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Section 1 

Introduction 

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

prepared this report describing the sampling and chemical analyses of sediments in storm 

drainage systems that discharge to two waterways adjacent to the Middle River Complex (MRC) 

and Martin State Airport (MSA) in Middle River, Maryland (see Figure 1-1). The sampling and 

chemical analyses provide additional sediment chemical data to support the design of the 

planned sediment remediation in waterways adjacent to the Middle River Complex. These 

analyses aim to identify sediment in storm drain systems that may act as continuing sources of 

polychlorinated biphenyls (PCBs) and/or polycyclic aromatic hydrocarbons (PAHs), possibly 

resulting in PCB concentrations that exceed the preliminary remedial goals (PRGs) and proposed 

remedial action levels (RALs) that have been established for sediment in Cow Pen Creek and 

Dark Head Cove (Tetra Tech, Inc., 2013c). This effort also satisfies a request by the Maryland 

Department of the Environment (MDE) to sample storm drain systems to determine whether 

sediment in storm drain systems along Wilson Point Road could contribute polycyclic aromatic 

hydrocarbons (PAHs) to Dark Head Cove sediment (Maryland Department of the Environment, 

2013). The storm drainage systems sampled drain both the Middle River Complex (nine systems) 

and the adjacent Martin State Airport (four systems).  

This report supplements the 2013 Draft Sediment Remedy Design Investigation Report (Tetra 

Tech, Inc., 2014a) for the Middle River Complex. Results from this report will be evaluated 

along with existing sediment data collected during previous sediment investigations  

(2005–2012), as well as the sediment work completed in 2013 by Tetra Tech, Inc. for Cow Pen 

Creek and Dark Head Cove. This report is organized as follows: 

Section 2 – Site Background: Briefly describes the site history and previous investigations 
related to storm drain sediments at the Middle River Complex. 

Section 3 – Investigation Approach and Methodology: Presents the technical approach to the 
investigation and describes the field methodology for sampling and chemical analyses. 
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Section 4 – Results: Presents the investigation results. 

Section 5 – Summarizes: Summarizes the investigation program. 

Section 6 – References: Cites references used in compiling this document. 
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Section 2 

Site Background 

2.1 SITE DESCRIPTIONS 

The following sections briefly describe the Lockheed Martin Corporation (Lockheed Martin) 

Middle River Complex (MRC) and Martin State Airport (MSA). Details of the area’s physical 

setting, land use, physiography, and subsurface conditions (i.e., soils and geology), and previous 

studies related to creek-bottom sediments in Cow Pen Creek and Dark Head Cove, are in the 

2013 Draft Sediment Remedy Design Investigation Report (Tetra Tech, Inc. [Tetra Tech], 2014a), 

and are not repeated herein. 

2.1.1 Middle River Complex 

The MRC is at 2323 Eastern Boulevard in Middle River, Maryland. Figure 2-1 is a facility layout 

map. The site is comprised of approximately 163 acres and 12 main buildings. The property 

includes an active industrial area and yard, perimeter parking lots, an athletic field, a vacant 

concrete-covered lot, a trailer and parts storage lot, and numerous grassy areas along the facility 

perimeter. Locked chain-link fences surround all exterior lots and the main industrial area. The 

site is bounded by Eastern Boulevard (Route 150) to the north, MSA to the east, Dark Head Cove 

to the south, and Cow Pen Creek to the west. As shown in Figure 2-1, the MRC currently 

consists of eight tax parcels or “tax blocks,” which are commonly referred to as 

Block A, B, D, etc. 

Currently, the primary activities of LMC Properties, Inc. (LMCPI) (a subsidiary of Lockheed 

Martin) at the MRC include facility and building management and maintenance. The main site 

tenant, MRA Systems, Inc. (a subsidiary of General Electric Company), designs, manufactures, 

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

for military and commercial applications. Lockheed Martin Mission Systems & Training is a 

business segment of Lockheed Martin that conducts engineering activities and fabricates, 

assembles, tests, and otherwise supports vertical-launch systems. A subsidiary of Lockheed 
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Martin (Applied NanoStructured Solutions LLC) occupies a portion of the MRC, where it 

researches and designs nanotechnology applications. 

Environmental investigations of the MRC were substantially initiated with a 2003 environmental 

site assessment which identified several recognized environmental conditions associated with the 

MRC (Earth Tech, Inc., 2003). Since that time, extensive environmental investigations have been 

conducted at the MRC and remedies are being implemented under several remedial action plans 

to mitigate conditions in soil, groundwater, and sediment under a consent order to be issued by 

the Maryland Department of the Environment (MDE).  

2.1.2 Martin State Airport 

MSA is at 701 Wilson Point Road in Middle River, Maryland. It is bounded by Frog Mortar 

Creek to the east and Stansbury Creek to the west (see Figure 2-1). Both creeks are tidal 

tributaries of the Chesapeake Bay that intersect Middle River, which flows to the bay south of 

the airport. The current MSA property was part of the Glenn L. Martin Company’s original 

1,260-acre property, which previously included a manufacturing portion (present-day MRC), as 

well as previously divested properties now occupied by the Tilley Chemical Company, North 

American Electric Company, an Exxon service station, the United States Postal Service, the 

Annex building (currently leased by Ace Logistics, Inc.), and Johnson & Towers, Inc. On 

September 20, 1975, the Maryland Aviation Administration (MAA) purchased 747 acres that are 

now used as the airfield, of which 175 acres in the northeastern portion are now leased to the 

Maryland Air National Guard.  

MAA currently operates MSA on behalf of the Maryland Department of Transportation. MSA 

has an administration building (main terminal building), aircraft hangars, a 7,000-foot long 

runway, several taxiways, and the Strawberry Point Hangar. MAA manages more than 

130,000 square feet of heated hangar space and 190 smaller aircraft T-hangars. The southwestern 

portion of MSA contains numerous aboveground fuel storage tanks for Jet A and Avgas 100LL 

fuels. MSA is also home to more than 20 commercial tenants providing fuels and lubricants, 

helicopter avionics repair, and flight instruction, in addition to hosting the Baltimore County 

Police aviation and marine units and the Glenn L. Martin Museum (MAA, 2012). Lockheed 

Martin currently conducts a variety of environmental investigations at MSA, under MDE review 

and regulation.  
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2.2 STORM DRAIN SYSTEMS 

2.2.1 Middle River Complex 

No surface water bodies lie within or cross the MRC. Excluding areas immediately adjacent to 

Cow Pen Creek and Dark Head Creek, surface water runoff from the MRC discharges from the 

facility via storm drains. In the outer tax blocks, runoff may also enter creeks directly via 

overland flow from paved or concrete surfaces (e.g., the sloped concrete ramp in Block F), or in 

vegetated areas near the creek by overland flow, rills, or gullies. Water from runoff may also 

infiltrate into the soil and move as shallow subsurface storm-flow, or may locally pond and 

infiltrate into the soil or be lost to the atmosphere through evaporation. 

Stormwater in the industrial portions of the MRC is collected and conveyed through nine 

primary storm-drainage systems that discharge to Cow Pen Creek and Dark Head Cove via 

Outfalls 001 through 009 (Figure 2-2). Discharges from These outfalls are regulated under a 

State of Maryland National Pollutant Discharge Elimination System (NPDES) permit (State 

discharge permit No. 00-DP-0298, NPDES permit No. MD0002852) issued by the MDE 

Industrial Discharge Permits Division, Water Management Administration). Four outfalls are 

monitored monthly for flow, chlorine and pH (Outfalls 002, 004, 007 and 009); Outfall 004 is 

monitored monthly for oil and grease; and Outfalls 004 and 009 are monitored quarterly for total 

and dissolved copper.  Additionally, stormwater in portions of Block G and Block H is collected 

and conveyed to Cow Pen Creek by other smaller storm-drainage systems that are not covered 

under the permit. 

2.2.2 Martin State Airport 

Surface water runoff from MSA enters surrounding creeks via localized gullies in the eastern and 

western undeveloped portions of the site, or via storm drains that collect and convey runoff from 

the airport runway, taxiways, and developed administrative portions of the facility. MSA 

encompasses 47 drainage areas in three watersheds, forming a total drainage area of 700 acres 

(MAA, 2008). The airport drainage areas range from seven to more than 170 acres. The western 

MSA boundary consists of the main terminal building and aircraft hangars. Stormwater runoff 

from the eastern and southern ends of Dark Head Cove flows via five storm drain systems to 

MSA outfalls that are monitored for water quality (9OF001, 8OF001, IN159, SW0043, and 

WROF001A). The monitored outfalls are on MSA property (Figure 2-3), but stormwater from 
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MSA is conveyed to Dark Head Cove by storm drains running beneath Wilson Point Road, MRC 

Block D, and Stansbury Apartments.  

All stormwater runoff originating from MSA discharges to outfall areas that are monitored 

monthly to ensure that no oily discharges to surface water occur. Secondary containment drains 

are also routinely inspected and emptied of stormwater. The facility maintains an NPDES permit 

(No. MDR 05501, General Discharge Permit No. 05-SF-5501), with an effective date of 

November 12, 2004, and an expiration date of November 12, 2009. However, the current permit 

remains in effect because the MDE has administratively extended it until they issue a 

replacement.  

MSA’s general industrial permit has no monitoring requirements. However, limited monitoring is 

performed for the separate municipal permit required for the federal Illicit Discharge Detection 

and Elimination program. This limited monitoring includes laboratory analysis for ammonia, 

dissolved oxygen, surfactants, fecal coliform, potassium, water temperature, conductivity, pH, 

and fluoride concentrations in monitored outfalls during annual inspections. Visual inspections 

are routinely performed and annual reports are submitted to MDE. 

2.3 PREVIOUS INVESTIGATIONS 

The following sections summarize previous environmental investigations and an interim 

remedial measure (IRM) implemented for the chemical characterization and removal of storm 

drain sediments at the MRC. Lockheed Martin has not conducted previous studies of storm drain 

sediment at the MSA. However, Lockheed Martin has conducted studies of sediment in Dark 

Head Cove that include sampling downstream of several MSA storm drain outfalls. Detailed 

summaries of Dark Head Cove sediment studies are in the 2013 Draft Sediment Remedy Design 

Investigation Report (Tetra Tech, 2014a).  

2.3.1 Supplemental Soil and Storm-Drain Sediment Characterization 
Investigation (Summer 2009) 

In 2009, Lockheed Martin investigated sediment in Block E storm-drain systems that discharge 

to Dark Head Cove (Tetra Tech, 2010). Sediment samples were collected from storm drains to 

determine if Block E chemicals of concern (COC) (i.e., PCBs, polycyclic aromatic hydrocarbons 

[PAHs], volatile organic compounds [VOCs], and metals) were present in storm drain sediments, 
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indicating that these sediments may be past or continuing sources of COC to bottom sediments 

of Dark Head Cove. Sediment samples were collected from 20 storm-drain catch basins 

(i.e., grated inlets) and manholes within three storm-drain systems associated with MRC Outfalls 

005, 006, and 008. Samples were analyzed at an off-site laboratory for PCBs, PAHs, VOCs, and 

metals. 

