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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 an investigation of soil vapor and indoor air at the 

Munitions Area of the Maryland Air National Guard (MDANG) installation at Martin State 

Airport (MSA) in Baltimore County, Maryland. The property is part of Martin State Airport and 

is currently owned by the Maryland Department of Transportation (MDOT). Maryland Air 

National Guard occupies a portion of Martin State Airport, including the Munitions Area, leased 

from the Maryland Aviation Administration (MAA) by the National Guard Bureau. The 

objectives of this investigation are to: 

 perform a soil vapor and indoor air quality (IAQ) monitoring investigation to evaluate 
possible volatile organic compounds (VOCs) in soil vapor and indoor air at the Munitions 
Area 

 establish a soil vapor monitoring grid that includes north–south transects of sampling 
locations in the Munitions Area to help assess whether the northern extent of the Dump 
Road Area (DRA) plume of volatile organic compounds extends beneath the Munitions 
Area 

The investigation objectives were achieved through the following activities: 

 obtaining utility clearances from Miss Utility and a private utility locating firm 

 obtaining Digging Permit AF IMT 103 for intrusive investigations from the Maryland Air 
National Guard 

 installing 22 temporary soil vapor probes in key areas of the Munitions Area using direct 
push technology (DPT) to a depth of approximately five feet below grade, adjusted 
appropriately depending on the depth to groundwater 

 collecting 22 soil vapor samples (one sample per temporary vapor sampling point) to 
characterize volatile organic compounds in the shallow subsurface soil of the Munitions 
Area 

 collecting three indoor air quality samples from inside Maryland Air National Guard 
facility buildings in the Munitions Area using Summa® canisters over an eight hour 
sampling period, in conformance with United States Environmental Protection Agency 
(USEPA) Method TO-15 
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 analysis of soil vapor and indoor air samples by a state-accredited laboratory for volatile 
organic compounds by United States Environmental Protection Agency Method TO-15 

 evaluating environmental sampling data 

 reporting results 

This report is organized as follows: 

Section 2—Site Background: Briefly describes the site history, subsurface conditions, and 
previous investigations. 

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

Section 4—Investigation Results: Discusses the results of the field program. 

Section 5—Summary and Recommendations: Summarizes the investigation program and 
findings, and provides recommendations for further investigation. 

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

Site Background 

This section includes background information for the Maryland Air National Guard (MDANG) 

site at Martin State Airport (MSA). Much of the information presented herein pertains to Martin 

State Airport, within which the MDANG facility and the Munitions Area are located.  

2.1 SITE DESCRIPTION 

2.1.1 Location 

MSA is at 701 Wilson Point Road in Baltimore County, Middle River, Maryland, bounded by 

Frog Mortar Creek (FMC) to the east and Stansbury Creek to the west (Figure 2-1). Both creeks 

eventually join Middle River and flow into Chesapeake Bay south of the airport. The MDANG 

facility is at 2701 Eastern Boulevard, in the northeastern quadrant of MSA. It is part of MSA and 

is currently owned by the Maryland Department of Transportation (MDOT). The National Guard 

Bureau leases a portion of MSA, including the Munitions Area, from the MAA. 

2.1.2 History 

MSA was owned and operated by the Glenn L. Martin Company from approximately 1929-1975. 

Glenn L. Martin Company is the predecessor entity of Martin Marietta Corporation. In 1929, 

Glenn L. Martin, an aviation designer and builder, purchased 1,260 acres of land approximately 

12 miles east of Baltimore for a manufacturing facility for the Glenn L. Martin Aircraft 

Company. Three runways, Hangars 1, 2, and 3, and the Airport Administration building were 

built in 1939–1940. Hangars 4, 5, and 6 and the Strawberry Point Hangar were completed in 

1940 and 1941. Various aircraft were produced in these facilities. After World War II, 

commercial transports and jet aircraft were produced at MSA. 

In July 1955, the MDANG 104th Tactical Fighter Group began leasing property from the Glenn 

L. Martin Company. On April 1, 1960, the 135th Tactical Airlift, previously based in Baltimore, 

was transferred to MSA, and by October 1962, the 104th Tactical Fighter Group had been 

reorganized and designated the 175th Tactical Fighter Group. The Glenn L. Martin Company 
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consolidated with American Marietta Corporation in September 1961 to form Martin Marietta 

Corporation. On September 20, 1975, MAA purchased the 747 acres that are now used as the 

airfield. 

2.1.3 Current Conditions 

MDANG leases a portion of the MSA airfield for its operations. The MDANG facility is 

comprised of 175 acres in the northeastern portion of MSA. The facility is fenced and has a 

separate entrance from Eastern Boulevard. The site is currently developed with runways, parking 

aprons, operations and training buildings, general supply and ammunition storage facilities, fuel 

storage structures, maintenance shops and sheds, and aircraft hangars. The southern boundary of 

the leasehold extends to the ponds at the Dump Road Area (DRA); these ponds are in an 

undeveloped area. 

2.1.4 Land Use 

MSA is generally characterized as a moderately developed tract in a largely suburbanized, 

moderate density, populated setting. Land use surrounding MSA is, to a significant degree, a 

combination of mixed suburban, industrial, and commercial lightly to moderately developed 

tracts and woodland tracts. The northern boundary of MSA is bordered by Eastern Boulevard 

(Maryland Route 150) and AMTRAK railroad lines. Undeveloped woodland tracts and 

low-density, residential properties are north of MSA and the AMTRAK line.  

The MSA’s eastern, southern, and western boundaries are bordered by FMC and Stansbury 

Creek, which are wide, brackish, tidal tributaries of the middle Chesapeake Bay. Lockheed 

Martin Corporation’s (Lockheed Martin) Middle River Complex (MRC), currently used to 

assemble military launch electronics and aircraft parts, lies along MSA’s northwestern boundary. 

Low- to medium-density residential and light commercial land uses (e.g., shopping centers, 

convenience stores, restaurants, etc.) lie beyond the creeks east, south, and west of MSA. Farther 

east and west from MSA are the high-density residential communities of Bengies Corner and 

Hawthorne Park. The town of Middle River is approximately 1.5 miles northwest of MSA. 

The MDANG facility is in the northeastern quadrant of MSA. Land use is industrial/commercial. 

The MDANG facility is comprised of runways, parking aprons, operations and training 

buildings, general supply and ammunition storage facilities, fuel storage structures, maintenance 

shops and sheds, and aircraft hangars. 
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The Munitions Area (see Figure 2-2) is on the southern end of the MDANG leasehold. The 

Munitions Area comprises approximately five acres of mostly open land bordering FMC. The 

area is east of Lynbrook Road and north of the DRA. The Munitions Area has three buildings, all 

founded on concrete slabs at grade. Along the south side of the Munitions Area is a bunker that is 

also a slab at grade, but it is covered by an earthen mound. A drainage feature associated with the 

wetland area on the west side of the Munitions Area runs east to FMC, bisecting the Munitions 

Area. The three buildings are north of this drainage feature; the bunker is south of it.  

2.1.5 Climate 

The local climate is characterized as humid/temperate, with hot humid summers and relatively 

mild winters. The Middle River, Maryland area receives an average of 42 inches of precipitation 

annually, distributed evenly throughout the year. Rainfall normally occurs in the summer as 

showers and thunderstorms. In winter, precipitation is typically light to heavy rainfall or snow. 

Tropical storms in late summer and fall, and occluded, meso-scale frontal systems (i.e., coastal 

low pressure systems) in winter and spring occasionally provide short-term above-average 

precipitation. 

2.1.6 Physiography 

The site is on the western side of the Coastal Plain physiographic province. The Coastal Plain 

consists of sediments composed of alluvium from the Pleistocene Epoch and material from the 

Potomac Group (from the Cretaceous Period). Coastal Plain sediments begin at the Fall Line and 

follow a regional dip to the southeast at approximately 110 feet per mile (Hansen and 

Edwards, 1986). The Fall Line is the division between the Piedmont and Atlantic Coastal 

physiographic provinces. Its name refers to an imaginary line connecting waterfalls or changes in 

stream flow between the hard-rock upland areas of the Piedmont and the soft-sediment lowland 

areas of the Coastal Plain. The Coastal Plain is generally characterized by low topographic relief. 

However, steep embankments and hills are found along stream channels, rivers, and Chesapeake 

Bay. 

2.1.7 Topography 

Most of MSA’s land surface is generally flat to gently sloping in the areas of the runway, 

taxiways, and surrounding support operations. A steeply sloped embankment along the FMC 

shoreline separates the facility from the creek; the bank is comprised of fill placed there as part 
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of airport construction. The airport’s runway forms a northwest–southeast trending topographic 

ridge (i.e., drainage divide) that gently slopes from the northwest end to the southeast end of the 

airport. Runway elevations range from slightly more than 20 feet above mean sea level (msl) at 

the northern end of the runway to slightly more than 10 feet above msl at the southern end of the 

runway. The land slopes away from the runway toward FMC to the northeast and Stansbury 

Creek to the southwest. 

In general, MDANG site topography is relatively flat, sloping gently toward FMC. Land 

elevations are approximately 20 feet above msl at a mounded area near the embankment 

bordering FMC. The elevation at the top of the embankment ranges from approximately 10 feet 

above msl at the northern portion of the DRA to approximately 20 feet above msl in the southern 

portion. Land surface elevation at the FMC shoreline is at mean sea level. 

2.1.8 Surface Water Hydrology 

The eastern, southern, and western boundaries of MSA are bordered by FMC and Stansbury 

Creek, which are wide, brackish water, tidal tributaries of the middle Chesapeake Bay. Surface 

water runoff from MSA enters these creeks via localized gullies in the eastern and western 

undeveloped portions of the site, or via storm sewers that drain the airport runway, taxiways, and 

developed portions of the facility. MSA encompasses 47 drainage areas in three watersheds, 

forming a total drainage area of 700 acres (MAA, 2009). The airport drainage areas range in size 

from seven acres to more than 170 acres.  

In the MDANG facility and Munitions Area, four drainage areas drain the runway, taxiways, and 

wooded areas, discharging to FMC on the eastern side of the facility. One drains the taxiways, 

runway, and hangars discharging to Stansbury Creek on the western side of the airport. The 

remaining drainage areas include two small ponds (Ponds #1 and #2) and wetlands (both in the 

DRA) and a storm water management pond near the Fire Pump House (in the western portion of 

MSA). These ponds and the DRA wetland are contained within each drainage area and do not 

discharge to FMC. The storm water pond near the Fire Pump House discharges to the upper 

reaches of the Stansbury Creek tidal area. 

2.1.9 Geology and Hydrogeology 

MSA is on the western side of the Coastal Plain physiographic province. Regional and local 

studies (Vroblesky and Fleck, 1991; Chapelle, 1985) indicate that MSA lies on the Patapsco 
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Formation. This formation consists of complex and interbedded mixtures of gray, brown, and red 

sands, silts, and clays originating from sediment deposition in a low coastal plain traversed by 

low-gradient meandering streams. 

Below the Patapsco Formation lies a regionally extensive, thick, clay confining-unit known as 

the Arundel Formation. It is a massive and probably impermeable unit underlying the site and 

surrounding area. The Arundel Formation outcrops northwest of the site and dips and thickens to 

the southeast. The Arundel Formation extends as far east as Cambridge, Maryland, where it is 

more than 600 feet thick.  

Regional lithologic information indicates that the Arundel Formation may be as thick as 150 feet 

at MSA (Vroblesky and Fleck, 1991; Chapelle, 1985). The formation probably acts as an 

impermeable barrier to the downward movement of any constituents found in the surficial 

aquifer. The base of the Arundel Formation (i.e., the top surface of the deeper Patuxent 

Formation) is approximately 225 feet below msl near MSA (Vroblesky and Fleck, 1991; 

Chapelle, 1985). Therefore, the depth to the base of the Arundel Formation may range from 

235-255 feet below grade at MSA. 

Below the Arundel Formation is the Patuxent Formation. It is a multi-aquifer unit comprised of 

various interbedded sand and silt/clay layers with rapid changes of deposited material types over 

short distances. Permeable, sand-rich units range from bounded sand sheets to isolated sand 

bodies (Glaser, 1969). In the MSA area, potentiometric maps of the Patuxent Formation indicate 

that groundwater flows to the south and southwest in response to industrial wells withdrawing 

water southwest and west of the site (Chapelle, 1985 and Curtin, 2006). 

2.2 MARYLAND AIR NATIONAL GUARD AND MARTIN STATE 
AIRPORT PREVIOUS INVESTIGATIONS 

As shown in Table 2-1, several investigations have been performed at MSA. A brief summary of 

these investigations follows. In 1988, Automated Services Group, Inc. (ASG) conducted a 

preliminary assessment (PA) of MDANG facilities for the Maryland Department of the 

Environment (MDE) (ASG, 1988). The PA identified several areas of concern, including 

locations near pits reportedly used by the Glenn L. Martin Aircraft Company in the 1930s and 

1950s for materials disposal. These areas are subject to regulation under the federal Resource 

Conservation and Recovery Act (RCRA).  
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Previous investigations at the MDANG facility were conducted under the U.S. Department of 

Defense Defense Environmental Restoration Program (DERP) and Installation Restoration (IR) 

program. Sixteen DERP sites were identified as warranting further investigation. Several 

investigations were subsequently performed, and all DERP sites at the MDANG facility have 

since received “No Further Action Concurrence” from MDE. 

