
 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT 

Dump Road Supplemental 
Design Characterization Report 

Martin State Airport 
Middle River, Maryland 

Prepared for:  

Lockheed Martin Corporation 

Prepared by: 

Tetra Tech, Inc. 

December 21, 2010 

 

Michael Martin, P.G. 
Regional Manager 

 

Dev Murali, P.G. 
Project Manager 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE i 

TABLE OF CONTENTS 

Section Page 
ACRONYMS ................................................................................................................... v 

EXECUTIVE SUMMARY ........................................................................................... ES-1 

1 INTRODUCTION ............................................................................................... 1-1 

2 SITE BACKGROUND ....................................................................................... 2-1 

3 INVESTIGATION APPROACH AND FIELD METHODOLOGY ........................ 3-1 

3.1  MOBILIZATION/DEMOBILIZATION ......................................................................... 3-2 

3.2  SITE ACCESS, PERMITS AND UTILITY CLEARANCE .......................................... 3-3 

3.3  TOPOGRAPHIC MAPPING .......................................................................................... 3-4 

3.4  WETLAND IDENTIFICATION AND MAPPING ........................................................ 3-4 

3.5  PASSIVE SOIL-GAS SAMPLING AND ANALYSIS .................................................. 3-6 

3.6  AQUIFER HYDRAULICS TESTING ........................................................................... 3-8 

3.7  LONG-TERM GROUNDWATER LEVEL MONITORING ....................................... 3-12 

3.8  GEOPHYSICAL INVESTIGATION ........................................................................... 3-12 

3.9  SYNOPTIC WATER LEVEL MEASUREMENTS...................................................... 3-13 

3.10  GROUNDWATER MODELING .................................................................................. 3-14 

4 INVESTIGATION RESULTS ............................................................................. 4-1 

4.1  TOPOGRAPHICAL MAPPING .................................................................................... 4-1 

4.2  PASSIVE SOIL-GAS SURVEY ..................................................................................... 4-2 

4.3  AQUIFER HYDRAULICS TESTS ................................................................................ 4-4 

4.4  GEOPHYSICAL SURVEY ............................................................................................ 4-5 

4.5  SYNOPTIC WATER LEVEL MEASUREMENTS........................................................ 4-6 

5 SUMMARY ........................................................................................................ 5-1 

6 REFERENCES .................................................................................................. 6-1 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE ii 

TABLE OF CONTENTS (continued) 

APPENDICES 

APPENDIX A— PERMITS, MISS UTILITY CLEARANCE, AND UTILITY CLEARANCE 
REPORT  

APPENDIX B— TOPOGRAPHICAL SURVEY MAPS 

APPENDIX C— PASSIVE SOIL-GAS SAMPLING-DATA TABLE AND REPORT 

APPENDIX D— SLUG-TEST INFORMATION FORMS AND SLUG-TEST ANALYSES 

APPENDIX E— GEOPHYSICAL SURVEY REPORT 

APPENDIX F— SYNOPTIC GROUNDWATER LEVEL DATA 

LIST OF FIGURES 

Page 
Figure 1-1 Dump Road Area Location Map .......................................................................... 1-4 

Figure 1-2 Ponds, Excavated Drums, Monitoring Wells (1995–1996), and  
Areas of Concern ................................................................................................. 1-5 

Figure 3-1 Topographical, Wetlands, and Geophysical Survey Areas ................................. 3-21 

Figure 3-2 Passive Soil-Gas Sampling Locations ............................................................... 3-22 

Figure 3-3  Groundwater Monitoring Well Locations .......................................................... 3-23 

Figure 4-1 Trichloroethene Soil-Gas Results ...................................................................... 4-26 

Figure 4-2 Cis-1,2-Dichloroethene Soil-Gas Results .......................................................... 4-27 

Figure 4-3 Total Benzene, Toluene, Ethylbenzene, and Xylenes Soil-Gas Results ............ 4-28 

Figure 4-4 Naphthalene and 2-Methylnaphthalene Soil-Gas Results.................................. 4-29 

Figure 4-5 Total Petroleum Hydrocarbons Soil-Gas Results .............................................. 4-30 

Figure 4-6 Groundwater-Elevation Contour Map—Upper Surficial-Aquifer Wells,  
July 2010 ................................................................................................................... 4-31 

Figure 4-7 Groundwater-Elevation Contour Map—Intermediate Surficial-Aquifer Wells,  
July 2010 ................................................................................................................... 4-32 

Figure 4-8 Groundwater-Elevation Contour Map—Lower Surficial-Aquifer Wells, 
July 2010 ................................................................................................................... 4-33 

Figure 4-9 Groundwater-Elevation Contour Map—Deep Confined Aquifer Wells, 
July 2010 ................................................................................................................... 4-34 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE iii 

LIST OF TABLES 

Page 
Table 3-1 Common Functions and Values of Wetlands According to the  
 Highway Method ...................................................................................................... 3-16 

Table 3-2 Previous Slug-Test Results—Surficial Aquifer ....................................................... 3-17 

Table 3-3 Summary of Pumping-Test Results ......................................................................... 3-19 

Table 3-4 Slug Tests, August 2010 ........................................................................................... 3-20 

Table 4-1 Chemical Results of Passive Soil-Gas Survey, August 2010 .................................... 4-7 

Table 4-2 Results for Single-Well Permeability Test (Slug Tests), August 2010 ................... 4-22 

Table 4-3 Groundwater Levels and Elevations, July 2010 ...................................................... 4-23 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE v 

ACRONYMS 

ASTM American Society for Testing and Materials 

BTEX benzene, toluene, ethylbenzene, and xylenes 

cis-1,2-DCE cis-1,2-dichloroethene 

cVOC chlorinated volatile organic compounds 

EM electromagnetic 

ERA ecological risk assessment 

FS feasibility study 

ft/day feet per day 

GPS global positioning system 

HASP health and safety plan 

HHRA human health risk assessment 

IDW investigation-derived waste 

Lockheed Martin Lockheed Martin Corporation 

MAA Maryland Aviation Administration  

MANG Maryland Air National Guard  

MDE Maryland Department of the Environment 

MSA Martin State Airport  

µg microgram 

µg/L micrograms per liter (i.e., parts per billion) 

NAD83 North American Datum of 1983 

NAVD88 North American Vertical Datum of 1988 

PCBs polychlorinated biphenyls 

RI remedial investigation 

SVOC semivolatile organic compounds 

TCE trichloroethene 

Tetra Tech Tetra Tech, Inc. 

TPH total petroleum hydrocarbons 

USACE United States Army Corps of Engineers 

USEPA United States Environmental Protection Agency 

VC vinyl chloride 

VOC volatile organic compounds 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE ES-1 

 

Executive Summary 
 

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

supplemental study at the Dump Road Area of Martin State Airport (MSA), Middle River, 

Maryland from June-October, 2010 to fill data gaps and provide additional information to 

complete a remedial design to restore soil and groundwater. Tetra Tech conducted the following 

supplemental activities at the Dump Road Area: 

• a topographical survey of the Dump Road Area 

• a wetland survey to identify and map biological resources at the Dump Road Area 

• a passive soil-gas survey to assess contaminants in the shallow subsurface soil adjacent to 
Taxiway Tango and the airport runway 

• single-well permeability tests (i.e., slug tests) to provide data on the hydraulic 
characteristics of the surficial-aquifer 

• long-term monitoring of groundwater levels in three Dump Road Area wells in 
conjunction with off-site groundwater and surface water level monitoring 

• a geophysical survey to delineate the horizontal boundaries of manmade fill areas 

• a round of synoptic groundwater levels from the MSA wells  

• additional groundwater-flow and solute-transport modeling of the Dump Road Area using 
data from the supplemental study 

The results of the wetlands delineation, long-term surface water-level and groundwater-level 

monitoring, and groundwater modeling update are provided in separate documents and are not 

repeated in this report. A new round of groundwater samples and three surface water samples 

from Frog Mortar Creek were also collected in July 2010 for laboratory and field chemical 

analyses. Details of the sampling methods and chemical results are provided in the Draft Final 

Groundwater Monitoring Report. 
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The following summarizes the results of 2010 supplemental activities: 

• Site topography for the Dump Road Area ranges from flat to gently sloping to the 
northeast (toward Frog Mortar Creek). In the northern portion of the Dump Road Area, 
land elevations range from approximately 11 feet above NAVD88 near the runway to 
approximately seven feet above NAVD88 at Pond No. 2. In the southeastern portion of 
the site, land elevations are approximately 20 feet above NAVD88 at a mounded area 
near the embankment, near Frog Mortar Creek. A steep embankment runs along the Frog 
Mortar Creek shoreline and along the northern edge of the wetlands. 

• Ninety-nine passive soil-gas samples were analyzed for volatile organic compounds 
(VOCs), total petroleum hydrocarbons (TPH), and diesel alkanes. Trichloroethene (TCE) 
and cis-1,2-dichloroethene (cis-1,2-DCE) were detected northwest of well MW33S and, 
to a lesser degree, northwest of well DMW11S. Maximum TCE and cis-1,2-DCE soil-gas 
masses of 51.51 micrograms (µg) and 73.12 µg, respectively, were reported at a sampling 
location approximately 180 feet northwest of well MW33S. TCE was also detected at 
sampling locations on the western side of Taxiway Tango. Petroleum-related VOCs 
(benzene, toluene, ethylebenzene, and xylenes), naphthalene/2-methylnaphthalene, and 
TPH have soil-gas-mass distributions similar to the VOCs. The relative 
benzene/xylenes/TPH masses in the passive soil-gas samples indicate that the source of 
the contamination is either a weathered gasoline or a heavier petroleum product, such as 
diesel or jet fuel. 

• Based on the results of the slug test analyses, the range of hydraulic conductivities for the 
lower surficial-aquifer wells is 2.74 ft/day at MW18D to 25.5 ft/day at MW15D. The 
geometric mean of the lower surficial-aquifer tests, excluding MW17D and MW26D 
(both set in clay), is 8.4 ft/day (arithmetic mean is 11.3 ft/day). A comparison of the 2003 
and 2010 slug test results for wells DMW7I and DMW8D indicate that the solid slug and 
pneumatic slug test methods provide comparable results (i.e., same order of magnitude 
estimates). 

• The geophysical survey identified four geophysical anomalies (i.e., areas of elevated 
instrument responses). They were identified as either a possible utility vault, as soil 
containing more clay minerals, or as saturated mineral-rich soil associated with wetlands. 
Metal objects were not associated with the anomalies. Metallic debris was found scattered 
across the ground in one small area in the northwestern corner of the survey area. It is 
recommended that EM anomalies A–D and the smaller EM anomalies in the northwestern 
corner of the survey area be excavated using test pits to verify the presence or absence of 
buried materials at these locations. 

• Groundwater in the upper, intermediate, and lower surficial-aquifer zones flow northeast 
toward Frog Mortar Creek. Groundwater in the deep confined-aquifer flows northwest to 
southeast. 
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Section 1 

Introduction 

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

prepared the following report documenting a June–October 2010 supplemental site investigation 

as part of the Dump Road design characterization at Martin State Airport (MSA) in Middle 

River, Maryland. Figures 1-1 and 1-2 depict the location and layout of MSA. As shown in these 

figures, the area referred to as the Dump Road Area is along the northeast side of the airport 

runway. A portion of the area extends across Taxiway Tango into the median between the 

taxiway and runway. 

A remedial investigation (RI) in early 2010 (Tetra Tech, 2010a) evaluated the nature and extent of 

soil, pond sediment, and groundwater contamination and assessed the fate and transport of 

contaminants in soil and groundwater. It also includes a human health risk assessment (HHRA) 

and an ecological risk assessment (ERA). The RI is based on physical and chemical data collected 

from 2000–2009 and groundwater chemical data collected from 2007–2009. Groundwater 

modeling was also performed in support of a groundwater feasibility study (FS) for the Dump 

Road Area.  

Chemical analyses of numerous soil and pond-sediment samples indicate volatile organic 

compounds (VOCs), semivolatile organic compounds (SVOCs), polychlorinated biphenyls 

(PCBs), and several metals in Dump Road Area soil and pond-bottom sediments at 

concentrations exceeding U.S. Environmental Protection Agency (USEPA) human health and 

ecological risk-based screening levels and Maryland Department of the Environment (MDE) soil 

cleanup standards. Concentrations of chlorinated VOCs (cVOCs) [such as trichloroethene (TCE), 

cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride (VC)] exceed federal and Maryland 

groundwater standards throughout a large portion of the investigation area and at multiple depths 

in the surficial aquifer. 
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This supplemental investigation fills data gaps identified as part of the Dump Road Area RI and 

FS and provides information required for the remedial design. The objectives of this 

supplemental investigation are to: 

• provide additional chemical characterization of near-surface soil and groundwater cVOC 
distributions on the western and northwestern boundaries of the Dump Road Area 

• provide data to evaluate the hydrogeologic interactions between the surficial aquifer and 
Frog Mortar Creek 

• provide data required for the design of groundwater and soil remedies and for the 
associated permit application that will be submitted to MDE, Baltimore County, the U.S. 
Army Corps of Engineers (USACE), and the Chesapeake Bay Critical Area Commission 

This investigation’s objectives were addressed by the following activities: 

• obtained [from Lockheed Martin, MSA, and the Maryland Aviation Administration 
(MAA)] utility clearances, an access agreement, and associated permits for intrusive 
investigations  

• a topographical survey of the Dump Road Area from the eastern side of Taxiway Tango 
to the western shoreline of Frog Mortar Creek to generate a map with a scale of one-inch 
to 100-feet reproducible plot and one-foot contours 

• a wetland survey to identify and map biological resources in accordance with 
requirements of the “Joint Federal/State Application for the Alteration of any Floodplain, 
Waterway, Tidal or Non-Tidal Wetland in Maryland” 

• a passive soil-gas survey to assess cVOCs in the shallow subsurface soil and groundwater 
adjacent to Taxiway Tango and the airport runway 

• single-well permeability tests (i.e., slug tests) to provide additional data on the hydraulic 
characteristics of the lower surficial-aquifer zone 

• long-term monitoring of groundwater levels in three Dump Road Area wells in 
conjunction with off-site groundwater and surface water level monitoring at Conrad’s 
Ruth Villa and Parkside Marina, on the eastern shoreline of Frog Mortar Creek 

• a geophysical survey using electromagnetic (EM)-31/61 and other methods east of 
Taxiway Tango, near its southern end, to delineate the horizontal boundaries of possible 
manmade fill areas surrounding the tidal inlet and wetlands north of the airport’s compass 
rose (i.e., circular concrete apron located in the southeastern end of MSA) 

• a round of synoptic groundwater levels from the MSA wells 
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• additional groundwater flow and solute-transport modeling of the Dump Road Area using 
the results of the slug tests and long-term water level monitoring from this study 

Additionally, a new round of groundwater samples and three surface water samples from Frog 

Mortar Creek were also collected in July 2010 for laboratory and field chemical analyses. Details 

of the sampling methods and chemical results are provided in the Draft Final Groundwater 

Monitoring Report (Tetra Tech, 2010b). 

This report is organized as follows: 

Section 2— Site Background: Describes where detailed background descriptions of the site 
and previous investigations can be found 

Section 3— Investigation Approach and Field Methodology: Presents the technical approach 
to the investigation and the field methodologies used 

Section 4— Investigation Results: Presents the results of the field program 

Section 5— Summary: Summarizes the investigation findings 

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

Site Background 

Environmental investigations of the MSA Dump Road Area began in 1989 when MDE 

conducted a preliminary assessment of MSA. During the 1930s 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, in addition to dredge spoils and 

construction debris. However, 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. MAA and Lockheed Martin (a successor firm of the Glenn L. Martin Aircraft 

Company) conducted additional studies from 1991–1999, 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 known 

as the Taxiway Tango Median Anomaly Area, the Drum Area, two ponds (Pond 1 and Pond 2), 

and the Petroleum Hydrocarbon Area (see Figure 1-2).  

Lockheed Martin conducted an RI from 2000–2009 to further delineate the extent of soil, 

groundwater, and sediment chemical-contamination indicated by the earlier studies (Tetra Tech, 

2010a). Through geophysical surveys, test pits, soil borings, and soil sample chemical analyses, 

the RI identified surface and subsurface soil contamination from buried fill material. The fill 

material consists 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.). 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) and are not repeated here. 
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Section 3 

Investigation Approach  
and Field Methodology 

The following activities were conducted from June-October, 2010 to address additional data 

needs to support a remedial design for soil and groundwater at the Dump Road Area: 

• obtained (from Lockheed Martin, MSA, and MAA) utility clearances, an access 
agreement, and associated permits for intrusive investigations  

• a topographical survey of the Dump Road Area from the eastern side of Taxiway Tango 
to the western shoreline of Frog Mortar Creek to generate a map with a scale 1-inch to 
70-feet reproducible plot and 1-foot contours 

• a wetland survey to identify and map biological resources in accordance with the 
requirements of the “Joint Federal/State Application for the Alteration of any Floodplain, 
Waterway, Tidal or Non-Tidal Wetland in Maryland” 

• a passive soil-gas survey to assess cVOCs in the shallow subsurface soil adjacent to 
Taxiway Tango and the airport runway 

• single-well permeability tests (i.e., slug tests) to provide additional data on the hydraulic 
characteristics of the lower surficial-aquifer zone 

• long-term monitoring of groundwater levels in three Dump Road Area wells in 
conjunction with off-site groundwater and surface water level monitoring at Conrad’s 
Ruth Villa and Parkside Marina, on the eastern shoreline of Frog Mortar Creek 

• a geophysical survey, using EM-31/61 and other methods, east of Taxiway Tango near its 
southern end, to delineate the horizontal boundaries of manmade fill areas surrounding 
the tidal inlet and wetlands north of the airport’s compass rose 

• a round of synoptic groundwater levels from MSA wells, 

• additional groundwater-flow and solute-transport modeling of the Dump Road Area using 
the slug tests and long-term water level monitoring results from this study 

Methods used to complete these tasks are described below. 
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3.1 MOBILIZATION/DEMOBILIZATION 

Following approval of the Supplemental Investigation Work Plan (Tetra Tech, 2010c), Tetra Tech 

procured the required subcontractors and mobilized to the field. Mobilization included:  

• coordinating with Lockheed Martin and MSA facilities personnel 

• obtaining utility clearances for the passive soil-gas boring locations using a private firm, 
as described in section 3.1.2 

• mobilizing subcontractors, equipment, and materials to the site 

• implementing a site-specific health and safety plan (HASP) 

• arranging a decontamination area  

• managing investigation-derived waste (IDW) 

Demobilization activities included the following activities: 

• demobilizing equipment and materials from the site 

• general site clean-up and trash removal  

• repairing landscaping (as necessary) 

• managing IDW 

The field operations leader coordinated mobilization and demobilization, including equipment 

inventories to ensure that equipment was available, purchasing and leasing equipment, and 

staging equipment for efficient loading and transport to and from the site before and after each 

field activity. 