PCBs were detected in nearly all sediment samples collected from Block E storm drains, with 

maximum PCB concentrations (downstream to upstream) of 91 milligrams per kilogram 

(mg/kg), 102 mg/kg, and 31 mg/kg. All total PCB concentrations in sediment from the 

Outfall 005 system exceeded the preliminary sediment-cleanup level used at the time of the study 

(one milligram per kilogram [mg/kg]), and all but one concentration exceeded 10 mg/kg. PAH 

concentrations (evaluated as benzo(a)pyrene equivalents [BaPEq]), ranged from 

0.332-139 mg/kg, with all but three sample concentrations exceeding the preliminary BaPEq 

cleanup-goal for sediment that was used at the time (0.70 mg/kg). Cadmium concentrations in 

three samples, and the chromium concentration in one sample, also exceeded the preliminary 

cleanup goals (eight and 138 mg/kg, respectively) used at the time of the study. VOCs were 

detected only at trace to low concentrations. Therefore, the project team concluded that PCBs, 

PAHs, and metals concentrations in Dark Head Cove sediments may be partially attributable to 

sediment discharging from these three outfalls. 

2.3.2 Utility Cross-Connection Study (Summer 2011) 

A utility cross-connection (UCC) investigation (Tetra Tech, 2012d) was conducted in 2011 of 

areas in Blocks G, I, and E that had been identified for in situ groundwater remediation in the 

final Groundwater Response Action Plan (Tetra Tech, 2012b). The UCC investigation included 

the southeastern portion of Block G, the area immediately south and southeast of Building C in 

Block I, and the southeastern portion of Block E near a 500,000-gallon water tank and REC #3. 

The investigation sought to identify utilities within the footprint of the proposed groundwater-

remedy systems that may act as preferential migration pathways for groundwater contaminants 

or bioremediation substrates that may be injected into groundwater to remedy VOCs. The UCC 

investigation results were used to design pilot-scale groundwater-injection tracer tests (Tetra 

Tech, 2012c) and the full-scale groundwater remedial system designs Tetra Tech, 2013d). No 

environmental samples were collected for subsurface characterization during the UCC study. 
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The UCC investigation included reviews of historical drawings, employee interviews, site 

reconnaissance, geophysical surveys, visual and closed-circuit television inspections of storm 

drains, and professional land surveying to locate, record, and map subsurface utilities. Historical 

and current utility records, site reconnaissance, and geophysical surveys indicated numerous 

underground utilities in the three study areas. Underground utilities include electrical lines, 

telecommunication lines, domestic- and fire-water lines, sanitary sewer lines, natural gas lines, 

and storm drains. Known utilities and geophysical anomalies were marked in the field. These 

locations were professionally surveyed to provide location coordinates and elevations, and to 

provide detailed maps of the utilities for future remedial designs. 

Closed-circuit television was used to inspect and digitally record accessible underground 

structures. The storm drains were cleaned to remove sediment and debris before the closed-

circuit television inspection, to allow for free movement of the crawler camera. Cleaning 

involved inserting a jet nozzle into the downstream structure of the storm drain and propelling it 

toward an upstream structure.  

As the nozzle was pulled back, liquid and solid material was vacuumed into a jet-vacuum truck. 

Jet-vacuum-truck contents were transferred to roll-offs or fractionation tanks (located on a 

containment pad) for characterization and disposal. After a pipe segment had been cleaned, the 

mobile closed-circuit television truck was positioned at the upstream structure and a robotic 

crawler camera equipped with a multi-angle lens was inserted into the drainage pipe for video 

inspection of the downstream structure. All observations were recorded on a hard drive, and an 

audio commentary accompanied the video inspection.  

The results of the utility cross-connection study indicate that the storm-drain and sanitary-sewer 

lines are at similar elevations to the groundwater table in the three areas where injections of 

Lactoil® into groundwater are proposed. Block G and Block I were historically active areas, and 

contain used and abandoned sewers and storm drains. Block G injection areas once contained 

multiple buildings and a wastewater treatment plant.  

Proposed injection areas in Blocks E, G, and I also contain geophysical anomalies that might or 

might not affect distribution of Lactoil®. Groundwater was observed flowing in a conduit joint in 

the Block E injection area. Previous pilot work and the results of the utility cross-connection 

investigation show the potential for injected Lactoil® substrate to enter the storm drain system or 
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other utility conduit resulting in a possible release to the nearby surface water body. The report 

recommended pilot-scale bromide-injection tracer tests for the three proposed injection areas to 

determine optimal substrate-injection rates and evaluate whether injected substrate and VOCs in 

groundwater would enter the storm-drain or sanitary-sewer systems. Low-flow injection rates 

were recommended for full-scale implementation, to limit groundwater mounding in the areas 

where utilities and groundwater were at similar elevations. 

2.3.3 Block E Storm-Drain Interim Remedial Measure (Fall 2011) 

A storm-drain IRM was completed at Block E in autumn 2011 (Tetra Tech, 2012a). The IRM 

removed sediment and debris from Block E drainage-system piping and manholes, provided 

sediment controls, and repaired or replaced inlets and manholes. The IRM was intended to 

minimize the transport of PCB-contaminated storm-drain sediments to off-site locations 

(e.g., Dark Head Cove) and to identify and remove flow restrictions where possible. The IRM was 

not designed to achieve preliminary sediment-cleanup goals, but rather to remove the more 

mobile sediment that might migrate off-site through the drainage system. The IRM was an initial 

step in the more comprehensive remediation of PCB-contaminated sediments planned for the 

Dark Head Cove area. No environmental sampling was conducted as part of the storm-drain IRM 

except during management of waste sediment removed from the storm drains (i.e., waste profile 

sampling and analyses).  

A Maryland-licensed land surveyor conducted a pre-construction survey to record topographic 

and as-built features of the planned and potential disturbance areas around the Block E storm-

drain system. Following completion of all fieldwork, a post-construction survey documented that 

the site had been restored to a condition as close as practical to its original pre-construction state. 

Inlets, manholes, or pipe sections of the storm drain system that were found to be damaged 

beyond repair or blocked and inaccessible at the beginning of the IRM were generally left as 

found. The accessible storm drain lines were cleaned of mobile sediment.  

Cleaning the storm drains involved inserting a jet nozzle into the downstream structure and 

propelling it toward the upstream structure. As the nozzle was pulled back, liquid and solid 

material was vacuumed into a jet-vacuum truck. Hand removal of debris was necessary at some 

locations due to the large size or heavy weight of the debris in these structures. Jet-vacuum-truck 

contents were transferred to roll offs or fractionation tanks located on a containment pad. After a 
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pipe segment had been cleaned, the mobile closed-circuit television truck was positioned at the 

upstream access structure, and a robotic-crawler camera equipped with a multi-angle lens was 

inserted into the drainage pipe to video inspect the downstream structure. All observations were 

recorded on a hard drive, and an audio commentary accompanied the video inspection.  

Three additional catch basins were identified in the northeast corner of Block E during a site 

walk in July 2011, before implementation of the Block E storm-drain system IRM. Two buried 

manholes (MH-8 and MH-9) were also found near the southeast corner of the former Building D 

foundation during the IRM. These manholes have grated-steel covers and previously served as 

catch basins for local runoff. Manhole MH-9 was raised to grade, and a new cover was placed 

over the manhole opening. Manhole MH-9 is filled with rocks that partially obstruct flow from 

the upstream pipe; however, some water flows through manhole MH-9 to the downstream catch 

basin and piping. MH-8 could not be cleaned or filmed because piping was filled with water 

caused by rocks obstructing the connection from MH-9.  

Repairs using brick, concrete, grout, and cast-iron frames and covers were performed as the 

cleaning of the Block E storm-drain system progressed. Crushed stone backfill and concrete or 

vegetative surface finishes were used as needed to return the structure/location to its original or 

better condition. Upon completion of the IRM, all disturbed areas were restored to approximately 

pre-existing grades. Seed and topsoil were distributed across all disturbed vegetated areas. Land 

surveys, photographs, and a post-cleaning video survey of the Block E drainage pipes document 

site restoration activities. Sediment controls, including silt fences and hay bales, were then 

installed around catch basins and manholes, so that sediment reentering cleaned drain lines was 

minimized until the area could be stabilized with grass.  

2.4 PROBLEM STATEMENT AND CURRENT INVESTIGATION 

Various MRC site investigations from 2003–2012 have identified sediment contamination in 

Cow Pen Creek and Dark Head Cove resulting from historical facility activities (Tetra Tech, 

2014a). Sediment impacts include elevated concentrations of PCBs, PAHs, and metals. Sediment 

sampling results indicate possibly unacceptable (according to environmental regulations) risks to 

local fauna, including benthic (i.e., sediment dwelling) invertebrates, fish, and piscivorous 

(fish-eating) birds. Risk drivers include PCBs and, to a lesser extent, PAHs, present in the top 

30 inches of the sediment bed. Specifically, PCBs and PAHs were identified in shallow 
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sediments near the bulkhead; however, only PAHs were identified in Dark Head Cove near 

MSA. In addition, cadmium and chromium (metals potentially toxic to benthic 

macroinvertebrates) were found in sediment at deeper intervals. Both metals have also been 

identified in Cow Pen Creek and Dark Head Cove sediments.  

Currently, remediation of sediment is planned for areas where PCBs, PAHs, and metals exceed 

both proposed cleanup goals (known as preliminary remediation goals [PRGs]) and 

removal/treatment concentrations (known as remedial action levels [RALs]). RALs identify 

areas that require treatment or removal to achieve the risk-based PRGs. Site sediments are also 

being studied to assess the suitability of treating contaminated sediments in situ (i.e., in place) to 

reduce COC bioavailability and minimize disturbance of the habitat. 

Other MRC studies have investigated the occurrence and distribution of PCBs, PAHs, VOCs, and 

metals in surface and subsurface soils in areas adjacent to Cow Pen Creek and Dark Head Cove. 

Detailed summaries of these soil investigations are in the Tax Blocks E and F soil remedial 

action plans (Tetra Tech, 2013b and 2014b). At two land parcels (i.e., Tax Blocks E and F) near 

Dark Head Cove, PAHs were detected in soil at concentrations associated with regulatorily 

unacceptable human health risks for hypothetical industrial receptors. PCB concentrations in 

Block E also exceeded acceptable levels in soil (50 mg/kg) according to regulations under the 

Toxic Substances Control Act of 1976 (40 Code of Federal Regulation 761). 

Previous sediment sampling results indicate that sediment in Dark Head Cove has been impacted 

by contamination transported to the cove via storm drains. For example, elevated PCB 

concentrations have been detected in surface soil near Block E catch basins and in Block E 

storm-drain sediment (before the storm drain IRM), and elevated PCB concentrations are found 

in Dark Head Cove sediment samples collected adjacent to the Block E storm-drain outfalls. 

