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Section 1 

Introduction 

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

prepared this technical memorandum to detail work conducted as part of the 2011 Groundwater 

Monitoring Work Plan (Tetra Tech, 2011a) for the Dump Road Area (DRA), Martin State Airport 

(MSA), Middle River, Maryland (see Figure 1-1). This technical memorandum presents the results 

of surface water samples collected from Frog Mortar Creek in March 2011. The objectives of the 

March 2011 sampling event were to: 

• provide surface water quality data to determine the extent of water quality criteria 
exceedances detected during the July 2010 Frog Mortar Creek sampling 

• evaluate the interaction between shallow groundwater and Frog Mortar Creek 

• provide information that can be used to update the modeling of shallow groundwater-flow 
patterns and discharge to Frog Mortar Creek 

This technical memorandum is organized as follows: 

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

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

Section 4—Results: Presents the investigation findings. 

Section 5—Summary: Summarizes the investigation program and results. 

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

Site Background 

2.1 OVERVIEW 

Martin State Airport (MSA) is located at 701 Wilson Point Road in Middle River, Maryland and is 

bounded by Frog Mortar Creek to the east and Stansbury Creek and Dark Head Cove to the west 

(Figure 2-1). Both creeks are tidal tributaries of the Chesapeake Bay. The area under investigation 

is Frog Mortar Creek, which is east of and adjacent to the Dump Road Area (DRA) site at the 

MSA. Environmental investigations of the Dump Road Area (DRA) began in 1989 when the 

Maryland Department of the Environment (MDE) conducted a preliminary assessment of MSA. 

During the 1930s, 1940s, and 1950s, the Glenn L. Martin Aircraft Company reportedly used a 

sand pit under the current Taxiway Tango to dump spent battery acid, acid-type strippers and other 

acidic solutions, and dredge spoils and construction debris. The U.S. Environmental Protection 

Agency (USEPA) concluded after a review of the preliminary assessment that no signs of waste 

disposal were apparent, and the site was classified as “No Further Remedial Action Planned.” 

In July 1991, four drums containing dried zinc-chromate paint were uncovered during installation 

of underground electric cables adjacent to Taxiway Tango, prompting MDE to order additional 

studies (MDE, 1992 and 1997). The Maryland Aviation Administration (MAA), the owner of the 

airport at this time, removed the drums discovered near Taxiway Tango in 1991 and conducted 

environmental studies from 1991–1998 including geophysical surveys to locate and identify 

buried materials, and sampling and chemical analyses of soil, groundwater, surface water, and 

sediment. These initial investigations identified four areas of concern at MSA: the Taxiway Tango 

Median Anomaly Area, the Drum Area, two ponds (Pond 1 and Pond 2), and the Petroleum 

Hydrocarbon Area (Figure 2-2). 

From 1999–2009, the Lockheed Martin Corporation (Lockheed Martin), the successor entity of 

the Glenn L. Martin Aircraft Company, conducted a remedial investigation (RI) of the DRA (Tetra 

Tech, Inc. [Tetra Tech], 2010a). Supplemental RI studies of the DRA were also conducted by 

Lockheed Martin in 2010 and 2011 (Tetra Tech 2010a-c, 2011b-d, 2012a,b) to further delineate the 
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extent of soil, groundwater, and sediment chemical impacts indicated by the earlier studies. 

Through geophysical surveys, test pits, soil borings, and soil-sample chemical analyses, the RI and 

supplemental studies identified surface and subsurface-soil contamination from buried fill 

material. The fill material consisted of soil, stained soil, and debris, the latter of which is 

comprised of concrete rubble and disposed industrial items (e.g., batteries, decomposed drums, 

tires, paint cans, burnt items, sludge, buckets, glass, wood, etc.). Volatile organic compounds 

(VOC), semivolatile organic compounds (SVOC) (primarily polycyclic aromatic-hydrocarbons 

[PAHs]), and several metals were detected in soils at concentrations exceeding human health risk 

screening levels. Chlorinated VOCs (cVOCs) (trichloroethene [TCE]) and its degradation 

products, petroleum VOCs (e.g., benzene, etc.), and metals were also found in surficial-aquifer 

groundwater at concentrations exceeding Maryland groundwater and drinking water standards. 

Complete details of the site background, including previous investigations, descriptions of site 

geology and hydrogeology, and current conditions are provided in the RI (Tetra Tech, 2010a). 

2.2 PREVIOUS FROG MORTAR CREEK INVESTIGATIONS 

2.2.1 1997 Investigation 

MAA conducted an investigation in late 1997 to evaluate potential contamination of surface water 

and bottom sediments in Frog Mortar Creek east of and hydraulically downgradient of the DRA 

(Apex Environmental, 1998). Six sediment and nine surface water samples were collected along 

three transects in Frog Mortar Creek, as shown in Figure 2-3. Surface water and sediment samples 

were analyzed for VOCs, SVOCs, metals, cyanide, and pH (a measure of the acidity or alkalinity 

of a substance).  

SVOCs and cyanide were not detected in the surface water samples. The only detected VOC, 

methylene chloride, is considered a common laboratory contaminant. Several SVOCs, primarily 

PAHs, and metals were detected in the sediment samples. Several metals exceeded comparison 

criteria in surface water samples, and copper was detected at high concentrations in sediment 

samples. However, the Maryland Environmental Service (MAA’s consultant at the time of the 

investigation) determined that SVOC concentrations in sediment were comparable to background 

levels found in other sediment samples collected in the Chesapeake Bay, and that they posed no 

public health or environmental concerns with respect to surface water or bottom sediment quality. 

An MDE memorandum dated August 20, 1998 (MDE, 1998) reviewed the surface water and 
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sediment data and concluded that exposure concentrations were within USEPA-recommended 

levels of risk. 

2.2.2 2004 Investigation 

In July 2004, Tetra Tech collected sediment and surface water samples from Frog Mortar Creek to 

provide quality data for risk assessment. Two sediment and two surface water samples were 

collected within 50 feet of the DRA shoreline. These locations were selected based on extensive 

groundwater sampling and modeling, which indicated the direction of the on-site VOC plume 

toward Frog Mortar Creek. Sampling locations are shown in Figure 2-4.  

The sediment and surface water samples were analyzed for inorganic constituents, VOCs, SVOCs, 

polychlorinated biphenyls, and pesticides. Very low concentrations of VOCs and reportable 

concentrations of various metals were detected in surface water and sediment samples. These data 

were used to assess risk to recreational users of Frog Mortar Creek. The results of the human 

health risk assessment indicate that contacting sediments and surface water in Frog Mortar Creek 

while recreating did not pose a significant cancer risk or health hazard to adults, youth, and child 

recreational users (Tetra Tech, 2006). 

2.2.3 2007–2008 Investigation 

In 2007–2008, Tetra Tech completed a three-phase investigation of surface water and sediment in 

Frog Mortar Creek (Tetra Tech, 2009) to identify and sample areas of groundwater discharge into 

Frog Mortar Creek, to assess potential impacts to the sediment and surface water, and to assess 

whether contaminants may have historically migrated from the site into Frog Mortar Creek via 

surface erosion. The three-phase investigation included the following tasks: Phase I identified 

locations where groundwater discharged to surface water using a Trident™ probe. Phase II 

sampled surface water and shallow sediment at locations identified in Phase I as possible 

groundwater discharge points. Phase III sampled deeper sediment at locations identified in 

Phase II as potentially affected. Sampling locations for the three phases of this investigation are 

shown in Figures 2-5 through 2-7. 