Before field operations began, Tetra Tech personnel reviewed the site-specific HASP and the 

respective “Safe Work Permits” included in the HASP. Tetra Tech conducted a mandatory, daily, 

health and safety tailgate meeting before all field events. Subcontractors present for that day’s 

field activities were included in the meeting. The Tetra Tech site health and safety officer 

documented pertinent topics covered and personnel in attendance. 
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3.2 SITE ACCESS, PERMITS AND UTILITY CLEARANCE 

Tetra Tech obtained the required permits and conducted subsurface-utility screening and marking 

in the drilling areas before sampling soil-gas. Notifications, clearances, and permits include the 

following: 

• notifying the regional underground-utility location center Miss Utility (1-800-257-7777; 
www.missutility.net) 

• reviewing facility/site utility maps 

• completing a corporate staff procedure CS-28, “Digging Project,” form and obtaining the 
required signatures 

• completing and executing the “Airport Zoning Permit,” “Building Inspection” form, and 
“Digging Authorization” permit through MAA 

• contacting the Maryland Air National Guard (MANG) and receiving approval based on 
MANG operational schedules 

• obtaining digging permits through MSA and/or Baltimore/Washington International 
Airport administrations 

• contracting a private utility-locating firm (Enviroscan, Inc.) to identify and mark any 
subsurface utilities or geophysical anomalies (i.e., possible subsurface obstacles or 
utilities) 

Each soil-gas probe location was cleared for subsurface utilities. In addition to calling in a Miss 

Utility ticket, a private utility-locating service, Enviroscan, Inc., was contracted to mark any 

underground utilities and subsurface geophysical anomalies. The private utility-locating firm used 

typical utility locating equipment representing the best available technology, including a Fisher 

TW-6 electromagnetic pipe and cable locator/tracer, a Radiodetection C.A.T. and genny pipe and 

cable locator/tracer, a Radiodetection model RD4000 multi-frequency pipe and cable tracer, and a 

GSSI SIR-2000 ground-penetrating radar (GPR) system. All utilities within a 30-foot radius of 

each designated location were located and marked with paint on the ground surface. 

Tetra Tech coordinated access arrangements through MSA Operations to gain access to the work 

area at Dump Road through Gate 12. Tetra Tech obtained a key from MSA Operations to access 

the gated entrance. Tetra Tech also used a radio to maintain constant contact with the MSA air 
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traffic control tower while working in the taxiway and runway areas. Permits, the Miss Utility 

clearance, and the Enviroscan utility-screening report are included in Appendix A. 

3.3 TOPOGRAPHIC MAPPING 

Murphy Geomatics, Inc. of Raleigh, North Carolina conducted a topographic survey of the 

Dump Road Area from the eastern side of Taxiway Tango to the western shoreline of Frog 

Mortar Creek. The northern limit of the survey was near the access to the MANG Jet Engine Test 

Pad from Taxiway Tango. The southern limit was south of the airport compass rose. Figure 3-1 

shows the topographic survey area. 

Two topographical survey maps were prepared using a 1:70 scale and a one-foot 

topographic-contour interval based on the North American Vertical Datum of 1988 (NAVD88). 

Horizontal coordinates (i.e., northing and easting coordinates) are based on the Maryland state 

plane-system, North American Datum of 1983. The surveying firm prepared computer-generated 

drawing files in AutoCAD™ 2007 format. Entries were placed on drawing layers named to 

describe the entity being mapped. Elevation information in the AutoCAD™ file was provided in a 

three-dimensional format. A digital terrain-model AutoCAD™ file containing three-dimensional 

points and break lines was submitted. Two permanent benchmarks were established at the Dump 

Road Area site. The survey maps are provided in Appendix B. 

3.4 WETLAND IDENTIFICATION AND MAPPING 

Wetlands were identified and mapped on August 2–5 and 9, 2010 for approximately 88 acres in 

the Dump Road Area. Mapping included areas east of Taxiway Tango to the Frog Mortar Creek 

shoreline, from the point of access, to the MANG Jet Engine Test Pad, to south of the airport 

compass rose. Figure 3-1 shows the wetland survey area. 

Wetlands were identified and mapped in accordance with the requirements of Section 404 of the 

federal Clean Water Act and the “Joint Federal/State Application for the Alteration of Any 

Floodplain, Waterway, Tidal or Non-tidal Wetland in Maryland.” A desktop survey of the 

delineation area was conducted before field activities to locate possible wetlands and other 

waters in the project area. Tetra Tech reviewed a site layout map, as well as relevant data from 

the U.S. Fish and Wildlife Service National Wetland Inventory, the U.S. Geological Survey, the 

Maryland Department of Natural Resources, and Federal Emergency Management Agency. Tetra 
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Tech wetland specialists identified possible wetland areas and waters of the United States based 

on a review of aerial imagery and the data referenced above.  

After completing the aerial imagery and data reviews, Tetra Tech conducted a routine delineation 

of wetlands and other waters of the United States to determine on-site jurisdictional wetlands. 

Wetlands were delineated in the field using the methods described in the USACE Wetland 

Delineation Manual (Environmental Laboratory, 1987) and the Interim Regional Supplement to 

the USACE Wetland Delineation Manual: Atlantic and Gulf Coastal Region (USACE, 2008). 

The 1987 manual defines wetlands as: “those areas that are inundated or saturated by surface or 

groundwater at a frequency and duration to support, and under normal circumstances do support, 

a prevalence of vegetation typically adapted for life in saturated soil conditions.” Under normal 

circumstances, three main criteria must be evaluated to determine if an area is a wetland: hydric 

soils, the presence of sustained wetland hydrology, and a dominance of hydrophytic vegetation. 

Areas satisfying all three criteria (except for identified “problem areas” or “atypical situations”) 

and meeting the specific criteria as outlined in the Atlantic and Gulf Coastal Regional 

Supplement to the 1987 USACE manual were deemed wetlands. 

Wetlands were further classified using methods developed by Cowardin, et al., (1979). Water 

sources were also classified according to the definitions in Smith, et al., (1995). All wetlands 

were staked and marked in the field using pin flags or survey tape.  

Functional assessments of all jurisdictional wetlands were conducted to characterize and better 

qualify/quantify the existing conditions of each wetland area. Lockheed Martin and state and 

federal regulators can use this information to determine the resulting reduction or increase in 

wetland functions and values associated with any future remediation project, as well as the value 

of any wetland functions that may need to be replaced for compensatory mitigation. The 

functions and values of each wetland delineated were determined using the functional assessment 

methodologies recommended in the USACE Highway Methodology Workbook Supplement: 

Wetlands Functions and Values: A Descriptive Approach, hereafter referred to as the Highway 

Method (USACE, 1999). 

Highway Method—The Highway Method evaluates whether a wetland provides each of the 

eight functions and five values listed in Table 3-1. The Highway Method is a subjective 



 

7712 TETRA TECH ● LOCKHEED MARTIN, MARTIN STATE AIRPORT ● DUMP ROAD SUPPLEMENTAL DESIGN CHARACTERIZATION REPORT PAGE 3-6 

assessment method that relies more on the professional judgment of the assessor than do some 

other functional assessment methodologies. The Highway Method was designed for the USACE 

New England District as a rapid way to determine the occurrence of the specified functions and 

values in an evaluated wetland. It allows for direct comparison with other wetlands within the 

geographic boundary of the New England District (Bartoldus, 1999). 

Assessing the functions and values of a wetland using the Highway Method involves reviewing 

the physical and biological properties of the wetland using a separate list of 

“considerations/qualifiers” for each of the 13 functions and values in Table 3-1. The evaluation 

uses physical and biological data available from various reports, publications, and other printed 

sources and from a site visit performed by the assessor. The assessor considers which of the 13 

functions and values are present in the wetland (i.e., performed or otherwise demonstrated by the 

wetland), and which of the functions and values occurring in the wetland are principal functions 

of the wetland, meaning those functions that “are an important physical component of a wetland 

ecosystem (function only) and/or are considered of special value to society, from a local, 

regional, and/or national perspective” (USACE, 1999). 

3.5 PASSIVE SOIL-GAS SAMPLING AND ANALYSIS 

Passive soil-gas sampling was conducted August 2–18, 2010 near Taxiway Tango and the airport 

runway northwest, west, and southwest of wells DMW11S and MW33S. The surveys screened 

for possible VOC contamination in areas hydraulically upgradient of the two wells where VOCs 

in shallow groundwater have been found at concentrations exceeding Maryland groundwater 

standards. Groundwater samples at well DMW11S have historically contained the greatest 

concentrations of cVOCs in the Dump Road Area, with total cVOCs exceeding 

86,000 micrograms per liter (µg/L). Total cVOCs in groundwater at well MW33S have exceeded 

1,800 µg/L. VOCs have not been delineated at concentrations below Maryland groundwater 

standards northwest, west, and southwest of these two wells. 

On August 2–4, 2010, GORE Sorber™ passive soil-gas samplers (hereafter “sorbers”) were 

installed four feet below grade at 101 locations to screen for the possibility of VOCs and total 

petroleum hydrocarbons (TPH) in the soil and shallow groundwater at the DMW11S and 

MW33S areas. Sorber locations are shown in Figure 3-2. Sorbers were installed in a grid pattern 
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and spaced approximately 50 feet apart. They covered more than 1.5 acres near each of the four 

target areas around monitoring wells MW33S (near the MANG Jet Engine Test Pad) and 

DMW11S (between Taxiway Tango and the airport runway). 

Boreholes for the sorbers were advanced using a track-mounted Geoprobe™ direct-push-

technology rig. String connected the end of each sorber to a laboratory-supplied airtight cork. A 

sorber was inserted into each borehole using a stainless-steel insertion rod. After each sorber was 

inserted into the borehole, the stainless-steel rod was removed, decontaminated, and used at the 

next sampling location. The cork was tamped flush with the surface to seal the boring opening 

from the atmosphere. The cork provided an airtight seal, preventing above-ground air from 

entering the soil-gas boring and diluting the sorber-mass analysis. The sorbers remained in place 

for two weeks before retrieval and were removed on August 16–18, 2010. 

Upon retrieving the sorbers from the subsurface they were placed in the laboratory-supplied 

shipping vials, sealed, and submitted to W. L. Gore & Associates, Inc. of Elkton, Maryland for 

chemical analyses. Boxes containing the sorbers and laboratory-supplied trip blanks were shipped 

to the laboratory along with the chain of custody forms, installation logs, and insertion rod. 

Two sorbers (locations PSV-22 and PSV-58) were damaged during the exposure period and could 

not be analyzed for VOCs; therefore, the laboratory analyzed only 99 sorbers. Two additional 

sorbers (locations PSV-50 and PSV-73) were found on the ground outside of the borehole on the 

retrieval date; therefore, results for these modules may not fully represent subsurface conditions 

at those locations. These sorbers are believed to have been pulled from the boreholes and 

damaged by site rodents or birds. 

The sorbers were analyzed for VOCs, TPH (C4-C20 aliphatics), and diesel alkanes (C11-C15 

compounds) by USEPA Methods 8260/8270 for gas-chromatography/mass-selective detection, 

modified as necessary for the sampling method used. Five trip blanks were analyzed by the same 

methods. Gore & Associates compiled the data and presented the analytical results and chain of 

custody documentation in a report that appears in Appendix C.  
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3.6 AQUIFER HYDRAULICS TESTING 

In 2003, single-well hydraulic tests (i.e., slug tests) were performed on 38 Dump Road Area 

wells, including MW1 through MW7, well clusters DMW1S/A/B through DMW11S/I, and 

lower surficial-aquifer wells DMW3D through DMW9D. These tests were performed using the 

solid slug method, where a solid cylinder several feet long is inserted into the water column of a 

well to temporarily displace a portion of the groundwater water in the well. Slug tests estimate 

the aquifer’s hydraulic conductivity (or formation permeability). These results are then used to 

assess groundwater and contaminant movement in the subsurface. Results of the 2003 slug tests 

appear in Table 3-2.  

In 2007, 72-hour pumping tests were conducted in the upper and intermediate surficial-aquifer 

zones near wells DMW2S/A/B to estimate hydraulic conductivity and pumping rates for a 

treatability study to be conducted in this area. The results of the long-term pumping tests appear 

in Table 3-3. On August 2–4, 2010, single-well hydraulic tests using the slug test method were 

conducted on 16 surficial-aquifer wells and one deep well in the Dump Road Area as part of the 

supplemental RI tasks. The emphasis of the 2010 testing was on the lower surficial-aquifer zone 

in wells where previous hydraulics tests had not been performed, and where hydraulic data were 

required for groundwater modeling. 

The 2010 slug tests used the pressurized test method (i.e., pneumatic test method), which uses 

pressurized air instead of a solid cylinder (i.e., slug) to induce an initial displacement of the 

groundwater level in a well. Advantages of the pneumatic slug test method as compared to other 

slug test methods are that no water is added or removed from the well (as in the case of using a 

water “slug”), and equipment decontamination is minimized (i.e., does not require cleaning a 

solid cylinder or “slug”). The pneumatic initiation of the slug test also provides high quality data 

with minimal noise, which is especially important for tests in high conductivity formations and 

small diameter wells. 

A slug test estimates horizontal hydraulic conductivity for the geologic/aquifer formation that the 

well is screened against. Horizontal hydraulic conductivity is a primary characteristic of porous 

media, as expressed in Darcy’s Law, the fundamental governing equation describing 

groundwater flow. It says that the rate of groundwater flowing through porous media is directly 
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proportional to the hydraulic conductivity, as is the groundwater flow velocity. Estimating 

hydraulic conductivity is a critically important step in site characterization because groundwater 

flow and contaminant-transport modeling incorporate Darcy’s Law as the primary basis of the 

simulation (along with water balance considerations).  

Slug tests offer key advantages in comparison to other more complicated and longer-duration test 

methods. For example, slug tests can be performed quickly if the formation material is composed 

of gravel, sand, or silt. This quickness permits multiple tests in a single well, enabling 

verification and cross-checking. Further, the tests do not generate purge water, in contrast to 

aquifer pumping tests, and the amount of instrumentation and equipment is generally less than 

with other more intensive, multi-well test procedures. 

Disadvantages of slug-testing include such factors as the limited volume of the aquifer being 

stressed, the difficulty of extrapolating the results to a full-aquifer-unit-thickness transmissivity 

estimate and, sometimes, the appearance of oscillations. Regarding transmissivity estimates: the 

piezometers have screens extending vertically across a significant fraction of the full thickness of 

the surficial-aquifer units, thus the testing can be assumed adequately representative for 

extrapolation. The graphs representing the water-level-recorder data show no oscillatory 

responses or other similar complication.  

Seventeen monitoring wells were subjected to the pressurized test method in August 2010 

(Table 3-4). Figure 3-3 shows the locations of the MSA groundwater monitoring wells. The bulk 

of the slug tests were performed on 11 wells screened in the lower surficial-aquifer (i.e., wells 

DMW8D, MW15D through MW23D, and MW26D) and one well beneath the surficial aquifer 

(MW14D). Wells MW14D through MW23D and MW26D are newly installed wells that have 

had no previous hydraulics testing. Two tests were performed at most wells to provide a second 

set of test data for analysis. DMW7I and DMW8D were tested to compare results for both the 

solid slug test method used previously and the pneumatic method employed for this study. In 

addition, five wells screened in the upper and intermediate surficial-aquifer (DMW7I, MW24S, 

MW24I, MW32I, and MW34I) were tested to provide comparisons across vertical zones and to 

provide additional spatial coverage of hydraulic characteristics for the surficial aquifer. 
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Test methodology—Pneumatic slug-testing was in accordance with American Society for Testing 

and Materials (ASTM) International Method D7242-06, “Standard Practice for Field Pneumatic 

Slug (Instantaneous Change in Head) Tests to Determine Hydraulic Properties of Aquifers with 

Direct-Push Ground Water Samplers” (ASTM, 2006), and Tetra Tech Standard Operating 

Procedure GH-2.4, “In situ Hydraulic Conductivity Testing.” The pneumatic slug test uses air 

pressure to cause a sudden change in the groundwater level in the monitoring well being tested. 

To do this, a pneumatic manifold is installed on the well to control the pressure inside the well. 

Then, the water level in the well is depressed by applying a positive air pressure using a hand 

pump; the subsequent sudden release of air pressure induces a rising head. The changing water 

level in the well is monitored and recorded using an electronic pressure transducer and data 

logger (In-Situ™ Level TROLL 700). Data values are saved to a portable computer for curve 

fitting and data analysis to estimate horizontal hydraulic conductivity.  

Equipment used for the pneumatic slug tests includes a pneumatic manifold, a pressure 

transducer/data logger, a hand pump (to supply pressurized air), an electronic water level meter, 

miscellaneous hand tools, a laptop computer, and a field notebook. The pneumatic manifold is an 

airtight system that permits the introduction and control of air pressure inside the well casing. 

The manifold consists of an inlet valve with a fitting for an air supply (i.e., hand pump), a 

pressure gage to monitor pressure in the wellhead, airtight fittings to allow the transducer cable 

to slide for placement at various depths in the well, a release valve, a casing adapter that allows 

the manifold to attach to the well casing, and a pressure transducer/data logger to monitor and 

record change in water levels in the well.  

An electronic water level meter measured the depth of the static water level and well depth 

before the test. A small hand pump produced low pressure to depress the water level in the well. 

Tools, such as wrenches to loosen and tighten fittings, Teflon™ tape to seal fitting threads, and 

an electrical power inverter to convert 12-volt direct current power from the field vehicle to 

120-volt alternating current (to power or charge the battery for a portable computer), were also 

used for the testing. A portable computer was used to observe real-time graphs of the slug tests 

and to download the test files after each test. Pertinent information on wells and slug tests was 

recorded in a bound field-notebook. A table of well construction data (well depth, well screen 

depth, etc., see Table D-1 in Appendix D), and geologic cross sections (see Appendix D) were 
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brought to the field to evaluate the applicability of the pneumatic test to the well. Groundwater 

levels were maintained above the top of the well screen at all times in all wells tested. 

Except for well MW17D, groundwater levels in the wells tested were allowed to recover to more 

than 90% of the static level. However, a pneumatic test of well MW17D on August 2, 2010 

indicated a very slow recovery period, and the test was abandoned after 15 minutes because of 

insufficient water level recovery. A solid slug was then used to conduct a new, long-duration test 

at well MW17D, and to allow the pneumatic test equipment to be used for other tests during the 

three hour MW17D test period. Groundwater level data, “Slug Test Field Information Forms,” 

well construction data, and geologic cross-sections used for the tests are provided in Appendix D. 

Slug test analysis—Slug test data were analyzed using hydraulic test models described in ASTM 

Standard D-4043, “Standard Guide for Selection of Aquifer Test Method in Determining 

Hydraulic Properties by Well Techniques” (ASTM, 2009). ASTM Standard D-4043 provides a 

decision tree for selecting the appropriate analytical model based on aquifer and test types. The 

results were analyzed using AQTESOLVE® (2008). AQTESOLVE® (2008) is software 

specifically developed for aquifer hydraulics analyses, including slug tests. AQTESOLVE® 

(2008) provides analytical solutions for unconfined and confined aquifer conditions for both 

overdamped and underdamped slug test responses. Underdamped responses in slug tests result in 

oscillations of the water levels immediately after the slug test begins. Underdamped responses 

typically occur in aquifer formations with high hydraulic conductivities. However, underdamped 

responses were not observed in the MSA slug test data. Results from wells DMW8D and 

DMW7I were used to compare the results of the pneumatic tests to the solid slug test methods 

used previously. 

Slug test data were analyzed, based on site conditions, using the methodology developed by 

Bouwer and Rice (1976) and Bouwer (1989), which is based on Thiem’s equation for 

steady-state flow. Although the Bouwer and Rice method was primarily designed for unconfined 

aquifers, the method is still applicable to the MSA slug tests because of the leaky nature of the 

aquitard(s) (Bouwer and Rice, 1976). This method can also be used for fully or partially 

penetrating wells. Note that slug tests estimate the characteristics of a small volume of aquifer 

material surrounding the well. This volume may have been disturbed during well drilling and 
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construction. However, slug tests do estimate aquifer parameters fairly accurately (Kruseman and 

de Ridder, 1990). Slug test analyses appear in Appendix D. 

