/21/2021 1100 25.74 7.69 4.32 12.2 5.88 207 2.30
4/13/2021 1200 16.88 8.33 2.96 4.7 8.03 187 1.53
6/16/2021 1005 25.04 7.75 2.99 33.4 5.10 169 1.60
9/21/2021 1055 25.68 7.73 4.30 18.9 5.68 214 2.30
4/13/2021 1650 14.53 8.63 0.56 12.7 8.99 125 0.27
6/16/2021 1330 25.03 7.78 2.75 10.1 7.62 145 0.35
9/21/2021 1140 25.17 7.93 3.07 11.9 5.43 192 1.60
4/13/2021 1330 25.03 7.78 2.75 10.1 7.62 145 0.35
6/16/2021 1140 25.17 7.93 3.07 11.9 5.43 192 1.60
9/21/2021 1235 26.67 7.69 4.33 5.5 5.74 204 2.30
4/13/2021 1400 17.44 8.53 2.97 4.9 8.27 182 1.54
6/16/2021 1130 25.25 7.57 3.13 8.8 4.93 190 1.60
9/21/2021 1225 26.18 7.64 4.28 9.9 8.41 178 2.30

Notes:
Temp - Temperature µs/cm - MicroSiemens per centimeter DO - Dissolved oxygen
(°C) - Degrees Celcius Turb - Turbidity mg/L - milligrams per liter
s.u. - Standard units NTU - Nephelometric turbidity unit ORP - Oxidation reduction potential

MRC-SW14A-S

MRC-SW13A-S

MRC-SW15A-S

MRC-SW16A-S

MRC-SW17A

MRC-SW18A-S

MRC-SW20A-S



Table 4
Statistical Sum

m
ary of Surface W

ater Sam
pling Results for D

ark H
ead Cove and Cow

 Pen Creek
April, June, and Septem

ber 2021
Lockheed M

artin Corporation, M
iddle River Com

plex, M
iddle River, M

aryland
Page 1 of 1

Param
eter

N
um

ber
Percent

VO
LATILES (µg/L)

1,2-D
ichloroethylene (total)

2/55
4%

0.5
0.5

0.52
0.77

M
R

C
-SW

11A
-S

0.505
0.645

0.177
06/16/2021

1,4-D
ichlorobenzene

1/55
2%

0.5
0.5

0.4 J
0.4 J

M
R

C
-SW

15A
-S

0.4
0.4

    N
/A

    
09/21/2021

A
cetone

6/55
11%

10
10

4 J
5.8 J

M
R

C
-SW

17A
4.95

4.95
0.692

06/16/2021
C

hloroform
3/55

5%
0.5

0.5
0.4 J

0.52
M

R
C

-SW
17A

0.407
0.443

0.0666
06/16/2021

cis-1,2-D
ichloroethene

2/55
4%

0.5
0.5

0.52
0.77

M
R

C
-SW

11A
-S

0.505
0.645

0.177
06/16/2021

Trichloroethene
15/55

27%
0.5

0.5
0.42 J

2.5
M

R
C

-SW
11A

-S
0.557

0.883
0.512

06/16/2021
1,4-D

IO
XAN

E (µg/L)
1,4-D

ioxane
7/7

100%
N

A
N

A
0.088 B

0.18 B
M

R
C

-SW
17A

0.134
0.134

0.0327
04/13/2021

PO
LYC

H
LO

R
IN

ATED
 B

IPH
EN

YLS (ng/L)
D

ichlorobiphenyls, Total
13/16

81%
0.5

0.526
0.265 J

0.317 J
M

R
C

-SW
16A

-S
0.288

0.288
0.0177

04/13/2021
Trichlorobiphenyls, Total

15/16
94%

0.5
0.5

0.306 J
0.604

M
R

C
-SW

16A
-S

0.377
0.38

0.101
04/13/2021

H
exachlorobiphenyls, Total

6/16
38%

0.49
0.526

0.248 J
0.355 J

M
R

C
-SW

15A
-S

0.315
0.315

0.043
04/13/2021

H
eptachlorobiphenyls, Total

2/16
13%

0.49
0.526

0.279 J
0.289 J

M
R

C
-SW

12A
-S

0.284
0.284

0.00707
04/13/2021

Total Polychlorinated biphenyls (PC
B

s)
15/16

94%
0.5

0.5
0.579

1.1
M

R
C

-SW
12A

-S
0.776

0.794
0.186

04/13/2021

1   If the dataset contains non-detects, the average w
as calculated using the K

aplan M
eier m

ethod.
2   D

ate of sam
ple in w

hich m
axim

um
 concentration w

as detected.