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

underground electric cables adjacent to Taxiway Tango (Figure 2-3); MAA removed these drums. 

MDE ordered additional studies when the drums were discovered. In October 1991, MAA 

contracted with Handex Environmental Management to survey the site. Large geophysical 

anomalies were detected northeast of the drum removal area and an additional anomalous area 

was identified in the northwestern corner of the study area (Handex, 1992). 

Upon review of the Handex report, MDE asked MAA to further investigate and remediate the 

drum site. In response, MAA conducted a records and public sector information [PSI] search 

and, subsequently, a field investigation during which soil, soil vapor, and groundwater samples 

were collected. Methyl ethyl ketone and chlorinated volatile organic compounds (cVOCs) (such 

as tetrachloroethene [PCE], trichloroethene [TCE] and vinyl chloride [VC]) were detected in soil 

samples. Several volatile organic compounds (VOCs) were detected in groundwater at 

concentrations exceeding United States Environmental Protection Agency’s (USEPA) maximum 

contaminant levels (MCLs) for safe drinking water by more than a factor of 1,000 (Maryland 

Environmental Service [MES], 1994). 

MAA conducted a subsequent confirmation investigation to further delineate the extent of 

contamination at the drum site. Soil and groundwater samples were collected during the field 

program. The investigation indicated that higher concentrations of contaminants in soil 

correlated with identified geophysical anomalies. In groundwater samples, elevated 

concentrations of total petroleum hydrocarbons (TPH), VOCs, and semivolatile organic 

compounds (SVOCs) were detected, and concentrations of several metals (chromium, lead, and 

nickel) exceeded their respective MCLs at many sampling locations (MES, 1994). 

MAA conducted an expanded investigation of soil and groundwater in 1996 to evaluate potential 

human health risks. Soil, groundwater, and sediment samples from the ponds were collected. 

TPH-diesel range organics (DRO) were detected at elevated levels in soils, and TCE was 
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detected at elevated levels in both soil and groundwater samples. The TCE concentration at one 

well was four orders of magnitude greater than the MCL. 

In late 1997, MAA conducted an investigation to evaluate possible impacts of surface water and 

bottom sediments in FMC. Several metals exceeded comparison criteria in surface water 

samples, and copper and several SVOCs (primarily polycyclic aromatic hydrocarbons [PAHs]) 

were detected at high concentrations in sediment samples (Apex Environmental, 1998). 

However, MES determined that the SVOC concentrations in sediment were comparable to levels 

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

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

Groundwater samples were collected in March 1999 to obtain updated chemical data on 

groundwater quality and elevations and flow direction at the southeast portion of MSA. 

Groundwater samples confirmed the presence of TCE, cis-1,2-dichloroethene (c-1,2-DCE), and 

VC at concentrations exceeding both MDE groundwater standards and USEPA MCLs. 

Groundwater level measurements confirm that shallow groundwater flows from the runway and 

taxiway area to the southeast and east, toward FMC (Tetra Tech, 1999).  

A remedial investigation (RI) was conducted at MSA from March 2000–October 2009 to 

determine the nature and extent of environmental impacts in soil, groundwater, surface water, 

and sediment. Data collected from this investigation were used to complete a human health risk 

assessment (HHRA) and an ecological risk assessment (ERA), as well as to assess the need for 

additional sampling for potential remedial actions, or to justify no further action. The RI 

identified surface and subsurface soil impacts and identified four areas as primary source areas. 

Detailed information about the RI and its results can be found in the Remedial Investigation 

Report—Martin State Airport (Tetra Tech, 2010). 

The investigations detailed above identified several areas of concern at MSA, described below 

(see Figure 2-3): 

 Taxiway Tango Median Anomaly Area—This is the area between Taxiway Tango and the 
airport runway, northwest of Taxiway D, where four buried drums containing dried zinc-
chromate paint were unearthed and removed in 1991. A construction drawing indicates 
the presence of fill and trash, and an initial geophysical survey indicated several 
electromagnetic anomalies, suggesting buried metal. 
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 Drum Area—This area is in the forested area northeast of Taxiway Tango where several 
drums were uncovered when surface vegetation was cleared during a 1996 site 
investigation. It is near wells MW2 and MW5. 

 Two ponds—These ponds are approximately 450 feet and 600 feet, respectively, northeast 
of Taxiway Tango. Historical records indicate that acids may have been discharged at the 
present location of the two ponds sometime during the 1950s and 1960s. 

 Petroleum Hydrocarbon Area—The Petroleum Hydrocarbon Area is approximately 
200 feet west of the ponds. Petroleum hydrocarbons were encountered while drilling a 
soil boring during the 1996 site investigation. 

 Dump Road Area—This area is along the northeast side of the runway at MSA. A portion 
of the area extends to the west across Taxiway Tango into the median between the 
taxiway and runway. Chlorinated VOCs were detected during previous studies in this 
area. Site investigations at MSA have identified soil and groundwater impacts associated 
with past activities. The areal extent of VOC impacts in this area has, for the most part, 
been delineated; exceptions include the areas around the MDANG bunkers and, to a 
lesser extent, the area between the runway and Taxiway Tango. Figure 2-4 shows the 
groundwater plume extent based on contours generated by a groundwater model based on 
TCE concentrations, the most prevalent VOC. 

TCE and TCE-degradation daughter products were detected in groundwater throughout the MSA 

investigation area, with the highest concentrations detected in monitoring well MW5 located 

north/northeast of the historical Drum Area. The TCE Groundwater Plume Maps showing the 

surficial, intermediate and deep aquifers are presented in Figure 2-4. The groundwater 

monitoring well locations are presented in Figure 2-5. Petroleum–related benzene, toluene, 

ethylbenzene, and xylenes (BTEX) were detected in groundwater at several site locations, but 

BTEX is not as widespread as the cVOCs. The northern extent of the DRA groundwater VOC 

plume has been estimated to be close to the southern boundary of the Munitions Area. The soil 

vapor monitoring grid used in this investigation included north–south transects of sampling 

locations in the Munitions Area to assess whether the northern extent of this VOC plume extends 

beneath the Munitions Area. 
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15 samples 
(thrirteen collected 4 

feet bgs and two 
collected 3.5 feet 

bgs)

16 soil samples 
collected. 13 DPT 

samples (between 2 
and 6 feet), and 3 

samples during the 
installation of 
piezometers 

(between 9 and 11 
ft.).

3 wells

11 groundwater 
samples taken from 3 

piezometers and 8 
DPT locations.

Analyzed for TPH, 
GRO, VOCs, and 

BTEX

PZ-1, PZ-2,        
and PZ-3

Slug Tests

None

78 Soil samples 
collected from DPT 
methods as well as 
during MW well 

installation.  

Install 3 wells

33 ground water 
samples were analyzed 
including 5 duplicates, 
and a blank, 24 probe 
samples and 3 well 

samples.

MW-1, MW-2 and 
MW-3

None

15 samples from 25 
bore holes and 3 
monitoring wells.

Install 3 wells

10 samples were 
collected from 

temporary screens in 
bore holes at various 
locations along the 
grid.  6 wells and 3 

piezometers were also 
sampled.

MW-4
MW-5
MW-6

Slug tests

Analyzed for TPH, 
VOCs, SVOCs, and 
total metals. Select 

samples were 
analyzed for full 

TCLP parameters.

Groundwater samples 
analyzed for VOC, 

SVOCs, metals, 
sodium, chloride, and 

TPH. 

None

Analyzed for TCLP 
metals, TCLP 

VOCs, pH, 
ignitability and 

sulfide.

NoneJanuary - 
February 1996

None

Expanded 
Investigation 
(MES, 1996)

July 1996

Confirmation 
Investigation 
(MES, 1995)

January 1995

None None

July-August 
1994

Analyzed for VOCs, 
SVOCs and heavy 

metals.

None

None

None
Geophysical 

Survey Report, 
(Handex, 1992)

None NoneFebruary 1992 October 1991 None

A geophysical survey consisted of the EM-31, 
ground penetrating radar (GPR), and limited 

magnetometry (LM) surveys of a 1600-foot by 
200-foot area along Taxiway Tango and north of 

Taxiway D

Analyzed for VOCs, 
metals, and water 

quality parameters.

None

None

Petroleum saturated / contaminated soils were present in select samples.  Soils and gound 
water in the vicinity of some of these sample locations are heavily contaminated at the levels 
which would classify it as hazardous waste.  TCE was detected at a concentration of 92,000 

ug/L and toluene at 42,000 ug/L at probe GW-9 at depth of 5 to 6 feet.  The extent of 
contamination of soils and ground water was not defined in this investigation.  

The geophysical investigation spurred by the encounter of four Drums in July 1991, 
discovered large geophysical anomalies indicating the presence of metal were detected 

northeast of the July 1991 drum removal area.

Preliminary Site 
Investigation, 
(MES, 1994)

May 1994 January 1994 None None

MES concluded that disposal of petroleum products and chlorinated solvents has had an 
adverse impact on soils and ground water at the site.  Generally the locations of higher 

concentrations of contaminants correlate with the anomalies found in the geophysical survey 
and initial field investigation conducted in January of 1994.  Samples collected in the shallow 
water table with elevated concentrations of TPH, VOCs, and SVOCs show that the impacted 

soils are leaching into the ground water.

Sediment 
sampling of 

two acid pits or 
ponds; 

analyzed for 
TCLP organics 
and inorganics.

None

Deteriorated drums were discovered northeast of Dump Road area; contents tested TCLP 
hazardous for chromium; drum contents were containerized;  Air photos from 1952 and 1957 
show an open dump area adjacent to what is now Taxiway Tango and Acid Pit #1 (i.e., Pond 
No. 1).  Thick smoke emissions appeared to be emanating from the vicinity of the Acid Pit 

area.  Average hydraulic conductivity of 2.5 feet per day estimated from the wells.  Performed 
Human Health Risk Assessment as part of the study.  Select soil and groundwater samples 

were analyzed for full TCLP parameters.

One acid pit / 
pond sample

None

Analyzed for VOCs, 
SVOCs, and heavy 

metals.
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None

6 existing wells and 1 
piezometer were 

sampled.

Analyzed for TPH, 
VOCs, SVOCs, and 

metals.

83 samples taken 
from the test pits 

and from soil 
borings.

12 Samples

Analyzed for VOCs, 
SVOCs, heavy 

metals, and 
PCBs/pesticides.

Analyzed for VOCs, 
SVOCs, pH, heavy 

metals and 
PCBs/pesticides.

20 Samples Insall 4 wells

6 previous wells, 4 
new wells, and 46 

temporary wells were 
sampled.

DMW-1A

DMW-1B

DMW-2A

DMW-2B

None

None

None

Groundwater 
Monitoring Well 
Surveying and 

Sampling Report, 
(Tetra Tech, 1999)

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to assure that all proposed sampling locations 

were clear.

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to clear the excavation areas.

March-October 
2002

December 1997

March-May 
2000

None None

December 2002

September 2000

Frog Mortar Creek 
Sediment 

Sampling (Apex, 
1998)

January 1998

Source 
Identification and 

Assessment 
Report (Tetra 
Tech, 2000)

Chemical 
Delineation and 

Groundwater 
Monitoring Report 
(Tetra Tech, 2002)

NoneMarch 1999

None

None

None

May 1999

All metals except mercury were detected in the surface water samples.  PAHs and metals, 
with the exceptions of antimony, beryllium, mercury and silver, were detected in the sediment 
samples.  Surface water pH levels were nearly neutral (pH range of 6.8 to 7.1).  Sediment pH 

levels were slightly acidic (pH range of 6.6 to 6.9).

Fifteen 55-gallon and 1 30-gallon drum, readings above 2000 ppmv, and inactive ordinance 
(consisting of a 100 pound bomb, two 1,000 pound bombs, and a 2,000 pound bomb) were 

discovered. 

9 samples 
collected in 
Frog Mortar 

Creek.  
Analyzed for 

VOCs, SVOCs, 
metals, cyanide 

and pH.

6 samples 
collected in 
Frog Mortar 

Creek.  
Analyzed for 

VOCs, SVOCs, 
metal, cyanide 

and pH.

None

4 Samples 
collected from 
Pond #1 and 

Pond #2.

7 Test 
Pits/Excavations

Analyzed for VOCs, 
SVOCs, hexavalent 
chromium, heavy 

metals, and 
PCBs/pesticides.

NoneNoneNone

Analyzed for VOCs, 
SVOCs, hexavalent 
chromium, heavy 

metals, and 
PCBs/pesticids.

12 temporary wells.

NoneNone

All GW samples were analyzed for VOCs, SVOCs, Priority Plutant Metals, TPH, hexavalent 
chromium, PCBs, and pesticides.  All twenty soil samples were analyzed for VOCs; nineteen 
samples were analyzed for total priority pollutant metals, and hexavalent chromium; seven 

samples were analyzed for gasoline, diesel, and residual range organics; and six samples were 
analyzed for SVOCs.

None NoneNone

Eight samples including 2 duplicates were collected from the 6 GW and 1 piezometer wells.
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11 Soil samples 
were collected at 

depths 
corresponding to 
changes in major 
lithologic zones.   