3.7 LONG-TERM GROUNDWATER LEVEL MONITORING 

Continuous water level recorders were installed and operated in three groundwater-monitoring 

wells in the Dump Road Area. These recorders were operated in conjunction with the level 

recorders installed/operated at Conrad’s Ruth Villa and Parkside Marina on the eastern shoreline 

of Frog Mortar Creek. The three recorders were installed at a single Dump Road well cluster 

(DMW4S/I/D) to monitor wells screened in the upper, intermediate, and lower surficial-aquifer 

zones. These wells were selected due to the cluster’s proximity to Frog Mortar Creek and the 

cluster’s location with respect to both the VOC contaminant plume and the recorders placed at 

Conrad’s Ruth Villa and Parkside Marina. 

Groundwater levels were measured and recorded using combined electronic pressure-transducers 

and data loggers capable of storing level and time data at 15-minute intervals for one month (i.e., 

In-Situ™ Level Troll 700). Each pressure transducer/data logger was calibrated by the 

manufacturer and configured by Tetra Tech to collect water levels at the aforementioned interval 

for a month (June 2–July 6, 2010). Tetra Tech downloaded the data and calculated water level 

elevations for the three wells in conjunction with data downloads for the recorders at Conrad’s 

Ruth Villa and Parkside Marina. Level data are presented and evaluated in the Off-Site 

Piezometer Installation and Water Level Monitoring Report (Tetra Tech, 2010e).  

3.8 GEOPHYSICAL INVESTIGATION 

Enviroscan, Inc. conducted a geophysical survey for 21 acres of primarily undeveloped land 

southeast of the Dump Road Area. The geophysical investigation detected and delineated the 

horizontal boundaries of possible manmade fill areas and possible buried debris. The geophysical 

survey ranged from the southern boundary of the previous 2007 Dump Road Area geophysical 

survey to south of the MSA compass rose, and included the concrete connector between the 

airport runway and Taxiway Tango (see Figure 3-1). The survey entailed a reconnaissance-level 

EM survey using a Geonics, Inc. model EM-31MK2 instrument, which is effective in detecting 

variations in soil conductivity (related to fill type and moisture content) and detecting subsurface 
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metallic objects. Anomalies were surveyed with a hand-held TW-6 metal detector to confirm 

field scans. The geophysical survey report appears in Appendix E. 

The Geonics, Inc. model EM-31MK2 instrument measures the electrical conductivity of 

subsurface materials by using a transmitter coil to generate an electromagnetic field that drives 

an electrical current into the ground. A receiver coil at a fixed separation from the transmitter is 

tuned and oriented to be insensitive to the transmitted field, and therefore measures only a 

secondary electromagnetic field generated by the subsurface electrical current. The strength and 

orientation of this field can be used to accurately estimate the electrical conductivity (terrain 

conductivity) and/or relative metallic content (in-phase response) of the subsurface materials. 

Note that terrain conductivities are typically elevated in waste burial areas due to prior ground 

disturbances and the presence of wastes and/or debris, as well as in leaching fields due to 

dissolved salts/solids in the soils. 

Using a Geonics EM-31MK2 terrain conductivity meter, terrain conductivity readings (to an 

approximate depth of 25 feet) were collected at one-second (five-foot) intervals along profiles 

spaced approximately 10–20 feet apart and spanning all accessible areas of the survey area. 

Location controls (with sub-meter accuracy) were recorded using differential global positioning 

systems (GPS). Measurement locations were recorded using a mobile GPS receiver, with 

differential corrections to be applied relative to a fixed base-station GPS receiver. The EM 

in-phase and terrain conductivity data were also contoured and overlain on a base map of the site 

to identify any terrain conductivity anomalies of the type commonly associated with burial areas 

or other targets exhibiting anomalous terrain conductivities and/or in-phase response 

(e.g., metallic content). 

3.9 SYNOPTIC WATER LEVEL MEASUREMENTS 

One round of water levels was measured from the MSA monitoring wells. The static water level 

was determined by lowering the meter’s probe into the well until the liquid level indicator emits an 

audible tone, indicating the air/water interface. The water level was read from the probe cable and 

recorded to the nearest 0.01 foot as the depth to water. The water level measurements were recorded 

on a groundwater level measurement field form. Levels were recorded in as short a period as 

possible and within a single day to minimize the effects of diurnal and tidally-induced fluctuations 
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in groundwater levels. Water levels were measured on July 2, 2010 from 7:25–10:50 a.m., which 

was during the rising limb of a tidal cycle from 5:45–11:45 a.m. Groundwater level measurements 

appear in Appendix F. 

3.10 GROUNDWATER MODELING 

Ongoing groundwater flow modeling supports the FS and helps develop remediation alternatives 

to address VOC and 1,4-dioxane groundwater contamination at the Dump Road Area. 

Remediation alternatives are based on the primary objectives of controlling and capturing 

contaminated groundwater at MSA using hydraulic-barrier pumping wells to prevent plume 

migration into off-site areas and toward Frog Mortar Creek. New site data collected during this 

supplemental program will update the existing groundwater model.  

Supplemental field studies have examined groundwater flow conditions on the other side of Frog 

Mortar Creek, evaluated tidal fluctuations, and better estimated the hydraulic conductivity of the 

lower surficial-aquifer. These newer data update and refine the groundwater flow model to 

further improve the remedial design and the effectiveness of the hydraulic barrier wells. The 

model update and refinement are summarized below. Details and results of the update and 

refinement will appear in a separate groundwater modeling report.  

Model update and refinement—The model update consists of examining recently collected 

Dump Road Area data, which includes water level data, groundwater potentiometric-surface 

maps, hydrographs, aquifer hydraulic characteristics, groundwater chemical data, chemical data 

time-series plots, and plume maps. The conceptual model was refined based on a review of the 

new site data. This conceptual hydrogeologic and geochemical model serves as the framework 

for updating the groundwater flow and chemical transport model. 

After updating the conceptual model based on the recently collected site data, the numerical 

groundwater flow and solute-transport model construction was refined. As part of model 

construction, model layers were updated based on the new site data and any available new 

regional data. Initial hydraulic conductivity values were also updated based on the results of the 

recent slug testing at the site. 
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Flow-model calibration update—Calibration of the project’s groundwater flow model will be 

updated through a series of simulations and by adjusting the model to match the field data, 

according to industry-standard criteria. The groundwater flow model-calibration will be verified 

by comparison to an independent set of previously collected water level data. The model update 

simulations will include both steady-state and transient runs. In steady-state mode, a 

calibration-verification simulation will be conducted based on the 2010 round of water level data.  

The flow-model calibration will be performed in accordance with ASTM D 5891, “Standard 

Guide for Calibrating a Groundwater Flow Model.” Transient simulations compare both 

pumping test and tidal measurements at the site. For the pumping test, observed versus simulated 

drawdown over time will be examined at wells where data are available. For the tidal 

measurements, the transient model will examine the ability of the model to match the new 

transducer data collected from both Frog Mortar Creek and piezometer well clusters. 

Groundwater-flow model remedial analyses—Following calibration of the flow model, the 

groundwater flow model will be applied to examine the hydraulic capture zones for three 

remedial scenarios. In these simulations, modeling will help select well locations and appropriate 

injection/extraction rates. These analyses will include examining the extent of hydraulic 

influences on the flow field to improve and enhance plume capture. Modeling will also examine 

pressure increases to help limit the effects of potential mounding during injection. 
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Table 3-1 
Common Functions and Values of Wetlands According to the Highway Method— 

Lockheed Martin, Martin State Airport, Middle River, Maryland 

Functions 
Groundwater 
recharge/discharge 

Considers the potential for a wetland to serve as a groundwater recharge or discharge 
area (or both). Reflects the fundamental interaction between wetlands and aquifers, 
regardless of the size or importance of either. 

Flood-flow alteration Considers the effectiveness of the wetland in reducing flood damage by water 
retention for prolonged periods following precipitation. Adds to the stability of the 
wetland ecological system or its buffering characteristics and provides social and 
economic value relative to erosion and flood control. 

Fish and shellfish 
habitat 

Represents the effectiveness of seasonal or permanent watercourses associated with 
the wetland in question as fish and shellfish habitat. 

Sediment/toxicant 
retention 

Considers the ability of a wetland to reduce or prevent degradation of water quality. 
Relates to the effectiveness of the wetland as a trap for sediments, toxicants, or 
pathogens in runoff water from surrounding uplands or upstream eroding areas. 

Nutrient removal Represents the effectiveness of the wetland in trapping nutrients in runoff water from 
surrounding uplands or contiguous wetlands and the ability of the wetland to convert 
these nutrients into other chemical forms or trophic levels. One element is the ability 
of the wetland to prevent ill effects from nutrients entering aquifers or surface waters 
such as ponds, lakes, streams, rivers, and estuaries. 

Production export Represents the effectiveness of the wetland in producing food or usable products for 
man and other living organisms. 

Sediment/ 
shoreline stabilization 

Represents the effectiveness of a wetland in stabilizing stream banks and shorelines 
against erosion. 

Wildlife habitat Represents the effectiveness of the wetland as habitat for various types and 
populations of animals typically associated with wetlands and the wetland edge. Also 
represents the use of the wetland as habitat for migrating species and species 
dependent on the wetland at some time in their life cycles. 

Values 
Recreation Represents the suitability of the wetland and associated watercourses in providing 

recreational opportunities such as canoeing, boating, fishing, hunting, and other active 
or passive activities. 

Educational/ 
scientific value 

Considers the suitability of the wetland as an “outdoor classroom” or as a location for 
scientific study or research. 

Uniqueness/ 
heritage 

Considers certain special characteristics of the wetland or its associated water bodies. 
These may include archaeological sites, critical habitat, overall health and appearance, 
role in the ecological system of the area, or relative importance as a typical wetland 
class for its geographic region. 

Visual 
quality/aesthetics 

Represents the visual and aesthetic quality or usefulness of the wetland. 

Endangered species 
habitat 

Represents the suitability of the wetland in supporting species whose survival has been 
officially acknowledged as being threatened or endangered. 

Source: USACE, 1999 
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Table 3-2 
Previous Slug Test Results—Surficial Aquifer— 

Lockheed Martin, Martin State Airport, Middle River, Maryland 
Page 1 of 2 

Upper surficial-aquifer 

Well ID 
Falling head 

test 
(feet/day) 

Rising head 
test 

(feet/day) 

Average 
(feet/day) 

DMW1S 10.00 10.00 10.00 

DMW2S 3.00 3.00 3.00 

DMW3S 0.06 0.04 0.05 

DMW4S 4.00 7.00 5.50 

DMW5S 0.30 0.30 0.30 

DMW6S 4.00 5.00 4.50 

DMW7S 3.00 3.00 3.00 

DMW8S 0.30 0.50 0.40 

DMW9S 20.00 20.00 20.00 

DMW10S 20.00 20.00 20.00 

DMW11S 0.50 0.50 0.50 

MW-31 No data 0.20 0.20 

MW-4 1.00 1.00 1.00 

MW-5 0.20 0.20 0.20 

MW-6 10.00 10.00 10.00 

MW-7 0.20 0.20 0.20 

Intermediate surficial-aquifer 

DMW1A 3.00 3.00 3.00 

DMW2A 2.00 4.00 3.00 

DMW3I 8.00 9.00 8.50 

DMW4I 5.00 7.00 6.00 

DMW5I 2.00 3.00 2.50 

DMW6I 10.00 10.00 10.00 

DMW7I 20.00 20.00 20.00 

DMW8I 20.00 20.00 20.00 

DMW9I 1.00 1.00 1.00 

DMW10I 1.00 2.00 1.50 

DMW11I 0.90 0.90 0.90 
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Table 3-2 
Previous Slug Test Results—Surficial Aquifer— 

Lockheed Martin, Martin State Airport, Middle River, Maryland 
Page 2 of 2 

Well ID 
Falling head 

test 
(feet/day) 

Rising head 
test 

(feet/day) 

Average 
(feet/day) 

Intermediate surficial-aquifer 

MW1(1) No data 35.80 35.80 

MW2(1) No data 4.81 4.81 

Lower surficial-aquifer 

DMW1B 0.2 0.2 0.20 

DMW2B 0.5 0.5 0.50 

DMW3D 9.0 10.0 9.50 

DMW4D 3.0 3.0 3.0 

DMW5D 2.0 4.0 3.00 

DMW6D 2.0 2.0 2.00 

DMW7D 10.0 10.0 10.00 

DMW8D 6.0 7.0 6.50 

DMW9D 5.0 5.0 5.00 
(1)Slug tests by Maryland Environmental Service in 1994 



Table 3-3

Summary of Pumping Test Results
Lockheed Martin Martin State Airport, Middle River, Maryland

Well Distance Aquifer Transmissivity Hydraulic Cond. Storage
Pumping to Observ. Drawdown Thicknes Drawdown Drawdown Drawdown

Well ID (Feet) (Feet) (Feet) (Sqaure feet/day) (Feet/day) (Dimensionless) Comments
RW01S TEST

OW01S 4.78 0.37 4 164.2 41.1 2.49E-03 Confined
RW01I Test

OW01S 36.89 0.07 -- -- -- -- Analysis not performed.
OW01I 24.32 1.18 34 1930.2 56.8 1.57E-06 Confined
DMW2A 17.44 1.16 34 1830.2 53.8 1.88E-05 Confined
DMW3I 155.91 0.46 17 2378.4 139.9 1.24E-04 Confined
DMW4I 266.86 0.39 34 1431.5 42.1 5.19E-04 Confined
DMW8I 182.42 0.40 23 1793.1 78.0 1.60E-04 Confined

Mean (Arithmetic)1 129.39 0.72 28 1872.7 74.1 1.65E-04

Mean (Geometric)1 79.72 0.63 27 1848.2 67.5 4.97E-05
--  = Analysis not performed.
1      Intermediate surficial aquifer observation wells for RW01I test only.
Observation well not shown on table if there is no apparent drawdown measured.
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Table 3-4 
Slug Tests, August 2010 

Lockheed Martin, Martin State Airport, Middle River, Maryland 

Deep surficial-aquifer wells 

DMW8D(1) 

MW14D 

MW15D 

MW16D 

MW18D 

MW19D 

MW20D 

MW21D 

MW22D 

MW23D 

MW26D 

Deep well below the lower 
surficial-aquifer 

MW17D 

Shallow and intermediate 
surficial-aquifer wells 

DMW7I(1) 

MW24S 

MW24I 

MW32I 

MW34I 

(1)This well was tested in 2003 and later 
tested as part of this study to compare 
results of both the solid slug and 
pneumatic slug methods. 
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Section 4 

Investigation Results 

This section presents the results for the topographical mapping, passive soil-gas survey, aquifer 

hydraulics testing (i.e., slug tests), geophysical survey, and synoptic groundwater levels. 

Section 4.1 briefly discusses the topographic mapping. The results of the passive soil-gas 

sampling, aquifer hydraulics tests, geophysical survey, and synoptic groundwater levels are 

discussed in sections 4.2 through 4.5. The results of the wetlands delineation, long-term surface 

water-level and groundwater-level monitoring, and groundwater modeling update are provided in 

separate documents and are not repeated in this report.  

4.1 TOPOGRAPHICAL MAPPING 

The topographic maps generated for this investigation are provided in Appendix B. Two maps 

were produced as part of the survey. The first shows the surveyed area extending from the 

MANG armory to the southern edge of the Dump Road Area. The second covers the southeastern 

corner of MSA east of Taxiway Tango. The drawings have a topographic-contour interval of one 

foot, based on NAVD88. 

Site topography for the Dump Road Area ranges from flat to gently sloping to the northeast 

toward Frog Mortar Creek. In the northern portion of the Dump Road Area, land elevations range 

from approximately 11 feet above NAVD88 near the runway to approximately seven feet above 

NAVD88 at Pond No. 2. In the southeastern portion of the site, land elevations are approximately 

20 feet above NAVD88 at a mounded area near the embankment, near Frog Mortar Creek. A 

steeply sloped embankment lies along the Frog Mortar Creek shoreline, comprised of fill placed 

there as part of airport construction. The elevation of the top of the embankment ranges from 

approximately 10 feet above NAVD88 at the northern portion of the Dump Road Area to 

approximately 20 feet above NAVD88 in the southern portion. 

The area south of the Dump Road Area is flat to gently sloping in the area of a large, lobate area 

north of the wetland. A steep embankment runs along the Frog Mortar Creek shoreline and along 
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the northern edge of the wetland. Land in the southeastern corner of the surveyed area south of 

Taxiway Tango and the compass rose gently slopes from an elevation of eight feet southward to 

Frog Mortar Creek, at an elevation approximately one foot above NAVD88. 

4.2 PASSIVE SOIL-GAS SURVEY 

Ninety-nine passive soil-gas samples were analyzed for VOCs, TPH (carbon-4 through 

carbon-20 aliphatics), and diesel alkanes (carbon-11 through carbon-15 compounds). Sorber 

results indicate the presence and relative abundance of contaminants in the subsurface soil-gas. 

Results are reported as the mass (i.e., micrograms) of compounds adsorbed in the module over 

the in-ground measuring period. A detected contaminant mass may have originated from a 

combination of sources, such as soil, groundwater, or free product (i.e., petroleum or solvent 

product); however, the contaminant-source media may not be readily identified by the sorber 

results alone.  

Results of the laboratory analyses are summarized in Table 4-1. Appendix C contains all of the 

soil-gas chemical analytical results, including analytes detected and those not detected. As noted 

in section 3, samples PSV-22 and PSV-58 were damaged and could not be analyzed for VOCs. 

Samples PSV-50 and PSV-73 were analyzed but were reported to be on the ground outside of the 

borehole; therefore, results for these two samples may not fully represent subsurface soil-gas 

conditions at these locations. 

Several VOCs were detected in the samples, including TCE, cis-1,2-DCE, and the 

petroleum-related VOCs benzene, toluene, ethylbenzene, and xylene (BTEX). Benzene was the 

most frequently detected BTEX constituent; however, benzene was typically reported at low 

masses ranging from 0.02–3.45 µg. For samples with high total VOC masses (i.e., typically, total 

VOCs greater than 5 µg, such as PSV-54, PSV-60, and PSV-67), xylenes were the predominant 

BTEX constituent detected. TPH was also detected in the samples. However, diesel alkanes were 

detected less frequently and at much lower masses than the aliphatic hydrocarbons. Figures 4-1 

through 4-5 show distributions of TCE, cis-1,2-DCE, BTEX, naphthalene/2-methylnaphthalene, 

and TPH (aliphatic hydrocarbons). 

As shown in Figures 4-1 and 4-2, TCE and cis-1,2-DCE were detected northwest of well 

MW33S and, to a lesser degree, northwest of DMW11S. The maximum TCE and cis-1,2-DCE 
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masses were reported for sample PSV-75 (51.51 µg and 73.12 µg for TCE and cis-1,2-DCE, 

respectively), approximately 180 feet northwest of well MW33S. Sample PSV-70 had the second 

highest TCE and cis-1,2-DCE masses in the MW33S area, at 9.91 µg and 6.89 µg, respectively. 

PSV-70 is midway between MW33S and PSV-75.  

TCE was also detected at relatively greater masses on the western side of Taxiway Tango at 

PSV-60 (8.58 µg) and PSV-44 (2.07 µg). The distribution of cis-1,2-DCE in the MW33S area is 

similar to that of TCE. TCE and cis-1,2-DCE were not detected at sampling locations PSV-50, 

PSV-52, PSV-53, PSV-55, PSV-58, PSV-61, PSV-62, PSV-63 PSV-84, PSV-85, PSV87, PSV-88, 

PSV-90, and PSV-99, indicating possible northwestern boundaries of cVOC contamination. West 

and northwest of well DMW11S, TCE was detected at relatively low masses at PSV-3, PSV-35, 

PSV-36, and PSV-38, ranging from 0.03–0.10 µg. Cis-1,2-DCE was not detected in these 

samples. 