The results of the Phase I Trident™ study identified the likely presence of groundwater discharge 

at the southern end of the groundwater plume at the DRA. The Phase II investigation indicated 

that groundwater discharge appeared to be affecting surface water and sediment in Frog Mortar 
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Creek east of the DRA. The Phase III investigation confirmed the Phase II results, but also 

indicated that metal and PAH impacts are widespread in the Frog Mortar Creek system, including 

upstream locations. 

The 2007–2008 investigation concluded that cVOC groundwater contamination was affecting 

surface water and sediment upon discharge at locations adjacent to and east of the DRA. These 

locations are within the lateral boundaries of the groundwater plume and known fill area at the 

DRA. The sediment sampling and analyses found the highest concentrations of cVOCs known to 

be associated with groundwater in sediments adjacent to the site, that the highest concentrations of 

metals are typically found at background locations, and the highest concentrations of PAHs are 

found in Frog Mortar Creek north of the site. 

Several concentrations of metals in surface water exceeded USEPA Ambient Water Quality 

Criteria (AWQC). Concentrations of these metals were consistent in Frog Mortar Creek, did not 

appear to be associated with known MSA contaminant sources, and did not appear to represent a 

high level of potential risk. Most metals appeared to be in dissolved form and not adsorbed to 

suspended material in the water column.  

The 2007–2008 study concluded that surface water concentrations of PAHs and metals appeared to 

be associated with typical sources within active water bodies such as Frog Mortar Creek, including 

metals from marine paint, PAHs from boat exhaust and oil discharge, as well as runoff from land 

sources. Only Gar Gut, an embayment of Frog Mortar Creek to the north, demonstrated impacts 

that may not be associated with these typical types of contaminant sources in Frog Mortar Creek 

and thus may represent a separate source. Gar Gut was found to have localized elevated 

concentrations of VOCs, PAHs, and metals in surface water and elevated concentrations of PAHs 

in sediment. The types and concentrations of contaminants at this location have a different 

signature than contamination found at other locations. Based on the results of the 2007-2008 

investigation, MDE issued a letter confirming no remediation requirements for sediment and 

surface water are necessary in Frog Mortar Creek (MDE, 2010). 

2.2.4 2010 Investigation 

As a part of the July 2010 groundwater and surface water-sampling program, three surface water 

samples were collected along the western shoreline of Frog Mortar Creek near the DRA (Tetra 
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Tech, 2010c). The 2010 sampling locations are shown in Figure 2-8. Sample MSA-SW38 was 

collected northeast of wells DMW2A/B, near the center of the DRA groundwater VOC plumes. 

Samples MSA-SW37 and MSA-SW39 were collected north and south of the DRA, respectively. 

Sample MSA-SW38 reflects near-shore surface water quality in a locale hydraulically 

downgradient of the DRA VOC groundwater plume. Primary site groundwater contaminants TCE, 

cis-1,2-dichloroethene (cis-1,2-DCE), vinyl chloride (VC), and 1,4-dioxane were detected in 

sample MSA-SW38, as well as low concentrations of three other DRA groundwater VOCs: 

1,2,4-trichlorobenzene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene. These results indicate that 

VOC-impacted groundwater from the DRA discharges to Frog Mortar Creek. Other site VOCs, 

such as benzene, toluene, ethylbenzene, xylene, chlorobenzene, and other chlorobenzene isomers, 

were not detected in the Frog Mortar Creek surface water samples collected in 2010. Hexavalent 

chromium was detected in the three surface water samples at low concentrations below the 

ecological and human health screening levels. The 2010 surface water results, showing increased 

concentrations of some constituents of concern, prompted Lockheed Martin and MDE to agree to 

a more frequent sampling and analysis of surface water in 2011.  This report is an outcome off that 

agreement to conduct more frequent sampling and analysis of Frog Mortar Creek. 
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Section 3 

Investigation Approach  
and Methodology 

Site-related groundwater volatile organic compound (VOC) and several metals were detected in 

previous Frog Mortar Creek surface water samples at concentrations exceeding ecological and/or 

human health screening criteria. Additional Frog Mortar Creek surface water sampling was 

conducted in March 2011 to confirm the chemical results at five locations (samples MSA-SW37, 

MSA-SW38, MSA-SW39 MSA-SW40, and MSA-SW41) to assess the extent to which surface 

water in Frog Mortar Creek is affected by groundwater discharge near the shoreline. This technical 

memorandum presents the collection procedures and results of the March 2011 surface water 

samples from Frog Mortar Creek. 

Before sampling, appropriate Tetra Tech, Inc. (Tetra Tech) personnel reviewed the site-specific 

health and safety plan (HASP) and respective safe work permits and emergency response plan 

included in the HASP. Tetra Tech conducted a mandatory health and safety tailgate meeting before 

beginning field activities. The Tetra Tech site health and safety officer documented personnel in 

attendance and pertinent safety and sampling procedures discussed. The HASP guided the surface 

water sampling work in Frog Mortar Creek. 

3.1 SURFACE WATER SAMPLING 

3.1.1 Surface Water Sampling and Analysis 

Five Frog Mortar Creek locations (MSA-SW37, MSA-SW38, MSA-SW39, MSA-SW40 and 

MSA-SW41) were sampled for surface water on March 3, 2011 (see Figure 3-1). All five March 

2011 surface water samples were collected near the Frog Mortar Creek shoreline from 

approximately one foot below the water surface. Surface water samples were collected as grab 

samples using a direct filling sampling technique, whereby a laboratory-cleaned, preservative-free 

sample container was filled by submerging the container to the target depth in the water column. 

The sample aliquot was then decanted into the appropriate sample containers, taking care to 
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minimize agitation of the sample. A peristaltic pump fitted with an inline 0.45-micron filter 

filtered a portion of the sample for analysis of dissolved metals. Reusable equipment was 

decontaminated between sampling locations, using the procedure described in Section 3.1.4. 

Surface water sampling locations were surveyed using a hand-held global positioning system 

(GPS) receiver. Sampling locations were surveyed in the Maryland State Plane North American 

Datum of 1983 and recorded in units of feet. 

Samples from locations MSA-SW38, MSA-SW40, and MSA-SW41 were analyzed for VOCs by 

SW846 Method 8260B, for polycyclic aromatic hydrocarbons (PAHs) and 1,4-dioxane by 

SW846 Method 8270D, for priority pollutant metals (filtered and unfiltered) by SW846 Methods 

6010C/7470A, for hexavalent chromium by SW846 Method 7199, and for perchlorate by 

U.S. Environmental Protection Agency (USEPA) Method 314. Samples from locations 

MSA-SW37 and MSA-SW39 were analyzed for priority pollutant metals (filtered and unfiltered) 

by SW846 Method 6010C/7470A and for hexavalent chromium by SW846 Method 7199 only, 

because prior analysis of samples from these locations did not show detectable concentrations of 

VOCs or 1,4-dioxane. Samples were analyzed by TestAmerica, Inc. in North Canton, Ohio. 