B
 = The associated m

ethod blank or field blank displayed a detection greater than the D
L. The reported result value is unchanged and did not require further qualification by data review

ers.
J = Estim

ated concentration
µg/L = m

icrogram
s per liter

M
R

C
 = M

iddle R
iver C

om
plex

N
/A

 = not applicable

Average of
All R
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(1)

Average of
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etected
R
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Standard
D
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Sam
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D
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D
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M
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SURFACE WATER SAMPLE LOG SHEET

Depth: 1 ft below water surface

start: 0.6 ft stop: 1.0 ft

Collected

Yes

OBSERVATIONS / NOTES: MAP:

Highlight if Applicable:
MS/MSD. Duplicate.

Signature:

SAMPLE COLLECTION INFORMATION:
Analysis Preservative Container Requirements

VOCs (8260C) HCl 3 - 40 mL glass vials 

9.90 8.41 2.30 178

Static Water Level: MRC-STAFF01

Method: Grab Sample Clear 7.64 4.28 26.18

Project Site Name:    Lockheed Martin Corporation Middle River Complex          Sample ID No.:         MRC-SW20A-S-20210921                           
Project No.:                           60555202                                                         Sample Location:      MRC-SW20A             
                                                                                                                    Sampled By:          Victoria Kirkpatrick           
[]  Domestic Well Data                                                                  
[]  Monitoring Well Data                                                                             Type of Sample:
[X]  Other:       Tidal Creek - Freshwater                                                       [X]  Low Concentration                                                                                        
[]  QA Sample Type:                                                                                   []   High Concentration                                                                                                                                                                                                                                                                                                                                                                                                            

SAMPLING DATA:
Date: 09/21/2021 Color

(Visual)
pH

(S.U.)
S.C.

(mS/cm)
Temp.

(0C)
Turbidity

(NTU)
DO

(mg/l)
Salinity

(ppt)
ORP
(mV)              Time: 1225 























































IV. Qualified Field Sample Results 
 
 

Field Sample ID 
Analytical 
Method Analyte Result Units Qualifier Reason Code 

 MRC-SW17A-20210616 SW8260D  Acetone 5.8 µg/l J ld 

 

 

 

 

 



 

Appendix A 
Data Validation Qualifiers and Reason Codes 



Data Qualifying Codes 

Two types of data qualifying codes or flags are applied in the course of the data review.  The data validation flags indicate data that 
are not usable for decision-making, more than normally biased and/or variable, or not representative of field conditions.  These codes 
and their definitions are presented below in the hierarchy stipulated in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic (August 2014) Data Review and the USEPA Region III Guidelines for Organic (September 1994) for blank 
qualifications only. 

Data Validation Flags 

Flag Interpretation 

R 
The sample results are unusable due to the quality of the data generated because certain criteria 
were not met.  The analyte may or may not be present in the sample. 

B 
The analyte was analyzed for, but not detected at a level greater than or equal to the level of the 
adjusted Detection Limit (DL) for sample and method.   

J+ 
Reported value may not be accurate or precise, but the result may be biased high. 

J- 
Reported value may not be accurate or precise, but the result may be biased low. 

J 

The analyte was positively identified and the associated numerical value is the approximate 
concentration of the analyte in the sample (due either to the quality of the data generated because 
certain quality control criteria were not met, or the concentration of the analyte was below the 
Limit of Detection (LOD). 

NJ 
The analysis indicates the presence of an analyte that has been “tentatively identified” and the 
associated numerical value represents its approximate concentration. 

UJ 
The analyte was not detected at a level greater than or equal to the adjusted DL.  However, the 
reported adjusted DL is approximate and may be inaccurate or imprecise. 

C 
This qualifier applies to pesticide and Aroclor results when the identification has been confirmed 
by gas Chromatograph/Mass Spectrometer (GC/MS) 

X 
This qualifier applies to pesticide and Aroclor results when GC/MS analysis was attempted but 
was unsuccessful. 