As shown in Figures 4-3 through 4-5, BTEX, naphthalene/2-methylnaphthalene, and TPH have 

mass distributions similar to the cVOCs. The highest concentrations of BTEX, 

naphthalene/2-methylnaphthalene, and TPH are west and northwest of MW33S, with lower 

masses on the western side of Taxiway Tango in this area. However, the distribution of TPH is 

more extensive than the other analytes on both sides of Taxiway Tango. Samples PSV-46 and 

PSV-43 indicate that TPH may extend west of the sampled area. BTEX, 

naphthalene/2-methylnaphthalene, and TPH levels northwest and west of DMW11S are also 

lower than the MW33S area. The highest concentrations of BTEX, 

naphthalene/2-methylnaphthalene, and TPH are in the northern-northwestern edge of the two 

DMW11S sampling areas at sampling locations PSV-42, PSV-41, PSV-38, and PSV-21. 

The relative masses of benzene and TPH in the passive soil-gas samplers are similar to the 

relative concentrations of those compounds in groundwater at the nearest shallow monitoring well 

(MW33S). That is, TPH soil-gas masses and TPH groundwater concentrations are approximately 

25–100 times higher than benzene soil-gas masses and benzene groundwater concentrations. 

However, total xylenes masses are 50 times greater than benzene in the soil-gas samples, whereas 

xylenes were not detected in groundwater at MW33S (benzene in groundwater is 22 µg/L). 
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The relative benzene/xylenes/TPH masses in the passive soil-gas samples indicate that the source 

of the contamination is either a weathered gasoline or a heavier petroleum product, such as diesel 

or jet fuel. Diesel-range organics are present at MW33S at concentrations of 140 µg/L and 

gasoline-range organics are present at MW33S at a concentration of 320 µg/L. Therefore, despite 

the low relative masses of diesel-range alkanes in the passive samples, diesel/jet fuel cannot be 

ruled out in that area. The VOC source cannot be readily determined based on the soil gas 

results. Further, at these low masses and concentrations, fuel fingerprinting may not be effective 

at defining contaminant sources and ages. 

4.3 AQUIFER HYDRAULICS TESTS 

Table 4-2 presents the slug test results. Hydraulic conductivities for slug tests range from 

6.68×10-5 ft/day at MW17D to 66 ft/day for MW24I (intermediate surficial-aquifer zone). The 

range of hydraulic conductivities for the lower surficial-aquifer wells is 2.74 ft/day at MW18D to 

25.5 ft/day at MW15D. The results for MW14D, MW17D, and MW26D are not considered 

representative of the lower surficial-aquifer. Well screens for MW17D and MW26D are set 

predominantly in clay, silty clay, or a sand-clay mix, and do not reflect the thick zone of 

permeable sands encountered southeast and east of these two wells. The base of the lower 

surficial-aquifer in the Dump Road Area is typically 70–95 feet below grade (50–75 feet below 

NAVD88). The well screen for MW14D is set in dense silt at 108–118 feet below grade (elevation 

of 100–110 feet below NAVD88), and below several clayey and silty confining or semi-confining 

layers. Therefore, well MW14D monitors materials beneath and hydraulically separate from the 

lower surficial-aquifer. 

The geometric average of the lower surficial-aquifer slug tests, excluding MW17D and MW26, is 

8.4 ft/day (arithmetic mean is 11.3 ft/day). The 2010 results suggest that higher hydraulic 

conductivities for the lower surficial-aquifer form a northwest-southeast line along the middle of 

the site from MW15D (25.5 ft/day), MW20D (18.4 ft/day), and MW19D (19.3 ft/day), with lower 

conductivities (ranging from 2.74–9.52 ft/day) southwest (MW21D and MW22D) and northeast 

(MW16D, MW18D, and DMW8D) of these wells. A comparison of the 2003 and 2010 slug test 

results for wells DMW7I and DMW8D (see Table 4-2) indicate that both test methods provide 

comparable results (i.e., same order of magnitude estimates). 
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4.4 GEOPHYSICAL SURVEY 

Figures 2 and 3 in Appendix E (“Geophysical Survey Report”) present the results of the EM 

survey. The figures are contour maps showing the results of the EM in-phase response and EM 

terrain-conductivity surveys. Four geophysical anomalies (i.e., areas of elevated instrument 

responses) were identified and are shown as anomalies A–D on the figures. One small area in the 

northwestern corner of the survey area (labeled “Surface Metallic Debris” in Figure 2) was found 

to have metallic surface debris and other debris, including tires and metal cabinets, scattered 

across the ground. The northwestern portion of the 2010 survey area includes an area previously 

surveyed in 2007 using EM techniques (hereafter, the “survey overlap area”). Except for the 

areas adjacent to the chain-link fence, the 2007 and 2010 results in the survey overlap area are 

similar, with the southern portion of the survey overlap area indicating “normal” soil conditions, 

and the northern portion of the survey overlap area indicating low to moderate conductivities. 

The results in other areas of the survey area do not indicate metallic materials in the subsurface. 

Anomaly A was identified as a possible underground non-metallic vault or other utility 

appurtenance associated with a nearby suspected utility. Anomalies B and C were identified as 

broad, moderate-amplitude anomalies suspected of being higher-conductivity soil containing 

more clay minerals. Both EM anomalies were scanned with a TW-6 metal detector. Metal is not 

associated with the anomalies based on the TW-6 scans. Anomaly D is a high-amplitude anomaly 

associated with the tidal wetland area. The EM responses are considered the result of wet 

mineral-rich soil and brackish water commonly encountered in wetland environments. 

Several areas could not be surveyed due to access difficulties. Areas along the Frog Mortar Creek 

shoreline consist of steep embankments or areas inundated with tidal water from Frog Mortar 

Creek. The steep embankments could not be surveyed due to safety concerns, and areas near 

Frog Mortar Creek flooded by tidal surface water prohibited the use of the EM instrumentation. 

However, the absence of survey data in these areas does not appear to be a concern because the 

survey results do not indicate fill or buried metallic debris in these areas, and the boundaries of 

possible geophysical anomalies (e.g., Anomaly B) were delineated.  

The wetland area (Anomaly D) also could not be completely surveyed due to access limitations. 

However, the absence of the survey data in this area is not considered a concern because most of 
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the Anomaly D area was surveyed, and the elevated EM responses were considered the result of 

wet mineral-rich soil and brackish water and not from fill or buried materials. It is recommended 

that EM anomalies A–D and the smaller EM anomalies in the northwestern corner of the survey 

area be excavated using test pits to verify the presence or absence of buried materials at these 

locations. 

4.5 SYNOPTIC WATER LEVEL MEASUREMENTS 

Table 4-3 presents the July 2010 groundwater level measurements and computed groundwater 

elevations for the Dump Road Area. Figures 4-6 through 4-8 show the July 2010 groundwater 

elevation contour maps for the upper, intermediate, and lower surficial-aquifer zones. Figure 4-9 

shows a groundwater-elevation contour map for the deep confined-aquifer zone. As seen in 

Table 4-3 (and accounting for well stickup, where applicable), static groundwater levels 

measured in wells are reported at depths ranging from 5–19 feet below grade in each of the 

upper, intermediate, and lower surficial-aquifer wells.  

As shown in Figures 4-6 through 4-8, groundwater in the upper, intermediate, and lower 

surficial-aquifer generally flows northeast from the runway and taxiway toward Frog Mortar 

Creek. An elevated groundwater level at DMW8S indicates local groundwater mounding south 

of Pond 1. Well DMW8S is installed in a clay-rich zone above the more permeable sands where 

the surrounding wells are installed. Therefore, the groundwater level in DMW8S may reflect 

localized perched groundwater in this portion of the Dump Road Area. Groundwater in the deep 

confined-aquifer (Figure 4-9) flows from northwest to southeast. 



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 1 of 15

FIELD SAMPLE ID: PSV-1 PSV-2 PSV-3 PSV-4 PSV-5 PSV-6 PSV-7
LAB ID: 640668 640655 640654 640667 640656 640653 640666

SAMPLE DATE: 8/25/2010 8/25/2010 8/26/2010 8/25/2010 8/26/2010 8/27/2010 8/25/2010

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE --  --  --  --  --  --  --  
1,2-DICLOROBENZENE --  --  --  --  --  --  --  
1,3,5-TRIMETHYLBENZENE --  --  --  --  --  --  --  
2-METHYL NAPHTHALENE --  0.02  --  --  --  --  --  
BENZENE 0.19  0.04  0.03  0.11  0.03  0.02  0.06  
BTEX 0.19  0.04  0.03  0.11  0.08  0.02  0.06  
CHLOROBENZENE --  --  --  --  --  --  --  
CHLOROFORM --  --  --  --  --  --  --  
CIS-&TRANS-1,2-DICHLOROETHENE --  --  --  --  --  --  --  
CIS-1,2-DICHLOROETHENE --  --  --  --  --  --  --  
ETHYLBENZENE --  --  --  --  --  --  --  
M,P-XYLENE --  --  --  --  0.05  --  --  
NAPH&2-MN --  0.17  --  --  --  --  --  
NAPHTHALENE --  0.15  --  --  --  --  --  
OCTANE --  --  --  --  --  --  --  
O-XYLENE --  --  --  --  --  --  --  
PENTADECANE --  --  --  --  --  --  --  
TETRACHLOROETHENE --  --  0.07  --  --  --  --  
TMBs(1) --  --  --  --  --  --  --  
TOLUENE --  --  --  --  --  --  --  
TRANS-1,2-DICHLOROETHENE --  --  --  --  --  --  --  
TRICHLOROETHENE --  --  0.07  --  --  --  --  
TRIDECANE --  --  --  --  --  --  --  
UNDECANE --  0.30  --  --  0.07  --  --  
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS 0.08  0.48  0.50  0.09  0.14  0.03  0.06  
DEISEL RANGE ALKANES --  0.30  --  --  0.07  --  --  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 2 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-8 PSV-9 PSV-10 PSV-11 PSV-12 PSV-13 PSV-14
640657 640652 640664 640658 640651 640665 640659

8/25/2010 8/24/2010 8/25/2010 8/26/2010 8/26/2010 8/25/2010 8/26/2010

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

0.04  0.02  0.08  0.03  0.03  0.04  0.08  
0.04  0.02  0.08  0.03  0.03  0.04  0.08  

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

1.32  --  --  --  1.88  --  1.33  

1.65  0.12  0.10  0.15  2.53  0.23  1.67  
1.32  --  --  --  1.88  --  1.33  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 3 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-15 PSV-16 PSV-17 PSV-18 PSV-19 PSV-20 PSV-21
640650 640663 640660 640649 640662 640661 640648

8/27/2010 8/25/2010 8/25/2010 8/24/2010 8/25/2010 8/26/2010 8/26/2010

--  --  --  0.04  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  

0.04  --  --  0.02  --  --  0.06  
0.09  0.05  0.07  0.33  0.12  0.20  0.03  
0.09  0.05  0.07  0.38  0.15  0.20  0.03  

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

0.12  --  --  0.07  --  --  0.24  
0.09  --  --  0.05  --  --  0.18  

--  --  --  0.03  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  0.04  --  --  --  
--  --  --  0.05  0.03  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  

0.03  --  --  0.04  --  --  --  
0.36  --  --  0.08  --  0.05  3.13  

9.65  0.17  5.40  24.15  2.09  0.77  59.19  
0.39  --  --  0.11  --  0.05  3.13  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 4 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-22 PSV-23 PSV-24 PSV-25 PSV-26 PSV-27 PSV-28
640621 640640 640641 640622 640639 640642 640629

8/26/2010 8/24/2010 8/27/2010 8/25/2010 8/25/2010 8/27/2010 8/27/2010

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

0.03  0.03  0.02  0.07  0.04  0.04  0.04  
0.03  0.03  0.02  0.12  0.04  0.04  0.04  

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  0.05  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  0.07  --  0.05  --  

0.05  0.23  0.46  0.59  0.04  0.10  0.04  
--  --  --  0.07  --  0.05  --  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 5 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-29 PSV-30 PSV-31 PSV-32 PSV-33 PSV-34 PSV-35
640638 640643 640630 640637 640644 640631 640636

8/27/2010 8/26/2010 8/26/2010 8/26/2010 8/26/2010 8/27/2010 8/26/2010

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.20  

0.02  0.10  0.04  0.09  0.06  0.03  0.04  
0.02  0.10  0.04  0.09  0.06  0.03  0.04  

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.31  
--  --  --  --  --  --  0.11  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.03  
--  --  --  --  --  --  0.11  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.04  
--  --  --  --  --  --  0.04  
--  --  0.09  0.69  --  0.06  --  

0.02  0.14  0.16  2.41  2.35  0.10  4.91  
--  --  0.09  0.69  --  0.06  0.07  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 6 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-36 PSV-37 PSV-38 PSV-39 PSV-40 PSV-41 PSV-42
640645 640632 640635 640646 640633 640634 640647

8/27/2010 8/25/2010 8/24/2010 8/26/2010 8/26/2010 8/25/2010 8/25/2010

--  --  --  --  --  --  0.06  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.05  
--  --  0.54  --  --  0.39  0.06  

0.22  0.02  0.04  0.05  0.08  0.08  0.52  
0.22  0.02  0.04  0.05  0.08  0.08  0.91  

--  --  --  --  --  --  --  
--  --  0.02  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  0.05  
--  --  --  --  --  --  0.08  
--  --  0.76  --  --  0.81  0.09  
--  --  0.21  --  --  0.42  0.03  
--  --  --  --  --  --  3.19  
--  --  --  --  --  --  0.05  
--  --  0.03  --  --  0.04  --  

0.03  --  0.18  --  --  0.06  --  
--  --  --  --  --  --  0.11  
--  --  --  --  --  --  0.22  
--  --  --  --  --  --  --  

0.03  --  0.10  --  --  --  --  
--  --  0.03  --  --  0.05  0.26  
--  --  --  --  --  0.05  0.59  

0.35  0.70  4.13  1.41  8.60  11.46  132.14  
--  --  0.05  --  --  0.13  0.85  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 7 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-43 PSV-44 PSV-45 PSV-46 PSV-47 PSV-48 PSV-49
640564 640563 640562 640565 640566 640567 640570

8/25/2010 8/24/2010 8/26/2010 8/24/2010 8/25/2010 8/24/2010 8/25/2010

--  0.15  0.03  --  0.15  0.43  --  
--  --  --  --  --  --  --  
--  0.25  --  --  0.08  1.01  --  
--  0.55  --  --  0.05  0.11  --  

0.07  0.13  0.19  0.16  0.22  0.34  0.17  
0.09  0.96  0.45  0.16  0.63  1.29  0.17  

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  3.20  0.07  --  --  0.04  --  
--  3.01  0.07  --  --  0.04  --  
--  0.05  --  --  --  0.11  --  
--  0.22  0.03  --  0.24  0.23  --  
--  0.75  0.03  0.02  0.08  0.18  --  
--  0.20  0.03  0.02  0.03  0.07  --  
--  0.05  --  0.04  0.14  1.40  --  
--  0.36  0.03  --  0.15  0.40  --  
--  --  --  0.03  --  --  0.06  
--  --  --  --  --  --  --  
--  0.40  0.03  --  0.23  1.44  --  

0.02  0.19  0.19  --  0.02  0.22  --  
--  0.18  --  --  --  --  --  

0.08  2.07  0.19  --  0.32  0.04  0.08  
0.03  0.12  0.06  0.07  0.11  0.07  0.13  

--  0.25  --  0.14  0.15  0.21  0.09  

16.46  39.64  48.68  70.03  64.47  256.41  14.28  
0.03  0.37  0.06  0.24  0.26  0.28  0.28  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
Page 8 of 15

FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-50 PSV-51 PSV-52 PSV-53 PSV-54 PSV-55 PSV-56
640569 640568 640571 640572 640573 640574 640575

8/24/2010 8/25/2010 8/26/2010 8/25/2010 8/25/2010 8/26/2010 8/25/2010

--  0.03  --  --  0.65  --  --  
--  --  --  --  --  --  --  
--  --  --  --  2.51  --  --  
--  --  --  --  0.04  --  --  

0.06  0.18  0.11  0.08  0.30  0.09  0.11  
0.09  0.23  0.11  0.08  3.95  0.09  0.14  

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  0.35  --  0.61  
--  --  --  --  0.35  --  0.38  
--  --  --  --  1.04  --  --  
--  --  --  --  1.96  --  --  
--  0.03  --  --  0.12  --  --  
--  0.03  --  --  0.07  --  --  
--  --  --  --  0.09  --  --  
--  0.02  --  --  0.59  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  0.03  --  --  3.16  --  --  

0.03  0.03  --  --  0.06  --  0.04  
--  --  --  --  --  --  0.23  
--  0.02  --  --  0.06  --  0.26  
--  0.10  --  0.02  0.05  --  --  

0.07  0.08  --  --  0.26  --  --  

30.34  52.48  0.07  0.17  137.02  0.18  20.83  
0.07  0.18  --  0.02  0.30  --  --  
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Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-57 PSV-58 PSV-59 PSV-60 PSV-61 PSV-62 PSV-63
640576 640577 640578 640579 640582 640581 640580

8/25/2010 8/25/2010 8/25/2010 8/25/2010 8/26/2010 8/25/2010 8/25/2010

--  0.02  --  1.95  --  --  --  
--  --  --  --  --  --  --  
--  --  --  0.55  --  --  --  
--  0.09  --  --  --  --  --  

0.07  0.09  0.17  0.25  0.09  0.04  0.08  
0.07  0.09  0.17  31.86  0.09  0.04  0.16  

--  --  --  0.15  --  --  --  
--  --  --  --  --  --  --  

0.45  --  0.63  2.36  --  --  --  
0.38  --  0.51  2.19  --  --  --  

--  --  --  0.62  --  --  0.03  
--  --  --  29.68  --  --  --  
--  0.14  --  0.03  --  --  --  
--  0.05  --  0.03  --  --  --  
--  --  --  7.92  --  --  0.02  
--  --  --  0.79  --  --  --  
--  --  --  --  --  --  --  
--  --  --  0.13  --  --  --  
--  0.02  --  2.50  --  --  --  
--  --  --  0.52  --  --  0.05  

0.07  --  0.12  0.17  --  --  --  
0.05  --  0.05  8.58  --  --  --  

--  --  --  --  --  --  --  
--  --  --  0.07  --  --  --  

23.58  6.12  2.19  173.35  0.12  0.11  5.64  
--  --  --  0.07  --  --  --  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-64 PSV-65 PSV-66 PSV-67 PSV-69 PSV-70 PSV-71
640584 640585 640586 640587 640588 640589 640590

8/26/2010 8/24/2010 8/26/2010 8/26/2010 8/25/2010 8/26/2010 8/26/2010

--  --  --  7.44  0.10  0.18  --  
--  --  --  --  --  --  --  
--  --  --  9.56  0.17  0.25  --  
--  --  --  0.02  0.55  --  0.02  

0.04  0.02  --  0.14  0.24  1.07  0.05  
0.04  0.02  --  151.99  0.63  2.18  0.11  

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

0.21  --  --  0.17  1.53  7.44  --  
0.17  --  --  0.17  1.35  6.89  --  

--  --  --  4.23  --  0.23  --  
--  --  --  146.95  0.13  0.28  --  
--  --  --  0.05  2.40  0.04  0.09  
--  --  --  0.03  1.85  0.04  0.07  
--  --  --  2.93  0.29  8.95  --  
--  --  --  0.50  0.19  0.20  --  
--  --  --  --  --  --  --  
--  --  --  0.03  --  --  --  
--  --  --  17.00  0.26  0.43  --  
--  --  --  0.17  0.06  0.40  0.07  