Analytical parameters for the samples are shown in Table 3-1.  

No duplicates were collected during this investigation. One trip blank (one per cooler containing 

VOC samples) was submitted for VOC analysis for quality assurance/quality control purposes. 

Tide stage was recorded at the time of sampling and surface water quality parameters (including 

temperature, pH, specific conductance, turbidity, dissolved oxygen, and oxidation-reduction 

potential) were measured and recorded at each location using a portable water quality meter. All 

information was documented on surface water sample log sheets provided in Appendix A. 

Additional surface water sampling in Frog Mortar Creek will be conducted in June 2011. The June 

2011 sampling includes collecting surface water samples along several transects outward from the 

shoreline in the area of the Dump Road Area (DRA) site. A risk assessment will be conducted after 

receiving the results for the June 2011 surface water samples. 

3.1.2 Documentation 

A master site logbook was maintained as an overall record of field activities for the site. Sample 

documentation includes completed chain-of-custody (COC) forms and surface water-specific 
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sample log sheets. COC forms are standardized to summarize and document pertinent sample 

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

preservation, and analysis requested. Sample custody procedures document sample acquisition and 

integrity. Surface water sample log-sheets are in Appendix A. COC are provided along with data-

validation reports in Appendix B. 

3.1.3 Sample Nomenclature and Handling 

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

samples were labeled with an “MSA-SW” prefix followed by the sample number and six-digit 

sampling date. For example, a surface water sample collected on March 3, 2011 from MSA-SW37 

was labeled as MSA-SW37-030311. The trip blank was labeled with a “TB” prefix followed by 

the sample’s six-digit submittal date (e.g., TB-030311). 

Sample handling includes field-related considerations concerning the selection of sample 

containers, preservatives, allowable holding times, and analyses requested. Proper custody 

procedures were followed throughout all phases of sample collection and handling. COC protocols 

were used throughout sample handling to assure the evidentiary integrity of sample containers. 

These protocols demonstrate that the samples were handled and transferred in a manner that would 

prevent or detect possible tampering. Sample containers were released under signature from the 

laboratory and were accepted under signature by the sampler(s) or individual responsible for 

maintaining custody until the sample containers are transferred to the sampler(s). Transport 

containers returning to the laboratory were sealed with strapping tape and a tamper-resistant 

custody seal. The custody seal contains the signature of the individual releasing the transport 

container, along with the date and time. 

3.1.4 Equipment Decontamination 

Both dedicated and disposable equipment were used for surface water sampling to eliminate 

decontamination activities. Therefore, this project required no equipment decontamination. 

3.1.5 Waste Management 

Investigation-derived waste (IDW) consisted of personal protective equipment (PPE) generated 

during field sampling. PPE IDW was brushed off, placed in trash bags, and disposed of in a 

facility trash receptacle designated by facility personnel.  
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3.2 DATA MANAGEMENT 

Laboratory data-handling procedures met the requirements of the laboratory subcontract. All 

analytical and field data are maintained in project files, including copies of COC forms, sample 

log forms, sampling location maps, and documentation of quality assurance and data corrections. 

3.2.1 Data Tracking and Control 

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

sampling event. The field operations leader began and coordinated sample tracking before 

mobilizing to the field. Sample container labels were handwritten in the field and reviewed to 

assure that they were accurate and adhered to work plan requirements. The project manager (PM) 

coordinated with the analytical laboratory to ensure that the laboratory was aware of the number 

and type of samples and analyses that would be submitted that day. 

During field sampling, the field operations leader forwarded the COC to the PM or designee and 

to the laboratory. The PM or designee confirmed that the COC provided the information required 

by the work plan. This allowed for early detection of errors made in the field so that adjustments 

could be made before sample analysis. 

After successful completion of all requested analyses, the laboratory submitted an electronic 

deliverable for each sample delivery group. When all electronic deliverables were received from 

the laboratory, the PM or designee checked the laboratory submittal to determine whether the 

laboratory had performed all analyses requested. All requested analyses were performed for this 

project. 

3.2.2 Sample Information 

Data from field measurements were recorded using appropriate sample log sheets and summarized 

in tabular form, as were the raw instrument data from the laboratory. The field operations leader 

verified field data daily; laboratory data were verified by the group supervisor and then by the 

laboratory’s quality control/documentation department. 

3.2.3 Project Data Compilation 

The analytical laboratory generated an Adobe® portable document format (PDF) file of the 

analytical data package, as well as an electronic-database deliverable. The electronic database was 
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checked against the PDF file provided by the laboratory and updated as required, based on data 

qualifier flags applied during data validation. All data, such as units of measure and chemical 

nomenclature, were corrected, as necessary, to be consistent with the project database. 

3.2.4 Geographical Information System 

Data management systems consist of a relational database and geographical information 

system (GIS) to manage environmental information pertaining to MSA. The relational database 

stores chemical, geological, hydrogeologic, and other environmental data collected during 

environmental investigations. The GIS is created from the relational database and contains subsets 

of the larger data pool. The GIS allows posting of environmental data on base maps, thereby 

representing the information graphically. Compiled sample, chemical, and positional data were 

incorporated into the GIS.  

3.3 DATA REVIEW 

Data from the laboratory were entered into a sample database and evaluated against risk-based 

criteria. Data validation (consisting of the evaluation of data completeness, holding times, 

calibrations, laboratory and field blank contamination, and detection limits) was completed 

concurrent with the data evaluation. These reviews are based on the USEPA Region III 

Modifications to the National Functional Guidelines for Data Review (USEPA, 1993 and 1994), 

and the specifics of the analytical methods used. Data from this sampling event consist of surface 

water sample chemical results. Data validation reports and COCs are provided as PDF files in 

Appendix B (on compact disc). Appendix C presents a table of all March 2011 Frog Mortar Creek 

surface water sample analytical data, including non-detects. 

  



TABLE 3-1

CHEMICAL ANALYSES FOR FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

VOCs
PAHs and          

1,4-Dioxane Perchlorate Total PPM Dissolved PPM Hexavalent Chromium
Sample ID (USEPA 8260B) (USEPA 8270D SIM) (USEPA 314) (USEPA 6010C/7470A) (USEPA 6020B) (USEPA 7199)

Containter(s): 3x40 ml glass vials 2x1-Liter amber 250 ml plastic 500 ml plastic 500 ml plastic 250 ml plastic
Preservative: HCl HNO3 HNO3

MSA-SW37 X X X
MSA-SW38 X X X X X X
MSA-SW39 X X X
MSA-SW40 X X X X X X
MSA-SW41 X X X X X X

HCL - hydrochloric acid
HNO3 - nitric acid
ml - milliliter
PAHs - polynuclear aromatic hydrocarbons
PPM - Priority Pollutant metals
USEPA - U.S. Environmental Protection Agency
VOCs - volatile organic compounds

Analytical Requirements
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Section 4 

Results 

Five surface water samples were collected in shallow water near the western shoreline of Frog 

Mortar Creek near the Dump Road Area (DRA) site on March 3, 2011. MSA-SW38, MSA-SW40, 

and MSA-SW41 were collected directly northeast and downgradient of the DRA groundwater 

contaminant plume. MSA-SW37 and MSA-SW39 were collected along the Frog Mortar Creek 

shoreline north and south of the DRA in areas not expected to be substantially affected by 

chemicals in groundwater from the DRA site. Samples MSA-SW38, MSA-SW40, and 

MSA-SW41 were analyzed for volatile organic compounds (VOCs), polycyclic aromatic 

hydrocarbons (PAHs), 1,4-dioxane, and metals. Samples MSA-SW37 and MSA-SW39 were 

analyzed for metals only.  