Sediment in storm drain systems discharging to Cow Pen Creek (Outfalls 001 through 004) have 

not previously been sampled and chemically characterized for PCBs, PAHs, and metals. 

Additionally, the Block E storm drain systems have been active for nearly two years since the 

IRM was completed in autumn 2011. Therefore, new chemical data are required for active storm-

drain systems discharging into Cow Pen Creek and Dark Head Cove, to evaluate if sediment in 

these systems could, following remediation, act as continuing sources of PCB and/or PAH 

contamination to sediment in these two water bodies. Sediment in storm drain utilities was 

8024 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • STORM DRAINAGE SYSTEM SEDIMENT-SAMPLING REPORT PAGE 2-9 



 
sampled at both MRC and MSA; this report details the scope-of-work performed to address the 

investigation objective. This work also satisfies a request by MDE to sample storm drain systems 

to determine whether sediment in storm drain systems along Wilson Point Road would continue 

to contribute PAHs to sediment of Dark Head Cove (MDE, 2013).  
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Section 3 

Investigation Approach  
and Methodology 

Tetra Tech, Inc. (Tetra Tech) collected samples of accumulated sediment for laboratory chemical 

analyses from nine Middle River Complex (MRC) and four Martin State Airport (MSA) storm 

drainage systems that discharge to Cow Pen Creek or Dark Head Cove (Figure 3-1). Tetra Tech 

obtained permission from MSA before sampling began. This investigation entailed the following 

field and post-field activities: 

• mobilization/demobilization of sampling staff and equipment 

• collection of sediment samples from storm drainage systems that discharge into Cow Pen 
Creek and Dark Head Cove  

• collection, storage, and characterization of investigation-derived waste (IDW), and 
disposal of that waste at an off-site Lockheed Martin-approved disposal facility 

• laboratory chemical analyses and chemical-data validation on the sediment samples 

• evaluation of the sampling results 

3.1 MOBILIZATION/DEMOBILIZATION  

Following regulatory approval of the work plan (Tetra Tech, 2013a), the Tetra Tech field 

operations leader coordinated mobilization, which included procuring the required subcontractor 

(laboratory) and mobilizing personnel and materials to the field. Mobilization also included 

locating the appropriate equipment required for the field tasks, purchasing necessary equipment 

as required, and staging equipment for efficient loading and transportation to the site. 

Mobilization began on December 17, 2013 and included the following:  

• mobilization of equipment and materials to the site 

• implementation of: 

o site-specific health and safety plan (HASP) 
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o emergency response plan 

o sampling and analysis plan 

o waste management plan conforming to Lockheed Martin’s Energy, Environment, 
Safety, and Health (EESH) Remediation Waste Management Procedure 
No: EROP-03, Revision 4 (effective April 17, 2009) (Lockheed Martin. 2009a) 

o quality assurance (QA)/quality control (QC) plan 

o data management plan 

• set up a decontamination area 

Demobilization included:  

• demobilization of equipment and materials from the site 

• general cleanup and trash removal  

• management of IDW 

Field activities planned for the locations identified in this investigation were coordinated with 

Lockheed Martin, LMC Properties, Inc. and Martin State Airport (MSA). No drilling or 

excavating was performed for this study; therefore, no utility clearance was required before 

sampling. 

3.2 SEDIMENT SAMPLING AND ANALYSES 

Storm-drain-sediment sampling locations are shown in Figure 3-1. Sediment samples were 

collected December 18–20, 2013 from the nine primary MRC storm-drainage systems 

(Outfalls 001–009) and four MSA storm-drain systems (Outfalls 9OF001, 8OF001, IN159, and 

WROF001A) that discharge to Dark Head Cove. Attempts were made to collect sediment 

samples from accessible locations (e.g., manholes or catch basins) containing sufficient sediment 

to obtain a sample aliquot upstream of the discharge point (i.e., outfall) for each storm drain 

system. Many access points lacked sediment, or lacked sufficient sediment for the required 

sample aliquot. Therefore, manholes or catch basins sampled for several systems were located 

substantially upstream of outfalls (e.g., MRC Outfalls 001, 002, 006, and 007), or in some cases 

only one or two samples per system could be sampled (e.g., MRC Outfalls 003 and 004, and 

MSA Outfalls 8OF001 and IN159).  
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Thirty-two sediment samples were collected, with sequential sample designations SD-163 to 

SD-194. SW0043 is an MSA outfall to Dark Head Cove from an infiltration basin that receives 

direct runoff from a nearby building, grassy areas, and a taxiway. The basin has no upstream 

catch basins or piping. Sediment was not present in the infiltration basin or in the outfall 

manhole near the property boundary; therefore, a sediment sample could not be collected for this 

stormwater system. 

Grab samples were collected from each location using a flat, stainless steel scoop (AMS, Inc. 

Model 428.06 #12). The sample aliquot was homogenized using the scoop and stainless steel 

bowls. After each sample had been homogenized, the sediment was placed into a sample 

container supplied by the analytical laboratory, and the sample container was then immediately 

placed in a cooler containing ice. All reusable equipment contacting sediments was 

decontaminated between sampling locations, as described in Section 3.4. Sediment samples were 

analyzed for polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and 

percent moisture using methods listed in Table 3-1. 

Sample descriptions were recorded, noting color, grain size, sorting, texture, odor, and any other 

pertinent sediment characteristics. Grain size was determined by comparing sediment grains to a 

grain-size chart. Location and construction information for each sampled catch basin or manhole 

were recorded. Location information includes the facility location (MRC or MSA), outfall 

number, catch basin or manhole number (if available), and a location sketch. Construction 

information includes material type (i.e., concrete, brick and mortar, etc.); utility dimensions 

(length, width, bottom depth); an estimate of the amount of sediment present (i.e., area and 

thickness); and the number, size, material, and locations of inflow and outflow structures. 

Inflow/outflow structures could not be observed in flooded catch basins or manholes, and the 

presence and quantity of sediment could only be estimated by the field crew using sampling tools 

and probes. The field information was documented on a Tetra Tech sediment-sampling form 

(Appendix A). 

3.3 SAMPLE NOMENCLATURE AND HANDLING 

Sediment samples submitted to the laboratory were labeled with an “SD” prefix, identifying the 

sampled medium as sediment, followed by a three-digit numeral to identify the sampling location 

(numbers 163–194), followed by the sampling depth-interval, beginning at the top of the 
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sediment surface. For example, SD-184-0–2 designates a surface sediment sample collected at 

location SD-184 from a sediment depth-interval of zero to two inches. Proper custody procedures 

were followed throughout all phases of sample collection and handling. Laboratory-cleaned 

sample containers were released under signature from the laboratory and were accepted under 

signature by the samplers. Transport containers were sealed with strapping tape and a 

tamper-proof custody seal. The custody seal contains the signature of the individual releasing the 

transport container, along with the date and time.  

Chain of custody protocols were used throughout sample handling to establish the evidentiary 

integrity of sample containers. These protocols demonstrate that the samples were handled and 

transferred in a manner that would prevent tampering. Sample chain of custody forms are in the 

data validation reports in Appendix B. 

3.4 EQUIPMENT DECONTAMINATION 

Reusable sampling equipment (scoop and bowls) was decontaminated between sampling 

locations before each use. Decontamination solutions were collected for appropriate disposal. 

Decontamination consisted of the following steps: 

• Liquinox® and potable-water wash 

• Potable-water rinse 

• Reagent-grade isopropanol rinse (achieved by thoroughly wetting the equipment with 
isopropanol) 

• Analyte-free water rinse 

• Air drying 

3.5 WASTE MANAGEMENT 

The project followed a waste management plan conforming to Lockheed Martin EESH 

Remediation Waste Management Procedure EROP-03, Revision 4 (Lockheed Martin, 2009a) and 

Remediation ESH Contractor Handbook, (Lockheed Martin, 2009b). IDW, consisting of 

equipment rinse water and personal protective equipment (PPE), was generated during this 

sampling event. PPE was placed in trash bags and disposed of in a Lockheed Martin-designated 

trash container. All drums were appropriately labeled and logged on a drum inventory form. IDW 
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was characterized and disposed of in accordance with applicable state and federal regulations. 

IDW generated during this investigation was disposed of as non-hazardous waste. 

3.6 DATA MANAGEMENT 

Data handling procedures followed by the laboratory met the requirements set forth in the 

laboratory subcontract. All analytical and field data are maintained in Tetra Tech project files. 

The project files contain copies of the chain of custody forms, sampling log forms, sampling 

location maps, and QA/QC documentation. 

3.6.1 Data Tracking and Control 

A cradle-to-grave sample-tracking system was used throughout the investigation. Before field 

mobilization, the field operations leader coordinated and initiated sample tracking. Sample labels 

were preprinted before entering the field with sample ID, date, and time, then handwritten in the 

field. Labels were reviewed for accuracy and for adherence to work plan requirements. The project 

manager (PM) coordinated with the analytical laboratory personnel to ensure that they were aware 

of the number and type of samples and analyses they would receive. When field sampling was 

underway, the field operations leader forwarded the chain of custody forms to the PM or designee 

and to the laboratory at the end of each day of sampling. The PM/designee confirmed that the chain 

of custody forms provided the information required by the work plan. 

This data management system ensures early detection of possible field errors so adjustments can 

be made while the field team is mobilized. After successful completion of all requested analyses, 

the laboratory submitted an electronic deliverable for every sample delivery group. When all 

electronic deliverables have been received from the laboratory, the PM/designee ensured that the 

laboratory performed all requested analyses. 

3.6.2 Sample Information 

Data from field measurements were recorded using the appropriate log sheets (see Appendix A). 

Reduction of field data entailed summarizing and presenting the data in tabular form. Reducing 

laboratory data entailed manipulating raw data-instrument output into reportable results. 

Laboratory data were verified by the group supervisor and by the laboratory’s QC documentation 

department. 
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3.6.3 Project Data Compilation 

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

the analytical data packages, as well as electronic database deliverables. The electronic database 

was checked against the PDF file provided by the laboratory and updated based on data-qualifier 

flags applied during data validation, as required. Sediment data were incorporated into the 

electronic geographic information system (EGIS) database. All data, such as units of measure 

and chemical nomenclature, were reviewed and corrected, if necessary, to maintain consistency 

with the project database. 

3.6.4 Geographical Information System 

Data management systems now in use consist of a relational database and an EGIS to manage 

MRC environmental information. The relational database stores chemical, geological, 

hydrogeological, and other data collected during environmental investigations. The EGIS is built 

from the relational database and contains subsets of the larger data pool. The EGIS can post 

environmental data onto base maps to represent the information graphically. Upon compilation of 

sample, chemical, and positional data, the data were incorporated into the MRC and MSA EGIS. 