0.05  --  --  --  0.18  0.55  --  
0.76  --  --  0.21  1.53  9.91  0.53  

--  --  --  --  0.02  --  --  
--  0.19  --  --  0.07  0.14  --  

1.33  0.61  0.15  212.97  67.30  340.83  0.40  
--  0.19  --  --  0.09  0.14  --  
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Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-72 PSV-73 PSV-74 PSV-75 PSV-76 PSV-77 PSV-78
640593 640592 640591 640594 640595 640596 640599

8/26/2010 8/26/2010 8/25/2010 8/25/2010 8/26/2010 8/25/2010 8/25/2010

0.03  --  --  0.55  7.16  0.20  1.04  
--  --  --  --  --  --  --  

0.05  0.06  --  2.38  1.15  0.18  1.55  
--  --  0.42  0.06  0.88  0.07  --  

0.55  0.66  0.03  0.75  3.45  0.43  0.25  
0.88  1.21  0.20  3.51  13.71  1.32  2.95  

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

1.06  0.82  0.43  87.31  0.14  --  0.03  
0.92  0.73  0.36  73.12  0.14  --  0.03  
0.04  0.05  --  0.17  2.90  0.04  1.90  
0.09  0.19  0.05  0.67  4.40  0.22  0.70  

--  --  0.87  0.12  1.95  0.32  --  
--  --  0.45  0.07  1.07  0.25  --  

0.10  2.45  --  2.83  5.82  0.09  0.06  
0.10  0.18  0.02  1.27  1.72  0.16  0.09  

--  --  --  --  2.08  0.12  --  
--  --  --  0.29  --  --  --  

0.07  0.06  --  2.93  8.31  0.38  2.59  
0.10  0.13  0.10  0.65  1.25  0.48  0.02  
0.14  0.10  0.07  14.19  --  --  --  
0.82  0.12  1.00  51.51  0.03  0.07  0.04  
0.08  --  --  0.07  3.60  0.63  --  
0.54  --  --  0.38  2.96  0.92  --  

86.27  209.26  2.60  274.98  536.14  89.32  26.89  
0.61  --  --  0.46  8.64  1.67  --  



Table 4-1

Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-79 PSV-80 PSV-81 PSV-82 PSV-83 PSV-84 PSV-85
640598 640597 640601 640600 640605 640603 640602

8/27/2010 8/26/2010 8/26/2010 8/25/2010 8/26/2010 8/24/2010 8/25/2010

0.06  --  --  0.39  --  --  --  
--  --  --  --  --  --  --  

0.05  --  --  0.89  0.05  --  --  
--  --  --  0.22  --  --  --  

0.18  0.05  1.91  0.21  0.22  0.05  0.03  
1.54  0.26  4.38  0.88  0.43  0.05  0.03  

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  0.46  --  0.35  --  --  
--  --  0.38  --  0.28  --  --  

0.13  --  0.84  0.13  0.02  --  --  
0.40  0.09  1.16  0.31  0.10  --  --  

--  --  --  0.36  --  --  --  
--  --  --  0.15  --  --  --  

1.54  --  16.55  0.68  0.06  --  --  
0.09  0.06  0.19  0.19  0.05  --  --  

--  --  --  0.05  --  --  --  
--  --  --  --  --  --  --  

0.10  --  --  1.28  0.05  --  --  
0.74  0.06  0.27  0.05  0.04  --  --  

--  --  0.07  --  0.07  --  --  
--  --  0.02  0.04  0.27  --  --  
--  0.03  --  0.57  --  --  --  
--  0.26  0.04  1.33  --  0.11  0.35  

95.60  18.27  226.73  145.51  14.05  1.11  0.61  
--  0.29  0.04  1.95  --  0.11  0.35  
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Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-86 PSV-87 PSV-88 PSV-89 PSV-90 PSV-91 PSV-92
640606 640604 640608 640607 640611 640610 640609

8/26/2010 8/25/2010 8/26/2010 8/25/2010 8/24/2010 8/25/2010 8/26/2010

--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  0.03  --  0.04  --  --  0.03  

0.08  0.10  0.09  0.08  0.08  0.10  0.11  
0.18  0.10  0.12  0.10  0.10  0.10  0.22  

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

0.27  --  --  0.08  --  --  0.12  
0.27  --  --  0.08  --  --  0.12  

--  --  --  --  --  --  --  
0.05  --  --  --  --  --  0.05  

--  0.08  --  0.09  --  --  0.07  
--  0.05  --  0.04  --  --  0.04  
--  --  --  --  --  --  --  

0.02  --  --  --  --  --  0.03  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  --  --  --  

0.03  --  0.03  0.02  0.02  --  0.03  
--  --  --  --  --  --  --  

1.47  --  --  0.04  --  0.28  0.05  
--  --  --  --  --  --  --  
--  1.09  0.70  0.35  0.25  --  --  

2.32  1.72  1.08  1.56  1.19  1.39  1.29  
--  1.09  0.70  0.35  0.25  --  --  
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Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-93 PSV-94 PSV-95 PSV-96 PSV-97 PSV-98 PSV-99
640612 640613 640614 640617 640616 640615 640618

8/26/2010 8/27/2010 8/24/2010 8/26/2010 8/27/2010 8/26/2010 8/26/2010

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

0.05  0.12  0.08  0.22  0.04  0.08  0.10  
0.05  0.12  0.08  0.22  0.04  0.08  0.10  

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

0.03  0.03  --  0.03  --  --  --  
--  --  --  --  --  --  --  
--  --  --  --  0.06  --  --  

0.23  0.17  0.18  0.14  0.24  0.22  0.06  
--  --  --  --  0.06  --  --  
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Chemical Results of Passive Soil Gas Survey, August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland
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FIELD SAMPLE ID:
LAB ID:

SAMPLE DATE:

VOLATILES (ug)

1,2,4-TRIMETHYLBENZENE
1,2-DICLOROBENZENE
1,3,5-TRIMETHYLBENZENE
2-METHYL NAPHTHALENE
BENZENE
BTEX
CHLOROBENZENE
CHLOROFORM
CIS-&TRANS-1,2-DICHLOROETHENE
CIS-1,2-DICHLOROETHENE
ETHYLBENZENE
M,P-XYLENE
NAPH&2-MN
NAPHTHALENE
OCTANE
O-XYLENE
PENTADECANE
TETRACHLOROETHENE
TMBs(1)

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
TRIDECANE
UNDECANE
PETROLEUM HYDROCARBONS (ug)
TOTAL PETROLEUM HYDROCARBONS
DEISEL RANGE ALKANES

PSV-100 PSV-101
640619 640620

8/25/2010 8/25/2010

--  --  
0.02 --  

--  --  
--  --  
--  0.04  
--  0.04  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  --  
--  0.10  
--  --  
--  0.44  

--  0.79  
--  0.44  

-- - Not detected at listed detection limit.
ug - micrograms.



Table 4-2

Results for Single-Well Permeability Tests (Slug Tests), August 2010
Dump Road Area

Lockheed Martin Martin State Airport, Middle River, Maryland

Geometric Arithmetic
Test 11 Test 21 Test 32 Mean Mean

Well ID (Ft/day)3 (Ft/day) (Ft/day) (Ft/day) (Ft/day)

MW24S 1.10 1.17 -- 1.13 1.14

DMW7I(4) 27.2 27.1 27.0 27.1 27.1
MW24I 64.3 67.7 -- 66.0 66.0
MW32I 13.4 13.0 -- 13.2 13.2
MW34I 1.96 1.93 -- 1.94 1.95

14.6 27.1

DMW8D(4) 9.36 9.67 -- 9.51 9.52
MW15D 25.4 25.5 -- 25.4 25.5
MW16D 4.31 4.29 -- 4.30 4.30
MW18D 2.74 2.75 -- 2.74 2.75
MW19D 19.2 19.3 19.3 19.3 19.3
MW20D 18.2 18.4 18.7 18.4 18.4
MW21D 3.21 3.24 3.31 3.25 3.25
MW22D 4.37 4.74 -- 4.55 4.56
MW23D 14.3 14.5 -- 14.4 14.4

8.4 11.3

MW14D 0.576 0.603 -- 0.589 0.590
MW26D 0.033 -- -- 0.033 0.033
MW17D 6.68E-05 -- -- 6.68E-05 6.68E-05

2   Water level data for Test 3 were recorded using a logarithmic interval setting. 
3   Ft/d = Feet per day.
4   Results for the 2003 slug test analyses were 6.5 ft/day for DMW7I and 20 ft/day for DMW8D (Tetra Tech, 2010).

Hydraulic Conductivity

1   Water level data for Test 1 and Test 2 were recorded at 0.5 or 1 second intervals. A 30 second interval
was used for MW17D due to a slow groundwater response.

Upper Surficial Aquifer

Intermediate Surficial Aquifer

Lower Surficial Aquifer

Non-Surficial Aquifer
     Average (Geometric / Arithmetic)

      Average (Geometric / Arithmetic)



Table 4-3

Groundwater Levels and Elevations - July 2010
Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 1 of  3

Top of Well Depth Groundwater
Casing to Groundwater Elevation

Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet

Well ID Level (NAVD 1988) (Below Top of Casing) (NAVD 1988)
DMW-1S S 11.08 9.22 1.86
DMW-2S S 21.75 21.29 0.46
DMW-3S S 16.52 10.86 5.66
DMW-4S S 20.52 20.29 0.23
DMW-5S S 21.34 20.99 0.35
DMW-6S S 18.62 18.39 0.23
DMW-7S S 21.84 NM --
DMW-8S S 15.80 12.60 3.20
DMW-9S S 11.45 9.85 1.60
MW-10S S 10.29 8.39 1.90
MW-11S S 9.20 5.69 3.51
MW-15S S 8.60 7.22 1.38
MW-16S S 10.20 9.73 0.47
MW-17S S 7.61 7.16 0.45
MW-18S S 8.89 8.56 0.33
MW-20S S 12.44 10.89 1.55
MW-23S S 10.01 8.29 1.72
MW-24S S 7.72 4.81 2.91
MW-25S S 9.69 6.23 3.46
MW-26S S 11.72 9.47 2.25
MW-32S S 7.27 6.31 0.96
MW-33S S 9.97 7.84 2.13
MW-34S S 7.44 5.77 1.67
MW-3 S 11.19 9.21 1.98
MW-4 S 10.34 8.59 1.75
MW-5 S 22.65 21.77 0.88
MW-6 S 15.72 15.14 0.58
MW-7 S 10.90 7.36 3.54
OW1-S S 19.17 18.57 0.60
RW1-S S 19.09 18.45 0.64
DMW-1A I 12.05 10.45 1.60
MW-2 I 8.40 7.46 0.94
DMW-2A I 21.65 21.25 0.40
DMW-3I I 16.45 15.95 0.50
DMW-4I I 20.48 20.03 0.45



Table 4-3

Groundwater Levels and Elevations - July 2010
Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 2 of  3

Top of Well Depth Groundwater
Casing to Groundwater Elevation

Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet

Well ID Level (NAVD 1988) (Below Top of Casing) (NAVD 1988)
DMW-5I I 21.39 21.03 0.36
DMW-6I I 18.64 18.26 0.38
DMW-7I I 21.90 21.32 0.58
DMW-8I I 16.30 15.47 0.83
DMW-9I I 11.40 9.92 1.48
MW-1(1) I 11.08 NM --
MW-10I I 10.27 8.56 1.71
MW-11I I 9.15 7.29 1.86
MW-14I I 11.72 11.29 0.43
MW-15I I 8.79 7.19 1.60
MW-16I I 10.06 8.66 1.40
MW-17I I 7.68 6.51 1.17
MW-18I I 8.91 8.62 0.29
MW-19I I 7.90 7.17 0.73
MW-20I I 12.39 10.82 1.57
MW-21I I 10.83 9.21 1.62
MW-22I I 11.01 9.12 1.89
MW-23I I 10.07 8.37 1.70
MW-24I I 7.68 5.96 1.72
MW-25I I 9.72 7.83 1.89
MW-26I I 11.67 9.98 1.69
MW-28I I 8.65 7.18 1.47
MW-32I I 7.28 6.40 0.88
MW-33I I 10.02 7.94 2.08
MW-34I I 7.37 5.72 1.65
OW1-I I 18.05 17.73 0.32
RW1-I I 18.44 18.11 0.33
DMW-1B D 12.04 10.71 1.33
DMW-2B D 21.66 21.04 0.62
DMW-3D D 16.46 15.96 0.50
DMW-4D D 20.44 20.06 0.38
DMW-5D D 21.38 21.00 0.38
DMW-6D D 18.51 18.21 0.30
DMW-7D D 21.94 21.23 0.71
DMW-8D D 16.35 15.46 0.89



Table 4-3

Groundwater Levels and Elevations - July 2010
Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 3 of  3

Top of Well Depth Groundwater
Casing to Groundwater Elevation

Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet

Well ID Level (NAVD 1988) (Below Top of Casing) (NAVD 1988)
DMW-9D D 11.41 10.29 1.12
MW-15D D 8.77 7.17 1.60
MW-16D D 10.22 9.84 0.38
MW-17D D 7.56 5.41 2.15
MW-18D D 8.88 8.41 0.47
MW-19D D 7.94 7.16 0.78
MW-20D D 12.40 11.38 1.02
MW-21D D 10.78 9.61 1.17
MW-22D D 11.02 9.61 1.41
MW-23D D 10.03 8.82 1.21
MW-26D D 11.66 9.92 1.74
MW-14D DD 11.56 7.97 3.59
MW-27D DD 8.39 5.02 3.37
MW-29D DD 11.43 11.05 0.38
MW-30D DD 8.26 7.37 0.89
MW-31D DD 6.95 6.78 0.17
(1) = Well has been sealed and abandoned.
S = Upper surficial aquifer
I = Intermediate surficial aquifer
D = Lower surficial aquifer
DD = Deep confined aquifer
NM = Not measured
NAVD = North American Vertical Datum
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Section 5 

Summary 

A supplemental study was conducted at the Dump Road Area of MSA in 2010 to fill data gaps 

and provide additional information to complete a remedial design to restore soil and 

groundwater. These supplemental activities include site access and utility clearance, topographic 

mapping, wetland identification and mapping, passive soil-gas sampling and analysis, aquifer 

hydraulics testing, synoptic and long-term groundwater level monitoring, geophysical surveying, 

and groundwater modeling. Results of the wetlands delineation (Tetra Tech, 2010d), long-term 

groundwater monitoring (Tetra Tech 2010e), and groundwater modeling update (Tetra Tech, 

2010f) are provided in documents separate from this supplemental report. 

The following summarizes the 2010 supplemental activities: 

• Topographical and wetlands delineation surveys of the Dump Road Area were conducted 
from the eastern side of Taxiway Tango to the western shoreline of Frog Mortar Creek. 
The northern limit of the survey is near the access to the MANG Jet Engine Test Pad 
from Taxiway Tango. Two topographical maps are provided using a 1:70 scale, and a 
one-foot topographic-contour interval. The wetland survey will evaluate potential 
reduction or increase in wetland functions and values associated with any remediation 
project, as well as the value of any wetland functions that may need to be replaced for 
compensatory mitigation.  

• Passive soil-gas sampling was conducted near Taxiway Tango and the airport runway 
northwest, west, and southwest of wells DMW11S and MW33S, where VOC 
concentrations in shallow groundwater exceed Maryland groundwater standards. GORE 
Sorber™ passive soil-gas samplers were installed four feet below grade at 101 locations in 
a grid pattern, and spaced approximately 50 feet apart. 

• Single-well permeability tests (i.e., slug tests) were conducted on 16 surficial-aquifer 
wells and one deep well in the Dump Road Area. Slug tests estimate aquifer hydraulic 
conductivity, and these results will be used to model site groundwater. The 2010 slug 
tests used the pressurized test method, which uses pressurized air instead of a solid 
cylinder (i.e., slug) to induce changes to the groundwater level in a well. 

• A geophysical survey was conducted for 21 acres of primarily undeveloped land 
southeast of the Dump Road Area. The survey consisted of a reconnaissance-level EM 
survey (to detect and delineate possible boundaries of manmade fill areas and possible 
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buried debris) and confirmatory metal detector scanning. The geophysical survey ranged 
from the southern boundary of the 2007 geophysical survey at the Dump Road Area 
(south of the MSA compass rose) to the concrete connector between the airport runway 
and Taxiway Tango. 

• One round of water levels was measured from the MSA monitoring wells on July 2, 
2010. Continuous water levels were also recorded at wells DMW4S/I/D in conjunction 
with the groundwater and Frog Mortar Creek levels recorded at Conrad Ruth’s Villa and 
Parkside Marina on the eastern shoreline of Frog Mortar Creek. Groundwater levels at 
wells DMW4S/I/D were measured and recorded at 15-minute intervals from June 2 to 
July 6, 2010.  

• The supplemental data update the existing Dump Road Area groundwater model. The model 
update consists of examining recent water level data, groundwater potentiometric-surface 
maps, hydrographs, slug test results, groundwater chemical data, chemical data time-series 
plots, and plume maps. The model will be updated based on the new site data, and new 
simulations will be performed to evaluate remedial alternatives. 

The following summarizes the results of 2010 supplemental activities: 

• Site topography for the Dump Road Area ranges from flat to gently sloping to the 
northeast (toward Frog Mortar Creek). In the northern portion of the Dump Road Area, 
land elevations range from approximately 11 feet above NAVD88 near the runway to 
approximately seven feet above NAVD88 at Pond No. 2. In the southeastern portion of 
the site, land elevations are approximately 20 feet above NAVD88 at a mounded area 
near the embankment, near Frog Mortar Creek. A steeply sloped embankment runs along 
the Frog Mortar Creek shoreline, comprised of fill placed there as part of airport 
construction. The area south of the Dump Road Area is flat to gently sloping near a large 
lobate area north of the wetlands. A steep embankment runs along the Frog Mortar Creek 
shoreline and along the northern edge of the wetlands. 

• Ninety-nine passive soil-gas samples were analyzed for VOCs, TPH, and diesel alkanes. 
TCE and cis-1,2-DCE were detected northwest of well MW33S and, to a lesser degree, 
northwest of well DMW11S. Maximum TCE and cis-1,2-DCE soil-gas masses of 
51.51 µg and 73.12 µg, respectively, were reported at a sampling location approximately 
180 feet northwest of well MW33S. TCE was also detected at sampling locations on the 
western side of Taxiway Tango. West and northwest of well DMW11S, TCE was detected 
at relatively low masses ranging from 0.03–0.10 µg; cis-1,2-DCE was not detected in this 
area. 

• BTEX, naphthalene/2-methylnaphthalene, and TPH have soil-gas-mass distributions 
similar to the cVOCs. The highest levels of these analytes are west and northwest of 
MW33S, with lower masses on the western side of Taxiway Tango in this area. However, 
the distribution of TPH is more extensive than the other analytes on both sides of 
Taxiway Tango. BTEX, naphthalene/2-methylnaphthalene, and TPH levels northwest and 
west of DMW11S are also lower than the MW33S area. The highest masses of BTEX, 
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naphthalene/2-methylnaphthalene and TPH are in the northern-northwestern edge of the 
two DMW11S sampling areas.  

• The relative benzene/xylenes/TPH masses in the passive soil-gas samples indicate that the 
source of the contamination is either a weathered gasoline or a heavier petroleum product, 
such as diesel or jet fuel. Diesel-range organics are present at MW33S; therefore, despite 
the low relative masses of diesel-range alkanes in the passive samples, diesel/jet fuel 
cannot be ruled out in that area. The VOC source cannot be readily determined based on 
the soil gas results. 