28 permanent wells 
and 4 temporary 

wells.

Quarterly GW 
sampling event of the 
10 existing wells, the 
28 new wells, and the 
4 Temporary wells.

DMW-1S through 
DMW-10S

DMW-3I through 
DMW-11S

DMW-3D through 
DMW-9D

MW7
TT-11-TT-14.

Slug Test
Quarterly GW 

sampling event of the 
38 permanent and the 

4 temporary wells.
See comments for 

analysis.

Quarterly GW 
sampling event of the 
38 permantent wells.  

See comments for 
analysis.

Quarterly GW 
sampling event of 24 

permantent wells.  

See comments for 
analysis.

Quarterly GW 
sampling event of 13 

permanent wells.

See comments for 
analysis.

Quarterly GW 
sampling event of 13 

permanent wells.

See comments for 
analysis.

None

None

None

September 2004 
Quarterly 

Groundwater 
Sampling Report 

(Tetra Tech, 
2004e)

Final Data Gap 
Investigation and 
Modeling Report 

(Tetra Tech, 
2004a)

March 2005 December 2004

December 2004 
Quarterly 

Groundwater 
Sampling Report 

(Tetra Tech, 
2005a)

May 2004 September - 
December 2003

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to assure that all proposed well locations were 

clear.

March 2004

Evaluated for 
various geotechnical 

properties such as 
soil porosity, bulk 
density, moisture 
content and total 
organic carbon.

None

None

None

None

None

None

None None
Analyzed for VOCs, 
SVOCs, metals, and 
pesticides.  Select 
wells were also 

analyzed for nitrate, 
sulfate, and iron.

All Samples were analyzed for VOCs, and total and dissolved metals.  Select samples were 
also analyzed for SVOCs.  Bio-parameters consisting of nitrate, sulfate, and iron (III) were 

also analyzed at selected deep well locations

The intent of the data gap investigation was to determine the extent of chemicals in 
groundwater plumes at the southeast portion of MSA.  The Specific objectives completed 
during the investigation were to deliniate the eastern and western extent of chemicals in 
groundwater, characterize VOC plumes, characterize site geology, and conduct quarterly 
groundwater monitoring.  This groundwater sampling even is the baseline event for the 

upcoming quarterly sampling events. 

None

NoneNoneNone

None None

None None

None

None

June 2004 
Quarterly 

Groundwater 
Sampling Report 

(Tetra Tech, 
2004d)

March 2004 
Quarterly 

Groundwater 
Sampling Report 

(Tetra Tech, 
2004c)

December 2003 
Quarterly 

Groundwater 
Sampling Report 

(Tetra Tech, 
2004b)

May 2004 December 2003

June 2004

None

None None

The four temporary wells were not sampled and scheduled for abandonment.  All Samples 
were analyzed for VOCs, and total and dissolved metals.  Select samples were also analyzed 
for SVOCs.  Bio-parameters consisting of nitrate, sulfate, and iron (III) were also analyzed at 

selected deep well locations

Based on Tetra Tech's letter dated May 28,2004, MDE approved a reduction in sampling 13 
wells in the June 2004 monitoring event.  All Samples were analyzed for VOCs, and total and 
dissolved metals.  Select samples were also analyzed for SVOCs.  Bio-parameters consisting 

of nitrate, sulfate, and iron (III) were also analyzed at selected deep well locations

NoneNone

None

None None None None None

None None

MDE approved a reduction in sampling 12 wells in the September and December 2004 
monitoring events.  All Samples were analyzed for VOCs, and total and dissolved metals.  
Select samples were also analyzed for SVOCs.  In addition, perchlorate was added to this 

sampling event.

None

June 2004September 2004

November 2004 September 2004 None

None

MDE approved a reduction in sampling 12 wells in the September and December 2004 
monitoring events.  All Samples were analyzed for VOCs, and total and dissolved metals.  
Select samples were also analyzed for SVOCs.  In addition, perchlorate was added to this 

sampling event.

None None



TABLE 2-1

SUMMARY OF DUMP ROAD AREA INVESTIGATIONS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 4 OF 6

Report Report Date
Fieldwork 

Date
Geophysical Survey/Utility Survey Soil Gas Soil Borings Test Pits Well Installation Groundwater Surface Water Sediment Comments

12 soil samples 
collected.  A sample 

was collected at 1 
and 4 feet bgs from 

6 soil borings.

Four sediment 
samples were 

taken from 
Pond #1.

Analyzed for total 
chromium and 

hexavalent 
chromium.

See comments 
for analysis.

27 soil samples 
collected using 

MIP/DPT sampling.

50 soil samples 
taken from 25 

test pits.

35 permanent wells 
including    2 OW 
wells and 2 RW 

wells.

23 gw samples 
collected using 

MIP/DPT sampling, 
and 33 samples from 
new and 36 samples 

from existing 
permanent wells.

MW-15 through 
MW-26 (SID)

OW1 and RW1 (SI) 

Sampled 35 wells 
installed before 2007 
and 34 wells installed 

in 2007.

See comments for 
analysis.

8 Soil samples 
collected.  2 
Geotechnical 

Samples collected 
from each deep well 

boring.

4 Deep Wells       
1 Intermediate well

Groundwater samples 
were collected from 

each of the new 
monitoring wells.

MW-27D
MW-28I
MW-29D
MW-30D
MW-31D

None

None

None

None

A geophysical survey delineated the areal and 
vertical extent of possible landfill areas. The 

survey consisted of a reconnaissance- level EM 
survey and follow-up surficial gamma mapping 

survey.

None

The purpose of the Deep Groundwater Investigation was to determine whether VOCs detected 
in the surficial aquifer groundwater at the MSA have migrated vertically through clay-rich 

sediments to the next underlying aquifer.  

Samples were analyzed for VOCs, 1,4-dioxane, hexavalent chromium, and total and dissolved 
metals.  Select samples were also analyzed for alkalinity, chemical oxygen demand (COD), 

total organic carbon (TOC), and pH.

Five 55-gallon drums and two 30 gallon containers, and PID readings up to 700 ppmv were 
discovered.  

April 2009 June 2008 - 
January 2009

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to assure that all proposed well locations were 

clear.

None

Soil and 
Groundwater 

Investigation Data 
Report (Tetra 
Tech, 2008)

June 2008 October 2007 - 
February 2008

Groundwater 
Monitoring 

Report, August - 
September 2008 

(Tetra Tech, 
2009b)

May 2009 August - 
September 2008 None None None

None

Analyzed for VOCs, 
SVOCs, 1,4-dioxane, 

and metals.

Additional Soil 
and Sediment 

Sampling Letter 
Report (Tetra 
Tech, 2005b)

July 2005 May 2004

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to assure that all proposed sampling locations 

were clear.

None None None

This additional sampling was conducted to address comments reguarding hexavalent 
chromium concentrations in areas where elevated total chromium were detected and also to 

further evaluate potential environmental risks associated with sediment chemical 
concentrations. The sediment samples were analyzed for VOCs, SVOCs, PCBs, total metals, 

hexavalent chromium, and simultaneously extracted metals/acid volatile sulfides (SEM/AVS).

Analyzed for 
VOCs, SVOCs, 

metals, 1,4-
dioxane, and 

PCBs.

Analyzed for VOCs, 
metals, and 1,4-

dioxane.
Analyzed for VOCs.

None

None NoneNone

None None

Evaluated for soil 
porosity, bulk 

density, moisture 
content and total 
organic carbon.

Deep Groundwater 
Report (Tetra 
Tech, 2009c)
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6 Permanent Wells 65 new and existing 
wells were sampled

MW-32 through 
MW-34 (SI)

See comments for 
analysis.

72 soil samples 
taken from 25 soil 
boring locations.

28 samples taken 
from 27 test pits.

Analyzed for VOCs, 
SVOCs, and total 

metals.

Analyzed for 
VOCs, and total 

metals.

9 piezometers

PZ-1S,I,D, PZ-
2S,I,D

65 wells were sampled

See comments for 
analysis.

Groundwater 
Sampling 2011 March 2012 May to June 

2011 None None None None None 65 wells were sampled

6 sampling 
events from 

March to 
December 2011

None

Groundwater and surface water samples were analyzed for VOCs, 1,4-dioxane, hexavalent 
chromium, perchlorate, and total and dissolved metals,a and perchlorate.  Select groundwater 

samples were also analyzed for RDX (an explosive compound), TPH-DRO, TPH-GRO, 
radium-226, radium-228 and natural attenuation parameters..  

November 18, 
2010

Off-site 
Piezometer 

Installation and 
Water Level 
Monitoring

NoneNoneNoneNone None None

3 samples 
collected in 
Frog Mortar 

Creek

None

Groundwater and surface water samples were analyzed for VOCs, 1,4-dioxane, hexavalent 
chromium, perchlorate, and total and dissolved metals,a and perchlorate.  Select groundwater 

samples were also analyzed for RDX (an explosive compound), TPH-DRO, TPH-GRO, 
radium-226, radium-228 and natural attenuation parameters..  

None

Two MIPs borings were advanced and nine piezometers to were installed via DPT on the 
Conrad's Ruth Villa and Parkside Marina properties. Groundwater levels at the piezometers 

and three wells at MSA were recorded every 15 minutes for one month.  Surface water levels 
were recorded at the same interval at a tidal gaging station installed on the Parkside Marina 

pier. Baromteric pressure was recorded every 15 minutes at MSA.

May-July 2010

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to clear the boring areas.

Topographic surveying and a wetlands assessment of the complete Dump Road Area and 
Compass Rose area were conducted. Slug tests (single-well permeability tests) were 

conducted on 16 surficial aquifer wells.
None

Groundwater 
Sampling 2010

December 10, 
2010 July 2010 None None None

None

None

None None
Supplemental 
Investigation 

Report
April 1, 2011 None NoneSeptember 2010 -

January 2011

Reconnaissance level EM survey was conducted 
for 21 acres from the southern boundary of the 

Dump Road Area to south of the Compass Rose 
area.

101 passive soil gas 
samples set at 4 ft. 

bgs. 99 samples 
analyzed for VOCs, 

TPH and diesel 
alkanes

None

Three orphan drums and one apparent 55-gallon drum were discovered during excavation.

None Samples were analyzed for VOCs, 1,4-Dioxane, Hexavalent chromium, and total and 
dissolved metals.  Select samples were also analyzed for TPH-DRO, TPH-GRO. 

NoneNone

NoneNone None

Groundwater 
Sampling 2009 

(Tetra Tech, 
2009b)

January 2010 August - 
September 2009

A utility survey consisting of a combination of 
electromagnetic resistivity / conductivity, line 

locating, and ground penetrating radar was used 
to clear the excavation areas.

NoneNone None

None

Remedial 
Investigation 

Report

November 23, 
2010

August - 
September 2009
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Notes:

PID = photoionization detector

LM = limited magnetometry
MDE = Maryland Department of the Environment
MES = Maryland Environmental Services
MIP = membrane interface probe
MSA = Martin State Airport
PCBs = polychlorinated biphenyls

GRO = gasoline range organics
GW = groundwater

bgs = below ground surface
BTEX = benzene, toluene, ethylbenzene, xylenes
COD = chemical oxygen demand
DPT = direct push technology
DRO = diesel range organics

EM = electromagnetic
GPR = ground-penetrating radar

4 Test 
Pits/Excavations
4 soil samples 
analyzed for 

VOCs (8260B); 
SVOCs (8270D); 
PCBs (8082A); 
TPH GRO/DRO 
(8015B); priority 
pollutant metals 
(6010C, 7471A)

None None None None

This investigation provided additional data, via surface and subsurface exploration and 
testing, to assess whether waste had been disposed of in the Compass Rose Area. This 

investigation also assessed the nature (e.g., mineral content) of soils in the area to discover 
whether these minerals may have contributed to geophysical survey anomalies found there. 
This study seeked to evaluate more definitively the geophysical survey findings of the 2010 
Dump Road supplemental design investigation (Tetra Tech, 2010d), which indicated that 

some areas near the Compass Rose Area exhibit anomalous electromagnetic (EM) responses. 

2011 Compass 
Rose Soil 

Investigation
Deecember 2011 June 2011

Assess subsurface conditions based on elevated 
geophysical survey EM readings of Anomalies 

A, B, C and D identified during 2010 
geophysical survey.

None None

ppmv = parts per million volume

SVOCs = semivolatile organic compounds
TCE = trichloroethene

TOC = total organic carbon
TPH = total petroleum hydrocarbon
VOCs = volatile organic compounds

TCLP = toxicity characteristic leaching procedure

PZ = piezometer
SEM/AVS = simultaneously extracted metals/acid volatile sufide
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Section 3 

Investigation Approach 
and Methodology 

This investigation included an indoor air investigation within Maryland Air National Guard 

(MDANG) facilities and a soil vapor investigation in the Munitions Area to evaluate whether 

volatile organic compounds (VOCs) are present. The overall objectives of this investigation are 

presented in Section 1. Site activities for this investigation included the following:  

 obtaining site access, necessary permits, and utility clearance 

 active soil vapor sampling  

 indoor air sampling  

 reporting results 

As stated in Section 1, the objectives of this investigation were to perform a soil vapor 

investigation of shallow subsurface soils in the Munitions Area and to monitor indoor air quality 

(IAQ) in the MDANG facilities. The goal was to evaluate the potential presence of VOCs in soil 

vapor in the Munitions Area and indoor air in the MDANG facilities. The soil vapor monitoring 

grid was also designed to help assess whether the northern extent of the Dump Road VOC plume 

extends beneath the Munitions Area.  