3.7 DATA VALIDATION 

A party independent of the analytical laboratory validated the data by reviewing it to ensure that 

specific criteria had been met. These criteria are concerned with specifications that are not 

sample-dependent; they specify performance requirements that should be fully under a 

laboratory’s control. For organic-data analyses, specific validation areas include blanks, 

performance-evaluation-standard materials, and instrument-performance checks. The chemical 

data were validated by Tetra Tech’s data validation group in Pittsburgh, Pennsylvania.  

Chemical data were supplied by the laboratory as hard-copy reports and electronic databases. 

After sampling was complete, chemical data were validated to assess their reliability and 

accuracy, in accordance with established United States Environmental Protection Agency 

(USEPA) protocols. This review was based on USEPA Region 3 guidelines (USEPA, 1993 

and 1994) and the specifics of the analytical method employed. Data validation reports with 

chains of custody and a data table of all sampling results (including non-detects) are in 

Appendices B (data validation reports) and C (data table). 
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Collectively, these data are acceptable for their intended use. For this validation, the following 

data qualifiers (i.e., flags) were applied to chemical results presented in this report:  

J The analyte is considered present in the sample; however, the value is estimated and 
may not be accurate or precise.  

U Not detected; the analyte is considered not detected at the reported value.  

The qualifiers appear in the chemical-results tables in Section 4 and Appendix C, and in the data 

validation report in Appendix B. 
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Table 3-1 

Sampling and Chemical Analyses for Storm Drainage System Sediment Samples—2013 
Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland 

Sampling location and number Sampling depth Sample analyses and methods Rationale/purpose 

SD-163 through SD-194 
(32 sediment samples) 
MRC Outfall 001 
SD-163-0–1 
SD-164-0–1 
SD-165-0–1 
MRC Outfall 002 
SD-166-0–1 
SD-167-0–1 
SD-168-0–1 
MRC Outfall 003 
SD-169-0–1 
MRC Outfall 004 
SD-170-0–1 
MRC Outfalls 005/008 
SD-171-0–1 
SD-172-0–3 
SD-173-0–3 
SD-181-0–1 
SD-182-0–3 
SD-183-0–1 
MRC Outfall 006 
SD-187-0–1 
SD-188-0–1 
SD-189-0–1 

 
 
MRC Outfall 007 
SD-190-0–1 
SD-191-0–1 
MRC Outfall 009 
SD-184-0–2 
SD-185-0–1 
SD-186-0–1 
MSA Outfall 9OF001 
SD-176-0–3 
SD-177-0–2 
SD-180-0–1 
MSA Outfall 8OF001 
SD-178-0–1 
SD-179-0–1 
MSA Outfall IN159 
SD-174-0–1 
SD-175-0–1 
MSA Outfall 
WROF001 
(downstream) 
SD-192-0–1 
SD-193-0–1 
SD-194-0–1 

 
 
 
0–1 inch 
0–2 inches 
or 
0–3 inches 

Laboratory analyses:  
PCBs by SW846 Method 8082 
 
PAHs by SW846 Method 8270 
(GC/SIM) 
 
percent moisture 

Sample and chemically analyze 
sediments that are currently in 
storm drainage utility lines that 
could represent a continuing 
source of PAHs or PCBs to 
sediments of Cow Pen Creek and 
Dark Head Cove. 

GC = gas chromatography 
MRC = Middle River Complex 
MSA = Martin State Airport 
PAHs = polycyclic aromatic hydrocarbons 
PCBs = polychlorinated biphenyls 
SD = sediment  
SIM = selective-ion methodology
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Section 4 

Results 

This section presents the results of the 2013 storm-drain-sediment field investigation. This 

investigation sought to provide data to chemically characterize and identify sediments currently 

in storm-drain utility lines, because they may represent a continuing source of polychlorinated 

biphenyls (PCBs) or polycyclic aromatic hydrocarbons (PAHs) to Cow Pen Creek or Dark Head 

Cove sediment. These data were collected to support the remedial design for sediment in Cow 

Pen Creek and Dark Head Cove.  

Most catch basins and manholes inspected lacked sediment or lacked sufficient sediment for a 

sample aliquot. Most appurtenances sampled contained one inch or less of sediment. These 

observations were not unexpected, because prior camera studies of the storm drain system (Tetra 

Tech, Inc. [Tetra Tech], 2012a, 2012d) have shown that sediment tends to accumulate at pipe 

joints (particularly offset joints or mineral encrustations), and not necessarily in accessible 

portions of catch basins and manholes. One manhole at sampling location SD-173-0–3 (at a 

manhole that could not be cleaned as part of the 2011 storm drain interim remedial measure 

[IRM]) was entirely filled with soil. 

Validated chemical data for the 32 storm-drain-sediment samples were used to generate a 

statistical summary table (Table 4-1) and a table summarizing positive detections of the chemical 

analytes (Table 4-2). Samples were analyzed for PCBs and PAHs. Total PCBs and 

benzo(a)pyrene-equivalent (BaPEq) concentrations were calculated for each sample and these 

were compared to the proposed point-based (i.e., single sample) remedial action levels (RALs) in 

the Middle River Complex (MRC) sediment feasibility study (Tetra Tech, 2013c). PAH 

concentrations for each sample were typically converted to a BaPEq concentration so that risk 

could be evaluated using a single risk-based value for PAHs. The BaPEq is the sum of all 

carcinogenic PAH concentrations that have been adjusted by applying chemical-specific 

toxicity-equivalence factors relative to benzo(a)pyrene. For reference, Table 4-2 also shows the 
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point-based preliminary remediation goals (PRGs) for total PCBs and BaPEq (Tetra Tech, 

2013c).  

The point-based PRG and point-based RAL are the same for total PCBs (0.676 milligrams per 

kilogram (mg/kg), whereas the PRG for BaPEq (0.70 mg/kg) is approximately one order of 

magnitude (i.e., a power of 10) lower than the RAL (6.50 mg/kg). The Middle River Complex 

(MRC) sediment feasibility study developed PCB RALs to be protective of both human health and 

ecological receptors at the site. The RALs were developed using United States Environmental 

Protection Agency (USEPA)-approved methodologies that incorporate the most current scientific 

knowledge on the effects of these compounds on potential receptors. USEPA considers the 

ecological RAL, which is the consensus-based freshwater probable-effect concentration 

developed by MacDonald, et al., (1996, 2000a, b) and adopted by the USEPA Biological Technical 

Assistance Group (USEPA, 2006a, b), to be protective of benthic invertebrates. Although the 

human health RAL is lower than the ecological sediment RAL, the human health RAL is an area-

weighted concentration that cannot be compared directly to the point-based (i.e., single sample) 

storm drain system sediment concentrations; therefore the lowest point-based RAL of 0.676 

mg/kg developed for ecological receptors was selected to screen the storm drain sediment 

sample results in this report. Based on the sediment risk assessment, this ecological-based 

remedial level (0.676 mg/kg) would also not present an unacceptable human health risk if a 

human receptor were to directly contact the sediments. Additionally, based on the low volume of 

sediments in the storm drain system, contribution of storm drain sediment to Dark Head Cove at 

concentrations at or below 0.676 mg/kg would not substantially contribute to the areal extent of 

PCB in sediment in the receiving waters (i.e., not substantially raise the area-wide PCB 

concentration). 

Table 4-2 and Figure 4-1 show total PCB and BaPEq sampling results that exceed the proposed 

point-based sediment RALs (0.676 milligrams per kilogram [mg/kg] and 6.50 mg/kg, 

respectively). Total PCB and BaPEq concentrations in these tables are presented in units of both 

milligrams per kilogram and micrograms per kilogram (µg/kg), for consistency with previous 

MRC documents.  
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4.1 POLYCHLORINATED BIPHENYLS 

PCBs were detected in all 32 sediment samples (Tables 4-1 and 4-2), at concentrations ranging 

from 0.0021 mg/kg (sample SD-170-0–1 in the MRC Outfall 004 system) to 780 mg/kg (sample 

SD-182-0–3 in the MRC Outfall 005 system). As shown in Table 4-2 and Figure 4-1, total PCB 

concentrations exceed the proposed sediment RAL (0.676 mg/kg) in 10 sediment samples within 

five outfall systems (MRC outfall systems 005, 007, 008, and 009, and Martin State Airport 

[MSA] outfall system IN159). Samples exceeding the proposed RAL (0.676 mg/kg) are 

summarized in Table 4-3. 

Sediment samples with the highest concentrations of total PCBs (40–780 mg/kg) were collected 

in MRC Block E, in the Outfall 005 and 008 systems in the southern portion of the property. One 

elevated PCB concentration (SD-171-0–1 at 150 mg/kg) was detected at the northern edge of 

Block F, but it is directly downstream of catch basins and manholes where several of the highest 

PCB concentrations are present in Block E (e.g., SD-182-0–3 [780 mg/kg], SD-173-0–3 

[220 mg/kg], and SD-172-0–3 [54 mg/kg]. Lower exceedances were detected at concentrations 

ranging from 0.74–1.71 mg/kg, in samples collected southeast and east of MRC Building C 

(samples SD-185-0–1 and SD-191-0–1) and northeast of the Hangar 4–6 building at Martin State 

Airport (MSA) (sample SD-175-0–1). 

4.2 BENZO(A)PYRENE EQUIVALENT 

PAHs were detected in all 32 sediment samples (Tables 4-1 and 4-2), with BaPEq concentrations 

ranging from 0.098 mg/kg (sample SD-169-0–1 in MRC Outfall 003 system) to 64.0 mg/kg 

(sample SD-190-0–1 in MRC Outfall 007 system). As shown in Table 4-2 and Figure 4-1, BaPEq 

concentrations exceeded the proposed sediment RAL (6.50 mg/kg) in seven sediment samples 

within five outfall systems: MRC Outfall systems 005, 007, and 008, and MSA Outfall systems 

9OF001 and IN159. 

Sediment samples with BaPEq concentrations greater than the proposed sediment RAL 

(i.e., BaPEq concentrations ranging from 8.06–64.0 mg/kg) were collected at the following 

locations (listed from highest to lowest concentration): 

• The MRC Outfall 007 system, in the catch basins east of Building C (samples 
SD-190-0-1 and SD-191-0–1, at 19.1 and 64.0 mg/kg, respectively). These catch basins 
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contain only approximately one inch of sediment each, and are at the upstream end of the 
Outfall 007 system. Transport of this sediment to the Dark Head Cove outfall is unlikely, 
because of the limited quantity of sediment in the catch basins, the long travel distance to 
the outfall, and the absence of sediment in manholes inspected downstream 
(i.e., northeast and southeast) of these catch basins.  

• MSA Outfall 9OF001, in an open channel along Wilson Point Road (sample SD-177-0–2 
at 30.5 mg/kg). This sample was collected from an open channel along Wilson Point 
Road where transport of sediment is possible to downstream locations; however, the 
BaPEq concentration of 2.70 mg/kg in downstream sample SD-176-0–3 indicates that 
PAHs in sediment are not likely reaching Dark Head Cove at concentrations above the 
RAL (6.50 mg/kg). 

