
7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT 

Deep Groundwater Investigation Report 
Lockheed Martin Middle River Complex 

2323 Eastern Boulevard 
Middle River, Maryland 

Prepared for: 

Lockheed Martin Corporation 

Prepared by: 

Tetra Tech, Inc. 

October 4, 2010 

 

Michael Martin, P.G. 
Regional Manager 

 

Anthony Apanavage, P.G. 
Project Manager 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE i 

TABLE OF CONTENTS 

Section  Page 
ACRONYMS ................................................................................................................... v 
1 INTRODUCTION .................................................................................................. 1-1 
2 SITE DESCRIPTION ............................................................................................ 2-1 

2.1  MIDDLE RIVER COMPLEX HISTORY ...................................................................... 2-1 
2.2  MIDDLE RIVER COMPLEX CHARACTERISTICS .................................................. 2-2 

2.2.1  Current and Surrounding Land Use ..................................................................... 2-2 
2.2.2  Physiography........................................................................................................ 2-2 
2.2.3  Hydrology ............................................................................................................ 2-2 
2.2.4  Soils...................................................................................................................... 2-3 
2.2.5  Regional Geology ................................................................................................ 2-3 
2.2.6  Regional Hydrogeology ....................................................................................... 2-5 
2.2.7  Groundwater Flow ............................................................................................... 2-7 

2.3  Chemicals of Concern ..................................................................................................... 2-8 
3 INVESTIGATION APPROACH AND METHODOLOGY  ..................................... 3-1 

3.1  WELL LOCATIONS ...................................................................................................... 3-2 
3.2  FIELD METHODOLOGY ............................................................................................. 3-2 

3.2.1  Mobilization/Demobilization ............................................................................... 3-2 
3.2.2  Site Access, Permits, and Utility Clearance......................................................... 3-3 
3.2.3  Borehole Drilling ................................................................................................. 3-4 
3.2.4  Soil Sampling and Analysis ................................................................................. 3-5 
3.2.5  Well Installation ................................................................................................... 3-6 
3.2.6  Well Development ............................................................................................... 3-7 
3.2.7  Synoptic Water-Levels ......................................................................................... 3-7 
3.2.8  Groundwater Sampling ........................................................................................ 3-7 
3.2.9  Surveying ............................................................................................................. 3-8 
3.2.10  Equipment Decontamination ............................................................................... 3-8 
3.2.11  Waste Management .............................................................................................. 3-8 
3.2.12  General Sampling Procedures, Sample Nomenclature, and Handling ................ 3-9 
3.2.13  Documentation ..................................................................................................... 3-9 

3.3  LABORATORY ANALYSES ..................................................................................... 3-10 
3.4  DATA VALIDATION .................................................................................................. 3-11 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE ii 

4 RESULTS ............................................................................................................ 4-1 
4.1  SOIL DATA .................................................................................................................... 4-1 
4.2  GROUNDWATER DATA ............................................................................................. 4-3 

4.2.1  Groundwater-Level Data ..................................................................................... 4-3 
4.2.2  Groundwater Chemical Data................................................................................ 4-3 

5 SUMMARY AND CONCLUSIONS ...................................................................... 5-1 
6 REFERENCES ..................................................................................................... 6-1 

APPENDICES 

APPENDIX A— DIG PERMITS 

APPENDIX B— GEOPHYSICAL SURVEY REPORT 

APPENDIX C— SOIL BORING AND WELL CONSTRUCTION LOGS 

APPENDIX D— WELL DEVELOPMENT LOGS 

APPENDIX E— WELL-PURGE RECORDS AND SAMPLING RECORD SHEETS 

APPENDIX F— WELL SURVEY REPORT  

APPENDIX G— PURGE RECORDS AND SAMPLING RECORD SHEETS 

APPENDIX H— CHEMICAL ANALYTICAL RESULTS 

APPENDIX I— DATA-VALIDATION REPORTS  

LIST OF FIGURES 
Page 

Figure 1-1 Middle River Complex Location Map .................................................................. 1-3 

Figure 2-1 Site Location Map ................................................................................................. 2-9 

Figure 2-2 Groundwater Monitoring Well Locations ........................................................... 2-10 

Figure 3-1 Deep Groundwater Monitoring Well Locations .................................................. 3-14 

Figure 4-1 Geologic Cross-Section Locations ...................................................................... 4-11 

Figure 4-2 Geologic Cross-Section A-A’ ............................................................................. 4-12 

Figure 4-3 Geologic Cross-Section B-B’ .............................................................................. 4-13 

Figure 4-4 Geologic Cross-Section C-C’ .............................................................................. 4-14 

Figure 4-5 Groundwater-Elevation Contour Map—Deep Confined-Aquifer Wells,  
June 2010 ............................................................................................................ 4-15 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE iii 

LIST OF TABLES 

Page 
Table 3-1 Soil Sample Collection Depths .......................................................................... 3-12 

Table 3-2 Monitoring Well Screen Depth .......................................................................... 3-12 

Table 3-3 Laboratory Analyses for Soil, Groundwater, and IDW Samples ......................... 3-13 

Table 4-1 Geotechnical Result for Soil Samples ................................................................... 4-6 

Table 4-2 Deep Well Groundwater Depths and Elevations ................................................... 4-7 

Table 4-3 Analytes Detected in Groundwater—Well Borehole Samples, May 2010 ............. 4-8 

Table 4-4 Analytes Detected in Groundwater—Monitoring Well Samples, June 2010 ......... 4-9 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE iv 

This page intentionally left blank. 

 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE v 

ACRONYMS 

ASTM American Society for Testing and Materials International 

COC chemical(s) of concern 

ft/day feet per day 

ft/year feet per year 

GLM Glenn L. Martin Company 

g/d/ft gallons per day per foot 

gpm gallons per minute 

HASP health and safety plan 

IDW  investigation derived waste  

K hydraulic conductivity 

Lockheed Martin Lockheed Martin Corporation 

MDE Maryland Department of the Environment 

MRAS Middle River Aircraft Systems 

MRC Middle River Complex 

MSL mean sea level 

NAVD88 North American Vertical Datum 1988 

NPDES National Pollutant Discharge Elimination System 

PCE tetrachloroethene 

PVC polyvinyl chloride 

SVOC semivolatile organic compound 

TCE trichloroethene 

TCLP Toxicity Characteristic Leaching Procedure 

Tetra Tech Tetra Tech, Inc. 

USEPA United States Environmental Protection Agency 

VOC volatile organic compound 

 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE vi 

This page intentionally left blank. 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 1-1 

Section 1 

Introduction 

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

prepared this Deep Groundwater Investigation Report for the Lockheed Martin Middle River 

Complex (MRC), located in Middle River, Maryland (Figure 1-1). The investigation sought to 

obtain sufficient environmental data to evaluate whether chemical contaminants identified in 

groundwater at the MRC are present beneath the surficial-aquifer zones investigated to date. 

Before this deep well investigation, chemical contaminants in groundwater had been 

characterized to a maximum depth of approximately 80 feet below grade in the surficial aquifer 

at the MRC. This report details the procedures associated with and results from borehole drilling 

and the installation of four deep groundwater monitoring wells and related tasks, such as pre-

drilling activities, geotechnical analyses of soil samples, groundwater-level measurements, 

chemical analyses of groundwater samples, well surveying, and management of investigation 

derived wastes (IDW).  