3.1 FIELD METHODOLOGY 

3.1.1 Mobilization/Demobilization 

Following Lockheed Martin Corporation (Lockheed Martin) approval of the Maryland Air 

National Guard Soil Vapor and Indoor Air Quality Investigation Work Plan (Tetra Tech Inc. 

[Tetra Tech], 2011), Tetra Tech conducted the following mobilization/demobilization activities:  

 coordination with Lockheed Martin Corporation (Lockheed Martin), Martin State Airport 
(MSA) Facilities and MDANG personnel 

 obtained utility clearance in the proposed soil vapor boring locations using Miss Utility 
and a private firm as described in the following section 
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 mobilized subcontractors, equipment, and materials to the site 

 implemented the following: 

o a site-specific health and safety plan (HASP) 

o an emergency response plan 

o a sampling and analysis plan 

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

o a data management plan 

 arranged a decontamination area  

 demobilized equipment and materials from the site (at work completion) 

 performed general site cleanup and trash removal (at work completion) 

 restored surfaces and repaired landscaping as necessary (at work completion) 

Tetra Tech’s field operations leader coordinated mobilization and demobilization of personnel 

and resources, including purchasing, leasing, and staging of equipment for efficient loading and 

transport to and from the site before and after each field activity. Before field operations began, 

appropriate Tetra Tech personnel reviewed the site-specific HASP and the respective Safe Work 

permits included in the HASP. Tetra Tech conducted mandatory daily health and safety tailgate 

meetings before all field events. Subcontractors present for that day’s field activities were 

included in these meetings.  

3.1.2 Site Access, Permits, and Utility Clearance 

Tetra Tech obtained the required access and permits and completed required utility clearance 

activities before beginning fieldwork. Tetra Tech secured Digging Permit AF IMT 103 from the 

MDANG before beginning any intrusive field activities. Consultation with the Maryland 

Aviation Administration (MAA) determined that because the soil vapor sampling locations were 

away from the active runway, taxiways, and airport “critical zone,” no additional permits 

(e.g., Airport Zoning Permit, Building Permit, Digging Authorization) through MAA would be 

required. A copy of Digging Permit AF IMT 103 and the utility clearance report are in 

Appendix A. 
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The following activities were performed before any soil vapor sampling was conducted: 

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

 reviewed facility/site utility maps 

 conducted a permitting meeting and performed a site walk with appropriate MDANG 
personnel 

 completed the Corporate Staff Procedure CS-28 Digging Project form and obtained the 
required signatures 

 contacted MDANG and received approval with respect to current military air operations 

 obtained an approved Digging Permit AF IMT 103 through MDANG Base Civil 
Engineering 

 marked each soil vapor sampling location with a painted wooden stake 

 contracted a private utility locating firm (Enviroscan, Inc. of Lancaster, Pennsylvania) to 
identify and mark any subsurface utilities/anomalies 

Tetra Tech worked closely with MDANG, MSA, MAA, and their tenants to make all parties 

aware of the field schedule. The project team conducted a site walk to observe current operations 

(including active munitions operations), structures, and ground conditions, including topography, 

vegetation, and ground surface anomalies that could represent possible constraints on the field 

activities. Each soil vapor probe location was marked with a painted wooden stake and cleared 

for subsurface utilities before any field activities were undertaken.  

In addition to calling in a Miss Utility ticket, a private utility locating service, Enviroscan, Inc. 

(Enviroscan), was contracted to mark any underground utilities and anomalies. Enviroscan 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. Any utilities found within a 30-foot 

radius of a designated investigation location were identified and marked with the corresponding 

color of paint on the ground. In addition, Tetra Tech also had additional areas cleared as alternate 

locations in the event some of the original locations were inaccessible due to standing water and 

difficult terrain. 
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All electromagnetic emitting devices (such as ground penetrating radars, terrain conductivity 

meters, borehole loggers, and metal detectors) met the safety requirements related to the hazards 

of electromagnetic (EM) radiation posed to ordnance (HERO). This certification was a 

requirement for any electromagnetic transmitting device operated close to explosive ordnance. 

All equipment used for this project was United States Army Corps of Engineers (USACE)-

approved for use in unexploded ordnance investigations. Select soil vapor probe locations were 

offset slightly in the field as necessary to avoid subsurface utilities, based on the subsurface 

utility mark out.  

3.1.3 Installation of Soil Vapor Points 

Twenty-two temporary soil vapor points were located in key areas of the Munitions Area and 

installed using a mobile all-terrain direct push technology (DPT) drill rig and standard 1.5-inch 

DPT drill rods. Soil vapor sampling locations were strategically placed based on topography, site 

conditions, and current structures. For example, no soil vapor points were on the berms/bunkers 

of the Munitions Area. In addition, no soil vapor monitoring locations were within 15 feet of 

monitoring wells, utility trenches, or other potential conduits, as these features can act as 

preferential pathways for soil vapor migration.  

Installation of the temporary soil vapor points complied with American Society for Testing and 

Materials (ASTM) methods, United States Environmental Protection Agency (USEPA) methods, 

and, in general, to the guidelines in Direct Push Installation for Active Soil Vapor Sampling and 

Monitoring (Post-Run Tubing Method) Technical Bulletin MK 3098 (Geoprobe® Systems, 

May 2006). Vapor sampling points were advanced to a depth of approximately five feet below 

grade and adjusted appropriately, depending on the depth to groundwater. Once the drill rods were 

installed to the desired sampling interval, they were retracted six inches; a metal rod was then used to 

push out the expendable drive point and extract the stainless steel screen. Tubing fitted with an 

adaptor and an O-ring was inserted into the probe rods and rotated counterclockwise to engage the 

adapter threads with the expendable point holder.  

Once the tubing was secured to the point holder, the sampling train was connected to a pump and the 

sampling point was purged before collecting the soil vapor sample for laboratory analysis. The 

locations of each soil vapor point were recorded using a handheld global positioning system 

(GPS) device and entered into the field documentation. Tetra Tech ensured that the sampling 
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points were not placed within 15 feet of any non-potable water wells, monitoring wells, utility 

trenches, or other conduits that could act as preferential pathways for soil vapor migration.  

3.1.4 Active Soil Vapor Sampling 

On January 19–20, 2012, Tetra Tech oversaw the sampling of 22 temporary soil vapor probes 

aligned in north–south transects in key areas of the Munitions Area using direct push technology 

(DPT). Three (SG5, SG6, and SG16) of the original 25 proposed soil vapor sampling locations 

were not sampled due to both the steep terrain behind the munitions bunkers and the presence of 

standing surface water. These points were along the southern boundary of the Munitions Area. 

Soil vapor sampling complied with ASTM methods, USEPA methods, and generally with the 

guidelines in Direct Push Installation for Active Soil Vapor Sampling and Monitoring (Post Run 

Tubing Method) Technical Bulletin MK 3098 (Geoprobe® Systems, May 2006). Soil vapor 

sample field sheets are in Appendix B. 

Shallow groundwater was expected to be encountered in the area of the proposed sampling 

locations due to the close proximity of a surface water body (Frog Mortar Creek [FMC]), 

however, only one location (SG12-011912) was sampled shallower than five feet below ground 

surface (bgs) due to the presence of groundwater. After pulling water during the attempted 

sampling for location SG12-011912 at five feet bgs, an offset boring (approximately one foot 

away from the original boring location) was drilled to a depth of four feet bgs where the soil 

vapor sample was successfully collected. Munitions Area soil vapor sampling point locations are 

shown in Figure 3-1.  

Soil vapor samples were collected in Summa® canisters in conformance with USEPA 

Method TO-15: Determination of Volatile Organic Compounds in Air Collected in Specially 

Prepared Canisters and Analyzed by Gas Chromatography/Mass Spectrometry (GC/MS). Before 

collecting each sample, a pump was connected to the tubing to draw the air out of the tubing, to 

check for moisture in the soil and to establish a continuous flow of soil vapor from beneath the 

ground. Following this initial purging, samples were collected at each location by attaching a 

certified clean one-liter Summa® canister to the Teflon® tubing and opening the valve on the 

canister’s flow controller to allow soil vapor to be drawn into the evacuated canister.  

Before sampling, the controllers were pre-calibrated by the laboratory to a specified flow rate 

and shipped to the field. Soil vapor samples were collected at a low flow-rate no greater than 
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200 milliliters per minute for 30 minutes, to avoid high negative pressure that could mobilize 

subsurface vapor. Soil vapor samples were submitted to an off-site laboratory (Centek 

Laboratories, Syracuse, New York) for VOC analysis using USEPA Method TO-15. 

One soil vapor sample was collected from each of the 22 soil vapor sampling locations. No 

duplicate samples were collected during this investigation. All canisters were closed, secured, 

and shipped overnight to the laboratory for VOC analysis. Tetra Tech recorded the canister 

vacuum at the beginning and at the completion of sampling at each location. Canister vacuum 

readings are included on the soil vapor sample field sheets in Appendix B.  

All Summa® canisters arrived at the laboratory safely and securely without issue. The laboratory 

confirmed that the canisters had been received at a requisite pressure for chemical analysis and 

that pressures were consistent with those measured in the field at the time of sampling. One trip 

blank (TB-011912) was analyzed as part of this investigation. 

At the end of each field day, the DPT rig, field vehicles, and associated equipment were relocated 

away from airport and munitions operations to a secure location inside the main office building 

within the Munitions Area. After sampling, drill rods were extracted from the ground and each 

boring was filled to the ground surface with granular bentonite. No surface restoration was 

required, as all of the borings were in grassy areas.  

3.1.5 Indoor Air Sampling 

In addition to the soil vapor samples, three IAQ samples were collected five days later on 

January 25, 2012 inside two MDANG buildings within the Munitions Area. Potential interior 

sampling locations were identified during a previous site walk with MDANG personnel. Indoor 

air was collected over an eight-hour sampling period in conformance with USEPA 

Method TO-15. Samples were collected in certified clean six-liter Summa® canisters by opening 

the valve on the canister’s flow controller to allow ambient indoor air to be drawn into the 

evacuated canister at the pre-set flow rate. The controllers had been pre-calibrated by the 

laboratory to collect an eight-hour sample before shipment to the field. Building heating, 

ventilation, and air conditioning (HVAC) operating and barometric conditions were noted during 

sampling.  

The three indoor air quality sampling locations were as follows: 
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1. In the main office building in the northwestern portion of the secured Munitions Area. 
Sample IAQ1-012512 was placed in an occupied office toward the west/southwestern 
portion of the building. This office and building are continuously occupied during normal 
business hours. 

2. In the main office building in the northwestern portion of the secured Munitions Area. 
Sample IAQ2-012512 was placed on a desk in a large conference room in the central 
portion of the building. This room is almost continuously occupied for training and 
meetings. 

3. In the active munitions/maintenance annex building in the north/northeastern portion of 
the secured Munitions Area. Sample IAQ3-012512 was placed on top of a tool storage 
cabinet in the western portion of the building. This portion of the building is used to 
maintain munitions trailers and other equipment. Solvents, paints, and lubricants are both 
stored and used in this part of the building. The eastern part of the building is used for 
active munitions work and loading. The building is periodically occupied for 
maintenance and active munitions activities. 

During sampling, Tetra Tech recorded the canister vacuum before and after sample collection. 

The canister vacuum readings are included on the soil vapor sample field sheets in Appendix B. 

All Summa® canisters arrived at the laboratory safely and securely without issue. The laboratory 

confirmed that the canisters had been received at a requisite pressure for chemical analysis and 

that pressures were consistent with those measured in the field at the time of sampling.  

3.1.6 Laboratory Analysis and Data Validation 

Laboratory analysis of samples included the following: 

 analysis of soil vapor samples using USEPA Method TO-15 

 analysis of indoor air samples using USEPA Method TO-15 

 data usability review (data validation) 

One trip blank (TB-01912) was analyzed for this investigation; no other quality assurance/quality 

control samples were collected. All samples were analyzed by a state accredited laboratory 

(Centek Laboratories, Syracuse, New York) for VOCs using USEPA Method TO-15. All 

analytical results were thoroughly checked by qualified chemists for quality and usability. All 

data from the laboratory were validated for all quality assurance (QA)/quality control (QC) 

parameters, including accuracy, precision, completeness, and comparability, in accordance with 

USEPA Region 3 Level M2 protocols. Results of the data usability reviews were transmitted to 

project personnel as they were received. 
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Tetra Tech closely monitored the laboratory analysis via electronic data deliverables and data 

validation of the samples to ensure that the analysis and reporting were generated as per the 

procedures prescribed in the work plan. Samples were analyzed on a standard turnaround time of 

21 calendar days. Data validation reports are in Appendix C. 