• The MRC Outfalls 005 and 008 systems in MRC Block E (samples SD-181-0–1, 
SD-182-0–3, and SD-183-0–1, range of 14.8–25.5 mg/kg). Sediment at these three 
locations is unlikely to be transported to Dark Head Cove because of an elevated outflow 
pipe in manhole MH-9 (location of SD-181-0–1). MH-9 is downstream of the other two 
sampling locations that had elevated BaPEq in this system (SD-182-0–3 and 
SD-183-0-1). The higher outflow pipe at MH-9 is usually partially filled with water, and 
has an area where sediment drops out and is trapped in MH-9 upstream of the outfall. The 
presence of only approximately one inch of sediment at MH-9 indicates that sediment is 
trapped in MH-9 (i.e., the accumulated sediment level in MH-9 is below the outflow 
pipe), and is likely not reaching Dark Head Cove. 

• The manhole at the northeastern corner of MSA Hangar 4 (sample SD-175-0–1, at 
8.06 mg/kg) contains only approximately one inch of sediment and is near the upstream 
end of the Outfall IN159 system. Transport of this sediment to the outfall is unlikely due 
to the limited quantity of sediment in the manhole, the long travel distance to the outfall, 
and the absence of sediment in manholes inspected downstream of this location. 
Furthermore, the BaPEq concentration (2.87 mg/kg) in downstream sample SD-174-0–1 
indicates that PAHs in sediment are not likely reaching Dark Head Cove at concentrations 
above the RAL (6.50 mg/kg). 

4.3 POSSIBLE SOURCES DISCUSSION 

Contaminant concentrations and observed volumes of sediment in the drainage systems indicate 

that MRC outfall systems 001–004 are not significant continuing sources of PCBs and PAHs 

(expressed as BaPEq) to Cow Pen Creek sediment, because PCB and BaPEq concentrations in 

sediment samples of these outfall systems are below the RALs. Additionally, the amount of 

sediment (one inch or less) noted in these outfall systems is sparse. Outfalls 001–004 primarily 

receive runoff from building roofs and paved portions of the MRC, where PCBs are not 

chemicals of concern. This storm-drain-sediment investigation suggests that MRC Outfall 005 

may act as a continuing source of PCBs and PAHs (expressed as BaPEq) to Dark Head Cove 

sediment, because concentrations of these two constituents in sediment samples are substantially 
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above the RALs (i.e., PCB concentrations up to 780 mg/kg and BaPEq concentrations up to 

30.5 mg/kg). Sediment is also available to be transported via the Outfall 005 system.  

Several inches of sediment were encountered in two Block E catch basins sampled, and one 

manhole (sample SD-173 at MH-4) was filled with soil/sediment. The manhole at sampling 

location SD-173 (MH-4) was full of sediment at the time of the 2011 IRM. Manhole MH-4 and 

sampling location SD-172-0–3 (in catch basin IL-18) were not cleaned because the pipes are 

blocked in this part of the Outfall 005 system. Sampling location SD-182-0–3 (manhole MH-7) 

was cleaned and repaired during the IRM. However, transport of sediment to Dark Head Creek 

may be limited, since much of this system is still blocked, because discharge from the outfall is 

low, and because downstream manholes nearest Outfall 005 (e.g., MH-1 and MH-2) contain little 

to no sediment several years after completion of the IRM.  

MSA Outfalls OF9001 and IN159 might possibly act as limited continuing sources of PCBs and 

PAHs (represented as BaPEq) to sediment of Dark Head Cove, based on upstream sample 

concentrations of one or both of these constituents above the RALs. However, downstream 

sediment sampling results (SD-174-0–1 and SD-176-0–1) suggest that concentrations of PCBs 

and BaPEq above the RALs may not be transported via sediment to Dark Head Cove. Accurate 

estimates of sediment quantities in the storm drain systems cannot reliably be made from this 

study.  

Except for the MRC Outfall 005 system, samples collected and/or visual inspections conducted 

for this study indicate only small quantities of sediment in catch basins and manholes. Portions 

of the Outfall 005 system cleaned during the IRM and sampled for this investigation (samples 

SD-171-0–1, SD-181-0–1, and SD-182-0–3) contain only limited quantities of sediment 

(thicknesses of one to three inches), although sediment concentrations exceed the PCB and/or 

BaPEq RALs at these locations. The conditions of Outfall 005 manholes and catch basins not 

cleaned during the IRM but sampled as during this investigation (SD-172-0–3, SD-173-0–3, and 

SD-183-0–1) appear to be the same as those reported during the 2011 IRM. Previous camera 

studies at the Middle River Complex (Tetra Tech, 2012a, 2012d) demonstrate that most of the 

sediment in storm drainage systems accumulates at pipe joints (particularly offset joints or 

mineral encrustations), where it cannot be observed without the aid of a mobile camera system. 
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Therefore, estimates based solely on information from catch basins and manholes likely 

underestimate the amount of sediment in the storm drainage systems.  
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Table 4-1

Statistical Summary of Analytes Detected in Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport

Middle River, Maryland

Parameter

Frequency

of

Detection

Percent

Minimum

Non-Detect

Concentration

Maximum

Non-Detect

Concentration

Minimum

Detected

Concentration

Maximum

Detected

Concentration

Location of

Maximum

Concentration

Sample of

MaxImum

Concentration

Average of

All Results

Average of

Positive

Results

Standard

Deviation

Polychlorinated biphenyls (mg/kg)

TOTAL AROCLOR 32/32 100 -- -- 0.0021 780 SD-182 SD-182-0-3 52.2 52.2 157.9

Polycyclic aromatic hydrocarbons (mg/kg)

BaPEq-POS 32/32 100 -- -- 0.096 64.0 SD-190 SD-190-0-1 7.02 7.02 13.1

Polychlorinated biphenyls (µg/kg)

AROCLOR-1254 18/32 56 0.37 U 2500 U 5.3 410
SD-175,

SD-184

SD-175-0-1,

SD-184-0-2
149.3 105.3 289.3

AROCLOR-1260 32/32 100 -- -- 2.1 780000 SD-182 SD-182-0-3 52160 52160 157900

TOTAL AROCLOR 32/32 100 -- -- 2.1 780000 SD-182 SD-182-0-3 52220 52220 157900

Polycyclic aromatic hydrocarbons (µg/kg)

BaPEq-POS 32/32 100 -- -- 95.75 64050 SD-190 SD-190-0-1 7023 7023 13100

BENZO(A)ANTHRACENE 32/32 100 -- -- 76 J 49000 SD-190 SD-190-0-1 4952 4952 9738

BENZO(A)PYRENE 32/32 100 -- -- 69 J 43000 SD-190 SD-190-0-1 4685 4685 8803

BENZO(G,H,I)PERYLENE 32/32 100 -- -- 81 J 33000 SD-190 SD-190-0-1 3752 3752 6755

CHRYSENE 32/32 100 -- -- 120 J 55000 SD-190 SD-190-0-1 5804 5804 11110

FLUORANTHENE 32/32 100 -- -- 180 J 150000 SD-190 SD-190-0-1 14120 14120 30300

PYRENE 32/32 100 -- -- 160 J 74000 SD-190 SD-190-0-1 9394 9394 17450

BENZO(B)FLUORANTHENE 31/32 97 130 U 130 U 120 J 47000 SD-190 SD-190-0-1 5650 5830 10090

BENZO(K)FLUORANTHENE 31/32 97 170 U 170 U 43 J 19000 SD-190 SD-190-0-1 2161 2227 3987

INDENO(1,2,3-CD)PYRENE 31/32 97 86 U 86 U 66 J 30000 SD-190 SD-190-0-1 3346 3453 6104

PHENANTHRENE 31/32 97 130 U 130 U 47 J 61000 SD-190 SD-190-0-1 7519 7759 14600

ANTHRACENE 30/32 94 19 U 82 U 30 J 18000 SD-190 SD-190-0-1 1597 1701 3473

DIBENZ(A,H)ANTHRACENE 30/32 94 21 U 48 U 26 J 8200 SD-190 SD-190-0-1 917.6 977.6 1667

ACENAPHTHYLENE 28/32 88 22 U 96 U 14 870 SD-190 SD-190-0-1 185.4 208 198.1

FLUORENE 26/32 81 25 U 110 U 13 6600 SD-190 SD-190-0-1 720.1 880.7 1439

ACENAPHTHENE 25/32 78 20 U 80 U 9 J 5600 SD-190 SD-190-0-1 704.2 895.9 1328

NAPHTHALENE 19/32 59 6.8 U 72 U 4.7 J 640 SD-181 SD-181-0-1 112 179.7 169.5

2-METHYLNAPHTHALENE 18/32 56 7.1 U 75 U 2.5 J 530 SD-190 SD-190-0-1 90.9 151.3 136.6

Associated Samples:
BaPEq - benzo(a)pyrene equivalent SD-163-0-1 SD-171-0-1 SD-179-0-1 SD-187-0-1

J - estimated concentration SD-164-0-1 SD-172-0-3 SD-180-0-1 SD-188-0-1

µg/kg - micrograms per kilogram (i.e., parts per billion) SD-165-0-1 SD-173-0-3 SD-181-0-1 SD-189-0-1

mg/kg - milligrams per kilogram (i.e., parts per million) SD-166-0-1 SD-174-0-1 SD-182-0-3 SD-190-0-1

PCBs - polychlorinated biphenyls SD-167-0-1 SD-175-0-1 SD-183-0-1 SD-191-0-1

POS - only detected polycyclic aromatic hydrocarbons are used for this calculation SD-168-0-1 SD-176-0-3 SD-184-0-2 SD-192-0-1

U - not detected at the concentration shown left of the letter SD-169-0-1 SD-177-0-2 SD-185-0-1 SD-193-0-1

-- not applicable SD-170-0-1 SD-178-0-1 SD-186-0-1 SD-194-0-1



Table 4-2

Analytes Detected and Screening Criteria for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 1 of 4

LOCATION Preliminary SD-163 SD-164 SD-165 SD-166 SD-167 SD-168 SD-169 SD-170

SAMPLE ID Remedial SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1 SD-167-0-1 SD-168-0-1 SD-169-0-1 SD-170-0-1

SAMPLE DATE Goal(1) 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/20/2013

Polycyclic aromatic hydrocarbons (mg/kg)

BaPEq-POS 0.70 6.50 0.775 0.967 1.43 0.233 0.382 0.593 0.096 0.362

Polychlorinated biphenyls (mg/kg)

TOTAL AROCLOR 0.676 0.676 0.025 0.089 0.099 0.034 0.019 0.184 0.058 0.0021

Polycyclic aromatic hydrocarbons (µg/kg)