The other type of code used by AECOM is a “Reason Code”.  The reason code indicates the type of quality control failure that led to
the application of the data validation flag.

Reason Codes

Code Description Code Description
a Tracer recovery (radiochemical data only) ld Laboratory duplicate RPDs (matrix duplicate, MSD, LCSD)

be Equipment blank contamination lp
Laboratory control sample/laboratory control sample duplicate
RPDs

bf Field blank contamination m Matrix spike recovery
bi Bias indeterminate md Matrix spike/matrix spike duplicate RPD
bl Laboratory blank contamination nb Negative laboratory blank contamination
bm Missing Blank Information p Chemical preservation issue
bt Trip Blank pe Post Extraction Spike
c Calibration issue ps Performance Evaluation Sample
cl Clean-up standard recovery q Quantitation issue
cp Insufficient in growth (radiochemical data only) r Dual column RPD
cr Chromatographic resolution rp Re-extraction precision issue [PAHs only]
d Reporting limit raised due to chromatographic interference rt SIM ions not within + 2 seconds
dt Dissolved result > total over limit s Surrogate recovery
e Ether interference sc Sample collection issues
fd Field duplicate RPDs sp Sample preparation issue

su Evidence of ion suppressionh Holding times
t Temperature Preservation Issue

i Internal standard areas u
High combined sample result uncertainty (radiochemical data
only)

ii Injection internal standard area or retention time exceedance v Compound identification issue
k Estimated Maximum Possible Concentrations x Low % solids
l LCS recoveries y Serial dilution results
lc Labeled compound recovery z ICS results

hs Sample headspace did not meet receiving requirements
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I. Executive	Summary	

AECOM performed data validation on 100% of the surface water field investigative samples 
collected on September 21, 2021 at the Lockheed Martin Middle River Complex located in 
Middle River, Maryland. The validation was performed to a United States Environmental 
Protection Agency (USEPA) Region III Inorganic Level I and Organic Level I based on the 
specifics of the analytical methods referenced and qualified according to the USEPA Contract 
Laboratory Program (CLP) National Functional Guidelines for Organic/Inorganic (January 2017) 
Superfund Data Review, with the exception of blank detections which were qualified according 
to the USEPA Region III modifications to the National Functional Guidelines defining the use of 
the “B” flag. 

The review was assisted using an electronic data management tool that compiles batch-level 
quality control (QC) data submitted with the laboratory deliverables and identifies anomalies for 
verification and qualification by the data reviewer. This information is provided in the form of a 
structured workbook that includes field sample analytical results, QC sample results, batch 
associations, and QC criteria. Prior to validation, the quality assurance procedures applied to the 
process itself consist of reviewing the output for data completeness based on laboratory 
deliverables and chain of custody reports; verification of QC criteria based on the 
aforementioned data validation guidelines and project-specific Quality Assurance Project Plan 
(QAPP); and strict control of data management permissions. The resulting data validation 
workbooks were evaluated and validated using the AECOM automated validation assistant 
(AVA) tool. The specific data elements that were reviewed include: 

 Holding times and sample preservation 
 Blanks (Method, Trip, Field, and Equipment) 
 Matrix spike (MS) and/or matrix spike duplicate (MSD) results 
 Laboratory control sample (LCS)/laboratory control sample duplicate (LCSD) results 
 Surrogate spike results 
 Field duplicates 
 Laboratory duplicates 
 Sensitivity 

Data validation qualifiers were applied to results where a QC nonconformance required 
qualification per USEPA guidance. QC anomalies were assessed for their impact on data quality 
in regard to precision, accuracy, representativeness, completeness, comparability, and sensitivity 
(PARCCS) as discussed in II: PARCCS Data Quality. A detailed list of the QC non-
conformances can be found in III: Data Validation Findings. The associated field sample 
results that required qualification are listed in IV: Qualified Field Sample Results. The data 
validation qualifiers and reason codes are defined in Appendix A. 

 

 



II. PARCCS	Data	Quality	

Precision 

Precision is the degree of agreement among repeated measurements of the same characteristic on 
the same sample or on separate samples collected as close as possible in time and place. Field 
sampling precision is measured using the field duplicate relative percent differences; laboratory 
precision is measured using laboratory duplicate relative percent differences and/or laboratory 
control spike and matrix spike duplicate relative percent differences (RPD). Quality control criteria 
impacting precision were met for the data reviewed. 