The deep groundwater investigation was initially designed to specifically accomplish the 

following: 

• Investigate whether contaminants identified in shallow groundwater at the MRC have 
migrated vertically through the regional confining layer (i.e., the Arundel Formation) to 
an underlying, regionally extensive aquifer (the Patuxent Formation) potentially used for 
drinking water 

• Evaluate groundwater flow direction in the deeper aquifer at the MRC beneath the clay 
confining-unit (the Arundel Formation) 

• Evaluate groundwater quality in a deeper, confined, water bearing geologic unit at the 
MRC 

• Define the hydrogeologic characteristics of the deeper, confined water bearing geologic 
unit at the MRC 

To address these objectives, four deep groundwater-monitoring wells were proposed for 

installation in the first permeable zone identified beneath the base of the Arundel Formation. The 
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first borehole (MW93D) documented 73 feet of dense clay and an additional 14 feet of clay (with 

two interlayer sand/silt/clay zones in between) at depths of 189–291 feet below grade. Sand was 

encountered below the clay at depths of 291–316 feet below grade (drilling was stopped at 316 feet 

below grade). The Lockheed Martin study team modified the field program based on the thickness, 

high density, and low permeability of the clay in the MW93D boring at depths of 189–291 feet 

(considered the Arundel Formation). The team decided to install the new deep wells in the sand 

rich permeable materials immediately overlying the thick clay at that depth in that location. Deep 

wells installed at the top of the thick-clay zone will enable evaluation of the presence of chemical 

contaminants beneath the surficial aquifer and the possibility that, if found, they may affect the 

aquifer below the Arundel Formation. Accordingly, the new deep wells were installed at depths of 

189 feet (MW93D), 196 feet (MW94D), 214 feet (MW95D), and 189 feet (MW96D). 

This report is organized as follows: 

Section 2—Site Description: Briefly describes the site history, subsurface conditions, and 

previous investigations 

Section 3—Investigation Approach and Methodology: Presents the technical approach to the 

deep groundwater investigation program and describes the field methodologies employed 

Section 4—Results: Presents details of the findings of the investigation program 

Section 5—Summary: Briefly summarizes the investigation program 

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

Site Description 

The MRC is at 2323 Eastern Boulevard in Middle River, Maryland, approximately 11.5 miles 

northeast of downtown Baltimore, Maryland. The MRC is part of the Chesapeake Industrial Park 

and is comprised of approximately 161 acres, including 12 main buildings, an active industrial 

area, perimeter parking lots, an athletic field, a concrete covered vacant lot, a trailer and parts 

storage lot, and numerous grassy areas along its perimeter. The MRC is bounded by Eastern 

Boulevard (Route 150) to the north, Dark Head Cove to the south, Cow Pen Creek to the west, 

and Wilson Point Road and Martin State Airport to the east. The area layout is shown in 

Figure 2-1. Currently, Lockheed Martin’s primary activities at the MRC include facility and 

building management and maintenance. The MRC has two main tenants: Middle River Aircraft 

Systems (MRAS) (a General Electric subsidiary that designs, manufactures, fabricates, tests, 

overhauls, repairs, and maintains aeronautical structures, parts, and components for military and 

commercial applications), and Mission Systems & Sensors—Littoral Ships & Systems (a 

Lockheed Martin subsidiary that fabricates, assembles, tests, and supports vertical-launch 

systems.  

2.1 MIDDLE RIVER COMPLEX HISTORY 

In 1929, the Glenn L. Martin Company (GLM), a predecessor firm of Lockheed Martin, acquired 

a large parcel of undeveloped land in Middle River, Maryland to manufacture aircraft for United 

States government and commercial clients. In the early 1960s, GLM merged with American 

Marietta Company to form Martin Marietta Corporation. Around 1975, the adjacent western 

airport (Martin State Airport), approximately 750 acres, was transferred to the State of Maryland. 

In the mid-1990s, Martin Marietta Corporation merged with Lockheed to form Lockheed Martin 

Corporation, with its principal subsidiary specializing in construction and testing of new 

ordnance for United States government and commercial clients. Shortly after the merger, General 

Electric acquired most of Lockheed Martin’s aeronautical business in Middle River and began 

operating as MRAS.  
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2.2 MIDDLE RIVER COMPLEX CHARACTERISTICS 

2.2.1 Current and Surrounding Land Use 

The MRC is an industrial facility, and its surrounding area primarily consist of commercial, 

industrial, and residential facilities. Six facilities, comprising the remaining portion of the 

Chesapeake Industrial Park, are adjacent to MRC. These include Tilley Chemical Company, Inc. 

(a distributor of food- and pharmaceutical-chemicals); North American Electric, Inc. (an 

industrial and commercial electrical contractor); Johnson and Towers (a heavy-duty automotive 

and boat repair and maintenance company); Poly-Seal Corp. (a flexible packaging producer); 

Exxon (a gasoline filling station and convenience store); and the Middle River Post Office. 

Residential developments are on the opposite shores of Cow Pen Creek, Dark Head Cove, and 

Dark Head Creek, and north of Eastern Boulevard (Route 150). 

2.2.2 Physiography 

The MRC is in the Western Shore of the Coastal Plain Physiographic Province, which is 

generally characterized by low relief. MRC topography is gently sloping, ranging from sea level 

to 32 feet above mean sea level (MSL) (Cassell, July 1977). The topography slopes from Eastern 

Boulevard to the southwest and south towards Cow Pen Creek and Dark Head Cove. 

2.2.3 Hydrology 

The MRC is at the junction of Cow Pen Creek and Dark Head Cove. Both surface water bodies 

discharge into Dark Head Creek, a tributary to Middle River, which is a tributary to Chesapeake 

Bay. The MRC is approximately 3.24 miles (17,100 feet) upstream of Chesapeake Bay. 

The MRC has no surface water bodies on-site. Excluding areas immediately adjacent to Cow Pen 

Creek and Dark Head Creek, surface-water runoff discharges from the facility via storm drains. 

Lockheed Martin maintains a State of Maryland National Pollution Discharge Elimination 

System (NPDES) permit (Permit No.: 00-DP-0298, NPDES No.: MD0002852), issued by the 

Maryland Department of the Environment (MDE) Industrial Discharge Permits Division, Water 

Management Administration. The permit covers storm-water discharges from the entire property 

rather than from individual tenants.  
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2.2.4 Soils 

Soils underlying the MRC have been mapped by the United States Department of Agriculture 

Soil Conservation Service as Mattapex-Urban Land Complex and Sassafras-Urban Land 

Complex. Mattapex-Urban Land soils consist of deep, well drained, silty soils, the original 

texture of which has been disturbed, graded over, or otherwise altered. Sassafras-Urban Land 

soils consist of deep, well drained sandy soils, the original texture of which has been disturbed, 

graded over, or otherwise altered. Site characterization studies indicate that fine-grained (e.g., silt 

and clay) soils with low permeabilities make up most MRC soils. 

2.2.5 Regional Geology 

Geologic mapping of Baltimore County shows that the MRC is underlain by the Potomac Group, 

a Cretaceous age interbedded gravel, sand, silt, and clay unit from zero to 800 feet thick. The 

Potomac Group is comprised of three units: the Raritan and Patapsco Formations, the Arundel 

Formation, and the Patuxent Formation. The Raritan and Patapsco Formations range up to 

400 feet thick and are composed of a gray, brown, and red variegated silt and clay unit with 

lenses of sand and few gravels. The Arundel Formation is composed of dark gray and maroon 

lignitic clays and ranges from 25 to 200 feet thick. The Patuxent Formation is described as a 

white or light gray to orange brown, moderately sorted sand unit with quartz gravels, silts, and 

clays and ranges up to 250 feet thick.  