BaPEq-POS 700 6500 775.31 966.96 1429.4 233.18 382.14 592.83 95.75 362.06

2-METHYLNAPHTHALENE -- 30 J 25 J -- -- -- -- --

ACENAPHTHENE 64 J 25 J 47 J -- -- 110 J 30 J --

ACENAPHTHYLENE 69 J 150 J 36 J -- -- -- -- 58 J

ANTHRACENE 97 J 200 J 110 J -- 44 J 180 J -- 110 J

BENZO(A)ANTHRACENE 530 J 520 830 130 J 270 J 470 76 J 320

BENZO(A)PYRENE 500 J 660 920 120 J 280 J 390 J 69 J 250 J

BENZO(B)FLUORANTHENE 700 J 640 1400 -- 430 250 J 120 J 320 J

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J 340 J 410 J 81 J 170 J

BENZO(K)FLUORANTHENE 260 J 420 590 -- 170 J 530 43 J 78 J

CHRYSENE 710 J 760 1500 180 J 440 530 120 J 280

DIBENZ(A,H)ANTHRACENE 110 J 130 J 200 J 100 J -- 88 J -- 32 J

FLUORANTHENE 1400 J 960 3500 180 J 800 1000 180 J 630

FLUORENE 52 J 52 J 55 J -- -- 86 J -- --

INDENO(1,2,3-CD)PYRENE 390 J 560 790 -- 300 J 370 J 66 J 150 J

NAPHTHALENE -- 34 J 95 J -- -- 36 J -- --

PHENANTHRENE 990 J 370 2800 -- 340 J 710 47 J 300

PYRENE 1100 J 1100 2500 210 J 590 830 160 J 480

Polychlorinated biphenyls (µg/kg)

AROCLOR-1254 676 676 -- -- -- -- -- 100 29 --

AROCLOR-1260 676 676 25 89 99 J 34 19 84 29 2.1 J

TOTAL AROCLOR 676 676 25 89 99 34 19 184 58 2.1

Remedial

Action

Level(1)



Table 4-2

Analytes Detected and Screening Criteria for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 2 of 4

LOCATION Preliminary

SAMPLE ID Remedial

SAMPLE DATE Goal(1)

Polycyclic aromatic hydrocarbons (mg/kg)

BaPEq-POS 0.70 6.50

Polychlorinated biphenyls (mg/kg)

TOTAL AROCLOR 0.676 0.676

Polycyclic aromatic hydrocarbons (µg/kg)

BaPEq-POS 700 6500

2-METHYLNAPHTHALENE

ACENAPHTHENE

ACENAPHTHYLENE

ANTHRACENE

BENZO(A)ANTHRACENE

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(G,H,I)PERYLENE

BENZO(K)FLUORANTHENE

CHRYSENE

DIBENZ(A,H)ANTHRACENE

FLUORANTHENE

FLUORENE

INDENO(1,2,3-CD)PYRENE

NAPHTHALENE

PHENANTHRENE

PYRENE

Polychlorinated biphenyls (µg/kg)

AROCLOR-1254 676 676

AROCLOR-1260 676 676

TOTAL AROCLOR 676 676

Remedial

Action

Level(1)

SD-171 SD-172 SD-173 SD-174 SD-175 SD-176 SD-177 SD-178

SD-171-0-1 SD-172-0-3 SD-173-0-3 SD-174-0-1 SD-175-0-1 SD-176-0-3 SD-177-0-2 SD-178-0-1

12/19/2013 12/19/2013 12/19/2013 12/19/2013 12/19/2013 12/19/2013 12/19/2013 12/19/2013

1.02 6.39 2.83 2.87 8.06 2.70 30.5 0.258

150 54 220 0.5 1.71 0.124 0.101 0.0173

1020.22 6393 2828.3 2870.2 8061.1 2699.3 30526 258.05

14 J 50 J 55 J 47 J 210 J 30 J 300 J --

28 J 550 150 J 230 1500 130 J 2200 J --

71 160 J 430 140 J 310 200 J 510 J 48 J

160 1100 580 610 2100 390 3300 J 30 J

620 4600 1700 2200 5700 1600 18000 J 140 J

680 J 4200 J 1900 J 1900 J 5400 J 1800 J 21000 J 180 J

720 J 5300 J 2100 J 2500 J 6000 J 2700 J 27000 J 200 J

630 J 3300 J 1800 J 1300 J 3700 J 1500 J 15000 J 140 J

250 J 1800 J 630 J 780 J 2500 J 710 J 10000 J 86 J

720 5000 2000 2400 6100 2200 26000 J 190 J

150 J 870 J 390 J 360 J 1100 J 320 J 3500 J 32 J

910 9600 3000 5800 13000 4200 68000 J 260

35 J 460 160 J 250 1000 160 J 2200 J --

530 J 3100 J 1500 J 1300 J 3600 J 1400 J 14000 J 110 J

24 J 89 J 94 J 160 J 480 51 J 120 J --

430 5000 1100 3800 9000 1700 39000 J 81 J

1100 7400 3400 4000 10000 3000 45000 J 210

-- -- -- 150 410 36 28 J 5.3

150000 54000 220000 350 1300 88 73 J 12

150000 54000 220000 500 1710 124 101 17.3



Table 4-2

Analytes Detected and Screening Criteria for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 3 of 4

LOCATION Preliminary

SAMPLE ID Remedial

SAMPLE DATE Goal(1)

Polycyclic aromatic hydrocarbons (mg/kg)

BaPEq-POS 0.70 6.50

Polychlorinated biphenyls (mg/kg)

TOTAL AROCLOR 0.676 0.676

Polycyclic aromatic hydrocarbons (µg/kg)

BaPEq-POS 700 6500

2-METHYLNAPHTHALENE

ACENAPHTHENE

ACENAPHTHYLENE

ANTHRACENE

BENZO(A)ANTHRACENE

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(G,H,I)PERYLENE

BENZO(K)FLUORANTHENE

CHRYSENE

DIBENZ(A,H)ANTHRACENE

FLUORANTHENE

FLUORENE

INDENO(1,2,3-CD)PYRENE

NAPHTHALENE

PHENANTHRENE

PYRENE

Polychlorinated biphenyls (µg/kg)

AROCLOR-1254 676 676

AROCLOR-1260 676 676

TOTAL AROCLOR 676 676

Remedial

Action

Level(1)

SD-179 SD-180 SD-181 SD-182 SD-183 SD-184 SD-185 SD-186

SD-179-0-1 SD-180-0-1 SD-181-0-1 SD-182-0-3 SD-183-0-1 SD-184-0-2 SD-185-0-1 SD-186-0-1

12/19/2013 12/19/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013

0.289 4.32 25.5 14.8 20.1 5.97 1.86 0.471

0.0296 0.116 420 780 40 1.71 0.74 0.098

289.43 4322.7 25508 14776 20148 5971.9 1857.3 471.02

2.5 J -- 440 J 240 J 280 170 21 J --

18 70 J 3900 1600 3000 920 53 J --

14 76 J 350 J 230 J 320 560 94 J 50 J

41 390 J 7100 3000 5600 2200 230 96 J

120 2600 20000 10000 15000 4500 1300 J 280 J

200 J 2900 17000 9500 13000 3800 1200 J 290 J

290 J 4300 21000 13000 15000 4700 1500 J 540

150 J 2600 14000 9200 11000 3400 1100 350 J

120 J 1900 8800 3500 6200 1700 570 150 J

230 3700 20000 11000 16000 4900 1600 520

32 J 490 3100 2200 3100 930 270 67 J

410 6200 35000 18000 33000 11000 3600 1100

13 110 J 4100 1200 2400 1100 87 J --

150 J 2200 12000 7300 9700 3000 1000 300 J

4.7 J -- 640 450 J 480 340 43 J --

150 2600 28000 12000 17000 6400 1100 J 400

290 5900 37000 18000 19000 6100 1900 590

7.6 21 -- -- -- 410 190 38

22 95 420000 780000 40000 1300 550 60

29.6 116 420000 780000 40000 1710 740 98



Table 4-2

Analytes Detected and Screening Criteria for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 4 of 4

LOCATION Preliminary

SAMPLE ID Remedial

SAMPLE DATE Goal(1)

Polycyclic aromatic hydrocarbons (mg/kg)

BaPEq-POS 0.70 6.50

Polychlorinated biphenyls (mg/kg)

TOTAL AROCLOR 0.676 0.676

Polycyclic aromatic hydrocarbons (µg/kg)

BaPEq-POS 700 6500

2-METHYLNAPHTHALENE

ACENAPHTHENE

ACENAPHTHYLENE

ANTHRACENE

BENZO(A)ANTHRACENE

BENZO(A)PYRENE

BENZO(B)FLUORANTHENE

BENZO(G,H,I)PERYLENE

BENZO(K)FLUORANTHENE

CHRYSENE

DIBENZ(A,H)ANTHRACENE

FLUORANTHENE

FLUORENE

INDENO(1,2,3-CD)PYRENE

NAPHTHALENE

PHENANTHRENE

PYRENE

Polychlorinated biphenyls (µg/kg)

AROCLOR-1254 676 676

AROCLOR-1260 676 676

TOTAL AROCLOR 676 676

Remedial

Action

Level(1)

SD-187 SD-188 SD-189 SD-190 SD-191 SD-192 SD-193 SD-194

SD-187-0-1 SD-188-0-1 SD-189-0-1 SD-190-0-1 SD-191-0-1 SD-192-0-1 SD-193-0-1 SD-194-0-1

12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013 12/20/2013

2.17 0.954 4.95 64.0 19.1 0.220 0.251 0.188

0.121 0.064 0.093 0.099 0.88 0.033 0.017 0.016

2168.9 954.21 4948.7 64045 19123 219.73 251.07 188.49

48 J -- -- 530 230 -- -- --

-- -- 130 J 5600 2000 20 J 13 J 9 J

190 J 120 J 160 J 870 440 89 31 J 48 J

260 J 140 J 590 18000 4200 89 54 J 43 J

1100 470 3000 49000 13000 130 160 100

1400 620 3300 43000 13000 150 170 130

1800 800 3900 47000 16000 170 200 140

1600 690 2800 33000 9200 120 130 94

720 250 J 1500 19000 5600 64 J 87 J 44 J

1700 710 3700 55000 17000 190 200 150

340 J 150 J 680 8200 2300 29 J 33 J 26 J

2900 1000 8100 150000 67000 360 440 240

82 J 43 J 180 J 6600 2400 34 J 23 J 15 J

1300 540 2600 30000 8500 99 110 79 J

-- -- 66 J 120 J 87 J -- -- --

850 260 J 2700 61000 42000 170 160 81

1900 710 4500 74000 49000 240 230 160

29 15 11 53 350 13 -- --

92 49 82 46 530 20 17 16

121 64 93 99 880 33 17 16

Shaded cell indicates the concentration exceeds the remedial action level.