Validated surface water chemical data were used to generate a statistical summary table 

(Table 4-1) and a detection table (Table 4-2) summarizing the positive detections of chemical 

analytes in the March 2011 surface water samples. In Table 4-2, the sample results are screened 

against the U.S. Environmental Protection Agency (USEPA) Region III Biological Technical 

Advisory Group (BTAG) Freshwater Screening Benchmarks (USEPA, 2006), the USEPA National 

Recommended Water Quality Criteria (NRWQC) for acute and chronic aquatic organism 

exposures and for aquatic organism consumption (USEPA, 2009), and the State of Maryland 

Ambient Water Quality Criteria (AWQC) for acute and chronic aquatic organism exposures and 

for aquatic organism consumption (Code of Maryland Regulations, 2011). The NRWQCs, AWQCs 

and most BTAG screening levels for metals represent concentrations of dissolved metals in the 

water column; therefore, these criteria are used to screen against the dissolved metals results for 

Frog Mortar Creek. BTAG screening levels for arsenic, iron, mercury, selenium, and thallium are 

based on the total metal concentration in the water column. The total metal results for Frog Mortar 

Creek are used to screen against the BTAG criteria for these five metals. Gray shading in Table 4-2 

indicates a result that exceeds only one surface water screening criterion. Black shading in 

Table 4-2 indicates a result that exceeds more than one surface water screening criterion. 

Figure 4-1 shows the screening criteria exceedances for the 2011 surface water samples. 
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Figures 4-2 through 4-4 show the concentrations of trichloroethene (TCE), cis-1,2-dichloroethene 

(cis-1,2-DCE), and vinyl chloride (VC) for the Frog Mortar Creek samples. Appendix C presents 

the March 2011 analytical data, including non-detects.  

As shown in Table 4-2 and Figures 4-1 through 4-4, several VOCs found in groundwater at the 

DRA site (e.g., TCE, cis-1,2-DCE, and VC) were detected in March 2011 surface water samples at 

locations MSA-SW38, MSA-SW40, and MSA-SW41. For those three samples, concentrations of 

VOCs, 1,4-dioxane, and metals (e.g., dissolved cadmium, dissolved manganese, total iron) were 

greatest at MSA-SW38, which is located northeast and hydraulically downgradient of DRA 

monitoring wells that contain some of the highest concentrations of site-related constituents in 

shallow and intermediate depth groundwater (e.g., wells DMW2S/A/B and DMW3S/I/D).  

In the March 2011 samples, TCE was detected at MSA-SW38, MSA-SW40, and MSA-SW41 

(Figures 4-1 and 4-2). As shown in Figure 4-1, concentrations of TCE at locations MSA-SW38 

(32 micrograms per liter [µg/L]) and MSA-SW41 (24 µg/L), located in the central portion of the 

DRA, exceeded the BTAG ecological screening level of 21 µg/L. The VC concentration in sample 

MSA-SW38 (140 µg/L) exceeded the human health NRWQC/AWQC for the consumption of 

organisms screening level of 24 µg/L. In addition, concentrations of M+P xylenes at 14 µg/L and 

total xylenes at 16 µg/L exceeded the BTAG screening level of 13 µg/L, also in sample 

MSA-SW38. 

Metals exceeding a screening criterion in one or more of the 2011 samples include dissolved 

arsenic, dissolved barium, dissolved cadmium, dissolved manganese, and total iron. The dissolved 

arsenic concentrations for the samples, ranging from 2.6-3.0 µg/L are similar at all five locations 

and are similar to the dissolved arsenic concentrations of 2.2 to 3.9 micrograms per liter reported 

for reference samples (i.e., background locations) collected as part of Lockheed Martin 

Corporation’s (Lockheed Martin’s) 2007-2008 Frog Mortar Creek investigation (Tetra Tech, 

2009). The total arsenic concentrations, ranging from 2.1-3.7 µg/L, are also similar to this 2007-

2008 reference sample range. 

PAHs, perchlorate, and hexavalent chromium were not detected in the March 2011 surface water 

samples. 

  



TABLE 4-1

STATISTICAL SUMMARY OF FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 1 OF 2

Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection(1) Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
VOLATILES (µg/l)
CIS-1,2-DICHLOROETHENE 3/3 100% - - 5.5 130 MSA-SW38-030311 52.2 52.2 NA(2)

TRICHLOROETHENE 3/3 100% - - 4.2 32 MSA-SW38-030311 20.1 20.1 NA(2)

VINYL CHLORIDE 3/3 100% - - 1.8 140 MSA-SW38-030311 50.2 50.2 NA(2)

1,1-DICHLOROETHENE 2/3 67% 0.19 0.19 0.21 J 1.4 J MSA-SW38-030311 0.568 0.805 NA(2)

1,4-DICHLOROBENZENE 2/3 67% 0.13 0.13 0.38 J 3.9 J MSA-SW38-030311 1.45 2.14 NA(2)

ETHYLBENZENE 2/3 67% 0.17 0.17 0.23 J 1.9 J MSA-SW38-030311 0.738 1.07 NA(2)

M+P-XYLENES 2/3 67% 0.24 0.24 1.6 J 14 MSA-SW38-030311 5.24 7.80 NA(2)

O-XYLENE 2/3 67% 0.14 0.14 0.29 J 2.8 J MSA-SW38-030311 1.05 1.55 NA(2)

TOTAL XYLENES 2/3 67% 0.28 0.28 1.9 J 16 MSA-SW38-030311 6.01 8.95 NA(2)

TRANS-1,2-DICHLOROETHENE 2/3 67% 0.19 0.19 0.2 J 0.87 J MSA-SW38-030311 0.388 0.535 NA(2)

1,2,4-TRICHLOROBENZENE 1/3 33% 0.15 0.15 1.2 J 1.2 J MSA-SW38-030311 0.450 1.20 NA(2)

TOLUENE 1/3 33% 0.13 0.13 1.4 J 1.4 J MSA-SW38-030311 0.510 1.40 NA(2)

SEMIVOLATILES (µg/l)
1,4-DIOXANE 2/3 67% 0.49 0.49 0.49 J 2.6 MSA-SW38-030311 1.11 1.55 NA(2)

FILTERED METALS (µg/l)
ARSENIC 5/5 100% - - 2.6 J 3 J MSA-SW40-030311 2.72 2.72 0.164
COBALT 5/5 100% - - 0.98 J 3.6 J MSA-SW38-030311 1.96 1.96 1.02
MANGANESE 5/5 100% - - 67.4 253 MSA-SW38-030311 141 141 70.9