3.2 DOCUMENTATION 

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

documentation consisted of chain of custody (COC) reports and matrix specific sample log 

sheets. The COC report is a standardized form summarizing and documenting pertinent sample 

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

requested analysis. Sample custody procedures document sample acquisition and integrity. Soil 

vapor and indoor air sample field sheets are in Appendix B. 

3.3 SAMPLE HANDLING 

Sample handling includes field related considerations concerning the proper use of sampling 

equipment, allowable holding times, and analyses requested. Proper custody procedures were 

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

throughout sample handling to establish the evidentiary integrity of sample containers. These 

protocols were used to demonstrate that the samples were handled and transferred in a manner 

that would eliminate (or detect) possible tampering.  

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

signature by the samplers or other individual responsible for maintaining custody until the sample 

containers were transferred to the samplers. Transport containers returning to the laboratory were 

sealed with strapping tape and a tamper proof custody seal. The custody seal contains the 

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

3.4 EQUIPMENT DECONTAMINATION 

The soil vapor sampling methods used in this investigation did not require a decontamination 

pad. All downhole drilling equipment (including the rear of the DPT rig) and other equipment 

were high-pressure steam cleaned before arriving on-site. Dedicated and/or disposable 

equipment (i.e., tubing) was used whenever possible. Reusable equipment (i.e., samplers, DPT 
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drill rods) was decontaminated before and after each use in a small bucket using a phosphate-free 

detergent (i.e., Alconox®) and a potable water rinse.  

3.5 WASTE MANAGEMENT 

No investigation derived waste (IDW) was collected for disposal during this investigation. All 

personal protective equipment (i.e., gloves) and disposable sampling equipment (i.e., tubing) 

were placed in a trash bag and disposed of in an approved facility trash receptacle. The extremely 

low volume of decontamination water generated by this project allowed for the decontamination 

water to evaporate from the collection bucket at the site. 

3.6 SITE RESTORATION 

Site restoration was minimal following soil vapor sampling. Vehicles were parked on the asphalt 

and not taken into the grass. No ruts or tire marks were created as the mobile all-terrain rubber 

track DPT rig was maneuvered carefully to avoid disturbing any of the grassy areas. Soil vapor 

borings were backfilled with granular bentonite and soil was placed at the ground surface to top 

off each hole to match the existing surface. No borings were made in asphalt or concrete. 

3.7 DATA MANAGEMENT 

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

laboratory subcontract. All analytical and field data are maintained in the project files. The 

project files contain copies of the COC forms, sample log forms, sampling location maps, and 

quality assurance documentation of data manipulation. 

3.7.1 Data Tracking and Control 

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

Before field mobilization, the field operations leader coordinated/initiated sample tracking. 

Sample labels were handwritten in the field. Labels were reviewed for adherence to work plan 

requirements and for accuracy. The project manager (PM) coordinated with the analytical 

laboratory to ensure that they were aware of the number and type of samples and analyses to 

anticipate. 

Once sampling was underway, the field operations leader forwarded COC forms to the PM or 

their designee and to the laboratory on each day samples were collected. The PM or their 
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designee then confirmed that the COC forms provided the information required by the work 

plan. After completing all requested analyses, the laboratory submitted an electronic deliverable 

for every sample delivery group.  

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

deliverable for every sample delivery group (SDG). When all electronic deliverables had been 

received from the laboratory, the PM or their designee ensured that the laboratory had performed 

all the analyses requested, and had noted discrepancies early, so that all samples could be 

analyzed within the prescribed holding times. 

3.7.2  Data Verification 

Reducing laboratory data entails manipulating raw data instrument output into reportable results. 

Laboratory data were verified by the group supervisor and then by the laboratory’s Quality 

Control/Documentation Department. 

3.7.3 Project Data Compilation 

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

data packages, as well as electronic database deliverables. The electronic database was checked 

against the PDF file from the laboratory and updated as required, based on data qualifier flags 

applied during data validation. Sampling data were incorporated into the MSA environmental 

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

nomenclature, were organized to assure consistency across the project database. 

3.7.4 Geographical Information System 

MSA environmental data are managed using a relational database and a geographic information 

system (GIS). The relational database stores chemical, geological, hydrogeologic, and other 

environmental data collected during environmental investigations. The GIS is built from the 

relational database and contains subsets of the larger data pool. The GIS allows environmental 

data to be posted onto base maps to represent the information graphically. Sampling, chemical, 

and positional data were compiled and incorporated into the MSA EGIS. The EGIS system 

generated various maps from the MSA data as needed, including site location maps, sampling 

location maps, and contaminant tag maps. 
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3.7.5 Data Validation 

Data validation involves a party independent of the analytical laboratory reviewing the analytical 

data to ensure that specific criteria have been met. These criteria are concerned with 

specifications that are not sample dependent; they specify performance requirements that should 

be fully under a laboratory’s control. For organic data analyses, specific validation areas include 

blanks, performance evaluation standard materials, and instrument performance checks. Data 

validation (consisting of data completeness, holding time, calibrations, laboratory and field blank 

contamination, field duplicate precision, and detection limits) was completed concurrent with the 

data evaluation. Data from this sampling event consisted of soil vapor and indoor air samples 

intended to better delineate the nature and extent of possible subsurface soil VOC-impacts at the 

Munitions area of the MDANG property. 

Following the investigation, chemical data were validated in accordance with established USEPA 

protocols to assess data reliability and accuracy. This review was based on the USEPA Region 3 

Modifications to the National Functional Guidelines for Data Review (USEPA, Region III, 1993 

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

include complete COC forms are in Appendix C. 
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Section 4 

Results 

The following section presents the results of the soil vapor and indoor air quality (IAQ) 

investigation of the Munitions Area of the Maryland Air National Guard (MDANG) installation 

at Martin State Airport (MSA) in Baltimore County, Maryland. The investigation evaluated 

possible volatile organic compounds (VOCs) in soil vapor and indoor air. The project established 

and sampled a soil vapor monitoring grid that included north–south transects of sampling 

locations in the Munitions Area (to help assess whether the northern extent of the Dump Road 

Area [DRA] plume of volatile organic compounds extends beneath the Munitions Area) and 

which sampled indoor air inside Munitions Area buildings. 

Analytical results of IAQ samples for all compounds except trichloroethene (TCE) and 

perchloroethene (PCE) were compared to screening levels for industrial air set forth in the 

United States Environmental Protection Agency’s (USEPA) Regional Screening Levels for 

Chemical Contaminants at Superfund Sites (USEPA, 2011a). The lowest of the carcinogenic (ca) 

or noncarcinogenic (nc) values for each contaminant of concern were used for the screening. 

Carcinogenic risk was evaluated at the 1×10-5 (one in 100,000) risk level, in accordance with 

Maryland Department of the Environment (MDE) requirements.  

In September 2011, USEPA updated its toxicological review for TCE and, as part of this 

document, new toxicity criteria were published on USEPA’s Integrated Risk Information System 

(IRIS) electronic database. The new USEPA toxicity criterion for TCE results in a screening 

value of 8.8 micorgrams per cubic meter (µg/m3) for industrial air (USEPA, 2011b). This value is 

the lowest of the carcinogenic/noncarcinogenic values for TCE, and is based on noncarcinogenic 

effects. This value was used to screen the IAQ results in anticipation of Maryland Department of 

the Environment (MDE) adoption of the updated USEPA guidance. 

In February 2012, USEPA updated its toxicological review for PCE and, as part of this 

document, new toxicity criteria were published on USEPA’s IRIS database. The new USEPA 

toxicity criterion for PCE results in a screening value of 175 µg/m3 for industrial air 
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(USEPA, 2012). This value is the lowest of the carcinogenic/noncarcinogenic values for PCE, 

and is based on noncarcinogenic effects. This value was used to screen the IAQ results in 

anticipation of MDE adopting the updated USEPA guidance. 

Soil vapor sampling results were compared to screening values derived in accordance with 

methods discussed in Appendix D of USEPA’s guidance for evaluating vapor intrusion 

(USEPA, 2002). Soil vapor screening values were calculated by dividing the indoor air screening 

levels referenced above by a conservative attenuation factor of 0.1 (methodology obtained from 

USEPA 2002). The attenuation factor represents the factor by which subsurface vapor 

concentrations migrating into indoor air spaces are reduced due to diffusive, advective, and/or 

other attenuating mechanisms. Simply stated, the attenuation factor is the ratio of the indoor air 

concentration of a constituent to its subsurface vapor concentration under a conservative vapor 

intrusion scenario. 

4.1 ACTIVE SOIL VAPOR SAMPLING RESULTS 

Twenty-two soil vapor samples were collected and chemically analyzed for VOCs by USEPA 

Method TO-15 (Figure 4-1). Table 4-1 summarizes the analytes detected in soil vapor samples. 

Tables of active soil vapor sampling results and statistics are in Appendix D. Comparing these 

results with soil vapor screening values indicates the following: 

 chloroform was detected in soil vapor sample SG1-012012 at 350 µg/m3, which exceeds 
the screening criterion of 53 µg/m3; however, it does not appear to be associated with the 
VOC plume south of the Munitions Area. 

 no other samples exceeded applicable soil vapor screening values. 

4.2 INDOOR AIR QUALITY SAMPLING RESULTS 

Three indoor air quality samples were collected and chemically analyzed for volatile organic 

compounds by USEPA Method TO-15 (Figure 4-2). Table 4-2 summarizes positive detects for 

indoor air. A table of indoor air sampling results and statistics are in Appendix D. Comparing 

these results with the indoor air screening values indicates the following: 

 naphthalene was detected in samples IAQ1-012512 and IAQ3-012512 at concentrations of 
5.1 µg/m3 and 6.9 µg/m3, respectively, which exceed the industrial air screening level of 
3.6 µg/m3.  

 no other samples exceeded applicable indoor air screening values.  



Table 4-1

Maryland Air National Guard Munitions Area
Summary of Positive Detects for Soil Vapor

Lockheed Martin, Martin State Airport, Middle River, Maryland
Page 1 of 5

SAMPLE ID: SG1-012012 SG2-012012 SG3-012012 SG4-012012 SG07-012012

LABORATORY ID: C1201051-015A C1201051-013A C1201051-014A C1201051-017A C1201051-022A

SAMPLE DATE: 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012

LOCATION: SG1 SG2 SG3 SG4 SG07
VOLATILES(µg/m3)

1,2,4-TRIMETHYLBENZENE 310 nc 31 K 16 K 14 9.9 17 K

1,2-DICHLOROETHANE 47 ca --  --  --  --  --  

2-BUTANONE NA NA 470 K 72 K 38 61 K 22 K

BENZENE 160 ca 39 27 18 22 24

CARBON DISULFIDE 31,000 nc 13 14 15 --  4

CHLOROFORM 53 ca 350 --  --  --  --  

CHLOROMETHANE 3,900 nc --  --  0.55 L --  --  

CIS-1,2-DICHLOROETHENE NA NA --  --  --  3.7 4.1

DICHLORODIFLUOROMETHANE 4,400 nc 1.8 2.1 1.8 0.9 2

ETHYLBENZENE 490 ca 8.8 6.8 5.2 K 4.9 4.2

METHYLENE CHLORIDE 26,000 ca 0.46 J 0.46 J --  --  0.71 K

NAPHTHALENE 36 ca 5.6 L 5.6 L 4.5 J --  5.6 L

TOTAL XYLENES 4,400 nc 54 K 27.7 K 24.3 K 24.4 23

TETRACHLOROETHENE 1,750 ca --  --  --  --  --  

TOLUENE 220,000 nc 76 51 32 36 41

TRICHLOROETHENE 88 M ca --  --  --  1.3 --  

VINYL CHLORIDE 280 ca --  --  --  2.8 77

KEY
Target Shallow Soil Gas 

Concentration (1) (µg/m3)



Table 4-1

Maryland Air National Guard Munitions Area
Summary of Positive Detects for Soil Vapor

Lockheed Martin, Martin State Airport, Middle River, Maryland
Page 2 of 5

SAMPLE ID:

LABORATORY ID:

SAMPLE DATE:

LOCATION:
VOLATILES(µg/m3)

1,2,4-TRIMETHYLBENZENE 310 nc

1,2-DICHLOROETHANE 47 ca

2-BUTANONE NA NA

BENZENE 160 ca

CARBON DISULFIDE 31,000 nc

CHLOROFORM 53 ca

CHLOROMETHANE 3,900 nc

CIS-1,2-DICHLOROETHENE NA NA

DICHLORODIFLUOROMETHANE 4,400 nc

ETHYLBENZENE 490 ca

METHYLENE CHLORIDE 26,000 ca

NAPHTHALENE 36 ca

TOTAL XYLENES 4,400 nc

TETRACHLOROETHENE 1,750 ca

TOLUENE 220,000 nc

TRICHLOROETHENE 88 M ca

VINYL CHLORIDE 280 ca

KEY
Target Shallow Soil Gas 

Concentration (1) (µg/m3)