Geologic logging and well installations before the deep groundwater investigation were focused 

on the surficial aquifer to a maximum depth of approximately 80 feet below grade. Groundwater 

contaminants at the MRC detected at concentrations above Maryland groundwater standards 

have been limited to depths up to approximately 35 feet below grade. However, lower 

concentrations of some volatile organic compounds (VOCs) have been detected at concentrations 

below groundwater standards at wells installed to 50 feet. Therefore, for this investigation, deep 

wells were installed to evaluate whether these contaminants were present below the lower 

surficial-aquifer zone monitored to date.  

For data evaluation and correlation, the surficial aquifer was divided into the upper, intermediate, 

and lower surficial-aquifer zones. Monitoring wells installed in the upper surficial-aquifer zone are 

designated as “A” wells (e.g., MW17A), whereas the intermediate and lower surficial-aquifer 

zones are monitored by “B” and “C” wells, respectively. The upper, intermediate, and lower 
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surficial-aquifer wells are typically installed to depths of 20, 30, and 70 feet below grade at the 

MRC. Deep wells installed for this investigation are designated with a “D” (i.e., MW96D). 

Lithologic logging of the soils beneath the MRC identified a very heterogeneous stratigraphy. 

The underlying soils are composed primarily of silty sands, fine-grained to medium grained 

sands, silty clays, clayey silts, and plastic clay, with the primary lithology being clay to silty 

clay. Waterfront areas have historically been backfilled to their present elevation. Soils from fill 

areas are similar in appearance and composition to soils considered native to the MRC.  

Lithology data collected for the groundwater investigation were used to construct geologic cross 

sections (Tetra Tech, Inc., May 2006). Overall, the results of the groundwater investigation indicate 

complex arrangements of predominantly clay, silty clay, silt, and clayey silt, with smaller, more 

permeable zones of silty sand and sand. Well locations are shown in Figure 2-2. 

Thick sequences of low permeability clay, silty clay, clayey silt, and silt are found in the 

northern two thirds of the MRC. These clayey and silty materials extend from well MW02 to the 

area between wells MW48 and MW27. In the northern portion of the site, clay was encountered 

in the first 20 feet at well MW02, thickening to more than 30 feet to the south at well MW57 

(near Building C). In the area between wells MW02 and MW48, clay, clayey silt, and silt extend 

80 to 95 feet below grade to elevations of 50 to 70 feet below MSL. A review of boring logs 

indicates that this thick upper zone of clayey material terminates to the south along an east west 

line roughly formed by wells MW48, MW21/MW58, and MW11. Two 10-foot-thick silty sand 

units were reported for MW02 at elevations of 10 to 40 feet below MSL. However, these sandy 

units do not appear to be contiguous with sandy units observed farther to the south.  

Interbedded sands, silty sands, sandy silts, and silts were encountered south of Buildings A, B, 

and C. Several feet of sandy and silty materials were encountered overlying the shallow clay at 

wells MW05, MW55, and MW57. These sandy and silty materials thicken to the south/southeast 

in the area of wells MW57, MW48, MW27, and MW37. The sandy materials are 70 to 75 feet 

thick in the area from well MW48 to well MW37 (near Cow Pen Creek) and overlie a lower clay 

confining-unit present at 55 to 62 feet below MSL. 

In the southwestern portion of the MRC, silty sands and sandy silts were encountered in the 

upper several feet near wells MW12 to MW56 to the northeast. Silty sand and sandy silt were 
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also encountered southwest of MW58 at elevations ranging from five feet above MSL to 12 feet 

below MSL, and southwest of MW21, with a top surface elevation of 50 feet below MSL. The 

lowest sandy unit appears to be contiguous with the silty and sandy units northeast of MW14 

(lower portions of logs for wells MW21 and MW57). Each of the sandy units is separated by 

upper and lower clay/clayey silt units ranging from seven to 34 feet thick.  

The materials described above are underlain by the Arundel Formation, a regionally extensive, 

thick, dense-clay confining-unit. It is a massive, impermeable unit underlying the MRC and 

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

to the southeast. Within a few miles downdip of the outcrop area, the Arundel Formation 

generally corresponds to a zone of clay and sand lenses separating two predominantly sandy 

zones in the Potomac Group (Vroblesky and Fleck, 1991). The Arundel Formation has been 

mapped as far east as Cambridge, Maryland and has been reported as more than 600 feet thick in 

that area. Studies by Vroblesky and Fleck (1991) and Chapelle (1985) conclude that the Arundel 

Formation is probably 50 to 125 feet thick beneath the MRC, with a basal (i.e., bottom) altitude 

of approximately 200 feet below MSL. Therefore, the depth to the base of the Arundel 

Formation at the MRC probably ranges from 210 to 230 feet below grade. 

Below the Arundel Formation is the Patuxent Formation. The Patuxent Formation is considered a 

multi-aquifer unit due to various interbedded sand and silt/clay layers and the rapid changes in 

deposited material types over short distances. Permeable, sand rich units range from bounded 

sand-sheets to isolated sand bodies (Glaser, 1969). Vroblesky and Fleck (1991) and Chapelle 

(1985) indicate that the altitude of the top of the Patuxent Formation at the MRC and nearby is 

approximately 200 feet below MSL. Therefore, the depth to the top of the Patuxent Formation in 

the MRC area probably ranges from 210 to 230 feet below grade. 

2.2.6 Regional Hydrogeology 

Sand and gravel zones in the unconsolidated surficial deposits, when present, may form an 

unconfined or water-table aquifer system (Bennett and Meyer, 1952). The water table at MRC 

generally conforms to the shape of the land surface, with the highest water levels in the interior 

land areas and the lowest levels at approximately the surface water elevations along the shoreline.  
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The Patuxent Formation is the most important water bearing formation in the Baltimore area. 

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

yield from 500 to 900 gallons per minute (gpm). Transmissivities and storage coefficients in 

confined portions of the aquifer in these industrialized areas average about 50,000 gallons per 

day per foot (g/d/ft) and 0.00026, respectively. The Patapsco Formation is also an important 

water-bearing formation in industrialized Baltimore, where it is separated by clay into a lower 

and an upper aquifer by the Patapsco Confining Unit. The lower aquifer yields as much as 

500 to 750 gpm to industrial wells, with an estimated transmissivity of 25,000 g/d/ft. The upper 

aquifer yields quantities of water similar to industrial wells and, because it is thicker than the 

lower aquifer, it likely has a higher overall transmissivity. Stratigraphic mapping by Vroblesky 

and Fleck (1991) and discussions in Chapelle (1985) indicate that the Patapsco Confining Unit 

may not extend to the MRC area. 

Previous investigations at the MRC show that groundwater is encountered at depths ranging 

from less than one foot to nearly 18 feet below grade. In the northern portion of the MRC, 

groundwater is found in silts, clays, and sand lenses in the subsurface. Low-permeability clays 

and silty clays overlie and underlie the more permeable silty or sandy zones or lenses. In these 

areas, recharge from precipitation is probably low, and groundwater is under hydraulically 

confined conditions. Groundwater velocity is relatively low, because the subsurface is primarily 

composed of silts and clays. 

To the southeast, groundwater preferentially flows to the southeast in sandy strata, which extend 

from MW55 and MW57 to the thicker sandy material at wells MW27 and MW37. 

Approximately 65 to 70 feet of saturated sandy material lies above the lower confining-clay in 

this area. Groundwater is probably hydraulically unconfined or partially confined because of the 

absence of an overlying hydraulic clay-barrier in most areas. Confined conditions may exist 

locally wherever clay is at the surface. The lower portion of the aquifer in the area of wells 

MW34 and MW37 is divided by silt and silty clay at 20 to 30 feet below MSL. Deeper 

groundwater may be hydraulically confined in this area. 