Accuracy 

Accuracy is a measure of confidence in a measurement. The smaller the difference between the 
measurement of a parameter and its "true" or expected value, the more accurate the measurement. 
Analytical accuracy was assessed through the measurement of percent recoveries in the surrogate 
spikes, laboratory control spike pairs and the matrix spike pair.   

During the Volatile Organic Compound (VOC) analysis, the LCS in batch 17579 displayed a 
percent recovery greater than the upper QC limit for 2,2-dichloropropane.  The associated field 
sample results were non-detect, therefore, no data qualifying action was required. 

During the VOC analysis, the MS/MSD performed on parent sample MRC-SW11A-S-20210921 
displayed percent recoveries greater than the upper QC limit for 2,2-dichloropropane. The 
associated parent sample results were non-detect, therefore, no data qualifying action was required.  

Representativeness 

Representativeness is the qualitative expression of the degree to which data accurately reflect site 
conditions. Factors that affect the representativeness of analytical data include appropriate sample 
population definitions, proper sample collection and preservation techniques, analytical holding 
times, use of standard analytical methods, and determination of matrix or analyte interferences. 
Representativeness is also monitored using negative controls such as trip blanks, field blanks, and 
equipment blanks, along with adherence to the standard operating procedures and sampling plans.  

Method blanks were prepared at a frequency of one per laboratory QC batch and a total of one (1) 
trip blank was analyzed, at a rate of one per VOC sample cooler. These blanks were used as 
negative controls to assess data quality. No detections were encountered in the method blanks or 
trip blank. 

Sample MRC-SW11A-S-20210921 was reanalyzed outside of the 14-day holding time by one day 
for a limited list of oxygenate analytes because the associated MS/MSD was not analyzed with the 
sample.  The results from the initial analysis within holding time were of acceptable quality, 
therefore, no data qualifying action was required for the initial results. The reanalyzed results were 



non-detect and qualified UJ,h. Only the results from the initial analysis were recommended by the 
data reviewer for use as indicated in the electronic data deliverable (EDD).  

Sample MRC-SW16A-S-20210921 was reanalyzed outside of the 14-day holding time by two 
days to confirm suspected carryover of hexachlorobutadiene, naphthalene, 1,4-dichlorobenzene, 
1,2,3-trichlorobenzene, and 1,2,4-trichlorobenzene. After inquiring with the laboratory, the sample 
was analyzed immediately after the MSD which was spiked at 50 parts per billion.  An instrument 
blank, which is outside the scope of a Stage 2A review, was provided as evidentiary documentation 
showing the observed carryover.  The detected results from the initial analysis within holding time 
were qualified B, bl.  The reanalyzed results were non-detect and qualified UJ,h. The reanalyzed 
results for the aforementioned analytes were only marginally out of holding time and showed no 
evidence of carryover. Therefore, only the reanalyzed results were recommended by the data 
reviewer for use as indicated in the EDD. These QC anomalies are considered minor and the 
qualified field sample results are usable as estimated values as recommended by the data reviewer. 

Comparability 

Comparability is the extent to which data from one study can be compared directly to either past 
data from the current project or data from another study. Using standardized sampling and 
analytical methods, units of reporting, and site selection procedures helps ensure comparability. 
Standard field sampling methods and current CLP analytical methods by an accredited laboratory 
were used in this investigation. 

Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount of data expected under normal conditions. It is expected that laboratories 
will provide data meeting system quality control acceptance criteria for all samples tested. Project 
completeness is determined by evaluating the planned versus actual quantities of usable data. A 
total of 21 field samples were validated, including nineteen (19) investigative surface water 
samples, one (1) field duplicate, and one (1) trip blank. The data are usable, as qualified, for their 
intended purpose based on the data reviewed. 

Sensitivity 

Sensitivity reflects the ability of the analytical method to detect analytes of interest below the level 
of concern. This goal is achieved by identifying the level of concern, choosing a method with 
appropriate method detection limits, and ensuring that the laboratory analyzes calibration 
standards at or below the level of concern. The laboratory was able to achieve the lowest reporting 
limits based on the analytical methods employed and the variety of matrices encountered. No field 
sample results were reported from dilutions. Analytes detected below the reporting limit and above 
the method detection limit were reported and qualified “J” as estimated values by the laboratory.   