MOLYBDENUM 5/5 100% - - 1 J 1.6 J
MSA-SW37-030311,        
MSA-SW41-030311 1.34 1.34 0.261

NICKEL 5/5 100% - - 2.3 J 3.4 J MSA-SW41-030311 2.74 2.74 0.428

BARIUM 2/5 40% 15.6 18.2 22.2 30 MSA-SW37-030311 15.6 26.1 9.98
CADMIUM 1/5 20% 0.65 0.65 0.86 J 0.86 J MSA-SW38-030311 0.432 0.860 0.239



TABLE 4-1

STATISTICAL SUMMARY OF FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 2 OF 2

Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection(1) Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects

TOTAL METALS (µg/l)
ARSENIC 5/5 100% - - 2.1 J 3.7 J MSA-SW40-030311 3.22 3.22 0.646
BARIUM 5/5 100% - - 49.3 58.4 MSA-SW37-030311 53.5 53.5 3.28
COBALT 5/5 100% - - 1.9 J 5.4 MSA-SW38-030311 2.74 2.74 1.49
IRON 5/5 100% - - 570 2760 MSA-SW38-030311 1433 1433 886
LEAD 5/5 100% - - 1.5 J 6.3 MSA-SW38-030311 3.86 3.86 2.18
MANGANESE 5/5 100% - - 112 311 MSA-SW38-030311 166 166 81.8

MOLYBDENUM 5/5 100% - - 1.2 J 1.3 J

MSA-SW37-030311,      
MSA-SW38-030311,      
MSA-SW41-030311 1.26 1.26 0.055

NICKEL 5/5 100% - - 2.6 J 5 J MSA-SW38-030311 3.50 3.50 0.900
CHROMIUM 3/5 60% 3.6 3.6 4.5 J 7.1 J MSA-SW38-030311 3.94 5.37 2.22

COPPER 3/5 60% 7 7.6 16 19.5 MSA-SW38-030311 12.2 17.9 7.89
VANADIUM 3/5 60% 2.2 2.2 2.9 J 5.2 J MSA-SW38-030311 2.76 3.87 1.73
CADMIUM 1/5 20% 0.65 0.65 1.2 J 1.2 J MSA-SW38-030311 0.500 1.20 0.391

All concentrations are in micrograms per liter (µg/L)
1    Analytes are ranked from highest to lowest by percent frequency of detection.
2   Not applicable; there are an insufficient number of samples to calculate this statistic.
-  =  Not applicable; analyte was detected in all (100%) samples.
J = estimated value
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.

Associated Samples
MSA-SW37-030311
MSA-SW38-030311
MSA-SW39-030311
MSA-SW40-030311
MSA-SW41-030311



TABLE 4-2

CHEMICAL RESULTS AND SCREENING LEVELS FOR FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 1 OF 3

SAMPLE ID: BTAG(2) MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311
LABORATORY ID: Human Health Surface Water A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

SAMPLE DATE: Consumption of Screening 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

LOCATION: Acute Chronic Organism Only Benchmarks MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41
VOLATILES (ug/l)

1,1-DICHLOROETHENE NA NA 7,100 25 NA 1.4 J NA --  0.21 J
1,2,4-TRICHLOROBENZENE NA NA 70 24 NA 1.2 J NA --  --  
1,3-DICHLOROBENZENE NA NA 960 150 NA NA -- --
1,4-DICHLOROBENZENE NA NA 190 26 NA 3.9 J NA --  0.38 J
ACETONE NA NA NA 1500 NA --  NA --  5.7 B
CIS-1,2-DICHLOROETHENE NA NA NA 590 (5) NA 130 NA 5.5 21
ETHYLBENZENE NA NA 2,100 90 NA 1.9 J NA --  0.23 J
M+P-XYLENES NA NA NA 13 NA 14 NA --  1.6 J
O-XYLENE NA NA NA 13 NA 2.8 J NA --  0.29 J
TOLUENE NA NA 15,000 2 NA 1.4 J NA --  --  
TOTAL XYLENES NA NA NA 13 NA 16 NA --  1.9 J
TRANS-1,2-DICHLOROETHENE NA NA 10,000 970 NA 0.87 J NA --  0.2 J
TRICHLOROETHENE NA NA 300(3) 21 NA 32 NA 4.2 24
VINYL CHLORIDE NA NA 24(3) 930 NA 140 NA 1.8 8.7
SEMIVOLATILE ORGANIC COMPOUNDS (ug/l)

1,4-DIOXANE NA NA NA NA NA 2.6 NA 0.49 J --  
FILTERED METALS (ug/l)

ANTIMONY NA NA 640 30 -- -- -- -- --
ARSENIC 340 150 1.4(3) *(5) 2.6 J 2.7 J 2.6 J 3 J 2.7 J
BARIUM NA NA NA 4 30 22.2 17.9 B 15.6 B 18.2 B
CADMIUM 2 0.25 NA 0.25 --  0.86 J --  --  --  
CHROMIUM 570 74 NA 74 -- --  -- 4.5 J --
COBALT NA NA NA 23 1.4 J 3.6 J 1.6 J 0.98 J 2.2 J
COPPER 13 9 NA 9 6.8 B 4.1 B 3.5 B 5.8 B 4.3 B

Recommended and Ambient Water Quality 
Criteria(1)

Freshwater



TABLE 4-2

CHEMICAL RESULTS AND SCREENING LEVELS FOR FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 2 OF 3

SAMPLE ID: BTAG(2) MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311
LABORATORY ID: Human Health Surface Water A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

SAMPLE DATE: Consumption of Screening 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

LOCATION: Acute Chronic Organism Only Benchmarks MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

Recommended and Ambient Water Quality 
Criteria(1)

Freshwater

LEAD 65 2.5 NA 2.5 -- -- -- --  --  
MANGANESE NA NA 100 120 109 253 114 67.4 161
MOLYBDENUM NA NA NA 73 1.6 J 1.3 J 1.2 J 1 J 1.6 J
NICKEL 470 52 4,600 52 2.6 J 2.9 J 2.5 J 2.3 J 3.4 J
VANADIUM NA NA NA 20 -- -- -- -- --
ZINC 120 120 26,000 120 18.1 B 20.1 B 14.8 B 24 B 21.2 B
TOTAL METALS (ug/l)

ANTIMONY -- -- -- -- --
ARSENIC 5(5) 2.1 J 3.6 J 3.3 J 3.7 J 3.4 J
BARIUM 58.4 54 49.3 52.5 53.3
CADMIUM --  1.2 J --  --  --  
CHROMIUM 4.5 J 7.1 J --  4.5 J --  
COBALT 2 J 5.4 2.2 J 1.9 J 2.2 J
COPPER 16 19.5 7.6 B 18.1 7 B
IRON 300(5) 1670 2760 570 1490 675
LEAD 5.5 6.3 1.5 J 4.3 J 1.7 J
MANGANESE 112 311 131 139 136
MOLYBDENUM 1.3 J 1.3 J 1.2 J 1.2 J 1.3 J
NICKEL 3.2 J 5 J 3.5 J 3.2 J 2.6 J
VANADIUM 2.9 J 5.2 J --  3.5 J --  
ZINC 41.2 B 51.4 B 24.1 B 33.4 B 29.9 B
MISCELLANEOUS (ug/l)
HEXAVALENT CHROMIUM 16 11 NA 11 -- -- -- -- --



TABLE 4-2

CHEMICAL RESULTS AND SCREENING LEVELS FOR FROG MORTAR CREEK SURFACE WATER SAMPLES - MARCH 2011
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 3 OF 3