To the southwest, shallow groundwater flows in the sandy and silty materials extending from 

wells MW21 to MW12 and Cow Pen Creek. Approximately 13 to 18 feet of saturated sandy 

material is in this area. Groundwater is probably hydraulically confined by clay barriers above 
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and below this unit. The upper sandy unit is separated from the lower sandy unit by 

approximately 35 feet of clay and clayey silt. The lower sandy unit occurs at approximately 

50 feet below MSL and is at least 17 feet thick in the area of well MW12. It thins to the northeast 

at well MW14. Groundwater in this lower sandy unit is hydraulically confined due to the thick, 

overlying clay unit and the underlying clay of the Arundel Formation.  

Single well permeability tests (i.e., slug tests) were conducted in 28 wells selected to represent 

hydrogeologic variability across the site. Slug tests were performed on 16 shallow (A) wells, five 

intermediate (B) wells, and seven deep (C) wells. Low average hydraulic-conductivity (K) values 

were reported for the shallow wells, ranging from 0.0027 feet per day (ft/day) at MW57 to 

1.25 ft/day at MW66A. The arithmetic average K for the shallow wells is 0.22 ft/day; the 

geometric mean K is 0.07 ft/day. These results are consistent with published permeabilities of 

sand and silt mixtures (Spitz and Moreno, 1996; Halford and Kuniansky, 2002) reported for 

these locations. Lower hydraulic conductivities are reported for shallow wells to the south 

(MW55A through MW62A) and west (MW52A through MW54A, and MW64A). Maximum K 

values for shallow wells (0.99 to 1.25 ft/day) were reported in the southernmost portion of the 

MRC at wells MW65A and MW66A, where sand rich materials are present. Except for data 

from these two wells,  values range from 0.0027 to 0.3 ft/day (a much narrower range).  

Except for MW27B, K values for the intermediate wells are more consistent than those for the 

shallow wells, with an arithmetic average of 0.48 ft/day and a geometric mean of 0.22 ft/day. 

The B well permeabilities are consistent with published lower values for clean sand or typical 

values of sand and silt mixtures. Except for well MW37C, K values for the deep wells range 

from 0.35 to 9.16 ft/day. The average K of the deeper wells (3.82 ft/day) is approximately 10× 

the average K value for the shallow and intermediate zones. The geometric mean K for deep 

wells is 0.89 ft/day; eliminating the low permeability at MW37C, the geometric mean K is 

3.02 ft/day. 

2.2.7 Groundwater Flow 

For shallow wells, depths to groundwater range from approximately less than one foot below 

grade near the shoreline (MW08 through MW10, MW15, MW40, and MW47) to 14 to 18 feet 

below grade at the central and northern portion of the MRC (MW05, MW01, and MW02), west 

of Building A (MW49 and MW50), and south of Building C (MW42 and MW60). Depth to 
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groundwater in the deepest wells ranges from less than one foot at MW11C to 13.50 feet at 

MW27C. The groundwater level and flow results for the deep wells are provided in section 4.2  

Groundwater flows radially from the hydraulically upgradient northern portion of the MRC at 

Eastern Boulevard to the southeast, south, and southwest toward Dark Head Cove and Cow Pen 

Creek. The sandy zones act as preferential pathways for the transport of contaminants in 

groundwater, which may have their source upgradient in the clay rich materials. Previous 

groundwater-level measurements indicate that horizontal hydraulic gradients for shallow wells at 

the site range from 0.033 to 0.0033 feet per feet. Using the range of K values of 

0.0027 to 1.25 ft/day estimated for the shallow wells, and a typical range of effective porosities 

for silt/sand of 0.20 to 0.30, the average linear groundwater velocity in the shallow 

surficial-aquifer probably ranges from 0.01 to 75 feet per year (ft/year). Excluding the two 

outlier K values, average linear velocity ranges from 0.01 to 18 ft/year.  

2.3 Chemicals of Concern 

Previous environmental investigations at the MRC (part of MDE’s Voluntary Cleanup Program) 

identified two main groundwater plumes of volatile organic compounds (VOCs), one of which 

also contains 1, 4-dioxane. These plumes are in the southern portion of the MRC, south of the 

operating MRAS facility. A western plume of VOCs and 1,4-dioxane extends southwesterly 

from the Building A area to Cow Pen Creek. The eastern VOC plume extends southeasterly from 

the Building C area to Dark Head Cove. Details of the groundwater flow system and associated 

contamination are found in the Site Characterization Report: Lockheed Martin Middle River 

Complex (Tetra Tech, May 2006). Additional details are presented in the annual groundwater 

monitoring reports prepared after each groundwater-sampling event (Tetra Tech, 2008, 2009, and 

2010). 
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Section 3 

Investigation Approach  
and Methodology 

The objective of the deep groundwater investigation was to obtain sufficient environmental data 

to evaluate whether chemical contaminants identified in shallow groundwater at the MRC are 

present beneath the surficial-aquifer zones investigated to date. Chemical contaminants of 

concern in groundwater had previously been characterized to a maximum depth of 80 feet below 

grade within the surficial aquifer in what has been termed the (C) zone. This section details the 

procedures used for borehole drilling, installation of four deep groundwater-monitoring wells, 

and associated tasks such as pre-drilling activities, geotechnical analyses of soil samples, well 

surveying, groundwater-level measurements, management of IDW, and chemical analyses of 

groundwater samples.  

To address these objectives, four deep groundwater-monitoring wells were proposed for 

installation in the first permeable zone identified beneath the base of the Arundel Formation. The 

results of the first borehole (MW93D) indicate that 73 feet of dense dry clay and an additional 

14 feet of clay (with two, thin, interlayer sand/silt/clay zones) lie 189-291 feet below grade. 

Twenty-five feet of fine- and medium grained sand were encountered below the thick clay 

sequence at 291-316 feet below grade. The Lockheed Martin study team modified the field 

program due to the overall thickness and density of the clay and the substantial depth of drilling 

required to reach the underlying sandy zone at 291 feet, choosing to install wells in the sand unit 

directly above the thick clay sequence encountered at depths of 179–189 feet below grade.  

The deep wells installed at the shallower sand unit achieved the objective of monitoring 

deep-groundwater quality beneath the surficial aquifer and of assessing the possibility that the 

MRC site could contaminate the deeper aquifer below the Arundel Formation, without resorting 

to extensive drilling through nearly 100 feet of dense clay. The potential for creating hydrologic 
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pathways between the shallow and deep aquifers was thus avoided by not drilling and installing 

wells through the Arundel Formation into the deeper regional aquifer.  

3.1 WELL LOCATIONS 

The orientation of the deep wells helped determine groundwater flow direction and provided 

monitoring of both upgradient and downgradient groundwater quality. Figure 3-1 shows the 

locations of the deep groundwater-monitoring wells installed at the MRC. The direction of 

groundwater flow in the confined aquifer above the Arundel Formation was assessed by 

surveying the wells and measuring the depth to groundwater to construct a groundwater-contour 

map. Four deep groundwater-monitoring wells were installed at the MRC, were located as 

follows (and as approved by Lockheed Martin): 

• Background well (MW93D)—north of the operating facilities in the southwestern corner 
of Parking Lot 4, north of E Building. This was the first well boring advanced. 