Overall Impact on Data Usability 

Overall data usability met the completeness requirement outlined in the QAPP at 100%. During 
the data validation, minor anomalies were noted which is to be anticipated based on statistical 
predictability of standard analytical procedures. A limited number of field sample results were 
qualified due to these minor anomalies. The data are considered usable as qualified, for their 
intended purpose based on the data reviewed. 

  	



III. Data	Validation	Findings	
Volatile Organic Compounds 

SW846‐8260D  Description  Sample ID   Analyte  Value (Control Limit) 

Holding Times  16 days  MRC‐SW16A‐S‐20210921  1,4‐Dichlorobenzene  <14 days 

  16 days  MRC‐SW16A‐S‐20210921  1,2,4‐Trichlorobenzene  <14 days 

  16 days  MRC‐SW16A‐S‐20210921 
1,2,3‐Trichlorobenzene  <14 days 

  16 days  MRC‐SW16A‐S‐20210921 
Hexachlorobutadiene  <14 days 

  16 days  MRC‐SW16A‐S‐20210921  Naphthalene  <14 days 

Method Blanks  No Anomalies       

Trip Blank  No Anomalies       

LCS/LCSD  No Anomalies       

MS/MSD  No Anomalies       

Surrogate Spike  No Anomalies       

Laboratory Duplicates  No Anomalies       

Field Duplicates  No Anomalies       

 
 
 
 
 
 
 

  	



IV. Qualified	Field	Sample	Results	
 

 
Field Sample ID 

Analytical 
Method  Analyte  Result  Units  Reportable  Qualifier  Reason Code 

  MRC‐SW16A‐20210921 (Initial)  SW8260D   1,4‐Dichlorobenzene  0.76  µg/l  NO  B  bl 

  MRC‐SW16A‐20210921 (Initial)  SW8260D   1,2,4‐Trichlorobenzene  0.47  µg/l  NO  B  bl 

  MRC‐SW16A‐20210921 (Initial)  SW8260D   1,2,3‐Trichlorobenzene  0.49  µg/l  NO  B  bl 

  MRC‐SW16A‐20210921 (Initial)  SW8260D   Hexachlorobutadiene  0.55  µg/l  NO  B  bl 

  MRC‐SW16A‐20210921 (Initial)  SW8260D   Naphthalene  0.45  µg/l  NO  B  bl 

 
MRC‐SW16A‐20210921 
(Reanalysis) 

SW8260D   1,4‐Dichlorobenzene  <0.40  µg/l  YES  UJ  h 

 
MRC‐SW16A‐20210921 
(Reanalysis) 

SW8260D   1,2,4‐Trichlorobenzene  <0.40  µg/l  YES  UJ  h 

 
MRC‐SW16A‐20210921 
(Reanalysis) 

SW8260D   1,2,3‐Trichlorobenzene  <0.40  µg/l  YES  UJ  h 

 
MRC‐SW16A‐20210921 
(Reanalysis) 

SW8260D   Hexachlorobutadiene  <0.40  µg/l  YES  UJ  h 

 
MRC‐SW16A‐20210921 
(Reanalysis) 

SW8260D   Naphthalene  <0.40  µg/l  YES  UJ  h 

 
MRC‐SW11A‐S‐20210921 
(Reanalysis) 

SW8260D 
Tert‐Amy methyl ether 
(TAME) 

<10  µg/l  NO  UJ  h 

 
MRC‐SW11A‐S‐20210921 
(Reanalysis) 

SW8260D 
Ethyl‐tert‐butyl ether 
(ETBE) 

<1.0  µg/l  NO  UJ  h 

 
MRC‐SW11A‐S‐20210921 
(Reanalysis) 

SW8260D  Tert‐butyl alcohol (TBA)  <20  µg/l  NO  UJ  h 

 

 

 

 

 



	

Appendix	A	
Data	Validation	Qualifiers	and	Reason	Codes	



Data Qualifying Codes 

Two types of data qualifying codes or flags are applied in the course of the data review.  The data validation flags indicate data that 
are not usable for decision-making, more than normally biased and/or variable, or not representative of field conditions.  These codes 
and their definitions are presented below in the hierarchy stipulated in the USEPA Contract Laboratory Program National Functional 
Guidelines for Organic (August 2014) Data Review and the USEPA Region III Guidelines for Organic (September 1994) for blank 
qualifications only. 