SG08-012012 SG09-012012 SG10-011912 SG11-011912 SG12-011912

C1201051-018A C1201051-012A C1201051-002A C1201051-001A C1201051-003A

1/20/2012 1/20/2012 1/19/2012 1/19/2012 1/19/2012

SG08 SG09 SG10 SG11 SG12

32 K 8.5 K 11 11 15

--  --  --  --  --  

51 K 51 K 8.7 J 5.4 18

21 24 2.5 2.7 4.6

4.9 7.3 0.79 1.2 1.8

--  --  --  --  --  

--  --  0.78 L 0.73 L --  

0.6 --  --  --  --  

2.2 2.1 2.6 2.1 2.1

5.8 4.4 3.4 3.7 4

0.74 K 0.64 K 0.46 J --  0.6 K

11 L 2.8 L 3.6 L 2.7 L 3 L

39 K 21.7 16.9 19 20.5

1.8 --  --  --  --  

32 22 26 16 22

--  --  --  --  --  

--  --  --  --  --  



Table 4-1

Maryland Air National Guard Munitions Area
Summary of Positive Detects for Soil Vapor

Lockheed Martin, Martin State Airport, Middle River, Maryland
Page 3 of 5

SAMPLE ID:

LABORATORY ID:

SAMPLE DATE:

LOCATION:
VOLATILES(µg/m3)

1,2,4-TRIMETHYLBENZENE 310 nc

1,2-DICHLOROETHANE 47 ca

2-BUTANONE NA NA

BENZENE 160 ca

CARBON DISULFIDE 31,000 nc

CHLOROFORM 53 ca

CHLOROMETHANE 3,900 nc

CIS-1,2-DICHLOROETHENE NA NA

DICHLORODIFLUOROMETHANE 4,400 nc

ETHYLBENZENE 490 ca

METHYLENE CHLORIDE 26,000 ca

NAPHTHALENE 36 ca

TOTAL XYLENES 4,400 nc

TETRACHLOROETHENE 1,750 ca

TOLUENE 220,000 nc

TRICHLOROETHENE 88 M ca

VINYL CHLORIDE 280 ca

KEY
Target Shallow Soil Gas 

Concentration (1) (µg/m3)

SG13-012012 SG14-012012 SG15-012012 SG17-012012 SG18-011912

C1201051-011A C1201051-019A C1201051-021A C1201051-020A C1201051-009A

1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/19/2012

SG13 SG14 SG15 SG17 SG18

19 K 25 K 30 K 25 K 23 K

--  --  --  --  --  

220 K 55 K 110 K 130 K 400 K

11 10 14 22 10

4.1 2.1 5.3 --  13

--  --  --  --  --  

--  --  --  --  --  

--  --  --  --  --  

2 2.1 2 1.8 2.1

4.9 5.3 4.9 4.9 4.6

--  2.6 K 0.42 J 0.71 K 0.67 K

4.7 L 11 L 7.2 L 3.9 L 4.4 L

25.4 29 K 31 K 33 K 27 K

--  --  --  --  --  

33 22 28 34 23

--  0.66 --  --  --  

--  --  --  --  --  



Table 4-1

Maryland Air National Guard Munitions Area
Summary of Positive Detects for Soil Vapor

Lockheed Martin, Martin State Airport, Middle River, Maryland
Page 4 of 5

SAMPLE ID:

LABORATORY ID:

SAMPLE DATE:

LOCATION:
VOLATILES(µg/m3)

1,2,4-TRIMETHYLBENZENE 310 nc

1,2-DICHLOROETHANE 47 ca

2-BUTANONE NA NA

BENZENE 160 ca

CARBON DISULFIDE 31,000 nc

CHLOROFORM 53 ca

CHLOROMETHANE 3,900 nc

CIS-1,2-DICHLOROETHENE NA NA

DICHLORODIFLUOROMETHANE 4,400 nc

ETHYLBENZENE 490 ca

METHYLENE CHLORIDE 26,000 ca

NAPHTHALENE 36 ca

TOTAL XYLENES 4,400 nc

TETRACHLOROETHENE 1,750 ca

TOLUENE 220,000 nc

TRICHLOROETHENE 88 M ca

VINYL CHLORIDE 280 ca

KEY
Target Shallow Soil Gas 

Concentration (1) (µg/m3)

SG19-012012 SG20-011912 SG21-011912 SG22-012012 SG23-011912

C1201051-010A C1201051-004A C1201051-005A C1201051-016A C1201051-006A

1/20/2012 1/19/2012 1/19/2012 1/20/2012 1/19/2012

SG19 SG20 SG21 SG22 SG23

22 K 18 27 26 K 25

--  --  --  --  --  

240 K 11 57 270 K 30

24 4.5 6.3 39 4.1

27 2 3.9 33 1.8

--  --  --  --  --  

--  --  --  0.67 L --  

--  --  --  --  --  

1.8 1.7 2.1 61 1.8

4.2 5.1 5.1 6.9 4.8

1.3 K 0.39 J 0.39 J 0.49 J 0.46 J

3.5 L 6 L 7.9 L 7.7 L 11 L

22.2 25.2 26.4 46 K 27

--  --  --  --  --  

36 29 35 60 22

--  --  --  --  --  

--  --  --  --  --  



Table 4-1

Maryland Air National Guard Munitions Area
Summary of Positive Detects for Soil Vapor

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

SAMPLE ID:

LABORATORY ID:

SAMPLE DATE:

LOCATION:
VOLATILES(µg/m3)

1,2,4-TRIMETHYLBENZENE 310 nc

1,2-DICHLOROETHANE 47 ca

2-BUTANONE NA NA

BENZENE 160 ca

CARBON DISULFIDE 31,000 nc

CHLOROFORM 53 ca

CHLOROMETHANE 3,900 nc

CIS-1,2-DICHLOROETHENE NA NA

DICHLORODIFLUOROMETHANE 4,400 nc

ETHYLBENZENE 490 ca

METHYLENE CHLORIDE 26,000 ca

NAPHTHALENE 36 ca

TOTAL XYLENES 4,400 nc

TETRACHLOROETHENE 1,750 ca

TOLUENE 220,000 nc

TRICHLOROETHENE 88 M ca

VINYL CHLORIDE 280 ca

KEY
Target Shallow Soil Gas 

Concentration (1) (µg/m3)

SG24-011912 SG25-011912

C1201051-007A C1201051-008A

1/19/2012 1/19/2012

SG24 SG25

19 K 2.4

--  0.7

40 K 22 K

10 1.4

1.3 0.6

--  0.5 J

--  --  

--  --  

2 2.3

6.9 2.3

0.56 K 5.7 K

3.9 L 1 L

36 K 7

--  --  

34 270

--  --  

--  --  



Table 4-2

Maryland Air National  Guard Munitions Area
Summary of Postive Detects for Indoor Air 

Lockheed Martin, Martin State Airport, Middle River, Maryland

SAMPLE ID: IA1-012512 IA2-012512 IA3-012512

LABORATORY ID: C1201063-001A C1201063-002A C1201063-003A

SAMPLE DATE: 1/25/2012 1/25/2012 1/25/2012

LOCATION: IA1 IA2 IA3

VOLATILES(UG/M3)

1,2,4-TRIMETHYLBENZENE 31 nc 1.6 1 1.8

2-BUTANONE NA NA 26 K 4.3 3

BENZENE 16 ca 1.3 1.3 1.3

CHLOROFORM 5.3 ca 0.65 J 0.6 J --  

CHLOROMETHANE 390 nc --  0.97 L 0.73 L

DICHLORODIFLUOROMETHANE 440 nc 2.3 2.4 --  

ETHYLBENZENE 49 ca 0.75 0.71 0.84

METHYLENE CHLORIDE 2,600 nc 0.99 K 0.46 J --  

NAPHTHALENE 3.6 ca 5.1 L 2.1 L 6.9 L

TOTAL XYLENES 440 nc 2.61 2.32 6

TOLUENE 22,000 nc 3.5 3.2 3.1

Shaded cells indicate a concentration greater than the risk -based screening level

IA = indoor air

K = result biased high

L = result biased low

NA = not available

nc = screening value based on noncarcinogenic hazard index = 1

ca = screening value based on 1x 10-5 carcinogenic risk 

M = Maryland Department of the Environment's screening level for trichloroethene

Industrial Air Screening Levels from USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites Nov-2011

Industrial Air 
Screening 

Level (µg/m3)

KEY

- = not detected

J = estimated value

Notes: All sample concentrations in micrograms per cubic meter (µg/m3)
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Section 5 

Summary and 
Recommendations 

5.1 SUMMARY 

On January 19–20, 2012, Tetra Tech oversaw sampling of 22 temporary soil vapor probes 

aligned in north–south transects in key areas of the Munitions Area using direct push technology 

(DPT). Three locations (SG5, SG6, and SG16) of the original proposed 25 soil vapor sampling 

locations were not sampled due both to the steep terrain behind the munitions bunkers and the 

presence of standing surface water. In addition to the soil vapor samples, three indoor air quality 

(IAQ) samples were collected on January 25, 2012 inside two Maryland Air National Guard 

(MDANG) buildings in the Munitions Area. Potential interior sampling locations were identified 

during a previous site walk with MDANG personnel. The three indoor air sampling locations 

include an office, a conference room, and inside a maintenance building in the MDANG 

Munitions Area.  

Here is a summary of the soil vapor and indoor air quality sampling: 

 utility clearances were obtained from Miss Utility and through use of a private utility 
locating firm 

 obtained Digging Permit AF IMT 103 for intrusive investigations from MDANG 

 installed 22 temporary soil vapor probes in key areas of the Munitions Area using direct 
push technology to a depth of approximately five feet below grade, adjusted 
appropriately depending on the depth to groundwater 

 collected 22 soil vapor samples (one sample per temporary vapor sampling point) to 
characterize volatile organic compounds in the shallow subsurface soil of the Munitions 
Area 

 collected three indoor air quality samples from inside MDANG buildings in the 
Munitions Area using Summa® canisters over an eight hour sampling period, in 
conformance with United States Environmental Protection Agency (USEPA) 
Method TO-15 
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 analyzed soil vapor and indoor air samples for volatile organic compounds (VOCs) using 
USEPA Method TO-15 and conducted chemical data validation on all soil vapor and 
indoor air quality samples 

 compared the analytical results to risk-based screening values to evaluate the potential for 
sub-slab vapor intrusion 

5.2 FINDINGS AND RECOMMENDATIONS 

The results of the soil vapor and indoor air quality investigation at the Munitions Area of the 

MDANG installation at Martin State Airport did not identify any regulatorily unacceptable 

human health risks posed to site workers by exposure to volatile organic compounds detected in 

soil vapor. Naphthalene did exceed its indoor air screening level at two locations, with 

concentrations of 5.1 µg/m3 and 6.9 µg/m3. In the absence of a USEPA promulgated risk-based 

concentration for naphthalene, the default screening level for naphthalene is USEPA’s Regional 

Screening Level, a value used to interpret the indoor air quality and sub-slab vapor results. The 

default value of 3.6 µg/m3 corresponds to a carcinogenic endpoint at the 1x10-5 risk level. This 

value was developed by the California Environmental Protection Agency, the only state that has 

developed an inhalation-unit risk value for naphthalene. EPA typically evaluates potential 

carcinogenic risks from the 1x10-4 to 1x10-6 level which for naphthalene would mean a 

concentration range of 36 µg/m3 to 0.36 µg/m3. As the concentrations detected fall within this 

range, unacceptable risks are not anticipated for site personnel.   

Chloroform was detected in soil gas above the screening criterion at Munitions Area location 

SG1 only. Investigations at the Dump Road Area detected chloroform only in samples collected 

in the lower surficial aquifer, at monitoring wells DMW-9 and DMW-11 (Tetra Tech, 2012). 

DMW-9 is close to Pond 1, more than 400 feet southwest of the Munitions Area, and DMW-11 is 

more than 900 feet southwest of the Munitions Area, at the MSA runway (Figure 2-5). Both of 

these locations are up and slightly side-gradient of the Munitions Area. SG1 in the Munitions 

Area is more side-gradient than downgradient of DMW-9 and DMW-11. Thick clay layers 

located at monitoring wells along the southern perimeter (40-56 feet below grade in MW-14) and 

western perimeter (10-37 and 50-67 feet below grade in MW-17) of the Munitions Area should 

help attenuate any vertical vapor migration (Tetra Tech, 2010). Consequently, the chloroform 

detection at the Munitions Area does not appear to be associated with the larger Dump Road 

contaminant plume. 
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The results of the Dump Road investigation indicate low levels of trichloroethene, 

dichloroethene, and vinyl chloride in the shallow monitoring wells nearest the Munitions Area, 

with somewhat higher concentrations in the intermediate wells. Recent groundwater source area 

evaluations indicate a possible large area of trichloroethene (concentrations ≥10,000 µg/L) in the 

area of wells MW-18, DMW-3, and DMW-2, leading back toward Pond 2, and to the south of the 

Munitions Area. The Munitions Area is side-gradient of these locations (Tetra Tech, 2012).  

Although a hydraulic connection could possibly exist between the intermediate aspects of MW-

18 and the upper surficial aquifer zone at MW-14 on the southern boundary of the Munitions 

Area, thick clay between the intermediate and shallow depths probably mitigates vertical flow 

between these levels. In addition, MW-14 is hydraulically side-gradient to MW-18I and therefore 

would not be expected to affect the area of MW-14 (Tetra Tech, 2010). Dump Road Area wells 

MW-15, MW-16, MW-17, MW-28, MW-33 and MW-34 are most directly hydraulically 

upgradient of the Munitions Area.  These wells yield groundwater concentrations of TCE 

between 500 and 5,000 µg/L, however, soil gas samples from the Munitions Area, directly 

downgradient of these wells, show no TCE, DCE, or VC above their respective screening 

criteria. 