• Mid-site well (MW94D)—midway between the eastern TCE plume and western TCE 
plume deep wells, near the center of the MRC 

• Western TCE plume well (MW95D)— southeast of the western TCE plume 

• Eastern TCE plume well (MW96D)—east of the eastern TCE plume 

3.2 FIELD METHODOLOGY 

3.2.1 Mobilization/Demobilization 

Tetra Tech procured the required subcontractors and began mobilization/demobilization in the 

week of April 26, 2010, including: 

• Coordinating with Lockheed Martin facilities personnel 

• Obtaining utility clearance in the proposed well-boring locations using a private utility-
locating firm, along with calling Miss Utility 

• Mobilizing drilling subcontractors, equipment and materials to the site 

• Implementing a site health and safety plan (HASP) 

• Demobilizing equipment and materials from the site (at work completion) 

• General site cleanup and trash removal when the work was finished 
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• Surface restoration at work completion 

The field operations leader coordinated mobilization/demobilization, including equipment 

inventories to ensure equipment availability, purchasing and leasing equipment as required, and 

staging equipment for efficient loading and transport to the site and after each field activity. 

Before field operations, appropriate Tetra Tech personnel became familiar with the MRC Deep 

Groundwater Investigation HASP and the respective “Safe Work Permits” included therein. 

Tetra Tech conducted mandatory health and safety tailgate meetings before each day’s 

fieldwork. Subcontractors present for that day’s field activities were included in the meeting, and 

also attended MRC health and safety training for contractor. The Tetra Tech site health and 

safety officer documented the topics covered and personnel in attendance at these sessions. 

3.2.2 Site Access, Permits, and Utility Clearance 

Utility clearance work and associated documentation conformed to the provisions of Lockheed 

Martin’s Remediation Contractor’s ESH Handbook, Revision 1. Tetra Tech obtained all required 

permits necessary to conduct the proposed field activities before any intrusive field activities 

related to this investigation began, in addition to completing all required utility clearance 

activities, including: 

• Notifying the underground utility-location center (“Miss Utility,” 1-800-257-7777, 
www.missutility.net). The Miss Utility clearance notification is provided in Appendix A. 

• Reviewing county engineering and utility maps 

• Completing the corporate staff procedure CS-28 “Digging Project” form and obtained the 
required signatures. Approved digging forms are provided in Appendix A. 

• Obtaining the necessary permits from the state of Maryland (e.g., state well permits) 

• Using a private utility-locating firm to identify any subsurface utilities/anomalies. The 
private utility-locating report is provided in Appendix B. 

Well-boring locations were cleared for subsurface utilities in advance of all intrusive field 

activities. In addition to securing a Miss Utility ticket, a private utility-locating service 

(Enviroscan, Inc. of Lancaster, Pennsylvania) was used to mark any underground utilities and 

anomalies. The survey looked for any metallic and non-metallic utilities or anomalies. The 

private utility-locating firm used typical utility-locating equipment representing the best 
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available technology, including a Fisher TW-6 electromagnetic pipe and cable locator/tracer, a 

Radiodetection Cable Avoidance Tool and Genny pipe and cable locator/tracer, a Radiodetection 

RD4000 multi-frequency pipe and cable tracer, and a GSSI SIR-2000 ground-penetrating radar 

system. All utilities within a 30-foot radius of each designated well were located using the 

appropriate technology and the ground surface was marked with paint of standardized utility 

colors. Tetra Tech obtained the required government permits for well installation (e.g., a state of 

Maryland well permit from the Baltimore County Health Department) before all drilling 

activities. Tetra Tech applied for these permits concurrently with preparing the work plan, to 

facilitate timely permit approval. 

3.2.3 Borehole Drilling 

Four boreholes were advanced and four wells were installed, one at each of four locations 

MW93D, MW94D, MW95D, and MW96D at the MRC (see Figure 3-1). The well boreholes 

were drilled using a truck mounted rotasonic drilling rig. Each borehole was advanced using a 

six-inch drill rod and a seven-inch override-casing configuration. The boreholes were 

continuously sampled to characterize soil lithology using a 10-foot-long core barrel. A licensed 

professional geologist experienced in drilling techniques, soil logging, and well installation 

logged the soil samples. 

At MW93D, which was the only borehole advanced through the Arundel Formation clay into an 

underlying sand unit, a 10-inch-diameter override casing was advanced several feet into the first 

thick-clay layer encountered beneath the surficial aquifer (i.e., 12 feet of clay was encountered at 

112–124 feet below grade at MW93D). The integrity of the water-tight seal between the surficial 

aquifer and outer casing was tested before advancing the borehole below the temporary casing by 

pumping standing water from the casing using a submersible pump. This test determined whether 

groundwater from the surficial aquifer would seep beneath the casing or through the casing joints. 

The casing seal tested tight, and this first temporary casing remained in place to seal off 

groundwater in the overlying formation. The well borehole was constructed below the temporary 

casing and confining unit by advancing a second, smaller diameter steel casing through the 

annulus of the larger diameter temporary outer casing (i.e., telescoping the borehole). Soil was 

continuously sampled with the drilling core until the target depth was reached.  
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Soil cuttings and cleaning rinsate were collected in new or refurbished 55-gallon drums and 

stored in the fenced area of Lot D at the MRC, similar to what was done in previous 

investigations. IDW drums were removed after each drilling day and before moving to the next 

location. Tetra Tech expedited the characterization, sampling, and removal of all IDW from the 

site to minimize the length of time the IDW was to be staged on-site. 

3.2.4 Soil Sampling and Analysis 

A licensed professional geologist experienced in drilling techniques, soil logging, and well 

installation supervised these deep-groundwater investigation tasks. Upon reaching the clay of the 

Arundel Formation, soil samples from the base of the surficial aquifer were analyzed for total 

VOCs using the Color-Tec™ methodology. If total VOC concentrations were greater than 

1 milligram per kilogram, the boring was not to be advanced further at that location and another 

location was to be identified. However, VOCs were not detected using the field-test kits and 

drilling continued at each of the four original soil-boring locations.  

Attempts were made to collect undisturbed geotechnical samples (e.g., Shelby tubes) from the 

dense clay material considered of the Arundel Formation at MW93D. However, the Shelby tubes 

collapsed and only a limited sample volume could be collected. Several Shelby tubes were 

attempted at MW93D to provide sufficient sample volume for the analyses. The tubes collapsed 

and could not be retrieved by means of the rods used to push the tubes, but instead had to be 

retrieved from the four inch drilling core once drilling resumed. Subsequently, a Denison™ soil 

sampling barrel was used in the remaining wells to obtain samples for laboratory analyses.  

A Denison™ sampler is a large diameter, double-tube-core barrel consisting of a rotating outer 

barrel with cutting teeth on the bottom and an inner barrel with a smooth cutting-shoe. The 

Denison™ sampler is designed to capture cohesive soils, soft rock, cemented soils, and soils 

containing gravel that cannot be obtained using typical push type samplers, such as a Shelby 

tube. In the Denison™ sampler, soil is captured in a thin walled, brass inner-barrel similar to that 

of a Shelby tube.  

Soil samples for geotechnical analyses were also collected from the sand rich formation 

materials at each of the four deep wells. The MW93D sample was collected from a thick sand 

rich zone at 296–316 feet below grade to provide grain size information for the permeable 
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material immediately below the deep clay layer. Soil samples from wells MW94D, MW95D, and 

MW96D were collected from the sandy-formation materials found along the depth intervals 

screened for these wells. At MW94D, a second sample of sand rich material was collected at a 

depth of 120–126 feet below grade to provide grain size information for a permeable zone 

overlying the well’s target zone-depth. The sand samples were composites of the material found 

along the depth intervals listed below. Soil samples were collected at the depths listed in  

Table 3-1. 

Clay soil samples were analyzed for grain size with a hydrometer (ASTM Method D422) as well 

as for moisture content (ASTM method D2216), Atterberg limits (ASTM method D4318), and 

vertical permeability (ASTM method D6035-02). Sand samples were analyzed for grain size 

only (ASTM method D422). 