• The range of hydraulic conductivities for the lower surficial-aquifer wells is 2.74 ft/day at 
MW18D to 25.5 ft/day at MW15D. The geometric mean of the lower surficial-aquifer 
tests, excluding MW17D and MW26D (both set in clay), is 8.4 ft/day (arithmetic mean is 
11.3 ft/day). A comparison of the 2003 and 2010 slug test results for wells DMW7I and 
DMW8D indicate that the solid slug and pneumatic slug test methods provide 
comparable results (i.e., same order of magnitude estimates). 

• The geophysical survey identified four geophysical anomalies (i.e., areas of elevated 
instrument responses). They were identified as either a possible utility vault, as soil 
containing more clay minerals, or as saturated mineral-rich soil associated with wetlands. 
Metal objects were not associated with the anomalies. Metallic debris was found scattered 
across the ground in one small area in the northwestern corner of the survey area. It is 
recommended that EM anomalies A–D and the smaller EM anomalies in the northwestern 
corner of the survey area be excavated using test pits to verify the presence or absence of 
buried materials at these locations. 

• Groundwater in the upper, intermediate, and lower surficial-aquifer zones flow northeast 
toward Frog Mortar Creek. Groundwater in the deep confined-aquifer flows northwest to 
southeast. 
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Section 6 
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REPORT DATE: 09/24/2010 AUTHOR:  HGT

SITE INFORMATION

Site Reference: Martin State Airport
Gore Production Order Number:  20657596 Gore Site Code:  FOB

FIELD PROCEDURES

# Modules shipped:  115
Installation Date(s):  8/2,4/2010
# Modules Installed:  101
Field work performed by:  Tetra Tech NUS

Retrieval date(s):  8/16,18/2010 Exposure Time:  14 [days]
# Modules Retrieved:  99 # Trip Blanks Returned:  5
# Modules Lost in Field:  2 # Unused Modules Returned:  9
# Modules Not Returned:  0

Date/Time Received by Gore:  8/20/2010 1:00 PM By:  DY
Chain of Custody Form attached: Yes
Chain of Custody discrepancies:   None
Comments:
Modules 640669 to 640673 were identified as trip blanks.
Modules 640583 and 640619 were noted as “shredded outside hole” on the installation
and retrieval log and are considered lost in the field.
Modules 640674 to 640682 were returned unused.
The installation and retrieval log was scanned and returned to Gore via e-mail.
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ANALYTICAL PROCEDURES

W.L. Gore & Associates´ Survey Products’ Laboratory operates under the guidelines of
ISO Standard 17025, its Quality Assurance Manual, Operating Procedures and Methods.
For this project, the analytical method, reported results, and observations reported are
considered screening level and do not fall within the scope of W.L. Gore’s ISO 17025
accreditation.

Analytical Method Quality Assurance:
Instrumentation consists of state of the art gas chromatographs equipped with mass selective
detectors, coupled with automated thermal desorption units.  Sample preparation simply involves
cutting the tip off the bottom of the sample module and transferring one or more exposed sorbent
containers (sorbers, each containing engineered adsorbents) to a thermal desorption tube for
analysis.  Sorbers remain clean and protected from dirt, soil, and ground water by the
insertion/retrieval cord, and require no further sample preparation.

The analytical method employed is a modified EPA method 8260/8270.  Before each run
sequence, two instrument blanks, a sorber containing 5µg BFB (Bromofluorobenzene), and a
method blank are analyzed.  The BFB mass spectra must meet the criteria set forth in the method
before samples can be analyzed.  A method blank and a sorber containing BFB are also analyzed
after every 30 samples and/or trip blanks.  Standards containing the selected target compounds at
five calibration levels are analyzed at the beginning of each run.  The criterion for each target
compound is less than 25% RSD (relative standard deviation).  If this criterion is not met for any
target compound, the analyst has the option of generating second- or third-order standard curves,
as appropriate.  A second-source reference standard, at a level of 10µg per target compound, is
analyzed after every ten samples and/or trip blanks, and at the end of the run sequence.  Positive
identification of target compounds is determined by 1) the presence of the target ion and at least
two secondary ions; 2) retention time versus reference standard; and, 3) the analyst's judgment.

NOTE: All data have been archived.  Any replicate sorbers not used in the initial analysis will
be discarded fifteen (15) days from the date of analysis.

Laboratory analysis:  thermal desorption, gas chromatography, mass selective detection
Instrument ID: # 11 Chemist:  FN/JE
Compounds/mixtures requested:  A1
Deviations from Standard Method:  None
Comments:  Soil vapor analytes and abbreviations are tabulated in the Data Table Key (page 6).
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DATA TABULATION

# CONTOUR MAPS ENCLOSED:  Five (5) B-sized color contour maps
LIST OF MAPS ENCLOSED:

Benzene, Toluene, Ethyl benzene, and total Xylenes (BTEX)
Total Petroleum Hydrocarbons (TPH)
Trichloroethene (TCE)
cis-1,2-dichloroethene (c12DCE)
Naphthalene & 2-Methylnaphthalene (Naph. & 2-Methylnaph.)

NOTE:  All data values presented in Appendix A represent masses of compound(s)
desorbed from the GORETM Modules received and analyzed by W.L. Gore & Associates,
Inc., as identified in the Chain of Custody (Appendix A).  The measurement traceability and
instrument performance are reproducible and accurate for the measurement process
documented.  Semi-quantitation of the compound mass is based on a five-level standard
calibration.

General Comments:
This survey reports soil gas mass levels present in the vapor phase.  Vapors are
subject to a variety of attenuation factors during migration away from the source
concentration to the module.  Thus, mass levels reported from the module will often
be less than concentrations reported in soil and groundwater matrix data.  In most
instances, the soil gas masses reported on the modules compare favorably with
concentrations reported in the soil or groundwater (e.g., where soil gas levels are
reported at greater levels relative to other sampled locations on the site, matrix data
should reveal the same pattern, and vice versa).  However, due to a variety of factors,
a perfect comparison between matrix data and soil gas levels can rarely be achieved.
Soil gas signals reported by this method cannot be identified specifically to soil
adsorbed, groundwater, and/or free-product contamination.  The soil gas signal
reported from each module can evolve from all of these sources.  Differentiation
between soil and groundwater contamination can only be achieved with prior
knowledge of the site history (i.e., the site is known to have groundwater
contamination only).
Total petroleum hydrocarbon (TPH) values were calculated using the area under the
peaks observed in m/z 55 and 57 selected ion chromatograms. Quantitation of the
mass value was performed using the response factor a specific alkane (present in the
calibration standards).
TPH values include the entire chromatogram and provide estimates for aliphatic
hydrocarbon ranges of C4 to C20.
QA/QC trip blank modules were provided to document potential exposures that were
not part of the soil gas signal of interest (i.e., impact during module shipment,
installation and retrieval, and storage).  The trip blanks are identically manufactured
and packaged soil gas modules to those modules placed in the subsurface.  However,
the trip blanks remain unopened during all phases of the soil gas survey.  Levels
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reported on the trip blanks may indicate potential impact to modules other than the
contaminant source of interest.

Unresolved peak envelopes (UPEs) are represented as a series of compound peaks
clustered together around a central gas chromatograph elution time in the total ion
chromatogram.  Typically, UPEs are indicative of complex fluid mixtures that are
present in the subsurface.  UPEs observed early in the chromatogram are considered
to indicate the presence of more volatile fluids, while UPEs observed later in the
chromatogram may indicate the presence of less volatile fluids.  Multiple UPEs may
indicate the presence of multiple complex fluids.
Stacked total ion chromatograms (TICs) are included in Appendix A.  The six-digit
serial number of each module is incorporated into the TIC identification (e.g.:
123456S.D represents module #123456).

Project Specific Comments:
The minimum (gray) contour level, for each mapped analyte or group of analytes,
was set at the maximum blank level observed or the method detection limit,
whichever was greater.  When target compounds are combined (i.e., BTEX), the
contour minimum is arbitrarily set at 0.02 µg or the maximum blank level, whichever
is greater.  The maximum contour level was set at the maximum value observed.
Low levels of TPH compounds were detected on the trip blanks and/or the method
blanks.  Thus, target analyte levels reported for the field-installed modules that
exceed trip and method blank levels, and the analyte method detection limit, are more
likely to have originated from on-site sources.
The mapped spatial patterns indicated the presence of target compounds in the survey
area. Highest levels of mapped compounds were found in the north eastern portion of
the survey.

20657596 September 24, 2010  Page 5 of 54



GORE and designs are trademarks of W. L. Gore & Associates

GORE® Surveys - Final Report

KEY TO DATA TABLE
UNITS
µg micrograms, relative mass value
MDL method detection limit
bdl below detection limit; compound was observed at level
below the MDL
nd non-detect, compound was not detected at any level

ANALYTES
TPH total petroleum hydrocarbons
BTEX combined masses of benzene, toluene, ethylbenzene and total xylenes

(Gasoline Range Aromatics)
BENZ benzene
TOL toluene
EtBENZ ethylbenzene
mpXYL m-, p-xylene
oXYL o-xylene
C11,C13&C15 combined masses of undecane, tridecane, and pentadecane (C11+C13+C15)

(Diesel Range Alkanes)
UNDEC undecane
TRIDEC tridecane
PENTADEC pentadecane
TMBs combined masses of 1,3,5-trimethylbenzene and 1,2,4-trimethylbenzene
135TMB 1,3,5-trimethylbenzene
124TMB 1,2,4-trimethylbenzene
MTBE methyl t-butyl ether
NAPH naphthalene
2MeNAPH 2-methyl naphthalene
MTBE methyl t-butyl ether
OCT octane
ct12DCE cis- & trans-1,2-dichloroethene
t12DCE trans-1,2-dichloroethene
c12DCE cis-1,2-dichloroethene
11DCA 1,1-dichloroethane
CHC13 chloroform
111TCA 1,1,1-trichloroethane
12DCA 1,2-dichloroethane
CC14 carbon tetrachloride
TCE trichloroethene
PCE tetrachloroethene
ClBENZ chlorobenzene
14DCB 1,4-dichlorobenzene
11DCE 1,1-dichloroethene
112TCA 1,1,2-trichloroethane
1112TetCA 1,1,1,2-tetrachloroethane
1122TetCA 1,1,2,2-tetrachloroethane
13DCB 1,3-dichlorobenzene
12DCB 1,2-dichlorobenzene

BLANKS
method blank QA/QC module, documents analytical conditions during analysis
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1.  CHAIN OF CUSTODY AND INSTALLATION AND RETRIEVAL LOG
2. DATA TABLE

3. STACKED TOTAL ION CHROMATOGRAMS
4. COLOR CONTOUR MAPS
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

DATE SAMPLE
ANALYZED NAME TPH, ug BTEX, ug BENZ, ug TOL, ug EtBENZ, ug mpXYL, ug oXYL, ug C11, C13, &C15, ug UNDEC, ug

MDL= 0.02 0.02 0.02 0.02 0.03 0.02 0.04
8/26/2010 640562 48.68 0.45 0.19 0.19 nd 0.03 0.03 0.06 bdl
8/24/2010 640563 39.64 0.96 0.13 0.19 0.05 0.22 0.36 0.37 0.25
8/25/2010 640564 16.46 0.09 0.07 0.02 nd bdl nd 0.03 bdl
8/24/2010 640565 70.03 0.16 0.16 bdl nd nd nd 0.24 0.14
8/25/2010 640566 64.47 0.63 0.22 0.02 nd 0.24 0.15 0.26 0.15
8/24/2010 640567 256.41 1.29 0.34 0.22 0.11 0.23 0.40 0.28 0.21
8/25/2010 640568 52.48 0.23 0.18 0.03 bdl bdl 0.02 0.18 0.08
8/24/2010 640569 30.34 0.09 0.06 0.03 nd nd bdl 0.07 0.07
8/25/2010 640570 14.28 0.17 0.17 nd nd nd nd 0.28 0.09
8/26/2010 640571 0.07 0.11 0.11 nd nd nd nd nd nd
8/25/2010 640572 0.17 0.08 0.08 nd nd nd nd 0.02 nd
8/25/2010 640573 137.02 3.95 0.30 0.06 1.04 1.96 0.59 0.30 0.26
8/26/2010 640574 0.18 0.09 0.09 nd nd nd nd nd nd
8/25/2010 640575 20.83 0.14 0.11 0.04 nd nd nd bdl bdl
8/25/2010 640576 23.58 0.07 0.07 bdl nd bdl nd nd nd
8/25/2010 640577 6.12 0.09 0.09 nd nd nd nd bdl bdl
8/25/2010 640578 2.19 0.17 0.17 nd nd nd nd nd nd
8/25/2010 640579 173.35 31.86 0.25 0.52 0.62 29.68 0.79 0.07 0.07
8/25/2010 640580 5.64 0.16 0.08 0.05 0.03 nd nd bdl bdl
8/25/2010 640581 0.11 0.04 0.04 nd nd nd nd nd nd
8/26/2010 640582 0.12 0.09 0.09 nd nd nd nd nd nd
8/26/2010 640584 1.33 0.04 0.04 nd nd nd nd nd nd
8/24/2010 640585 0.61 0.02 0.02 nd nd nd nd 0.19 0.19
8/26/2010 640586 0.15 nd nd nd nd nd nd nd nd
8/26/2010 640587 212.97 151.99 0.14 0.17 4.23 146.95 0.50 bdl bdl
8/25/2010 640588 67.30 0.63 0.24 0.06 bdl 0.13 0.19 0.09 0.07
8/26/2010 640589 340.83 2.18 1.07 0.40 0.23 0.28 0.20 0.14 0.14
8/26/2010 640590 0.40 0.11 0.05 0.07 nd bdl nd nd nd
8/25/2010 640591 2.60 0.20 0.03 0.10 nd 0.05 0.02 bdl bdl
8/26/2010 640592 209.26 1.21 0.66 0.13 0.05 0.19 0.18 nd nd
8/26/2010 640593 86.27 0.88 0.55 0.10 0.04 0.09 0.10 0.61 0.54

9/24/2010
Page: 1 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

DATE SAMPLE
ANALYZED NAME TPH, ug BTEX, ug BENZ, ug TOL, ug EtBENZ, ug mpXYL, ug oXYL, ug C11, C13, &C15, ug UNDEC, ug

MDL= 0.02 0.02 0.02 0.02 0.03 0.02 0.04
8/25/2010 640594 274.98 3.51 0.75 0.65 0.17 0.67 1.27 0.46 0.38
8/26/2010 640595 536.14 13.71 3.45 1.25 2.90 4.40 1.72 8.64 2.96
8/25/2010 640596 89.32 1.32 0.43 0.48 0.04 0.22 0.16 1.67 0.92
8/26/2010 640597 18.27 0.26 0.05 0.06 bdl 0.09 0.06 0.29 0.26
8/27/2010 640598 95.60 1.54 0.18 0.74 0.13 0.40 0.09 bdl bdl
8/25/2010 640599 26.89 2.95 0.25 0.02 1.90 0.70 0.09 nd nd
8/25/2010 640600 145.51 0.88 0.21 0.05 0.13 0.31 0.19 1.95 1.33
8/26/2010 640601 226.73 4.38 1.91 0.27 0.84 1.16 0.19 0.04 0.04
8/25/2010 640602 0.61 0.03 0.03 nd nd nd nd 0.35 0.35
8/24/2010 640603 1.11 0.05 0.05 nd nd nd nd 0.11 0.11
8/25/2010 640604 1.72 0.10 0.10 bdl nd nd nd 1.09 1.09
8/26/2010 640605 14.05 0.43 0.22 0.04 0.02 0.10 0.05 bdl bdl
8/26/2010 640606 2.32 0.18 0.08 0.03 nd 0.05 0.02 bdl bdl
8/25/2010 640607 1.56 0.10 0.08 0.02 nd bdl bdl 0.35 0.35
8/26/2010 640608 1.08 0.12 0.09 0.03 nd nd nd 0.70 0.70
8/26/2010 640609 1.29 0.22 0.11 0.03 nd 0.05 0.03 bdl bdl
8/25/2010 640610 1.39 0.10 0.10 bdl nd bdl nd nd nd
8/24/2010 640611 1.19 0.10 0.08 0.02 nd nd nd 0.25 0.25
8/26/2010 640612 0.23 0.05 0.05 nd nd nd nd nd nd
8/27/2010 640613 0.17 0.12 0.12 nd nd nd nd bdl bdl
8/24/2010 640614 0.18 0.08 0.08 nd nd nd nd nd nd
8/26/2010 640615 0.22 0.08 0.08 nd nd nd nd nd nd
8/27/2010 640616 0.24 0.04 0.04 nd nd nd nd 0.06 0.06
8/26/2010 640617 0.14 0.22 0.22 nd nd nd nd nd nd
8/26/2010 640618 0.06 0.10 0.10 nd nd nd nd bdl bdl
8/25/2010 640620 0.79 0.04 0.04 nd nd nd nd 0.44 0.44
8/26/2010 640621 0.05 0.03 0.03 nd nd nd nd nd nd
08/25/10 640622 0.59 0.12 0.07 0.05 nd nd nd 0.07 0.07

8/27/2010 640629 0.04 0.04 0.04 nd nd nd nd nd nd
8/26/2010 640630 0.16 0.04 0.04 nd nd nd nd 0.09 0.09
8/27/2010 640631 0.10 0.03 0.03 nd nd nd nd 0.06 0.06

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

DATE SAMPLE
ANALYZED NAME TPH, ug BTEX, ug BENZ, ug TOL, ug EtBENZ, ug mpXYL, ug oXYL, ug C11, C13, &C15, ug UNDEC, ug

MDL= 0.02 0.02 0.02 0.02 0.03 0.02 0.04
8/25/2010 640632 0.70 0.02 0.02 nd nd nd nd nd nd
8/26/2010 640633 8.60 0.08 0.08 nd nd nd nd bdl bdl
8/25/2010 640634 11.46 0.08 0.08 nd nd bdl nd 0.13 0.05
8/24/2010 640635 4.13 0.04 0.04 nd nd nd nd 0.05 nd
8/26/2010 640636 4.91 0.04 0.04 nd nd nd nd 0.07 bdl
8/26/2010 640637 2.41 0.09 0.09 nd nd nd nd 0.69 0.69
8/27/2010 640638 0.02 0.02 0.02 nd nd nd nd nd nd
8/25/2010 640639 0.04 0.04 0.04 nd nd nd nd nd nd
8/24/2010 640640 0.23 0.03 0.03 nd nd nd nd bdl bdl
8/27/2010 640641 0.46 0.02 0.02 nd nd nd nd bdl bdl
8/27/2010 640642 0.10 0.04 0.04 nd nd nd nd 0.05 0.05
8/26/2010 640643 0.14 0.10 0.10 nd nd nd nd nd nd
8/26/2010 640644 2.35 0.06 0.06 nd nd nd nd bdl bdl
8/27/2010 640645 0.35 0.22 0.22 nd nd nd nd nd nd
8/26/2010 640646 1.41 0.05 0.05 nd nd nd nd nd nd
8/25/2010 640647 132.14 0.91 0.52 0.22 0.05 0.08 0.05 0.85 0.59
8/26/2010 640648 59.19 0.03 0.03 nd nd nd nd 3.13 3.13
8/24/2010 640649 24.15 0.38 0.33 0.05 nd nd nd 0.11 0.08
8/27/2010 640650 9.65 0.09 0.09 nd nd nd nd 0.39 0.36
8/26/2010 640651 2.53 0.03 0.03 nd nd nd nd 1.88 1.88
8/24/2010 640652 0.12 0.02 0.02 nd nd nd nd nd nd
8/27/2010 640653 0.03 0.02 0.02 nd nd nd nd nd nd
8/26/2010 640654 0.50 0.03 0.03 nd nd nd nd nd nd
8/25/2010 640655 0.48 0.04 0.04 nd nd nd nd 0.30 0.30
8/26/2010 640656 0.14 0.08 0.03 nd nd 0.05 nd 0.07 0.07
8/25/2010 640657 1.65 0.04 0.04 nd nd nd nd 1.32 1.32
8/26/2010 640658 0.15 0.03 0.03 nd nd nd nd nd nd
8/26/2010 640659 1.67 0.08 0.08 nd nd nd nd 1.33 1.33
8/25/2010 640660 5.40 0.07 0.07 nd nd nd nd nd nd
8/26/2010 640661 0.77 0.20 0.20 nd nd nd nd 0.05 0.05
8/25/2010 640662 2.09 0.15 0.12 0.03 nd nd nd bdl bdl