1   National Recommended Water Quality Criteria, http://water.epa.gov/scitech/swguidance/standards/current/index.cfm; and Maryland Numerical Criteria for Toxic Substances in Surface
     Waters, Code of Maryland Regulations (COMAR) 26.08.02.03, http://www.dsd.state.md.us.comarhtml/26/26.08.02.03-2.htm
2   U.S.Environmental Protection Agency (USEPA) Region 3 Biological Technical Advisory Group (BTAG) Freshwater Screening Levels (USEPA, 2006).
     The screening levels for the following metals were based on a hardness value of 100 milligrams per liter: cadmium, copper, lead, nickel, silver, and zinc.
3   For carcinogens, criterion is for incremental cancer risk of 1x10-5.
4   The BTAG screening benchmark for 1,2-dichloroethene (590 µg/L) is used as a surrogate screenng level for cis-1,2-dichloroethene. 
5   This BTAG screening benchmark is for the total metal concentration. Therefore, only the total metal concentrations are screened against the BTAG screening benchmark for this metal.
Gray shading indicates the value exceeds one of the criteria.
Black highlighted cell indicates the concentration exceeds more than one criterion.
-- - Not detected at the method detection limit.
B - Result is attributed to laboratory blank contamination per USEPA validation rules.
J - Positive result is considered estimated.
µg/L - micrograms per liter.
NA = Not analyzed or no criterion developed for this analyte.
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FIGURE 4-1

ANALYTES EXCEEDING SCREENING 
LEVELS FOR SURFACE WATER SAMPLES  
FROG MORTAR CREEK, MARCH 2011

LEGEND

!( SURFACE WATER SAMPLE
LOCATION (2011)

&< GROUNDWATER MONITORING WELL

&; ABANDONED WELL

MARYLAND AIR NATIONAL
GUARD BOUNDARY

POND

ug/L = Micrograms per liter
J = Estimated value

Analyte (ug/L) 3/3/2011
Arsenic- Filtered 3 J
Iron 1490

MSA- SW40

Analyte (ug/L) 3/3/2011
Trichloroethene 24
Arsenic- Filtered 2.7 J
Iron 675
Manganese- Filtered 161

MSA- SW 41

Analyte (ug/L) 3/3/2011
Arsenic- Filtered 2.6 J
Barium- Filtered 30
Iron 1670
Manganese- Filtered 109

MSA- SW37

Analyte (ug/L) 3/3/2011
M + P Xylenes 14
Total Xylenes 16
Trichloroethene 32
Vinyl Chloride 140
Arsenic- Filtered 2.7 J
Barium- Filtered 22.2
Cadmium- Filtered 0.86 J
Iron 2760
Manganese- Filtered 253

MSA- SW38

Analyte (ug/L) 3/3/2011
Arsenic- Filtered 2.6 J
Iron 570
Manganese- Filtered 114

MSA- SW39

Ecological Human Health

Surface Water Consumption of

Acute Chronic Screening Organism Only(1)

Analyte Level(2)

VOLATILES (ug/l)

M+P-XYLENES NA NA 1.8 NA

TOTAL XYLENES NA NA 13 NA

TRICHLOROETHENE NA NA 21 300(3)

VINYL CHLORIDE NA NA 930 24(3)

METALS (ug/l)

ARSENIC 340 150 5(4) 1.4(3)

BARIUM NA NA 4 NA

CADMIUM 2 0.25 0.25 NA

IRON NA 1000 300(4) NA

MANGANESE NA NA 120 100

1   National Recommended Water Quality Criteria and M aryland Numerical Criteria fo r

     Toxic Substances in Surface Waters

2   USEPA Region 3 Biological Technical Advisory Group Freshwater Screening Levels

3   For carcinogens, criterion is for incremental cancer risk o f 1x10-5.

4   Screening value is fo r to tal metals only.

SCREENING CRITERIA
Ambient Water 

Quality Criteria(1)

Freshwater
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FIGURE 4-2

CONCENTRATIONS OF 
TRICHLOROETHENE IN SURFACE
WATER SAMPLES, MARCH 2011

LEGEND
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LOCATION (1 FOOT DEPTH BELOW
WATER SURFACE)
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J = ESTIMATED VALUE
- - = NOT DETECTED
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Concentration in micrograms per liter (ug/L)
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FIGURE 4-3

CONCENTRATIONS OF CIS-1,2-
DICHLOROETHENE IN SURFACE
WATER SAMPLES, MARCH 2011
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FIGURE 4-4

CONCENTRATIONS OF VINYL
CHLORIDE IN SURFACE WATER 
SAMPLES, MARCH 2011
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Section 5 

Summary 

The following summarizes Lockheed Martin Corporation’s (Lockheed Martin’s) Frog Mortar 

Creek surface water investigation and findings: 

• Five surface water samples were collected from Frog Mortar Creek on March 3, 2011 and 
chemically analyzed to assess impacts to Frog Mortar Creek by constituents found in 
groundwater at the Dump Road Area (DRA) site.  

• The March 2011 surface water samples were collected near the Frog Mortar Creek 
shoreline from approximately one-foot below the water surface using the direct-filling 
sampling technique. Samples from three locations were analyzed for volatile organic 
compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), 1,4-dioxane, filtered and 
unfiltered metals, hexavalent chromium, and perchlorate. Samples from two locations were 
analyzed for filtered and unfiltered metals and hexavalent chromium only.  

• The data were validated in accordance with the U.S. Environmental Protection 
Agency (USEPA) Region III Modifications to the National Functional Guidelines for Data 
Review and the specifics of the analytical methods used. 

• Sampling results were screened against the U.S. Environmental Protection Agency 
Region III Biological Technical Advisory Group (BTAG) ecological freshwater screening 
benchmarks, the U.S. Environmental Protection Agency National Recommended Water 
Quality Criteria (NRWQC) for acute and chronic aquatic organism exposures and for 
human health aquatic organism consumption, and the State of Maryland Ambient Water 
Quality Criteria (AWQC) for acute and chronic aquatic organism exposures and for human 
health aquatic organism consumption. Volatile organic compounds (primarily 
trichloroethene [TCE], cis-1,2-dichloroethene [cis-1,2-DCE] and vinyl chloride [VC]), 
1,4-dioxane, and metals were detected in the March 2011 surface water samples. 

• Polycyclic aromatic hydrocarbons, perchlorate, and hexavalent chromium were not 
detected in the 2011 surface water samples. 

• Concentrations of volatile organic compounds, 1,4-dioxane, and several metals are greatest 
for sampling location MSA-SW38, northeast and hydraulically downgradient of Dump 
Road Area monitoring wells that contain some of the highest concentrations of site-related 
constituents in groundwater (e.g., wells DMW2S/A/B and DMW3S/I/D).  

• Vinyl chloride, at a concentration of 140 micrograms per liter (µg/L) at sampling location 
MSA-SW38, exceeded the human health consumption of organism screening criterion of 
24 micrograms per liter. Concentrations of trichloroethene, ranging from 24 micrograms 
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per liter in sample MSA-SW41 to 32 micrograms per liter at MSA-SW38 and xylenes at 
sample MSA-38A exceeded Biological Technical Advisory Group ecological screening 
benchmarks of 21 and 13 micrograms per liter for trichloroethene and xylenes, 
respectively.  