3.2.5 Well Installation 

All groundwater-monitoring wells were constructed of two-inch-inside diameter Schedule 80, 

polyvinyl chloride (PVC) casing with 10 feet of continuous-slot stainless-steel wire-wrap screen. 

The slot size (i.e., opening size) of the screens was 0.01-inch, based on the presence of fine to 

medium sand in the monitored formation at each location. Clean, washed, #1 silica-sand was 

placed in the annulus from the bottom of the borehole to three feet above the top of the screen. 

Following placement of the sand pack, the well was redeveloped by surging, to settle the sand 

pack around the screen. Depth to sand was measured using a weighted fiberglass tape. A three-

foot thick layer of #0 fine-sand was placed on top of the sand pack. The remaining annulus was 

backfilled with two to three feet of bentonite pellets and bentonite-slurry grout to the ground 

surface. The grout was allowed to set for 24 hours before beginning well development.  

Each well surface was completed by installing a flush mount steel well-cover. Well covers were 

set in concrete and surrounded by a two foot by two foot concrete pad flush with the ground 

surface. The screened intervals for the wells are listed in Table 3-2. 

A licensed professional geologist experienced in drilling techniques, soil logging, and well 

installation supervised and observed these tasks. Boring logs and well construction diagrams are 

provided in Appendix C. 
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3.2.6 Well Development 

The new monitoring wells were developed on May 18–19, 2010 by air-lift pumping and surging 

using PVC casing and an air compressor to remove fines and sediment from the sand pack and 

well screen. Development continued until field parameters such as pH, conductivity, 

temperature, and turbidity stabilized. Stabilization was considered to have been achieved when 

three consecutive readings were within ±0.1 for pH and ±3% for conductivity. Purge water from 

well development was collected in 55-gallon steel drums and staged on-site for proper 

characterization and disposal. Well development records are provided in Appendix D. 

3.2.7 Synoptic Water-Levels 

Groundwater levels were measured at the four new wells on June 28, 2010 using an electronic 

water-level meter with gradations to 0.01 foot. Water-level data provide information on 

groundwater flow characteristics in the deep confined-aquifer and were used to construct a 

groundwater-contour map for the deep confined-aquifer.  

3.2.8 Groundwater Sampling 

During drilling of the deep wells, groundwater samples were collected at MW94D, MW95D, and 

MW96D to screen for VOCs in the upper surficial-aquifer zone. Samples were collected from 

the sandy zone at depths ranging from 63 to 76 feet below grade, which represent the (C) or 

lower surficial-aquifer zone currently monitored at the MRC. Samples were collected by drilling 

to the target depth and pulling the drill casing back slightly to allow fresh groundwater to fill the 

sonic casing. Samples were then collected using Teflon® tubing and a peristaltic pump or a bailer 

after purging the borehole for several minutes. 

Groundwater samples were collected from each of the new monitoring wells on June 10–11, 

2010. Sampling was conducted using low flow-purging methods via a submersible pump. 

Groundwater was withdrawn at flow rates near 100 milliliters per minute. The groundwater 

quality parameters of pH, temperature, conductivity, oxygen reduction potential, dissolved 

oxygen, and turbidity were monitored using a Horiba U-22 water-quality meter and recorded 

every five minutes. Purging continued until these parameters stabilized. Stabilization was 

considered achieved when three consecutive readings were within ±0.1 standard unit for pH, 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 3-8 

±3% for conductivity, ±10 millivolts for oxygen reduction potential, and ±10% for turbidity. All 

purged water was collected in 55-gallon, steel drums, which were staged in the fenced area of 

Lot D. Well purging and sampling records are provided in Appendix E. 

3.2.9 Surveying 

Subsequent to the well installation, a professional field-surveying company (Murphy Geomatics, 

Inc. of Raleigh, North Carolina) was contracted to provide horizontal and vertical coordinates for 

each new well location. A qualified, Maryland licensed, land-surveying crew chief and crew 

performed the survey. Surveyed locations were accurate to the nearest 0.01 foot for vertical 

elevations using the NAVD88 and 0.1 foot horizontal coordinates in the North American 

Vertical Datum 1983 at the top of the well casings. A permanent mark was placed at the 

surveyed point of each well. Flush mount cover elevations were surveyed with a vertical 

accuracy of 0.1 foot. A Tetra Tech geologist was on-site to conduct site safety briefings and 

familiarize the survey crew with site features and task requirements before surveying. The survey 

report is provided in Appendix F. 

3.2.10 Equipment Decontamination 

Drilling equipment at each boring location was cleaned using a high-pressure steam cleaner as 

the rods and casing were removed from the borehole. Decontamination water was collected in 

the recirculation basin and was pumped into 55-gallon drums for storage. Drilling equipment was 

also cleaned before beginning work, between drilling locations, and at the conclusion of the 

drilling program. During groundwater sampling, reusable groundwater-level measuring and 

sampling equipment (e.g., water-level meter, pumps, and wire) were decontaminated before and 

after each use. Dedicated and disposable equipment (such as pump tubing) was used for 

groundwater purging and sampling. All decontamination fluids were collected in U.S. 

Department of Transportation approved 55-gallon steel drums, which were stored at a central 

staging area at the facility’s Lot D pending waste-profile sampling results. 

3.2.11 Waste Management 

Soil cuttings, decontamination fluids, well-development water, and well-purge water were 

collected as IDW in U.S. Department of Transportation approved 55-gallon steel drums. The 

drums were stored at a central staging area on the facility’s Lot D pending waste profile 
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sampling results. Tetra Tech sampled the IDW for Toxicity Characteristics Leaching Procedure 

(TCLP) organic and inorganic analyses, corrosivity, ignitability, and reactive sulfide and reactive 

cyanide and submitted these samples to TestAmerica, Inc., of North Canton, Ohio for analysis 

under an expedited turn-around schedule, to reduce the period drums were staged at the MRC. 

Upon receipt of these analytical data, the IDW was removed from the MRC by Envirite, Inc., a 

state licensed waste transporter, and properly disposed of as non-hazardous waste at a Lockheed 

Martin approved off-site waste-treatment facility, in accordance with federal, state, and local 

regulations. 

3.2.12 General Sampling Procedures, Sample Nomenclature, and Handling 

Each soil and groundwater sample was given a unique sample identification consisting of the 

soil-boring or well name and depth (for soil) or sampling date (for groundwater) (e.g., 

MRC-MW93D-196' would be a soil sample from 196 feet deep, and MRC-MW93D-061010 

would be a groundwater sample collected on June 10, 2010). Trip blanks were labeled with a 

“TB” prefix followed by a six digit submittal date (e.g., TB061010). Sample handling includes 

field related considerations concerning selection of sample containers, preservatives, allowable 

holding times and analyses requested.  

Proper custody procedures were followed throughout all phases of sample collection and 

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

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

handled and transferred in a manner that would eliminate (or detect) possible tampering. Sample 

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

by the sampler or responsible individual who maintains custody until the sample containers were 

transferred to the sampling team. Groundwater samples were released under signature from the 

sampling team and were accepted under signature by the laboratory. Transport containers 

returning to the laboratory were sealed with strapping tape and a tamper resistant custody seal. 

The custody seal shows the signature of the individual releasing the transport container, along 

with the date and time. 

3.2.13 Documentation 

Core samples retrieved during drilling operations were described and lithologic logs were 

completed by a licensed professional geologist experienced in soil-core logging. All field notes 
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were recorded in a hardbound field logbook. Sample documentation, including chain of custody 

reports and matrix specific sampling-log sheets are provided in the data-validation reports. 