Data Validation Flags 

Flag Interpretation 

R 
The sample results are unusable due to the quality of the data generated because certain criteria 
were not met.  The analyte may or may not be present in the sample. 

B 
The analyte was analyzed for, but not detected at a level greater than or equal to the level of the 
adjusted Detection Limit (DL) for sample and method.   

J+ 
Reported value may not be accurate or precise, but the result may be biased high. 

J- 
Reported value may not be accurate or precise, but the result may be biased low. 

J 

The analyte was positively identified and the associated numerical value is the approximate 
concentration of the analyte in the sample (due either to the quality of the data generated because 
certain quality control criteria were not met, or the concentration of the analyte was below the 
Limit of Detection (LOD). 

NJ 
The analysis indicates the presence of an analyte that has been “tentatively identified” and the 
associated numerical value represents its approximate concentration. 

UJ 
The analyte was not detected at a level greater than or equal to the adjusted DL.  However, the 
reported adjusted DL is approximate and may be inaccurate or imprecise. 

C 
This qualifier applies to pesticide and Aroclor results when the identification has been confirmed 
by gas Chromatograph/Mass Spectrometer (GC/MS) 

X 
This qualifier applies to pesticide and Aroclor results when GC/MS analysis was attempted but 
was unsuccessful. 



The other type of code used by AECOM is a “Reason Code”.  The reason code indicates the type of quality control failure that led to
the application of the data validation flag.

Reason Codes

Code Description Code Description
a Tracer recovery (radiochemical data only) ld Laboratory duplicate RPDs (matrix duplicate, MSD, LCSD)

be Equipment blank contamination lp
Laboratory control sample/laboratory control sample duplicate
RPDs

bf Field blank contamination m Matrix spike recovery
bi Bias indeterminate md Matrix spike/matrix spike duplicate RPD
bl Laboratory blank contamination nb Negative laboratory blank contamination
bm Missing Blank Information p Chemical preservation issue
bt Trip Blank pe Post Extraction Spike
c Calibration issue ps Performance Evaluation Sample
cl Clean-up standard recovery q Quantitation issue
cp Insufficient in growth (radiochemical data only) r Dual column RPD
cr Chromatographic resolution rp Re-extraction precision issue [PAHs only]
d Reporting limit raised due to chromatographic interference rt SIM ions not within + 2 seconds
dt Dissolved result > total over limit s Surrogate recovery
e Ether interference sc Sample collection issues
fd Field duplicate RPDs sp Sample preparation issue

su Evidence of ion suppressionh Holding times
t Temperature Preservation Issue

i Internal standard areas u
High combined sample result uncertainty (radiochemical data
only)

ii Injection internal standard area or retention time exceedance v Compound identification issue
k Estimated Maximum Possible Concentrations x Low % solids
l LCS recoveries y Serial dilution results
lc Labeled compound recovery z ICS results

hs Sample headspace did not meet receiving requirements



Appendix	B	
Laboratory	Documentation	



1

Amentt Jennings, Teresa

From: Cathy Dover <Cathy.Dover@pacelabs.com>
Sent: Monday, November 08, 2021 2:55 PM
To: Amentt Jennings, Teresa
Cc: Neigh, Zach; Brown, Holly
Subject: [EXTERNAL] RE: Lockheed MRC SW WI27010 - Carryover confirmation
Attachments: 171001A03.pdf

Teresa, 
 
Response from VOA supervisor below + instrument blank raw data attached. 
 
The sample was analyzed immediately after the MSD which is spiked at 50ppb. I have 
attached the instrument blank results that were analyzed immediately after the CCV 
which is also prepared at 50ppb.  
 
Let us know if you need anything else. 
 
Cathy 
 
 
 
 
Effective immediately email address change cathy.dover@pacelabs.com 
 
 
 

 
 
Cathy Dover 
Project Manager 2 
Pace Analytical Services, LLC 
formerly Shealy Environmental Services, Inc. 
106 Vantage Point Drive 
West Columbia, SC 29172 
o: 803.227.3160 | m: 919.616.1180 | pacelabs.com 
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NOTICE‐‐ The contents of this email and any attachments may contain confidential, privileged, and/or legally protected 
information and are for the sole use of the addressee(s).  Any review or distribution by others is strictly prohibited.  If 
you are not the intended recipient, please contact the sender immediately and delete any copies. 
 