As such, it is concluded that the trichloroethene (TCE) plume in the upper surficial aquifer along 

the southern portion of the Munitions Area has not led to elevated soil vapor or indoor air quality 

concentrations that would threaten human health. Groundwater concentrations in this area will 

continue to be monitored through the annual groundwater monitoring program. The results of the 

chemical analyses of the soil vapor and indoor air quality samples support our recommendation 

that no additional assessment of this area for vapor intrusion parameters is necessary.  
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APPENDIX A— PERMITS, MISS UTILITY CLEARANCE,  
AND UTILITY CLEARANCE REPORT 
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December 7, 2011 

 
 
Mr. Dev Murali 
Tetra Tech NUS, Inc. 
20251 Century Boulevard 
Suite 200 
Germantown, MD 20874-7114 

 
RE: Geophysical Survey 

Utility/Structure Clearance for 25 Proposed Boring Locations 
Martin State Airport Maryland Air National Guard 
Munitions Storage Area 
Middle River, MD 
Enviroscan Project Number 101133 

 
Dear Mr. Murali: 
 

Pursuant to the specifications of our proposal, dated October 25, 2011, Enviroscan, Inc. 
conducted a multi-technique geophysical survey at the above-referenced site November 8 and 9, 
2011. The purpose of the survey was to perform utility clearance for 25 proposed soil borings. 

 

Methods 
 

The utility survey was completed using standard and/or routinely accepted practices of 
the geophysical industry and equipment representing the best available technology, including: 

 
 a Radiodetection RD8000 Multi-Frequency pipe and cable tracer;  
 
 a Radiodetection C.A.T. and Genny pipe and cable locator/tracer;  
 
 a Fisher TW-6 electromagnetic (EM) pipe and cable locator/tracer; 
 
 a GSSI SIR-2000 ground penetrating radar (GPR) system. 

 
The principles of these techniques are detailed below. 
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RD8000 
 

Utility tracing was conducted using a Radiodetection RD8000 digital cable and pipe 
tracer.  The transmitter can be directly coupled to exposed portions of a metallic pipe, cable, or 
wire or indirectly (inductively) to a subsurface metallic utility of known location/orientation.  
The transmitter remains stationary and energizes the metallic utility at a frequency selected by 
the operator (512 Hz, 8 kHz, 33 kHz, or 65 kHz), which is received at the ground surface by the 
digital locator.  When the transmitter is directly coupled to the metallic utility, the digital 
receiver can also calculate the depth of the utility to an accuracy of 10% of the actual depth of 
the utility.  Please note the close proximity to bends in the traced line or poor signal strength can 
result in erroneous depth estimations. 

 

C.A.T. and Genny 

 
The survey areas were also scanned with a Radiodetection C.A.T. and Genny pipe and 

cable locator and tracer.  In Power mode, the C.A.T. detects the 50 to 60 Hertz (Hz) 
electromagnetic field generated by live power cables and other metallic utilities to which a live 
line is grounded.  In Radio mode, the C.A.T. detects buried conductors (cables or metallic pipes) 
as they conduct and re-transmit commercial broadcast radio energy.  In Genny mode, the C.A.T. 
detects signal generated by the Genny transmitter.  The Genny transmitter can be coupled 
directly (conductively) to exposed portions of a metallic pipe, cable, or wire or inductively to a 
subsurface metallic utility with known location and orientation.   

 

TW-6 

 
In order to detect unknown utilities, Enviroscan employed a Fisher TW-6 pipe and cable 

locator and tracer.  In pipe and cable search mode, the TW-6 is essentially a deep-sensing metal 
detector that detects any highly electrically conductive materials (e.g. metals) by creating an 
electromagnetic field with a transmitting coil.  A receiving coil at a fixed separation from the 
transmitter measures the field strength.  As the instrument is swept along the ground surface, 
subsurface metallic bodies distort the transmitted field.  The change in field strength/orientation 
is sensed by the receiver, setting off an audible alarm and/or causing deflection of an analog 
meter.  The TW-6 can nominally detect a 2-inch metal pipe to a depth of 8 feet and a 10-inch 
metal pipe to a depth of 14 feet.  
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In pipe and cable tracing mode, the TW-6 transmitter can be coupled directly 
(conductively) to exposed portions of a metallic pipe, cable, or wire or inductively to a 
subsurface metallic utility with known location and orientation.  The transmitter remains 
stationary and energizes or excites the metallic utility to be traced with an 81.92-kilohertz signal 
that can be traced at the ground surface using the mobile TW-6 receiver wand or probe. 

 

GPR 

 
GPR systems produce cross-sectional images of subsurface features and layers by 

continuously emitting pulses of radar-frequency energy from a scanning antenna as it is towed 
along a survey profile.  The radar pulses are reflected by interfaces between materials with 
differing dielectric properties.  The reflections return to the antenna and are displayed on a video 
monitor as a continuous cross section in real time.  Since the electrical properties of metal are 
distinctly different from soil and backfill materials, metallic pipes and other structures commonly 
produce dramatic and characteristic reflections.  Fiberglass, plastic, concrete, and terra-cotta 
pipes and structures also produce recognizable, but less dramatic reflections.  Scanning was 
performed using a GSSI SIR-2000 GPR controller with an internal hard drive and a color 
display, and both a high-frequency, high-resolution 500 megaHertz (MHz) antenna or 
transducer, and a lower frequency deep-penetrating 200 MHz transducer. 
 
 

Results Summary 
 

The utility clearance survey results are depicted in Figure 1 and the enclosed field notes, 
Appendix A.  Several boring locations were moved (less than 20 feet) to avoid obstructions. 
These new locations are noted in Table 1.  During the course of the survey, the client requested 
that Enviroscan clear several alternate locations for some of the borings.  These alternate 
locations are noted on the map as purple triangles.  Please note that the new coordinates of 
boring locations moved during geoprobing (by others) to avoid marked utilities or obstructions 
to drilling do not appear on Table 1.   
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Limitations 

 
The above-referenced geophysical survey 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 unforeseen site-specific conditions.  However, we make every effort 
to identify and notify the client of such limitations or conditions.  In particular, please note the 
following specific limitations and recommendations: 

 

 Enviroscan’s field markings should be considered accurate to within 
approximately +/-18 inches for single lines.  In contrast, since electromagnetic 
tracing of duct banks provides only a centerline, the bank itself may extend for 2 
to 3 feet beyond the marked trace. 

 

 The completion of this survey does not relieve any party of applicable legal 
obligations to notify the appropriate One-Call center prior to digging or drilling.   

 
As always, we appreciate this opportunity to have worked with you.  If you have any 

questions, please do not hesitate to contact me. 
 

Sincerely, 
Enviroscan, Inc. 

 
William E. Steinhart III, M.Sc., P.G. 
Principal Geophysicist 
 
Technical Review By: 
Enviroscan, Inc. 

 
Felicia Kegel Bechtel, M.Sc., P.G. 
President 

 
enc.:  Figure 1:  Utility Survey Results  

Table 1:  Utility Clearance Results 
Appendix A:  Field Notes 

 





Table 1
Utility Clearance Results

Boring ID Final Easting
Final 

Northing
SB_1 1479122.748 605458.618
SB_2 1479216.239 605333.015
SB_3 1479262.468 605266.038
SB_4 1479332.04 605225.61
SB_5 1479413.783 605100.502
SB_6 1479529.575 605141.305
SB_7 1479479.439 605234.044
SB_8 1479378.617 605247.742
SB_9 1479294.451 605388.824
SB_10 1479192.957 605509.186
SB_11 1479229 605561.248
SB_12 1479288.296 605508.166
SB_13 1479349.185 605429.885
SB_14 1479483.955 605305.085
SB_15 1479548.474 605282.917
SB_16 1479603.053 605179.983
SB_17 1479646.821 605319.797
SB_18 1479492.77 605454.765
SB_19 1479403 605518.298
SB_20 1479274.714 605619.83
SB_21 1479338.616 605670.793
SB_22 1479399.427 605672.024
SB_23 1479448.769 605617.114
SB_24 1479512.389 605564.545
SB_25 1479567.517 605475.569

Enviroscan Reference #101133
Rev. 12/05/11 1

Martin State Airport
Maryland Air National Gaurd

Munitions Storage Area
Middle River, MD
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Appendix A 
 

Field Notes 
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APPENDIX B—SOIL VAPOR SAMPLE FIELD SHEETS 
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APPENDIX C—DATA VALIDATION REPORTS 
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APPENDIX D—CHEMICAL DATA TABLES 



TABLE D-1
MARYLAND AIR NATIONAL GUARD MUNITIONS AREA

SOIL VAPOR RESULTS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 1 OF 8

SAMPLE ID: SG1-012012 SG2-012012 SG3-012012 SG4-012012 SG07-012012 SG08-012012 SG09-012012
LABORATORY ID: C1201051-015A C1201051-013A C1201051-014A C1201051-017A C1201051-022A C1201051-018A C1201051-012A

SAMPLE DATE: 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012

LOCATION: SG1 SG2 SG3 SG4 SG07 SG08 SG09
VOLATILES(UG/M3)
1,1,1-TRICHLOROETHANE 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
1,1,2-TRICHLOROETHANE 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
1,1-DICHLOROETHANE 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
1,1-DICHLOROETHENE 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL
1,2,4-TRICHLOROBENZENE 1.1 U 1.1 U 1.1 UL 1.1 U 1.1 U 1.1 U 1.1 U
1,2,4-TRIMETHYLBENZENE 31 K 16 K 14 9.9 17 K 32 K 8.5 K
1,2-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
1,2-DICHLOROETHANE 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
1,3-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
1,4-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
2-BUTANONE 470 K 72 K 38 61 K 22 K 51 K 51 K
BENZENE 39 27 18 22 24 21 24
CARBON DISULFIDE 13 14 15 0.47 U 4 4.9 7.3
CARBON TETRACHLORIDE 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U
CHLOROBENZENE 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U
CHLOROFORM 350 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U
CHLOROMETHANE 0.31 UL 0.31 UL 0.55 L 0.31 UL 0.31 UL 0.31 UL 0.31 UL
CIS-1,2-DICHLOROETHENE 0.6 U 0.6 U 0.6 U 3.7 4.1 0.6 0.6 U
DICHLORODIFLUOROMETHANE 1.8 2.1 1.8 0.9 2 2.2 2.1
ETHYLBENZENE 8.8 6.8 5.2 K 4.9 4.2 5.8 4.4
M+P-XYLENES 35 K 18 K 16 K 16 14 24 K 14
METHYL TERT-BUTYL ETHER 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U
METHYLENE CHLORIDE 0.46 J 0.46 J 0.53 U 0.53 U 0.71 K 0.74 K 0.64 K
NAPHTHALENE 5.6 L 5.6 L 4.5 J 0.8 UL 5.6 L 11 L 2.8 L
O-XYLENE 19 K 9.7 K 8.3 K 8.4 9 15 K 7.7
TETRACHLOROETHENE 1 U 1 U 1 U 1 U 1 U 1.8 1 U
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SOIL VAPOR RESULTS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 2 OF 8

SAMPLE ID: SG1-012012 SG2-012012 SG3-012012 SG4-012012 SG07-012012 SG08-012012 SG09-012012
LABORATORY ID: C1201051-015A C1201051-013A C1201051-014A C1201051-017A C1201051-022A C1201051-018A C1201051-012A

SAMPLE DATE: 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012

LOCATION: SG1 SG2 SG3 SG4 SG07 SG08 SG09
TOLUENE 76 51 32 36 41 32 22
TRANS-1,2-DICHLOROETHENE 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U
TRICHLOROETHENE 0.22 U 0.22 U 0.22 U 1.3 0.22 U 0.22 U 0.22 U
VINYL CHLORIDE 0.1 U 0.1 U 0.1 U 2.8 77 0.1 U 0.1 U
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MARYLAND AIR NATIONAL GUARD MUNITIONS AREA

SOIL VAPOR RESULTS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND
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SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

VOLATILES(UG/M3)
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2,4-TRICHLOROBENZENE
1,2,4-TRIMETHYLBENZENE
1,2-DICHLOROBENZENE
1,2-DICHLOROETHANE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
2-BUTANONE
BENZENE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROFORM
CHLOROMETHANE
CIS-1,2-DICHLOROETHENE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
M+P-XYLENES
METHYL TERT-BUTYL ETHER
METHYLENE CHLORIDE
NAPHTHALENE
O-XYLENE
TETRACHLOROETHENE

SG10-011912 SG11-011912 SG12-011912 SG13-012012 SG14-012012 SG15-012012 SG17-012012
C1201051-002A C1201051-001A C1201051-003A C1201051-011A C1201051-019A C1201051-021A C1201051-020A

1/19/2012 1/19/2012 1/19/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012

SG10 SG11 SG12 SG13 SG14 SG15 SG17

0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL
1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
11 11 15 19 K 25 K 30 K 25 K

0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
8.7 J 5.4 18 220 K 55 K 110 K 130 K
2.5 2.7 4.6 11 10 14 22