• Metals exceeding the screening criteria in the March 2011 Frog Mortar Creek samples 
include dissolved arsenic (five locations), dissolved barium (two locations), dissolved 
cadmium (one location), dissolved manganese (four locations), and total iron (five 
locations). However, concentrations of dissolved arsenic, as well as total arsenic, are 
similar in all samples and are similar to the arsenic concentrations reported for reference 
samples (i.e., background locations) collected as part of a 2007-2008 Frog Mortar Creek 
investigation. 

• Additional surface water sampling in Frog Mortar Creek will be conducted in June 2011. 
The June 2011 sampling includes collecting surface water samples along several transects 
outward from the shoreline in the area of the Dump Road Area site. 
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APPENDIX A—SURFACE WATER SAMPLE LOG SHEETS 
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APPENDIX B—DATA-VALIDATION REPORTS (ON CD) 
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APPENDIX C—CHEMICAL RESULTS DATA TABLE 



TABLE C-1

CHEMICAL ANALYTICAL RESULTS FOR SURFACE WATER SAMPLES, MARCH 2011
FROG MORTAR CREEK

LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND
PAGE 1 OF 7

SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

VOLATILES (ug/l)

1,1,1,2-TETRACHLOROETHANE 0.92 U 0.23 U 0.23 U

1,1,1-TRICHLOROETHANE 0.88 U 0.22 U 0.22 U

1,1,2,2-TETRACHLOROETHANE 0.72 U 0.18 U 0.18 U

1,1,2-TRICHLOROTRIFLUOROETHANE 1.1 U 0.28 U 0.28 U

1,1-DICHLOROETHANE 0.6 U 0.15 U 0.15 U

1,1-DICHLOROETHENE 1.4 J 0.19 U 0.21 J

1,1-DICHLOROPROPENE 0.52 U 0.13 U 0.13 U

1,2,3-TRICHLOROBENZENE 0.68 U 0.17 U 0.17 U

1,2,3-TRICHLOROPROPANE 1.7 U 0.43 U 0.43 U

1,2,3-TRIMETHYLBENZENE 0.024 U 0.0059 U 0.0059 U

1,2,4-TRICHLOROBENZENE 1.2 J 0.15 U 0.15 U

1,2,4-TRIMETHYLBENZENE 0.48 U 0.12 U 0.12 U

1,2-DIBROMO-3-CHLOROPROPANE 2.7 U 0.67 U 0.67 U

1,2-DIBROMOETHANE 0.96 U 0.24 U 0.24 U

1,2-DICHLOROBENZENE 0.52 U 0.13 U 0.13 U

1,2-DICHLOROETHANE 0.88 U 0.22 U 0.22 U

1,2-DICHLOROPROPANE 0.72 U 0.18 U 0.18 U

1,3-DICHLOROBENZENE 0.56 U 0.14 U 0.14 U

1,3-DICHLOROPROPANE 0.64 U 0.16 U 0.16 U

1,4-DICHLOROBENZENE 3.9 J 0.13 U 0.38 J

2,2-DICHLOROPROPANE 0.52 U 0.13 U 0.13 U

2-BUTANONE 2.3 U 0.57 U 0.57 U

2-CHLOROETHYL VINYL ETHER 4 U 0.99 U 0.99 U

2-CHLOROTOLUENE 0.44 U 0.11 U 0.11 U

2-HEXANONE 1.6 U 0.41 U 0.41 U



TABLE C-1

CHEMICAL ANALYTICAL RESULTS FOR SURFACE WATER SAMPLES, MARCH 2011
FROG MORTAR CREEK

LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND
PAGE 2 OF 7

SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

4-CHLOROTOLUENE 0.72 U 0.18 U 0.18 U

4-ISOPROPYLTOLUENE 0.48 U 0.12 U 0.12 U

4-METHYL-2-PENTANONE 1.3 U 0.32 U 0.32 U

ACETONE 4.4 U 1.1 U 5.7 B

BENZENE 0.52 U 0.13 U 0.13 U

BROMOBENZENE 0.52 U 0.13 U 0.13 U

BROMOCHLOROMETHANE 1.2 U 0.29 U 0.29 U

BROMODICHLOROMETHANE 0.6 U 0.15 U 0.15 U

BROMOFORM 2.6 U 0.64 U 0.64 U

BROMOMETHANE 1.6 U 0.41 U 0.41 U

CARBON DISULFIDE 0.52 U 0.13 U 0.13 U

CARBON TETRACHLORIDE 0.52 U 0.13 U 0.13 U

CHLOROBENZENE 0.6 U 0.15 U 0.15 U

CHLORODIBROMOMETHANE 0.72 U 0.18 U 0.18 U

CHLOROETHANE 1.2 U 0.29 U 0.29 U

CHLOROFORM 0.64 U 0.16 U 0.16 U

CHLOROMETHANE 1.2 U 0.3 U 0.3 U

CIS-1,2-DICHLOROETHENE 130 5.5 21

CIS-1,3-DICHLOROPROPENE 0.56 U 0.14 U 0.14 U

DIBROMOMETHANE 1.1 U 0.28 U 0.28 U

DICHLORODIFLUOROMETHANE 1.2 U 0.31 U 0.31 U

DIISOPROPYL ETHER 6 U 1.5 U 1.5 U

ETHYL TERT-BUTYL ETHER 0.44 U 0.11 U 0.11 U

ETHYLBENZENE 1.9 J 0.17 U 0.23 J

HEXACHLOROBUTADIENE 1.2 U 0.3 U 0.3 U

ISOPROPYLBENZENE 0.52 U 0.13 U 0.13 U



TABLE C-1

CHEMICAL ANALYTICAL RESULTS FOR SURFACE WATER SAMPLES, MARCH 2011
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SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

M+P-XYLENES 14 0.24 U 1.6 J

METHYL TERT-BUTYL ETHER 0.68 U 0.17 U 0.17 U

METHYLENE CHLORIDE 1.3 U 0.33 U 0.33 U

NAPHTHALENE 0.96 U 0.24 U 0.24 U

N-BUTYLBENZENE 0.48 U 0.12 U 0.12 U

N-PROPYLBENZENE 0.56 U 0.14 U 0.14 U

O-XYLENE 2.8 J 0.14 U 0.29 J

SEC-BUTYLBENZENE 0.52 U 0.13 U 0.13 U

STYRENE 0.44 U 0.11 U 0.11 U

TERT-AMYL METHYL ETHER 0.27 U 0.067 U 0.067 U

TERT-BUTYLBENZENE 0.52 U 0.13 U 0.13 U

TERTIARY-BUTYL ALCOHOL 16 UR 3.9 UR 3.9 UR

TETRACHLOROETHENE 1.2 U 0.29 U 0.29 U

TOLUENE 1.4 J 0.13 U 0.13 U

TOTAL XYLENES 16 0.28 U 1.9 J

TRANS-1,2-DICHLOROETHENE 0.87 J 0.19 U 0.2 J

TRANS-1,3-DICHLOROPROPENE 0.76 U 0.19 U 0.19 U

TRICHLOROETHENE 32 4.2 24

TRICHLOROFLUOROMETHANE 0.84 U 0.21 U 0.21 U

VINYL ACETATE 0.76 U 0.19 U 0.19 U

VINYL CHLORIDE 140 1.8 8.7

SEMIVOLATILES (ug/l)