Please consider the environment before printing this email. 
 

 

From: Amentt Jennings, Teresa [mailto:teresa.amentt.jennings@aecom.com]  
Sent: Monday, November 08, 2021 12:56 PM 
To: Cathy Dover <Cathy.Dover@pacelabs.com> 
Cc: Neigh, Zach <zachary.neigh@aecom.com>; Brown, Holly <holly.brown@aecom.com> 
Subject: Lockheed MRC SW WI27010 ‐ Carryover confirmation 
 

CAUTION: This email originated from outside Pace Analytical. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 
Cathy, 
 
Per the case narrative of the subject laboratory deliverable, sample “WI27010-012 (MRC-SW16A-S-20210921) was 
performed outside of the analytical holding time due to carryover for Hexachlorobutadiene, Naphthalene, 1,4-
Dichlorobenzene, 1,2,3-Trichlorobenzene and 1,2,4-Trichlorobenzene.” Please provide evidentiary documentation (such 
as instrument blank) of this contamination. 
 
Teresa Amentt Jennings 
Chemist III, AECOM 
D 919-461-1282 
M 919-349-5893 
teresa.amentt.jennings@aecom.com 
AECOM 
5438 Wade Park Blvd, Suite 200 
Raleigh, NC 27607, United States 
T 919-461-1100 
aecom.com 
 
Upcoming PTO 11/11 & 11/12 
 

 
NOTICE-- The contents of this email and any attachments may contain confidential, privileged, and/or legally 
protected information and are for the sole use of the addressee(s). Any review or distribution by others is strictly 
prohibited. If you are not the intended recipient, please contact the sender immediately and delete any copies. 

 Please consider the environment before printing this email 
















































































































































































































































































































































































































































































































































































































































































































































































	2021 comprehensive surface water report for dark head cove and cow pen creek Lockheed Martin Corporation Middle River Complex 2323 Eastern Boulevard Middle River, Maryland
	Executive Summary
	Section 1  Introduction
	Section 2  Site Background
	2.1 Middle River Complex History
	2.2 Middle River Complex Characteristics
	2.2.1 Physiography
	2.2.2 Hydrology
	2.2.3 Regional Hydrogeology

	2.3 Surface Water

	Section 3  Investigation Approach and Methodology
	3.1 Surface Water Sampling
	3.1.1 Dark Head Cove
	3.1.2 Cow Pen Creek
	3.1.3 Chemical Analyses
	3.1.4 Staff Gauges and Tidal Stages

	3.2 Mobile Data-Collection Documentation
	3.3 Equipment Decontamination
	3.4 Waste Management
	3.5 Data Review
	3.5.1 Quality Control Samples
	3.5.1.1 April 2021
	3.5.1.2 June 2021
	3.5.1.3 September 2021


	3.6 Environment, Safety, and Health-GIS Database
	3.7 Sustainability Approach

	Section 4  Analytical Results
	4.1 Volatile Organic Compounds
	4.1.1 Trichloroethene
	4.1.2 cis-1,2-Dichloroethene
	4.1.3 Additional Volatile Organic Compounds

	4.2 1,4-Dioxane
	4.3 Polychlorinated Biphenyls
	4.4 Water Quality Parameters

	Section 5  Summary
	Section 6  References
	Appendices
	Appendix A Surface Water Sampling Log Sheets
	April 2021
	June 2021
	September 2021
	Appendix B Data Validation Reports
	Appendix C Laboratory Analytical Data Reports
	Final_2021 Comp SWR_Tables.pdf
	Table 1_SWS Locations 2021.pdf
	Table 2 SWS Locs

	Table 3 Water Quality_2021.pdf
	Table 3


	Final_2021 Comp SWR_Appendices.pdf
	App A: SWS Forms
	April 2021
	June 2021
	September 2021

	App B: DV Reports
	April 2021
	June 2021
	September 2021

	App C: Lab Reports
	April 2021
	June 2021
	September 2021

	App D: Analytical Results Table