3.3 LABORATORY ANALYSES 

Table 3-3 lists the geotechnical and chemical analyses/methods used in this investigation. Soil 

samples collected for geotechnical analyses were analyzed by Findling, Inc. of Baltimore, 

Maryland for grain size (ASTM method D422), moisture content (ASTM method D2216), 

Atterberg limits (ASTM method D4318), and vertical permeability (ASTM method D6035-02). 

Laboratory results sheets for the geotechnical analyses are provided in Appendix G.  

Groundwater samples collected during drilling were analyzed for USEPA VOCs using SW846 

Method 8260. Groundwater samples from wells were analyzed for USEPA VOCs using SW846 

Method 8260, SVOCs and 1,4-dioxane using SW846 Method 8270B, and for unfiltered and 

filtered metals using USEPA SW846 Method 6010. TestAmerica Laboratories Inc. of North 

Canton, Ohio analyzed the groundwater samples. If measured turbidity was greater than 10 

nephalometric turbidity-units, the sample was also analyzed for dissolved (i.e., filtered) metals 

using USEPA SW846 Method 6010.  

Selection of these analytes is based on contaminants of concern identified in surficial-aquifer 

groundwater monitoring. Tables of the chemical analytical results appear in Appendix H. 

Duplicate samples were collected at a rate of 1:10 (i.e., 10%). Matrix-spike and matrix-spike 

duplicate samples were collected on a 1:20 basis (i.e., 5%). Trip blanks were submitted at a rate of 

one per cooler of VOCs per day. Soil and groundwater IDW were analyzed for TCLP 

organics/inorganics, corrosivity, ignitability and reactivity using the methods shown in Table 3-3. 

3.4 DATA VALIDATION 

Data validation entails having a party independent of the analytical laboratory review the 

analytical data to ensure that specific criteria are 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. For 

inorganic data-analyses, specific validation areas include blanks, calibration standards, 

calibration-verification standards, laboratory-control standards, and interference-check standards.  
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Chemical data were supplied by the laboratory as hard-copy reports and electronic databases. 

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

USEPA protocols to assess data reliability and accuracy. The review was based on the USEPA 

Region 3 Modifications to the National Functional Guidelines for Data Review (USEPA, 1993 

and 1994) and the specifics of the analytical method employed. Data-validation reports for COC 

are provided as Appendix I (on compact disc). 
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Table 3-1 
Soil Sample Collection Depths 

Deep Groundwater Investigation 
Lockheed Martin, Middle River Complex, Middle River, Maryland  

 

Well ID 
Clay samples 

(feet below grade) 
Sand samples 

(feet below grade) 

MW93D 196 296–316 

MW94D 206 120–126 and 186–196 

MW95D 196–198 200–216 

MW96D 216–220 186–190 

 
 
 
 

Table 3-2 
Monitoring Well Screen Depth 

Deep Groundwater Investigation 
Lockheed Martin, Middle River Complex, Middle River, Maryland  

 

Well ID 
Screen depth 

(feet below grade) 
Screen elevation 
feet (NAVD88*) 

MW93D 179–189 -154 to -164 

MW94D 186–196 -163 to -173 

MW95D 204–214 -194 to -204 

MW96D 179–189 -172 to -182 
*NAVD88—North American Vertical Datum of 1988 
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Table 3-3 
Laboratory Analyses for Soil, Groundwater, and IDW Samples 

Deep Groundwater Investigation 
Lockheed Martin, Middle River Complex, Middle River, Maryland  

 
Analyte Analytical Method 

Soil 

Grain size (with hydrometer)  ASTM D422 

Moisture content ASTM D2216 

Atterberg limits ASTM D4318 

Vertical-permeability test ASTM D6035-02 

Groundwater  

VOCs SW 846 Method 8260B 

SVOCs and 1,4-dioxane SW 846 Method 8270C 

Total metals SW 846 Method 6010C 

Dissolved metals  SW 846 Method 6010C 

IDW 

TCLP organics/inorganics TCLP extraction (soil) and 
8260B/8270C/8081A/8151A/6010B/7470A 

Corrosivity Water-150.1, soil 9045C 

Ignitability (flashpoint) Water-1010, soil section 7.1.2 

Reactive sulfide/reactive cyanide Total sulfides-9030B/9034, cyanide-9012A 
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Section 4 

Results 

4.1 SOIL DATA 

Boring logs for the newly installed wells updated existing geologic cross-sections and helped 

evaluate deep geology at the site. Figure 4-1 shows the locations of the geologic cross-sections. 

Figures 4-2 through 4-4 are generalized geologic cross-sections showing the materials 

encountered during the drilling of the deep wells. 

As shown in Figure 4-2, the lithologic data for MW93D, MW94D, and MW96D indicate clay up 

to 50 feet thick underlying the surficial aquifer at 15 to 60 feet below MSL at well MW93D, and 

60 to 110 feet below MSL at MW94D and MW96D. Below this clay zone is a series of thinner, 

alternating layers of sand and clay. Seventy-three feet of continuous clay were encountered at 

MW93D, beginning at an elevation of 164 feet below MSL and ending at an elevation of 

approximately 237 feet below MSL.  

Directly overlying the 73 feet of clay is seven feet of sand followed by 11 feet of overlying clay 

and sand layers (clay thickness totaling eight feet) from 146 feet below MSL to 157 feet below 

MSL. Below the 73-feet-thick clay layer is 14 feet of silty and clayey fine sand followed by 

15 feet of clay from 251 to 266 feet below MSL. The thickness of the deep clay and interlayer 

sand/silt (123 feet) is consistent with the Arundel Formation’s 50 to 125 feet thickness in this 

area, as reported by Chapelle (1985) and Vroblesky and Fleck (1991). However, the basal 

altitude of the clay (at 266 feet below MSL) was somewhat lower than the altitude of 200 feet 

below MSL reported by Chapelle (1985) and Vroblesky and Fleck (1991).  

Well boreholes MW94D through MW96D were not drilled through the entire Arundel Formation 

but were instead drilled 16 to 20 feet into the clay zones encountered at altitudes similar to the 

73-feet-thick continuous clay layer logged at well MW93D. The top surfaces of multiple deep 

clay layers were encountered at altitudes of 128, 148, and 174 feet below MSL at well MW94D 

at the center of the MRC (see also Figure 4-4). Clay layers were likewise encountered at altitudes 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 4-2 

of 142 and 183 feet below MSL at MW96D, at the southern end of the MRC adjacent to Dark 

Head Cove.  

Figure 4-3 also indicates geologic sequences at well MW95D similar to those of MW93D. 

Similar to MW93D, the lithology at MW95D shows primarily clay from the ground surface to 

50 feet below MSL, followed by a thick sand zone (split by clay and silt layers) from 

approximately 60 feet below MSL to approximately 140 feet below MSL. At MW95D, 

somewhat continuous clay is encountered at approximately 150 feet below MSL to 226 feet 

below MSL. However, a 14-feet-thick sand layer was encountered in MW95D from 

approximately 190–204 feet below MSL. At all MRC deep-well locations, thick clay layers are 

present above and below the sand units monitored by the deep wells. The sand zones monitored 

by the deep wells are therefore considered hydraulically confined. 

Clay samples from the four well-boreholes were sent to a geotechnical laboratory for grain size 

analyses, measurement of moisture content, Atterberg limits, and vertical-permeability testing. 

These samples were collected beneath the top of the continuous clay zone of the Arundel 

Formation. Sand samples from each of the well boreholes were also sent to a geotechnical 

laboratory for grain-size analysis. The results of these tests are shown in Table 4-1. Moisture 

content, soil classifications, soil descriptions, Atterberg Limits, grain size distributions, and 

permeabilities are all consistent for the four clay-soil samples.  