BaPEq - benzo(a)pyrene equivalent

J - estimated concentration

µg/kg - micrograms per kilogram (i.e., parts per billion)

mg/kg - milligrams per kilogram (i.e., parts per million)

PCBs - polychlorinated biphenyls

POS - only detected polycyclic aromatic hydrocarbons are used for this calculation

-- not detected

1) Point-based preliminary remediation goals and remedial action levels are from Table 5-1 of the Middle River Complex
sediment feasibility study (Tetra Tech, 2013a).



 
Table 4-3 

PCBs in Storm Drainage System Sediment Samples Exceeding the Sediment Remedial Action Level*—2013 
Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland 

Sample ID Total PCB 
concentration 

(mg/kg) 

Location 

SD-182-0–3 780 MRC Outfalls 005/008 systems; along the main line east of the south–central portion of MRC Block E 

SD-181-0–1 420 MRC Outfall 008 system; along the main line in the southeastern portion of MRC Block E, near the water tower 

SD-173-0–3 220 MRC Outfall 005 system; at the intersection of two main lines in south–central portion of MRC Block E 

SD-171-0–1 150 MRC Outfall 005 system; manhole adjacent to roadway near the north side of MRC Block F 

SD-172-0–3 54.0 MRC Outfall 005 system; main line in the south–central portion of MRC Block E; sample collected near ground 
surface in a manhole backfilled with sediment/soil 

SD-183-0–1 40 MRC Outfall 005 system; upstream catch basin in the main line in the southwestern portion of MRC Block E 

SD-184-0–3 1.71 MRC Outfall 009 system; covered manhole in the main line in the northwestern portion of Lot 6 in MRC Block D; 
downstream of SD-185-0–1 

SD-175-0–1 1.71 MSA Outfall IN159 system; northwestern corner of Hangar 4 

SD-191-0–1 0.88 MRC Outfall 007 system; east of Building C in MRC Block I 

SD-185-0–1 0.74 MRC Outfall 009 system; southeastern corner of Building C in MRC Block I 

*Remedial action level is the point-based remedial action level of 0.676 for PCBs (Tetra Tech, 2013c). 
mg/kg = milligram(s) per kilogram 
MRC = Middle River Complex 
MSA = Martin State Airport 
PCB = polychlorinated biphenyl 
SD = sediment 
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FIGURE 4-1 
PCBs and BaPEq IN STORM DRAINAGE SYSTEM SEDIMENT SAMPLES EXCEEDING SEDIMENT REMEDIAL ACTION LEVELS -2013 

MIDDLE RIVER COMPLEX AND MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND 
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Section 5 

Summary 

The following summarizes Lockheed Martin Corporation’s (Lockheed Martin’s) 2013 storm-

drainage-system sediment investigation and findings: 

• December 18–20, 2013, Lockheed Martin collected 32 sediment samples from nine 
Middle River Complex (MRC) storm drainage systems and four Martin State Airport 
(MSA) storm drainage systems that discharge to Cow Pen Creek or Dark Head Cove. 

• Samples were collected to support the remedial design for sediments in Cow Pen Creek 
and Dark Head Cove. Sediments in these two water bodies contain concentrations of 
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) in 
excess of proposed point-based (i.e., single sample) remedial action levels (RALs) 
developed in the feasibility study. The samples were collected to evaluate if sediment in 
the storm drain systems could potentially act as continuing sources of these two 
contaminants to sediment in the creek and cove following remediation. 

• Most catch basins and manholes inspected lacked sediment or lacked sufficient sediment 
for a sample aliquot. Most appurtenances sampled contained one inch or less of sediment. 
One manhole (sample SD-173-0–3) was backfilled with soil. The field crew could only 
estimate the presence of sediment by using sampling tools and probes in flooded catch 
basins or manholes. 

• Sediment samples were chemically analyzed at on off-site laboratory for polychlorinated 
biphenyls, polycyclic aromatic hydrocarbons, and moisture content. 

• Polychlorinated biphenyls and polycyclic aromatic hydrocarbons were detected in all 
32 samples collected from the 13 storm drain systems. 

• Concentrations of polychlorinated biphenyls exceed the proposed point-based remedial 
action level of 0.676 milligrams per kilogram (mg/kg) in 10 samples. Polychlorinated 
biphenyls concentrations above the proposed remedial action level range from 
0.74-780 mg/kg. 

• The highest concentrations of polychlorinated biphenyls (40–780 mg/kg) were detected 
in six sediment samples in the Middle River Complex Outfalls 005 and 008 systems in 
Blocks E and F. 

• Concentrations of polycyclic aromatic hydrocarbons (expressed as benzo(a)pyrene 
equivalents [BaPEq]) in seven samples exceed the proposed point-based benzo(a)pyrene 
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equivalent remedial action level of 6.50 mg/kg. Concentrations of benzo(a)pyrene 
equivalent above the proposed remedial action level range from 8.06–64.0 mg/kg, and 
were detected in samples from the following locations (from highest to lowest 
concentrations):  

o The MRC Outfall 007 system, in catch basins east of Building C (two samples)  

o The MSA Outfall 9OF001 system, in an open channel along Wilson Point Road (one 
sample) 

o The MRC Outfalls 005 and 008 systems in Block E (three samples) 

o The northeastern corner of Martin State Airport Hangar 4 (one sample) 

• The investigation indicates that Middle River Complex Outfall systems 001–004 are not 
significant continuing sources of polychlorinated biphenyls and polycyclic aromatic 
hydrocarbons to Cow Pen Creek. This conclusion is based on polychlorinated biphenyl 
and polycyclic aromatic hydrocarbon concentrations below the remedial action levels in 
these storm-drain-sediment samples, and the sparse amount of sediment (one inch or less) 
noted in these outfall systems. 

• The Middle River Complex Outfall 005 system may be a continuing source of 
polychlorinated biphenyls and polycyclic aromatic hydrocarbons to the sediment of Dark 
Head Cove, because concentrations of these constituents are substantially above remedial 
action levels and sediment is available for transport to Dark Head Cove. However, 
transport of sediment to Dark Head Creek may be limited, because most of this system is 
still blocked. Discharge from the outfall is also low, and the downstream manholes 
nearest Outfall 005 (e.g., MH-1 and MH-2) contain little to no sediment several years 
after completion of the IRM. 

• Martin State Airport Outfalls OF9001 and IN159 may act as limited continuing sources 
of polychlorinated biphenyls and polycyclic aromatic hydrocarbons to sediment of Dark 
Head Cove, because upstream-sample concentrations of one or both of these constituents 
are above the remedial action levels. However, sediment samples collected downstream 
of elevated samples but upstream of the outfalls suggest that sediment containing these 
constituents above the remedial action levels may not be transported to Dark Head Cove. 

• Accurate estimates of sediment quantities in the storm drain systems cannot reliably be 
made from this study. Except for the Middle River Complex Outfall 005 system, sample 
collection and/or visual inspections conducted for this study indicate only small 
quantities of sediment in catch basins and manholes. However, previous camera studies at 
the Middle River Complex (Tetra Tech, Inc. [Tetra Tech], 2010, 2012a, 2012d) 
demonstrate that sediment typically accumulates at pipe joints (particularly offset joints 
or mineral encrustations), where it cannot be seen without the aid of a mobile camera 
system. Therefore, estimates based solely on information from catch basins and manholes 
likely underestimate the amount of sediment in the storm drainage systems. 

Future plans for sediments include additional sediment sampling and chemical analyses 
of sediments near Outfalls 005 in 2014 to refine the magnitude and extent of more 
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impacted sediments in support of a remedial design for an Interim Remedial Action to 
remove elevated concentrations of polychlorinated biphenyls (Note: This future action is 
now described as the “Outfall 005 Sediment Removal Action”). Complete remediation of 
Dark Head Cove and Cow Pen Creek where polychlorinated biphenyls, polycyclic 
aromatic hydrocarbons, and metals exceed proposed cleanup goals is currently being 
designed and permitted.  Future cleanup of Tax Block E soils will include removing 
polychlorinated biphenyls present in the storm drain system in Block E.  
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APPENDIX A—FIELD SAMPLE SHEETS
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APPENDIX B—DATA VALIDATION REPORTS (ON CD ONLY)
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APPENDIX C—CHEMICAL DATA TABLE



Table C-1

Chemical Results for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 1 of 7

LOCATION SD-163 SD-164 SD-165 SD-166 SD-167 SD-168 SD-169 SD-170

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1 SD-167-0-1 SD-168-0-1 SD-169-0-1 SD-170-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/18/2013 12/20/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18 382.14 592.83 95.75 362.06

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U 39 U 38 U 17 U 19 U

ACENAPHTHENE 64 J 25 J 47 J 80 U 41 U 110 J 30 J 20 U

ACENAPHTHYLENE 69 J 150 J 36 J 96 U 49 U 48 U 22 U 58 J

ANTHRACENE 97 J 200 J 110 J 82 U 44 J 180 J 19 U 110 J

BENZO(A)ANTHRACENE 530 J 520 830 130 J 270 J 470 76 J 320

BENZO(A)PYRENE 500 J 660 920 120 J 280 J 390 J 69 J 250 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U 430 250 J 120 J 320 J

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J 340 J 410 J 81 J 170 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U 170 J 530 43 J 78 J

CHRYSENE 710 J 760 1500 180 J 440 530 120 J 280

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J 48 U 88 J 21 UJ 32 J

FLUORANTHENE 1400 J 960 3500 180 J 800 1000 180 J 630

FLUORENE 52 J 52 J 55 J 110 U 57 U 86 J 25 U 28 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U 300 J 370 J 66 J 150 J

NAPHTHALENE 19 U 34 J 95 J 72 U 37 U 36 J 16 U 18 U

PHENANTHRENE 990 J 370 2800 130 U 340 J 710 47 J 300

PYRENE 1100 J 1100 2500 210 J 590 830 160 J 480

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U 0.4 U 0.39 U 0.35 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U 0.51 U 0.5 U 0.45 U 0.51 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U 0.46 U 0.45 U 0.41 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U 0.44 U 0.43 U 0.39 U 0.43 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U 0.25 U 0.25 U 0.22 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U 0.38 U 100 29 0.38 U

AROCLOR-1260 25 89 99 J 34 19 84 29 2.1 J

TOTAL AROCLOR 25 89 99 34 19 184 58 2.1
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Chemical Results for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 2 of 7

LOCATION SD-163 SD-164 SD-165 SD-166

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U

ACENAPHTHENE 64 J 25 J 47 J 80 U
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ANTHRACENE 97 J 200 J 110 J 82 U

BENZO(A)ANTHRACENE 530 J 520 830 130 J

BENZO(A)PYRENE 500 J 660 920 120 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U