1,4-DIOXANE 2.6 0.49 J 0.49 U

POLYCYCLIC AROMATIC HYDROCARBONS (ug/l)

ACENAPHTHENE 0.1 U 0.1 U 0.1 U

ACENAPHTHYLENE 0.1 U 0.1 U 0.1 U



TABLE C-1

CHEMICAL ANALYTICAL RESULTS FOR SURFACE WATER SAMPLES, MARCH 2011
FROG MORTAR CREEK

LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND
PAGE 4 OF 7

SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

ANTHRACENE 0.1 U 0.1 U 0.1 U

BENZO(A)ANTHRACENE 0.1 U 0.1 U 0.1 U

BENZO(A)PYRENE 0.1 U 0.1 U 0.1 U

BENZO(B)FLUORANTHENE 0.1 U 0.1 U 0.1 U

BENZO(G,H,I)PERYLENE 0.1 U 0.1 U 0.1 U

BENZO(K)FLUORANTHENE 0.1 U 0.1 U 0.1 U

CHRYSENE 0.1 U 0.1 U 0.1 U

DIBENZO(A,H)ANTHRACENE 0.1 U 0.1 U 0.1 U

FLUORANTHENE 0.1 U 0.1 U 0.1 U

FLUORENE 0.1 U 0.1 U 0.1 U

INDENO(1,2,3-CD)PYRENE 0.1 U 0.1 U 0.1 U

NAPHTHALENE 0.1 U 0.1 U 0.1 U

PHENANTHRENE 0.1 U 0.1 U 0.1 U

PYRENE 0.1 U 0.1 U 0.1 U

TOTAL METALS (ug/l)

ANTIMONY 0.65 UL 0.65 UL 0.65 UL 0.65 UL 0.65 UL

ARSENIC 2.1 J 3.6 J 3.3 J 3.7 J 3.4 J

BARIUM 58.4 54 49.3 52.5 53.3

BERYLLIUM 1 U 1 U 1 U 1 U 1 U

CADMIUM 0.65 U 1.2 J 0.65 U 0.65 U 0.65 U

CHROMIUM 4.5 J 7.1 J 3.6 U 4.5 J 3.6 U

COBALT 2 J 5.4 2.2 J 1.9 J 2.2 J

COPPER 16 19.5 7.6 B 18.1 7 B

IRON 1670 2760 570 1490 675

LEAD 5.5 6.3 1.5 J 4.3 J 1.7 J

MANGANESE 112 311 131 139 136
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SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

MERCURY 0.12 U 0.12 U 0.12 U 0.12 U 0.12 U

MOLYBDENUM 1.3 J 1.3 J 1.2 J 1.2 J 1.3 J

NICKEL 3.2 J 5 J 3.5 J 3.2 J 2.6 J

SELENIUM 6 U 6 U 6 U 6 U 6 U

SILVER 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U

THALLIUM 0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.7 UL

VANADIUM 2.9 J 5.2 J 2.2 U 3.5 J 2.2 U

ZINC 41.2 B 51.4 B 24.1 B 33.4 B 29.9 B

FILTERED METALS (ug/l)

ANTIMONY 0.65 UL 0.65 UL 0.65 UL 0.65 UL 0.65 UL

ARSENIC 2.6 J 2.7 J 2.6 J 3 J 2.7 J

BARIUM 30 22.2 17.9 B 15.6 B 18.2 B

BERYLLIUM 1 U 1 U 1 U 1 U 1 U

CADMIUM 0.65 U 0.86 J 0.65 U 0.65 U 0.65 U

CHROMIUM 3.6 U 3.6 U 3.6 U 3.6 U 3.6 U

COBALT 1.4 J 3.6 J 1.6 J 0.98 J 2.2 J

COPPER 6.8 B 4.1 B 3.5 B 5.8 B 4.3 B

IRON 130 U 130 U 130 U 130 U 130 U

LEAD 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U

MANGANESE 109 253 114 67.4 161

MERCURY 0.12 U 0.12 U 0.12 U 0.12 U 0.12 U

MOLYBDENUM 1.6 J 1.3 J 1.2 J 1 J 1.6 J

NICKEL 2.6 J 2.9 J 2.5 J 2.3 J 3.4 J

SELENIUM 6 U 6 U 6 U 6 U 6 U

SILVER 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U

THALLIUM 0.7 UL 0.7 UL 0.7 UL 0.7 UL 0.7 UL
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SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

TUNGSTEN

VANADIUM 2.2 U 2.2 U 2.2 U 2.2 U 2.2 U

ZINC 18.1 B 20.1 B 14.8 B 24 B 21.2 B
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SAMPLE ID: MSA-SW37-030311 MSA-SW38-030311 MSA-SW39-030311 MSA-SW40-030311 MSA-SW41-030311

LABORATORY ID: A1C040534002 A1C040534003 A1C040534004 A1C040534005 A1C040534006

LOCATION: MSA-SW37 MSA-SW38 MSA-SW39 MSA-SW40 MSA-SW41

SAMPLE DATE: 3/3/2011 3/3/2011 3/3/2011 3/3/2011 3/3/2011

MISCELLANEOUS (ug/l)

HEXAVALENT CHROMIUM 0.56 U 0.56 U 0.56 U 0.56 U 0.56 U

PERCHLORATE 0.72 U 0.72 U 0.72 U

U- Not detected at the method detection limit shown left of the letter.
B - Result is attributed to laboratory blank contamination per USEPA validation rules.
J - Result is considered estimated.
L - Positive result or detection limit is considered biased low due to technical noncompliance.
R - Result is rejected due to technical noncompliance.
ug/l - micrograms per liter.
Blank cell indicates analysis was not performed for the sample.


	Technical Memorandum:March 2011 Surface Water Sampling Results for Frog Mortar Creek
	TABLE OF CONTENTS
	ACRONYMS

	Section 1  Introduction
	Section 2  Site Background
	2.1 OVERVIEW
	2.2 PREVIOUS FROG MORTAR CREEK INVESTIGATIONS
	2.2.1 1997 Investigation
	2.2.2 2004 Investigation
	2.2.3 2007–2008 Investigation
	2.2.4 2010 Investigation


	Section 3  Investigation Approachand Methodology
	3.1 SURFACE WATER SAMPLING
	3.1.1 Surface Water Sampling and Analysis
	3.1.2 Documentation
	3.1.3 Sample Nomenclature and Handling
	3.1.4 Equipment Decontamination
	3.1.5 Waste Management

	3.2 DATA MANAGEMENT
	3.2.1 Data Tracking and Control
	3.2.2 Sample Information
	3.2.3 Project Data Compilation
	3.2.4 Geographical Information System

	3.3 DATA REVIEW

	Section 4  Results
	Section 5  Summary
	Section 6  References
	APPENDIX A—SURFACE WATER SAMPLE LOG SHEETS
	APPENDIX B—DATA-VALIDATION REPORTS (ON CD)
	APPENDIX C—CHEMICAL RESULTS DATA TABLE