9/24/2010
Page: 3 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

DATE SAMPLE
ANALYZED NAME TPH, ug BTEX, ug BENZ, ug TOL, ug EtBENZ, ug mpXYL, ug oXYL, ug C11, C13, &C15, ug UNDEC, ug

MDL= 0.02 0.02 0.02 0.02 0.03 0.02 0.04
8/25/2010 640663 0.17 0.05 0.05 nd nd nd nd nd nd
8/25/2010 640664 0.10 0.08 0.08 nd nd nd nd nd nd
8/25/2010 640665 0.23 0.04 0.04 nd nd nd nd nd nd
8/25/2010 640666 0.06 0.06 0.06 nd nd nd nd nd nd
8/25/2010 640667 0.09 0.11 0.11 nd nd nd nd nd nd
8/25/2010 640668 0.08 0.19 0.19 nd nd nd nd nd nd

8/26/2010 640669 0.19 nd nd nd nd nd nd nd nd
8/27/2010 640670 0.02 nd nd nd nd nd nd nd nd
8/26/2010 640671 0.02 nd nd nd nd nd nd nd nd
8/24/2010 640672 0.14 nd nd nd nd nd nd nd nd
8/25/2010 640673 0.03 nd nd nd nd nd nd nd nd

8/24/2010 method blank 0.24 nd nd nd nd nd nd nd nd
8/25/2010 method blank 0.03 nd nd nd nd nd nd nd nd
8/26/2010 method blank bdl nd nd nd nd nd nd nd nd
8/26/2010 method blank 0.02 nd nd nd nd nd nd nd nd

Maximum 536.14 151.99 3.45 1.25 4.23 146.95 1.72 8.64 3.13
Standard Dev. 84.20 15.59 0.41 0.18 0.56 15.03 0.24 0.98 0.53
Mean 36.42 2.35 0.18 0.07 0.13 1.90 0.08 0.31 0.22

9/24/2010
Page: 4 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562
640563
640564
640565
640566
640567
640568
640569
640570
640571
640572
640573
640574
640575
640576
640577
640578
640579
640580
640581
640582
640584
640585
640586
640587
640588
640589
640590
640591
640592
640593

TRIDEC, ug PENTADEC, ug TMBs, ug 124TMB, ug 135TMB, ug ct12DCE, ug t12DCE, ug c12DCE, ug NAPH&2-MN, ug
0.02 0.02 0.02 0.03 0.04 0.03
0.06 nd 0.03 0.03 nd 0.07 nd 0.07 0.03
0.12 nd 0.40 0.15 0.25 3.20 0.18 3.01 0.75
0.03 bdl bdl bdl nd bdl nd bdl bdl
0.07 0.03 nd nd nd nd nd nd 0.02
0.11 nd 0.23 0.15 0.08 nd nd nd 0.08
0.07 nd 1.44 0.43 1.01 0.04 nd 0.04 0.18
0.10 nd 0.03 0.03 bdl bdl nd bdl 0.03

nd nd bdl bdl bdl nd nd nd bdl
0.13 0.06 bdl nd bdl bdl nd bdl bdl

nd nd nd nd nd nd nd nd nd
0.02 nd nd nd nd nd nd nd nd
0.05 nd 3.16 0.65 2.51 0.35 bdl 0.35 0.12

nd nd nd nd nd nd nd nd nd
nd nd nd nd nd 0.61 0.23 0.38 bdl
nd nd bdl bdl nd 0.45 0.07 0.38 bdl
nd nd 0.02 0.02 bdl nd nd nd 0.14
nd nd nd nd nd 0.63 0.12 0.51 nd
nd nd 2.50 1.95 0.55 2.36 0.17 2.19 0.03
nd nd bdl bdl nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd 0.21 0.05 0.17 nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
bdl nd 17.00 7.44 9.56 0.17 bdl 0.17 0.05

0.02 nd 0.26 0.10 0.17 1.53 0.18 1.35 2.40
nd nd 0.43 0.18 0.25 7.44 0.55 6.89 0.04
nd nd nd nd nd nd nd nd 0.09
bdl nd bdl nd bdl 0.43 0.07 0.36 0.87
nd nd 0.06 nd 0.06 0.82 0.10 0.73 bdl

0.08 nd 0.07 0.03 0.05 1.06 0.14 0.92 bdl

9/24/2010
Page: 5 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640594
640595
640596
640597
640598
640599
640600
640601
640602
640603
640604
640605
640606
640607
640608
640609
640610
640611
640612
640613
640614
640615
640616
640617
640618
640620
640621
640622
640629
640630
640631

TRIDEC, ug PENTADEC, ug TMBs, ug 124TMB, ug 135TMB, ug ct12DCE, ug t12DCE, ug c12DCE, ug NAPH&2-MN, ug
0.02 0.02 0.02 0.03 0.04 0.03
0.07 nd 2.93 0.55 2.38 87.31 14.19 73.12 0.12
3.60 2.08 8.31 7.16 1.15 0.14 nd 0.14 1.95
0.63 0.12 0.38 0.20 0.18 nd nd nd 0.32
0.03 nd bdl bdl bdl nd nd nd bdl

nd nd 0.10 0.06 0.05 nd nd nd nd
nd nd 2.59 1.04 1.55 0.03 nd 0.03 nd

0.57 0.05 1.28 0.39 0.89 bdl nd bdl 0.36
nd nd bdl nd bdl 0.46 0.07 0.38 bdl
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd bdl
nd bdl nd nd nd nd nd nd 0.08
nd nd 0.05 bdl 0.05 0.35 0.07 0.28 nd
bdl nd nd nd nd 0.27 bdl 0.27 nd
nd nd bdl bdl bdl 0.08 nd 0.08 0.09
nd nd nd nd nd nd nd nd nd
nd nd bdl bdl bdl 0.12 nd 0.12 0.07
nd nd nd nd nd bdl nd bdl nd
bdl bdl nd nd nd nd nd nd bdl
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
bdl nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640632
640633
640634
640635
640636
640637
640638
640639
640640
640641
640642
640643
640644
640645
640646
640647
640648
640649
640650
640651
640652
640653
640654
640655
640656
640657
640658
640659
640660
640661
640662

TRIDEC, ug PENTADEC, ug TMBs, ug 124TMB, ug 135TMB, ug ct12DCE, ug t12DCE, ug c12DCE, ug NAPH&2-MN, ug
0.02 0.02 0.02 0.03 0.04 0.03

nd nd nd nd nd nd nd nd nd
bdl nd nd nd nd nd nd nd nd

0.05 0.04 nd nd nd nd nd nd 0.81
0.03 0.03 nd nd nd nd nd nd 0.76
0.04 0.03 nd nd nd nd nd nd 0.31

bdl nd nd nd nd nd nd nd bdl
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd bdl
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd bdl
nd nd nd nd nd nd nd nd nd

0.26 nd 0.11 0.06 0.05 nd nd nd 0.09
nd nd nd nd nd nd nd nd 0.24

0.04 nd 0.04 0.04 bdl nd nd nd 0.07
0.03 bdl bdl bdl nd nd nd nd 0.12

bdl nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd bdl nd bdl nd
nd nd nd nd nd nd nd nd 0.17
nd nd nd nd nd nd nd nd nd
bdl nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640663
640664
640665
640666
640667
640668

640669
640670
640671
640672
640673

method blank
method blank
method blank
method blank

Maximum
Standard Dev.
Mean

TRIDEC, ug PENTADEC, ug TMBs, ug 124TMB, ug 135TMB, ug ct12DCE, ug t12DCE, ug c12DCE, ug NAPH&2-MN, ug
0.02 0.02 0.02 0.03 0.04 0.03

nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd

3.60 2.08 17.00 7.44 9.56 87.31 14.19 73.12 2.40
0.37 0.21 1.96 1.05 1.04 8.80 1.43 7.37 0.34
0.06 0.03 0.42 0.21 0.21 1.09 0.16 0.93 0.10

9/24/2010
Page: 8 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562
640563
640564
640565
640566
640567
640568
640569
640570
640571
640572
640573
640574
640575
640576
640577
640578
640579
640580
640581
640582
640584
640585
640586
640587
640588
640589
640590
640591
640592
640593

NAPH, ug 2MeNAPH, ug MTBE, ug 11DCE, ug 11DCA, ug 111TCA, ug 12DCA, ug TCE, ug OCT, ug PCE, ug 14DCB, ug
0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02
0.03 bdl nd nd nd nd nd 0.19 nd nd nd
0.20 0.55 nd nd nd nd nd 2.07 0.05 nd nd

nd bdl nd nd nd nd nd 0.08 nd nd nd
0.02 bdl nd nd nd nd nd bdl 0.04 nd nd
0.03 0.05 nd nd nd nd nd 0.32 0.14 nd nd
0.07 0.11 nd nd nd nd nd 0.04 1.40 nd nd
0.03 bdl nd nd nd nd nd 0.02 bdl nd nd

nd bdl nd nd nd nd nd nd nd nd nd
nd bdl nd nd nd nd nd 0.08 nd nd nd
nd nd nd nd nd nd nd bdl nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

0.07 0.04 nd nd nd nd nd 0.06 0.09 nd bdl
nd nd nd nd nd nd nd nd nd nd nd
nd bdl nd nd nd nd nd 0.26 nd nd nd
nd bdl nd nd nd nd nd 0.05 nd nd nd

0.05 0.09 nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.05 nd nd nd

0.03 nd nd nd nd nd nd 8.58 7.92 0.13 nd
nd nd nd nd nd nd nd nd 0.02 nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.76 nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

0.03 0.02 nd nd nd nd nd 0.21 2.93 0.03 nd
1.85 0.55 nd nd nd nd nd 1.53 0.29 bdl nd
0.04 bdl nd nd nd nd nd 9.91 8.95 nd nd
0.07 0.02 nd nd nd nd nd 0.53 nd nd nd
0.45 0.42 nd nd nd nd nd 1.00 nd nd nd

bdl bdl nd nd nd nd bdl 0.12 2.45 nd nd
nd bdl nd nd nd nd nd 0.82 0.10 nd nd

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640594
640595
640596
640597
640598
640599
640600
640601
640602
640603
640604
640605
640606
640607
640608
640609
640610
640611
640612
640613
640614
640615
640616
640617
640618
640620
640621
640622
640629
640630
640631

NAPH, ug 2MeNAPH, ug MTBE, ug 11DCE, ug 11DCA, ug 111TCA, ug 12DCA, ug TCE, ug OCT, ug PCE, ug 14DCB, ug
0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02
0.07 0.06 nd nd nd nd nd 51.51 2.83 0.29 nd
1.07 0.88 nd nd nd nd nd 0.03 5.82 nd nd
0.25 0.07 nd nd nd nd nd 0.07 0.09 nd nd

nd bdl nd nd nd nd nd bdl nd nd nd
nd nd nd nd nd nd nd bdl 1.54 nd nd
nd nd nd nd nd nd nd 0.04 0.06 nd nd

0.15 0.22 nd nd nd nd nd 0.04 0.68 nd nd
nd bdl nd nd nd nd nd 0.02 16.55 nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd bdl nd nd nd nd nd nd nd nd nd

0.05 0.03 nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.27 0.06 nd nd
nd nd nd nd nd nd nd 1.47 nd nd nd

0.04 0.04 nd nd nd nd nd 0.04 bdl nd nd
nd nd nd nd nd nd nd bdl nd nd nd

0.04 0.03 nd nd nd nd nd 0.05 nd nd nd
nd nd nd nd nd nd nd 0.28 nd nd nd
nd bdl nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.03 nd nd nd
nd nd nd nd nd nd nd 0.03 nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd bdl nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.03 nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.10 nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

9/24/2010
Page: 10 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640632
640633
640634
640635
640636
640637
640638
640639
640640
640641
640642
640643
640644
640645
640646
640647
640648
640649
640650
640651
640652
640653
640654
640655
640656
640657
640658
640659
640660
640661
640662

NAPH, ug 2MeNAPH, ug MTBE, ug 11DCE, ug 11DCA, ug 111TCA, ug 12DCA, ug TCE, ug OCT, ug PCE, ug 14DCB, ug
0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02

nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

0.42 0.39 nd nd nd nd nd nd nd 0.06 nd
0.21 0.54 nd nd nd nd nd 0.10 nd 0.18 nd
0.11 0.20 nd nd nd nd nd 0.04 nd 0.11 nd

nd bdl nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd bdl nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd bdl nd nd nd nd nd 0.03 nd 0.03 nd
nd nd nd nd nd nd nd bdl nd nd nd

0.03 0.06 nd nd nd nd nd bdl 3.19 nd nd
0.18 0.06 nd nd nd nd nd nd nd nd nd
0.05 0.02 nd nd nd nd nd nd 0.03 nd nd
0.09 0.04 nd nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd 0.07 nd 0.07 nd

0.15 0.02 nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd bdl nd nd

9/24/2010
Page: 11 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640663
640664
640665
640666
640667
640668

640669
640670
640671
640672
640673

method blank
method blank
method blank
method blank

Maximum
Standard Dev.
Mean

NAPH, ug 2MeNAPH, ug MTBE, ug 11DCE, ug 11DCA, ug 111TCA, ug 12DCA, ug TCE, ug OCT, ug PCE, ug 14DCB, ug
0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02

nd nd nd nd nd nd nd nd bdl nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd nd nd

1.85 0.88 0.00 0.00 0.00 0.00 0.02 51.51 16.55 0.29 0.02
0.22 0.14 0.00 0.00 0.00 0.00 0.00 5.32 2.16 0.04 0.00
0.06 0.05 0.00 0.00 0.00 0.00 0.00 0.82 0.56 0.01 0.00

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562
640563
640564
640565
640566
640567
640568
640569
640570
640571
640572
640573
640574
640575
640576
640577
640578
640579
640580
640581
640582
640584
640585
640586
640587
640588
640589
640590
640591
640592
640593

CHCl3, ug CCl4, ug 112TCA, ug ClBENZ, ug 1112TetCA, ug 1122TetCA, ug 13DCB, ug 12DCB, ug
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd 0.15 nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

9/24/2010
Page: 13 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640594
640595
640596
640597
640598
640599
640600
640601
640602
640603
640604
640605
640606
640607
640608
640609
640610
640611
640612
640613
640614
640615
640616
640617
640618
640620
640621
640622
640629
640630
640631

CHCl3, ug CCl4, ug 112TCA, ug ClBENZ, ug 1112TetCA, ug 1122TetCA, ug 13DCB, ug 12DCB, ug
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd bdl nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

9/24/2010
Page: 14 of 16

No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640632
640633
640634
640635
640636
640637
640638
640639
640640
640641
640642
640643
640644
640645
640646
640647
640648
640649
640650
640651
640652
640653
640654
640655
640656
640657
640658
640659
640660
640661
640662

CHCl3, ug CCl4, ug 112TCA, ug ClBENZ, ug 1112TetCA, ug 1122TetCA, ug 13DCB, ug 12DCB, ug
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

0.02 nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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GORE(TM) SURVEYS ANALYTICAL RESULTS
TETRA TECH NUS, GERMANTOWN, MD

GORE STANDARD TARGET VOCs/SVOCs (A1)
MARTIN STATE AIRPORT, SOIL GAS SITE

SITE FOB - PRODUCTION ORDER #20657596

SAMPLE
NAME
MDL=

640562640663
640664
640665
640666
640667
640668

640669
640670
640671
640672
640673

method blank
method blank
method blank
method blank

Maximum
Standard Dev.
Mean

CHCl3, ug CCl4, ug 112TCA, ug ClBENZ, ug 1112TetCA, ug 1122TetCA, ug 13DCB, ug 12DCB, ug
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd

0.02 0.00 0.01 0.15 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9/24/2010
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No mdl is available for summed combinations of analytes. In summed
columns (eg., BTEX), the reported values should be considered

ESTIMATED if any of the individual compounds were reported as bdl. FOBcust.xls
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640562.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640563.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640564.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640565.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640566.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640567.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640568.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640569.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640570.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640571.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640572.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640573.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640574.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640575.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640576.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640577.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640578.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640579.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640580.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640581.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640582.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640584.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640585.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640586.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640587.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640588.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640589.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640590.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640591.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640592.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640593.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640594.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640595.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640596.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640597.D

20657596 September 24, 2010  Page 34 of 54



TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640598.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640599.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640600.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640601.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640602.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640603.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640604.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640605.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640606.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640607.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640608.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640609.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640610.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640611.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640612.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640613.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640614.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640615.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640616.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640617.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640618.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640620.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640621.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640622.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640629.D

20657596 September 24, 2010  Page 39 of 54



TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640630.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640631.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640632.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640633.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640634.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640635.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640636.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640637.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640638.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640639.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640640.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640641.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640642.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640643.D

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640644.D
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TICS - TETRA TECH NUS - PO# 20659596
IN NUMERICAL ORDER

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

200000

400000

600000

800000

Time-->

Abundance TIC: 0640645.D
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APPENDIX D—SLUG TEST INFORMATION FORMS AND  
SLUG TEST ANALYSES 
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Table D-1

Well Construction Details and Slug Test Pretest Groundwater Levels and Elevations, August 2010
Lockheed Martin Martin State Airport, Middle River, Maryland

Page 1 of 1
 Depth to

Elevation Elevation Depth Depth Elevation Elevation Depth Depth Groundwater Groundwater
Elevation Top of Well  Screen  Top of Bottom of Top of Bottom of  Top of Bottom of   Pre-Test Elevation

 Ground Casing Stickup/ Midpoint Casing Screen Screen Screen Screen Screen Filterpack Fiberpack Filterpack Borehole Below Top Pre-Test
Well Aquifer NAVD88 NAVD88 Stickdown NAVD88 Diameter Below Grade Grade NAVD88 NAVD88 Length Below Grade Below Grade Thickness Diameter of Casing NAVD88
ID Level Feet Feet Feet Feet Inches Feet Feet Feet Feet Feet Feet Feet Feet Inches Feet Feet