AROCLOR-1260 25 89 99 J 34

TOTAL AROCLOR 25 89 99 34

SD-171 SD-172 SD-173 SD-174

SD-171-0-1 SD-172-0-3 SD-173-0-3 SD-174-0-1

12/19/2013 12/19/2013 12/19/2013 12/19/2013

1020.22 6393 2828.3 2870.2

14 J 50 J 55 J 47 J

28 J 550 150 J 230

71 160 J 430 140 J

160 1100 580 610

620 4600 1700 2200

680 J 4200 J 1900 J 1900 J

720 J 5300 J 2100 J 2500 J

630 J 3300 J 1800 J 1300 J

250 J 1800 J 630 J 780 J

720 5000 2000 2400

150 J 870 J 390 J 360 J

910 9600 3000 5800

35 J 460 160 J 250

530 J 3100 J 1500 J 1300 J

24 J 89 J 94 J 160 J

430 5000 1100 3800

1100 7400 3400 4000

190 U 120 U 500 U 0.37 U

240 U 150 U 640 U 0.48 U

210 U 130 U 580 U 0.43 U

200 U 130 U 550 U 0.41 U

120 U 74 U 320 U 0.24 U

180 U 110 U 480 U 150

150000 54000 220000 350

150000 54000 220000 500
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BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U
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AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U
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TOTAL AROCLOR 25 89 99 34

SD-175 SD-176 SD-177 SD-178

SD-175-0-1 SD-176-0-3 SD-177-0-2 SD-178-0-1

12/19/2013 12/19/2013 12/19/2013 12/19/2013

8061.1 2699.3 30526 258.05

210 J 30 J 300 J 19 U

1500 130 J 2200 J 20 U

310 200 J 510 J 48 J

2100 390 3300 J 30 J

5700 1600 18000 J 140 J

5400 J 1800 J 21000 J 180 J

6000 J 2700 J 27000 J 200 J

3700 J 1500 J 15000 J 140 J

2500 J 710 J 10000 J 86 J

6100 2200 26000 J 190 J

1100 J 320 J 3500 J 32 J

13000 4200 68000 J 260

1000 160 J 2200 J 28 U

3600 J 1400 J 14000 J 110 J

480 51 J 120 J 18 U

9000 1700 39000 J 81 J

10000 3000 45000 J 210

4.4 U 0.55 U 1.1 UJ 0.39 U

5.7 U 0.7 U 1.4 UJ 0.5 U

5.1 U 0.63 U 1.3 UJ 0.45 U

4.8 U 0.6 U 1.2 UJ 0.43 U

2.8 U 0.35 U 0.69 UJ 0.25 U

410 36 28 J 5.3

1300 88 73 J 12

1710 124 101 17.3
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LOCATION SD-163 SD-164 SD-165 SD-166

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U

ACENAPHTHENE 64 J 25 J 47 J 80 U

ACENAPHTHYLENE 69 J 150 J 36 J 96 U

ANTHRACENE 97 J 200 J 110 J 82 U

BENZO(A)ANTHRACENE 530 J 520 830 130 J

BENZO(A)PYRENE 500 J 660 920 120 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U

AROCLOR-1260 25 89 99 J 34

TOTAL AROCLOR 25 89 99 34

SD-179 SD-180 SD-181 SD-182

SD-179-0-1 SD-180-0-1 SD-181-0-1 SD-182-0-3

12/19/2013 12/19/2013 12/20/2013 12/20/2013

289.43 4322.7 25508 14776

2.5 J 38 U 440 J 240 J

18 70 J 3900 1600

14 76 J 350 J 230 J

41 390 J 7100 3000

120 2600 20000 10000

200 J 2900 17000 9500

290 J 4300 21000 13000

150 J 2600 14000 9200

120 J 1900 8800 3500

230 3700 20000 11000

32 J 490 3100 2200

410 6200 35000 18000

13 110 J 4100 1200

150 J 2200 12000 7300

4.7 J 36 U 640 450 J

150 2600 28000 12000

290 5900 37000 18000

0.44 U 0.79 U 2100 U 2600 U

0.57 U 1 U 2800 U 3300 U

0.51 U 0.91 U 2500 U 3000 U

0.49 U 0.86 U 2400 U 2800 U

0.28 U 0.5 U 1400 U 1600 U

7.6 21 2100 U 2500 U

22 95 420000 780000

29.6 116 420000 780000
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LOCATION SD-163 SD-164 SD-165 SD-166

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U

ACENAPHTHENE 64 J 25 J 47 J 80 U

ACENAPHTHYLENE 69 J 150 J 36 J 96 U

ANTHRACENE 97 J 200 J 110 J 82 U

BENZO(A)ANTHRACENE 530 J 520 830 130 J

BENZO(A)PYRENE 500 J 660 920 120 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U

AROCLOR-1260 25 89 99 J 34

TOTAL AROCLOR 25 89 99 34

SD-183 SD-184 SD-185 SD-186

SD-183-0-1 SD-184-0-2 SD-185-0-1 SD-186-0-1

12/20/2013 12/20/2013 12/20/2013 12/20/2013

20148 5971.9 1857.3 471.02

280 170 21 J 32 U

3000 920 53 J 35 U

320 560 94 J 50 J

5600 2200 230 96 J

15000 4500 1300 J 280 J

13000 3800 1200 J 290 J

15000 4700 1500 J 540

11000 3400 1100 350 J

6200 1700 570 150 J

16000 4900 1600 520

3100 930 270 67 J

33000 11000 3600 1100

2400 1100 87 J 47 U

9700 3000 1000 300 J

480 340 43 J 31 U

17000 6400 1100 J 400

19000 6100 1900 590

410 U 0.91 U 0.83 U 0.84 U

530 U 1.2 U 1.1 U 1.1 U

470 U 1 U 0.96 U 0.96 U

450 U 0.99 U 0.91 U 0.91 U

260 U 0.58 U 0.53 U 0.53 U

390 U 410 190 38

40000 1300 550 60

40000 1710 740 98



Table C-1

Chemical Results for Storm Drainage System Sediment Samples-2013

Lockheed Martin Middle River Complex and Martin State Airport, Middle River, Maryland

Page 6 of 7

LOCATION SD-163 SD-164 SD-165 SD-166

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U

ACENAPHTHENE 64 J 25 J 47 J 80 U

ACENAPHTHYLENE 69 J 150 J 36 J 96 U

ANTHRACENE 97 J 200 J 110 J 82 U

BENZO(A)ANTHRACENE 530 J 520 830 130 J

BENZO(A)PYRENE 500 J 660 920 120 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U

AROCLOR-1260 25 89 99 J 34

TOTAL AROCLOR 25 89 99 34

SD-187 SD-188 SD-189 SD-190

SD-187-0-1 SD-188-0-1 SD-189-0-1 SD-190-0-1

12/20/2013 12/20/2013 12/20/2013 12/20/2013

2168.9 954.21 4948.7 64045

48 J 27 U 26 U 530

48 U 29 U 130 J 5600

190 J 120 J 160 J 870

260 J 140 J 590 18000

1100 470 3000 49000

1400 620 3300 43000

1800 800 3900 47000

1600 690 2800 33000

720 250 J 1500 19000

1700 710 3700 55000

340 J 150 J 680 8200

2900 1000 8100 150000

82 J 43 J 180 J 6600

1300 540 2600 30000

43 U 26 U 66 J 120 J

850 260 J 2700 61000

1900 710 4500 74000

0.78 U 0.7 U 0.68 U 0.88 U

0.99 U 0.9 U 0.87 U 1.1 U

0.89 U 0.81 U 0.78 U 1 U

0.85 U 0.77 U 0.75 U 0.97 U

0.49 U 0.45 U 0.43 U 0.56 U

29 15 11 53

92 49 82 46

121 64 93 99
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LOCATION SD-163 SD-164 SD-165 SD-166

SAMPLE ID SD-163-0-1 SD-164-0-1 SD-165-0-1 SD-166-0-1

SAMPLE DATE 12/18/2013 12/18/2013 12/18/2013 12/18/2013

POLYCYCLIC AROMATIC HYDROCARBONS (UG/KG)

BaPEq-POS 775.31 966.96 1429.4 233.18

2-METHYLNAPHTHALENE 19 U 30 J 25 J 75 U

ACENAPHTHENE 64 J 25 J 47 J 80 U

ACENAPHTHYLENE 69 J 150 J 36 J 96 U

ANTHRACENE 97 J 200 J 110 J 82 U

BENZO(A)ANTHRACENE 530 J 520 830 130 J

BENZO(A)PYRENE 500 J 660 920 120 J

BENZO(B)FLUORANTHENE 700 J 640 1400 130 U

BENZO(G,H,I)PERYLENE 480 J 760 890 130 J

BENZO(K)FLUORANTHENE 260 J 420 590 170 U

CHRYSENE 710 J 760 1500 180 J

DIBENZO(A,H)ANTHRACENE 110 J 130 J 200 J 100 J

FLUORANTHENE 1400 J 960 3500 180 J

FLUORENE 52 J 52 J 55 J 110 U

INDENO(1,2,3-CD)PYRENE 390 J 560 790 86 U

NAPHTHALENE 19 U 34 J 95 J 72 U

PHENANTHRENE 990 J 370 2800 130 U

PYRENE 1100 J 1100 2500 210 J

PCBS (UG/KG)

AROCLOR-1016 0.4 U 0.39 U 0.41 U 0.39 U

AROCLOR-1221 0.52 U 0.5 U 0.52 U 0.5 U

AROCLOR-1232 0.46 U 0.45 U 0.47 U 0.45 U

AROCLOR-1242 0.44 U 0.43 U 0.44 U 0.42 U

AROCLOR-1248 0.26 U 0.25 U 0.26 U 0.25 U

AROCLOR-1254 0.38 U 0.38 U 0.39 U 0.37 U

AROCLOR-1260 25 89 99 J 34

TOTAL AROCLOR 25 89 99 34

SD-191 SD-192 SD-193 SD-194

SD-191-0-1 SD-192-0-1 SD-193-0-1 SD-194-0-1

12/20/2013 12/20/2013 12/20/2013 12/20/2013

19123 219.73 251.07 188.49

230 7.8 U 8.4 U 7.1 U

2000 20 J 13 J 9 J

440 89 31 J 48 J

4200 89 54 J 43 J

13000 130 160 100

13000 150 170 130

16000 170 200 140

9200 120 130 94

5600 64 J 87 J 44 J

17000 190 200 150

2300 29 J 33 J 26 J

67000 360 440 240

2400 34 J 23 J 15 J

8500 99 110 79 J

87 J 7.5 U 8.1 U 6.8 U

42000 170 160 81

49000 240 230 160

0.89 U 0.81 U 0.88 U 0.73 U

1.1 U 1 U 1.1 U 0.94 U

1 U 0.94 U 1 U 0.84 U

0.97 U 0.89 U 0.96 U 0.8 U

0.56 U 0.52 U 0.56 U 0.47 U

350 13 0.84 U 0.7 U

530 20 17 16

880 33 17 16

BaPEq - benzo(a)pyrene equivalent

J - estimated concentration

PCBs - polychlorinated biphenyls

POS - only detected polycyclic aromatic hydrocarbons are used for this calculation

U - not detected at the concentration shown left of the letter.

UG/KG - micrograms per kilogram (i.e., parts per billion)

-- not analyzed
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