0.79 1.2 1.8 4.1 2.1 5.3 0.47 U
0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U
0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U

0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U
0.78 L 0.73 L 0.31 UL 0.31 UL 0.31 UL 0.31 UL 0.31 UL
0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U
2.6 2.1 2.1 2 2.1 2 1.8
3.4 3.7 4 4.9 5.3 4.9 4.9
11 12 13 16 18 K 17 17

0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U
0.46 J 0.53 U 0.6 K 0.53 U 2.6 K 0.42 J 0.71 K
3.6 L 2.7 L 3 L 4.7 L 11 L 7.2 L 3.9 L
5.9 7 7.5 9.4 11 K 14 K 16 K

1 U 1 U 1 U 1 U 1 U 1 U 1 U
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SOIL VAPOR RESULTS
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SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE

SG10-011912 SG11-011912 SG12-011912 SG13-012012 SG14-012012 SG15-012012 SG17-012012
C1201051-002A C1201051-001A C1201051-003A C1201051-011A C1201051-019A C1201051-021A C1201051-020A

1/19/2012 1/19/2012 1/19/2012 1/20/2012 1/20/2012 1/20/2012 1/20/2012

SG10 SG11 SG12 SG13 SG14 SG15 SG17
26 16 22 33 22 28 34

0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U
0.22 U 0.22 U 0.22 U 0.22 U 0.66 0.22 U 0.22 U
0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
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MARYLAND AIR NATIONAL GUARD MUNITIONS AREA

SOIL VAPOR RESULTS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND
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SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

VOLATILES(UG/M3)
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2,4-TRICHLOROBENZENE
1,2,4-TRIMETHYLBENZENE
1,2-DICHLOROBENZENE
1,2-DICHLOROETHANE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
2-BUTANONE
BENZENE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROFORM
CHLOROMETHANE
CIS-1,2-DICHLOROETHENE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
M+P-XYLENES
METHYL TERT-BUTYL ETHER
METHYLENE CHLORIDE
NAPHTHALENE
O-XYLENE
TETRACHLOROETHENE

SG18-011912 SG19-012012 SG20-011912 SG21-011912 SG22-012012 SG23-011912 SG24-011912
C1201051-009A C1201051-010A C1201051-004A C1201051-005A C1201051-016A C1201051-006A C1201051-007A

1/19/2012 1/20/2012 1/19/2012 1/19/2012 1/20/2012 1/19/2012 1/19/2012

SG18 SG19 SG20 SG21 SG22 SG23 SG24

0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U 0.83 U
0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL 0.6 UL
1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U 1.1 U
23 K 22 K 18 27 26 K 25 19 K

0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U 0.62 U
0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U 0.92 U
400 K 240 K 11 57 270 K 30 40 K
10 24 4.5 6.3 39 4.1 10
13 27 2 3.9 33 1.8 1.3

0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U 0.26 U
0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U

0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U 0.74 U
0.31 UL 0.31 UL 0.31 UL 0.31 UL 0.67 L 0.31 UL 0.31 UL
0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U
2.1 1.8 1.7 2.1 61 1.8 2
4.6 4.2 5.1 5.1 6.9 4.8 6.9
16 14 16 17 30 K 17 23 K

0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U 0.55 U
0.67 K 1.3 K 0.39 J 0.39 J 0.49 J 0.46 J 0.56 K
4.4 L 3.5 L 6 L 7.9 L 7.7 L 11 L 3.9 L
11 K 8.2 9.2 9.4 16 K 10 13 K
1 U 1 U 1 U 1 U 1 U 1 U 1 U
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SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE

SG18-011912 SG19-012012 SG20-011912 SG21-011912 SG22-012012 SG23-011912 SG24-011912
C1201051-009A C1201051-010A C1201051-004A C1201051-005A C1201051-016A C1201051-006A C1201051-007A

1/19/2012 1/20/2012 1/19/2012 1/19/2012 1/20/2012 1/19/2012 1/19/2012

SG18 SG19 SG20 SG21 SG22 SG23 SG24
23 36 29 35 60 22 34

0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U 0.6 U
0.22 U 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U 0.22 U
0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
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MARYLAND AIR NATIONAL GUARD MUNITIONS AREA

SOIL VAPOR RESULTS
LOCKHEED MARTIN, MARTIN STATE AIRPORT, MIDDLE RIVER, MARYLAND

PAGE 7 OF 8

SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

VOLATILES(UG/M3)
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2,4-TRICHLOROBENZENE
1,2,4-TRIMETHYLBENZENE
1,2-DICHLOROBENZENE
1,2-DICHLOROETHANE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
2-BUTANONE
BENZENE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROFORM
CHLOROMETHANE
CIS-1,2-DICHLOROETHENE
DICHLORODIFLUOROMETHANE
ETHYLBENZENE
M+P-XYLENES
METHYL TERT-BUTYL ETHER
METHYLENE CHLORIDE
NAPHTHALENE
O-XYLENE
TETRACHLOROETHENE

SG25-011912
C1201051-008A

1/19/2012

SG25

0.83 U
0.83 U
0.62 U
0.6 UL
1.1 U
2.4

0.92 U
0.7

0.92 U
0.92 U

22 K
1.4
0.6

0.26 U
0.7 U
0.5 J

0.31 UL
0.6 U
2.3
2.3

5
0.55 U
5.7 K

1 L
2
1 U
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SAMPLE ID:
LABORATORY ID:

SAMPLE DATE:
LOCATION:

TOLUENE
TRANS-1,2-DICHLOROETHENE
TRICHLOROETHENE
VINYL CHLORIDE

SG25-011912
C1201051-008A

1/19/2012

SG25
270
0.6 U

0.22 U
0.1 U
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Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation

Number Percent Detected Detected Detected Samples Detects
VOLATILES(UG/M3)
1,2,4-TRIMETHYLBENZENE 22/22 100% - - 2.4 32 K SG08-012012 19.4 19.4 7.95
1,2-DICHLOROETHANE 1/22 5% 0.62 0.62 0.7 0.7 SG25-011912 0.328 0.700 0.083
2-BUTANONE 22/22 100% - - 5.4 470 K SG1-012012 108 108 130

BENZENE 22/22 100% - - 1.4 39
SG1-012012, 
SG22-012012 15.5 15.5 11.3

CARBON DISULFIDE 20/22 91% 0.47 0.47 0.6 33 SG22-012012 7.12 7.80 8.82
CHLOROFORM 2/22 9% 0.74 0.74 0.5 J 350 SG1-012012 16.3 175 74.5
CHLOROMETHANE 4/22 18% 0.31 0.31 0.55 L 0.78 L SG10-011912 0.251 0.683 0.212
CIS-1,2-DICHLOROETHENE 3/22 14% 0.6 0.6 0.6 4.1 SG07-012012 0.641 2.80 1.06
DICHLORODIFLUOROMETHANE 22/22 100% - - 0.9 61 SG22-012012 4.65 4.65 12.6
ETHYLBENZENE 22/22 100% - - 2.3 8.8 SG1-012012 5.05 5.05 1.38
M+P-XYLENES 22/22 100% - - 5 35 K SG1-012012 17.2 17.2 6.29
METHYLENE CHLORIDE 18/22 82% 0.53 0.53 0.39 J 5.7 K SG25-011912 0.855 0.987 1.19

NAPHTHALENE 21/22 95% 0.8 0.8 1 L 11 L

SG08-012012, 
SG14-012012, 
SG23-011912 5.32 5.55 2.98

O-XYLENE 22/22 100% - - 2 19 K SG1-012012 10.3 10.3 3.88
TETRACHLOROETHENE 1/22 5% 1 1 1.8 1.8 SG08-012012 0.559 1.80 0.277
TOLUENE 22/22 100% - - 16 270 SG25-011912 44.5 44.5 52.2
TRICHLOROETHENE 2/22 9% 0.22 0.22 0.66 1.3 SG4-012012 0.189 0.980 0.274
VINYL CHLORIDE 2/22 9% 0.1 0.1 2.8 77 SG07-012012 3.67 39.9 16.4

Footnotes:
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.

Associated Samples
SG1-012012 SG12-011912 SG22-012012
SG2-012012 SG13-012012 SG23-011912
SG3-012012 SG14-012012 SG24-011912
SG4-012012 SG15-012012 SG25-011912
SG07-012012 SG17-012012
SG08-012012 SG18-011912
SG09-012012 SG19-012012
SG10-011912 SG20-011912
SG11-011912 SG21-011912



TABLE D-3
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SAMPLE ID: IA1-012512 IA2-012512 IA3-012512
LABORATORY ID: C1201063-001A C1201063-002A C1201063-003A

SAMPLE DATE: 1/25/2012 1/25/2012 1/25/2012

LOCATION: IA1 IA2 IA3
VOLATILES(UG/M3)
1,1,1-TRICHLOROETHANE 0.83 U 0.83 U 0.83 U

1,1,2-TRICHLOROETHANE 0.83 U 0.83 U 0.83 U

1,1-DICHLOROETHANE 0.62 U 0.62 U 0.62 U

1,1-DICHLOROETHENE 0.6 UL 0.6 UL 0.6 UL

1,2,4-TRICHLOROBENZENE 1.1 U 1.1 U 1.1 U

1,2,4-TRIMETHYLBENZENE 1.6 1 1.8

1,2-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U

1,2-DICHLOROETHANE 0.62 U 0.62 U 0.62 U

1,3-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U

1,4-DICHLOROBENZENE 0.92 U 0.92 U 0.92 U

2-BUTANONE 26 K 4.3 3

BENZENE 1.3 1.3 1.3

CARBON DISULFIDE 0.47 U 0.47 U 0.47 U

CARBON TETRACHLORIDE 0.26 U 0.26 U 0.26 U

CHLOROBENZENE 0.7 U 0.7 U 0.7 U

CHLOROFORM 0.65 J 0.6 J 0.74 U

CHLOROMETHANE 0.31 UL 0.97 L 0.73 L

CIS-1,2-DICHLOROETHENE 0.6 U 0.6 U 0.6 U

DICHLORODIFLUOROMETHANE 2.3 2.4 0.75 U

ETHYLBENZENE 0.75 0.71 0.84

M+P-XYLENES 1.9 1.7 4.1

METHYL TERT-BUTYL ETHER 0.55 U 0.55 U 0.55 U

METHYLENE CHLORIDE 0.99 K 0.46 J 0.53 U

NAPHTHALENE 5.1 L 2.1 L 6.9 L

O-XYLENE 0.71 0.62 J 1.9

TETRACHLOROETHENE 1 U 1 U 1 U

TOLUENE 3.5 3.2 3.1

TRANS-1,2-DICHLOROETHENE 0.6 U 0.6 U 0.6 U

TRICHLOROETHENE 0.22 U 0.22 U 0.22 U

VINYL CHLORIDE 0.1 U 0.1 U 0.1 U
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Frequency Mininum Maximum Mininum Maximum Sample of Mean of Mean of Standard
Chemical  of Detection Non Non Detected Detected Maximum All Positive Deviation Variance

Number Percent Detected Detected Detected Samples Detects
VOLATILES(UG/M3)
1,2,4-TRIMETHYLBENZENE 3/3 100% - - 1 1.8 IA3-012512 1.47 1.47 NA(1) NA(1)
2-BUTANONE 3/3 100% - - 3 26 K IA1-012512 11.1 11.1 NA(1) NA(1)

BENZENE 3/3 100% - - 1.3 1.3
012512, IA3-

012512 NA(4) NA(4) NA(4) NA(4)
CHLOROFORM 2/3 67% 0.74 0.74 0.6 J 0.65 J IA1-012512 0.540 0.625 NA(1) NA(1)
CHLOROMETHANE 2/3 67% 0.31 0.31 0.73 L 0.97 L IA2-012512 0.618 0.850 NA(1) NA(1)
DICHLORODIFLUOROMETHANE 2/3 67% 0.75 0.75 2.3 2.4 IA2-012512 1.69 2.35 NA(1) NA(1)
ETHYLBENZENE 3/3 100% - - 0.71 0.84 IA3-012512 0.767 0.767 NA(1) NA(1)
M+P-XYLENES 3/3 100% - - 1.7 4.1 IA3-012512 2.57 2.57 NA(1) NA(1)
METHYLENE CHLORIDE 2/3 67% 0.53 0.53 0.46 J 0.99 K IA1-012512 0.572 0.725 NA(1) NA(1)
NAPHTHALENE 3/3 100% - - 2.1 L 6.9 L IA3-012512 4.70 4.70 NA(1) NA(1)
O-XYLENE 3/3 100% - - 0.62 J 1.9 IA3-012512 1.08 1.08 NA(1) NA(1)
TOLUENE 3/3 100% - - 3.1 3.5 IA1-012512 3.27 3.27 NA(1) NA(1)

Footnotes:
For non-detects, 1/2 sample quantitation limit was used as a proxy concentration.
1/2 the detection limit was used for B qualified data.
NA(1) - Not applicable, there are an insufficient number of samples to calculate statistics.
NA(4) - Not applicable, data contains constant observations with no distinct values, there is no need to calculate lognormal statistics.

Associated Samples
IA1-012512
IA2-012512
IA3-012512
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