DMW-7I I 19.22 21.90 2.68 -29.89 2 44.11 54.11 -24.89 -34.89 10 39.0 57.5 18.5 8.25 21.01 0.89
DMW-8D D 13.62 16.35 2.73 -51.08 2 59.70 69.70 -46.08 -56.08 10 54.0 85.0 31.0 8.25 15.00 1.35
MW-14D DD 11.95 11.56 -0.39 -101.05 2 108.00 118.00 -96.05 -106.05 10 106.0 118.0 12.0 10.00 7.73 3.83
MW-15D D 6.29 8.77 2.48 -53.21 2 57.00 62.00 -50.71 -55.71 5 54.0 68.0 14.0 10.00 7.12 1.65
MW-16D D 7.81 10.22 2.41 -53.19 2 56.00 66.00 -48.19 -58.19 10 53.0 68.0 15.0 10.00 8.73 1.49
MW-17D D 8.03 7.56 -0.47 -56.97 2 60.00 70.00 -51.97 -61.97 10 57.0 71.0 14.0 10.00 6.36 1.20
MW-18D D 9.17 8.88 -0.29 -69.83 2 74.00 84.00 -64.83 -74.83 10 71.5 84.6 13.1 10.00 7.85 1.03
MW-19D D 8.45 7.94 -0.51 -66.55 2 70.00 80.00 -61.55 -71.55 10 68.0 81.0 13.0 10.00 6.76 1.18
MW-20D D 9.91 12.40 2.49 -55.09 2 60.00 70.00 -50.09 -60.09 10 58.0 71.0 13.0 10.00 10.95 1.45
MW-21D D 11.31 10.78 -0.53 -63.69 2 70.00 80.00 -58.69 -68.69 10 68.0 83.0 15.0 10.00 9.29 1.49
MW-22D D 11.49 11.02 -0.47 -63.51 2 70.00 80.00 -58.51 -68.51 10 68.0 83.0 15.0 10.00 9.50 1.52
MW-23D D 10.34 10.03 -0.31 -70.66 2 76.00 86.00 -65.66 -75.66 10 73.0 88.0 15.0 10.00 8.65 1.38
MW-24I I 8.24 7.68 -0.56 -31.76 2 35.00 45.00 -26.76 -36.76 10 33.0 48.0 15.0 10.00 5.96 1.72
MW-24S S 8.24 7.72 -0.52 -11.76 2 15.00 25.00 -6.76 -16.76 10 13.0 27.0 14.0 10.00 5.00 2.72
MW-26D D 12.04 11.66 -0.38 -50.96 2 58.00 68.00 -45.96 -55.96 10 56.0 68.0 12.0 10.00 10.05 1.61
MW-32I I 7.45 7.28 -0.17 -52.55 2 55.00 65.00 -47.55 -57.55 10 52.0 68.0 16.0 7.00 6.13 1.15
MW-34I I 7.51 7.37 -0.14 -42.49 2 45.00 55.00 -37.49 -47.49 10 42.0 58.0 16.0 7.00 5.61 1.76

S = Upper surficial aquifer
I = Intermediate surficial aquifer
D = Lower surficial aquifer
DD = Deep confined aquifer or below lower surficial aquifer
NAVD88 =  North American Vertical Datum of 1988.
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September 17, 2010 
 
 

Mr. Dev Murali 
Tetra Tech NUS, Inc. 
20251 Century Boulevard 
Suite 200 
Germantown, MD 20874-7114 

 
RE: Geophysical Survey 

Geophysical Survey – 21-Acre Dumping Area Detection/Delineation 
Dump Road Supplemental Investigation 
Martin State Airport 
Middle River, MD 
Enviroscan Project Number 071017 
 

Dear Mr. Murali: 
 
Pursuant to our proposal dated July 27, 2010, Enviroscan, Inc. (Enviroscan) has 

completed a geophysical survey of the above-referenced site.  The survey consisted of a 
reconnaissance-level electromagnetic (EM) survey.  The methods and results of the survey are 
described below. 

 

Survey Purpose and Site Description 
 
The primary purpose of the survey was to detect and delineate the horizontal boundaries 

of reported landfill areas using electromagnetics (EM) beneath the southern end of Taxiway 
Tango at Martin State Airport, Middle River, Maryland.  The survey extends the southern 
boundary of a previous EM survey performed in November of 2007 (see Enviroscan Project 
Reference Number 090710). 

 
The Southern Taxiway Tango survey area surface conditions consisted mainly of low-cut 

grass near the taxiway, variable-sized patches of phragmites, scrub brush, and moderately 
wooded sections.   Figures 1 shows the data coverage of EM survey of the Sothern Taxiway 
Tango survey area.  Inaccessible areas are noted with a green-square hatched pattern.   
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Survey Methods 

EM 
 
Enviroscan performed EM mapping of the site using a Geonics EM-31MK2 instrument.  

The EM-31MK2 was selected since (as described below) it is sensitive to buried metal, but is 
also sensitive to minor changes in the electrical conductivity of subsurface materials in the 
absence of metal (i.e. due to non-metallic debris and/or anomalous ionic content of any soil 
moisture). 

 
The EM-31MK2 employs an electromagnetic transmitter coil to induce an electric current 

in the earth.  This current creates a secondary electromagnetic field that is measured by a receiver 
coil at a fixed separation of 3.7 meters from the transmitter coil.  The secondary electromagnetic 
field has two components: the quadrature component, which is proportional to the bulk electrical 
conductivity or terrain conductivity (in millimhos per meter or mmho/m) of the subsurface 
materials, and the inphase component (in parts per thousand or ppt), which is primarily a measure 
of the relative concentration of metallic material in the subsurface.  Note that in the presence of 
extremely high terrain conductivity material, the dynamic range of the EM-31MK2 can be 
exceeded (or “saturated”), and the instrument will register spurious negative conductivities (a 
physical impossibility).  These negative conductivities therefore actually represent very high 
positive conductivities.  Similar saturation in the presence of significant metal can cause a 
spurious negative inphase response that should also be interpreted as a very high positive value. 

 
For this survey, Enviroscan employed an EM-31MK2 in vertical dipole mode. The 

effective survey depth of the EM-31MK2 is depicted in Appendix A.  The instrument is almost 
completely insensitive to material at the ground surface, and has a peak sensitivity to material at 
a depth of approximately five feet (see incremental sensitivity curve in Appendix A).  Below five 
feet, the sensitivity diminishes approximately logarithmically.  The cumulative effect of this 
varying sensitivity is also depicted in Appendix A.  As the cumulative sensitivity curve shows, 
approximately 80 percent of the signal originates at depths less than 25 feet.  Therefore, the 
terrain conductivity or inphase response measured by the EM-31MK2 in vertical dipole mode 
represents primarily subsurface electrical properties at a depth of five feet (plus or minus), with 
little contribution from material at the ground surface, and moderate (and diminishing) 
contribution from materials down to approximately 25 feet.  The vertical dipole EM-31MK2 was 
selected to screen out the potentially time-varying effects of surficial variations in ground cover 
(noted above), while maintaining a significant effective survey depth. 

The EM survey was completed by collecting vertical dipole mode terrain conductivity 
and inphase data along profiles spaced approximately 10-20 feet apart.  Along survey profiles, 
measurement stations were defined by automatically triggering matching inphase and 
conductivity readings at half-second intervals as the instrument was hand-carried or vehicle 
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towed.   
 
The actual location of each measurement station was digitally recorded using a 

backpack-mounted Topcon GMS-110 global positioning system (GPS) receiver.  The EM 
stations are depicted as tiny crosses in Figure 1.  Please note that in the wooded areas the GPS 
coverage was at times inconsistent, such that full coverage in those areas was not possible. 
 

The EM inphase and terrain conductivity data were contoured using minimum curvature 
gridding routines in Geosoft Oasis Montaj .  The inphase response and terrain conductivity 
color contours are depicted in Figures 2 and 3, respectively.  The inphase contour levels are 
presented as shades of green to red for increasing positive values and green to blue for 
increasingly negative values (the equivalent of very high positive values — see above).  The 
conductivity contour levels are presented as shades of green to yellow to orange to red to pink for 
increasing positive values and green to blue for increasingly negative values (the equivalent of 
very high positive values — see above).   
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Results 

EM 
 

The EM survey results are depicted in Figures 2 and 3, showing the inphase and terrain 
conductivity results, respectively.  The inphase and terrain conductivity data were inspected to 
identify areas most likely to contain landfill material.   

 
The inphase data were examined for large aerially extensive anomalies that fall above 2 

ppt and below -2 ppt, indicating the presence of subsurface metal.  No anomalies were delineated 
with the characteristics of metallic landfill material.  One such anomaly, labeled D in Figure 2, 
was delineated. Anomaly D  is associated with a brackish tidal wetland rich in wet mineralized 
soils.  It is common for such soils to cause an inphase anomaly without the presence of metal; 
however, to confirm this, a test pit should be excavated within the anomaly to identify the source 
material. Several suspected metallic utilities were delineated and are also noted in Figure 2.   One 
small area in the northwest end of the survey area was found to have metallic surface debris 
scattered across the ground, including tires, metal cabinets, etc.  The inphase anomaly associated 
with this debris is noted in Figure 2 (Surface Metallic Debris).  Enviroscan recommends that the 
material be removed and the soil below this area be investigated to determine if there is buried 
material underneath the surface debris.   

 
The contoured terrain conductivity data, depicted in Figure 3, were then examined to 

identify anomalies that may result from nonmetallic landfill debris.  Nonmetallic landfill debris is 
often identified by the difference between the lower background conductivity of the surrounding 
native soils and the higher conductivity of the debris; however, the native soils on this site are 
rich in clay minerals, resulting in a very high background conductivity.  The difference between 
the two may be small and therefore hard to determine.  Enviroscan suggests a limited test pit 
survey to determine the source material of several of the types of terrain conductivity anomalies 
to better determine which type of anomaly may result from landfill debris.  The terrain 
conductivity anomaly types are: 

 
 Terrain Conductivity Anomaly Type A (see Figure 3) is a discrete, high-

amplitude anomaly with clearly defined edges. It is in close proximity to a 
suspected utility and may be associated with that utility, such as a concrete 
access vault. This anomaly was subsequently scanned with a hand-held TW-6 
metal detector. No metal is associated with this anomaly. 

 
 Terrain Conductivity Anomaly Type B is a broad, moderate-amplitude 

anomaly with edges that fade into the surrounding low-amplitude material.   
This anomaly may result from higher conductivity soil containing more clay 
minerals than the soils around it. This anomaly was subsequently scanned with 
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a hand-held TW-6 metal detector. No metal is associated with this anomaly. 
 

 Terrain Conductivity Anomaly Type C is a broad, high-amplitude anomaly 
type with edges that fade into the surrounding moderate-amplitude material.  
As with Anomaly Type B, this anomaly may result from higher conductivity 
soil containing more clay minerals than the soils around it. This anomaly was 
subsequently scanned with a hand-held TW-6 metal detector. No metal is 
associated with this anomaly. 

 
 Terrain Conductivity Anomaly Type D is a high-amplitude anomaly 

associated with a tidal wetland.  It is very common for brackish wetlands with 
wet mineralized soils to have high conductivities. As noted above, this area 
should have a test pit to confirm the source material 

 
 

 



ENVIROSCAN, INC. 
 
 

Mr. Murali  
September 17, 2010 
Page 6 
 
 

 

                       
   
             1051 Columbia Avenue ● Lancaster, PA  17603 ● 717.396.8922 ● Fax 717.396.8746 ● email@enviroscan.com ● www.enviroscan.com         

 

Limitations 
 
The geophysical survey described above was completed using standard and/or routinely 

accepted practices of the geophysical industry and equipment representing the best available 
technology.  Enviroscan does not accept responsibility for survey limitations due to inherent 
technological limitations or site-specific conditions.  However, we make every effort to identify 
and notify the client of such limitations or conditions.   
 

We have appreciated this opportunity to have worked with you.  If you have any 
questions, please do not hesitate to contact the undersigned. 

 
Sincerely, 
Enviroscan, Inc. 
 

 
 
William E. Steinhart III, M.Sc., P.G. 
Senior Geophysics Project Manager 

 
Technical Review By: 
Enviroscan, Inc. 
 

 
 
Felicia Kegel Bechtel, M.Sc., P.G. 
President 

 
enc.: Figure 1:  EM-31MK2 Survey Data Coverage  

Figure 2:  EM-31MK2 Inphase Response Contours 
Figure 3:  EM-31MK2 Terrain Conductivity Response Contours 
Appendix A:  EM-31 Vertical Dipole Mode Depth Response 
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Appendix A 

EM-31 Vertical Dipole Mode Depth Response 
 



EM-31 Vertical Dipole Mode Depth Response
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Table F-1

Groundwater Levels and Elevations - July 2010

Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 1 of  3

Well Well Top of Well Depth Groundwater
Location Location Casing to Groundwater Elevation

Northing (Y) Easting (X) Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet Feet Feet

Well ID Level (NAD 1983) (NAD 1983) (NAVD 1988; 2010 Survey) (Below Top of Casing) (NAVD, 1988)
DMW-1S S 604458.58 1479310.48 11.08 9.22 1.86

DMW-2S S 604670.41 1479807.55 21.75 21.29 0.46

DMW-3S S 604804.87 1479733.91 16.52 10.86 5.66

DMW-4S S 604563.04 1480036.27 20.52 20.29 0.23

DMW-5S S 604430.05 1479906.80 21.34 20.99 0.35

DMW-6S S 604190.48 1480255.05 18.62 18.39 0.23

DMW-7S S 604291.49 1479921.81 21.84 NM --

DMW-8S S 604517.05 1479667.61 16.27 12.60 3.67

DMW-9S S 604771.56 1479286.86 11.45 9.85 1.60

MW-10S S 604636.82 1479225.83 10.29 8.39 1.90

MW-11S S 604424.24 1478934.92 9.20 5.69 3.51

MW-15S S 605010.96 1479028.29 8.60 7.22 1.38

MW-16S S 605086.42 1479248.84 10.20 9.73 0.47

MW-17S S 605112.67 1479358.32 7.61 7.16 0.45

MW-18S S 604930.77 1479645.06 8.89 8.56 0.33

MW-20S S 604630.96 1479397.95 12.44 10.89 1.55

MW-23S S 604237.13 1479295.12 10.01 8.29 1.72

MW-24S S 603945.66 1479375.24 7.72 4.81 2.91

MW-25S S 604510.08 1478812.44 9.69 6.23 3.46

MW-26S S 604726.41 1479035.39 11.72 9.47 2.25

MW-32S S 603917.70 1479926.52 7.27 6.31 0.96

MW-33S S 605115.62 1478762.02 9.97 7.84 2.13

MW-34S S 605340.11 1478893.75 7.44 5.77 1.67

MW-3 S 604448.84 1479107.23 11.19 9.21 1.98

MW-4 S 604852.91 1479180.81 10.34 8.59 1.75

MW-5 S 604294.68 1479901.86 22.65 21.77 0.88

MW-6 S 604009.26 1480184.72 15.72 15.14 0.58

MW-7 S 604765.23 1478680.36 10.90 7.36 3.54

OW1-S S 604674.88 1479817.31 19.17 18.57 0.60

RW1-S S 604677.60 1479813.40 19.09 18.45 0.64



Table F-1

Groundwater Levels and Elevations - July 2010

Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 2 of  3

Well Well Top of Well Depth Groundwater
Location Location Casing to Groundwater Elevation

Northing (Y) Easting (X) Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet Feet Feet

Well ID Level (NAD 1983) (NAD 1983) (NAVD 1988; 2010 Survey) (Below Top of Casing) (NAVD, 1988)
DMW-1A I 604398.60 1479498.32 12.05 10.45 1.60

MW-2 I 604144.32 1479708.26 8.40 7.46 0.94

DMW-2A I 604678.82 1479789.39 21.65 21.25 0.40

DMW-3I I 604810.48 1479731.13 16.45 15.95 0.50

DMW-4I I 604566.00 1480031.48 20.48 20.03 0.45

DMW-5I I 604431.10 1479902.80 21.39 21.03 0.36

DMW-6I I 604193.59 1480266.19 18.64 18.26 0.38

DMW-7I I 604287.20 1479924.19 21.90 21.32 0.58

DMW-8I I 604516.35 1479673.28 16.17 15.47 0.70

DMW-9I I 604764.91 1479293.42 11.40 9.92 1.48

MW-1
(1)

I 604052.58 1479214.74 11.08 NM --

MW-10I I 604630.69 1479217.34 10.27 8.56 1.71

MW-11I I -- -- -- 7.29 --

MW-14I I 605129.85 1479550.68 11.72 11.29 0.43

MW-15I I 605010.96 1479028.29 8.79 7.19 1.60

MW-16I I 605086.42 1479248.84 10.06 8.66 1.40

MW-17I I 605112.67 1479358.32 7.68 6.51 1.17

MW-18I I 604930.77 1479645.06 8.91 8.62 0.29

MW-19I I 604152.70 1479701.18 7.90 7.17 0.73

MW-20I I 604630.96 1479397.95 12.39 10.82 1.57

MW-21I I 604467.75 1479303.22 10.83 9.21 1.62

MW-22I I 604442.07 1479112.84 11.01 9.12 1.89

MW-23I I 604237.13 1479295.12 10.07 8.37 1.70

MW-24I I 603945.66 1479375.24 7.68 5.96 1.72

MW-25I I 604510.08 1478812.44 9.72 7.83 1.89

MW-26I I 604726.41 1479035.39 11.67 9.98 1.69

MW-28I I 605110.61 1479027.89 8.65 7.18 1.47

MW-32I I 603917.70 1479926.52 7.28 6.4 0.88

MW-33I I 605115.62 1478762.02 10.02 7.94 2.08

MW-34I I 605340.11 1478893.75 7.37 5.72 1.65



Table F-1

Groundwater Levels and Elevations - July 2010

Lockheed Martin, Martin State Airport, Middle River, Maryland

Page 3 of  3

Well Well Top of Well Depth Groundwater
Location Location Casing to Groundwater Elevation

Northing (Y) Easting (X) Elevation 7/2/2010 7/2/2010
Aquifer Feet Feet Feet Feet Feet

Well ID Level (NAD 1983) (NAD 1983) (NAVD 1988; 2010 Survey) (Below Top of Casing) (NAVD, 1988)
OW1-I I 604638.04 1479781.43 18.04 17.73 0.31

RW1-I I 604662.81 1479782.43 18.44 18.11 0.33

DMW-1B D 604398.60 1479498.32 12.04 10.71 1.33

DMW-2B D 604678.82 1479789.39 21.66 21.04 0.62

DMW-3D D 604810.48 1479731.13 16.46 15.96 0.50

DMW-4D D 604566.00 1480031.48 20.44 20.06 0.38

DMW-5D D 604431.10 1479902.80 21.38 21.00 0.38

DMW-6D D 604193.59 1480266.19 18.51 18.21 0.30

DMW-7D D 604287.20 1479924.19 21.94 21.23 0.71

DMW-8D D 604516.35 1479673.28 15.79 15.46 0.33

DMW-9D D 604764.91 1479293.42 11.41 10.29 1.12

MW-15D D 605010.96 1479028.29 8.77 7.17 1.60

MW-16D D 605086.42 1479248.84 10.22 9.84 0.38

MW-17D D 605112.67 1479358.32 7.56 5.41 2.15

MW-18D D 604934.54 1479642.31 8.88 8.41 0.47

MW-19D D 604152.70 1479701.18 7.94 7.16 0.78

MW-20D D 604630.96 1479397.95 12.40 11.38 1.02

MW-21D D 604467.75 1479303.22 10.78 9.61 1.17

MW-22D D 604442.07 1479112.84 11.02 9.61 1.41

MW-23D D 604237.13 1479295.12 10.03 8.82 1.21

MW-26D D 604726.41 1479035.39 11.66 9.92 1.74

MW-14D DD 605129.85 1479550.68 11.56 7.97 3.59

MW-27D DD 605114.25 1479032.00 8.39 5.02 3.37

MW-29D DD 603774.77 1480488.41 11.43 11.05 0.38

MW-30D DD 603825.46 1479645.71 8.26 7.37 0.89

MW-31D DD 603747.78 1480099.58 6.95 6.78 0.17

1   Well was sealed and abandoned in accordance with Maryland regulations.

S = Upper surficial aquifer

I = Intermediate surficial aquifer

D = Lower surficial aquifer

DD = Deep confined aquifer

NM = Not measured

NAVD = North American Vertical Datum

NAD = North American Datum
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