The clay at MW94D had the highest plasticity index, at 43, followed by MW95D, at 34. All clay 

samples were classified as CH soils, indicating that they are inorganic clays of high plasticity 

with a liquid limit greater than 50, and that more than 50% of the material is fines (i.e., silt and 

clay). Sand content for these samples ranges from 4.8% at MW93D to 12.6% at MW94D. 

Vertical permeabilities of the four samples are of the same order of magnitude, ranging from 

2.1×10-08 centimeters per second to 8.2×10-08 centimeters per second. 

Results for the sand samples show that the formation material where the wells were screened 

typically consists of more than 90% sand. Fine sand (grain sizes of 0.075 to 0.425 millimeter) 

was the predominant size by weight for all sand samples (i.e., 53.0 to 83.4% fine sand). 

Coefficients of uniformity were all less than six; coefficients of curvature were greater than one 

and less than three. This indicates that the samples were poorly graded (i.e., the samples did not 

contain a wide assortment of grain sizes). Fine gravel (grain size of 4.75 to 19 millimeters) was 
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present in the 186–196-foot sample at MW94D. Fines content (i.e., combined silt and clay 

fractions) are between 5–12%, which would classify these samples as silty sand. 

4.2 GROUNDWATER DATA 

The following section contains groundwater-elevation data obtained from water-level 

measurements in deep confined-aquifer monitoring. Analytical data related to monitoring-well 

sampling are also presented and discussed below. 

4.2.1 Groundwater-Level Data 

Table 4-2 summarizes the June 28, 2010 groundwater-level measurements and computed static 

groundwater-elevations for the MRC deep wells. Figure 4-5 shows the June 28, 2010 

groundwater-elevation contour map for the deep wells. Static groundwater-levels measured in 

the deep confined-aquifer wells were reported at depths ranging from the top of the PVC well 

casing (approximately 0.3-feet below grade) at MW96D near Dark Head Cove to approximately 

12-feet below grade at MW94D, in the central portion of the MRC. As shown in Figure 4-5, 

groundwater in the deep confined-aquifer flows southeast from the upgradient area of well 

MW93D area toward wells MW94D and MW96D. Groundwater hydraulic-gradients range from 

0.0024 between wells MW93D and MW94D to 0.0058 between wells MW94D and MW96D. 

4.2.2 Groundwater Chemical Data 

4.2.2.1 Borehole Groundwater Samples 

Groundwater samples were collected at MW94D, MW95D, and MW96D during drilling of the 

deep wells to screen for VOCs in the lower surficial-aquifer (C) zone at depths ranging from 

63 to 76 feet below grade. Analytical results are summarized in Table 4-3 and compared against 

Maryland groundwater standards (MDE, 2008). Sampling data do not indicate the presence of 

target VOCs such as TCE, PCE, and TCE-degradation products, but instead only indicate several 

VOCs at trace to low concentrations. These are considered artifacts of the laboratory analysis or 

are from potable water used during drilling. All VOC concentrations are substantially less than 

Maryland groundwater standards. 

As shown in Table 4-3, one chlorinated VOC (1,2-dichloroethane) was detected at a low 

concentration in one sample (MW94D [72ft]). However, this result is qualified as being present in 

laboratory control-blanks (i.e., data validation “B” qualifier); therefore, this concentration is 
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considered an artifact of the laboratory analysis. Target VOCs (such as TCE, PCE and 

TCE-degradation products) were not detected in the well-borehole samples. Two VOCs 

(2-butanone and acetone) are common laboratory contaminants that may also be artifacts of the 

laboratory analyses. The three remaining VOCs detected are trihalomethanes 

(bromodichloromethane, chlorodibromomethane and chloroform) typically associated with 

potable water treated via chlorination. These VOC detections are likely the result of water used to 

aid in borehole drilling. All VOC concentrations are less than Maryland groundwater standards. 

4.2.2.2 Monitoring Well Groundwater Samples 

Groundwater samples were collected from each of the new monitoring wells on June 10–11, 

2010 and analyzed at an off-site laboratory for VOCs, SVOCs, 1,4-dioxane and metals. 

Analytical results are summarized in Table 4-4 and compared against Maryland groundwater 

standards (MDE, 2008). Sampling data do not indicate the presence of target VOCs such as TCE, 

PCE and TCE-degradation products, but instead only indicate trace to low concentrations of 

several VOCs and two SVOCs that are considered artifacts of the laboratory analyses or are from 

potable water used during drilling. All VOC and SVOC concentrations are less than Maryland 

groundwater standards. 1-4-Dioxane was not detected in any samples. Several concentrations of 

metals exceed groundwater standards, as discussed below. 

As shown in Table 4-4, targeted VOCs such as TCE, PCE, and TCE degradation products were 

not detected in the well groundwater-samples. Results for two VOCs and one SVOC [acetone 

methylene chloride and bis(2-ethylhexl)phthalate], are qualified as being present in laboratory 

control-blanks (i.e., data validation “B” qualifier); therefore, these concentrations are considered 

artifacts of the laboratory analyses. Toluene, 2-butanone, and butyl-benzyl-phthalate (an SVOC) 

are also common laboratory contaminants. The consistently low concentrations of these analytes 

(slightly above detection limits) indicate that these detections may also be artifacts of the 

laboratory analyses. Several of the remaining VOCs detected are trihalomethanes 

(bromodichloromethane, chlorodibromomethane, chloroform, and chlormethane) typically 

associated with potable water treated via chlorination. These detections of VOCs are likely the 

result of water used in borehole drilling. All VOC concentrations are less than Maryland 

groundwater standards. 
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For well MW93D, unfiltered and filtered groundwater concentrations of seven metals (arsenic, 

beryllium, chromium, iron, lead, manganese, and vanadium) exceed groundwater standards. For 

wells MW94D and MW95D, only concentrations of iron, manganese, vanadium, and the 

unfiltered lead concentration for MW95D exceed groundwater standards. All metal 

concentrations (filtered and unfiltered) for well MW96D are less than groundwater standards. 



Table 4-1

Geotechnical Results for Soil Samples
Deep Groundwater Investigation

Lockheed Martin Martin State Middle River Complex, Maryland

Depth Unified Soil Average
Below Moisture Classification Hydraulic

Sample Sample Grade Content System Plastic Liquid Plasticity Cobbles Gravel Sand Silt(1) Clay(1) Permability
ID Date (Feet) (Percent) (USCS) Description Limit Limit Index (Percent) (Percent) (Percent) (Percent) (Percent) cm/sec

MW93D 196' 4/28/2010 196 17.1 CH Reddish brown with white fat CLAY 27 54 27 0.0 0.0 4.8 37.0 58.2 8.2E-08
MW94D 206' 5/6/2010 206 15.6 CH Orange brown with red fat CLAY 25 68 43 0.0 0.0 12.6 27.5 59.9 2.1E-08

MW95D 196'-198' 5/11/2010 196-198 15.4 CH
Reddish brown with orange and 

purple fat CLAY 22 56 34 0.0 0.0 11.0 33.0 56.0 3.4E-08

MW96D 216'-220' 5/17/2010 216-220 13.0 CH
Reddish brown with orange and 

white fat CLAY 27 54 27 0.0 0.0 5.0 46.1 48.9 7.4E-08
MW93D 296'-316' 5/3/2010 296-316 18.8 SP-SM Brown silty SAND NA NA NA 0.0 0.0 90.4 9.6 (1) NA
MW94D 120'-126' 5/6/2010 120-126 17.8 Light gray silty SAND NA NA NA 0.0 0.0 94.9 5.1 (1) NA
MW94D 186'-196' 5/6/2010 186-196 14.0 SP-SM Brown silty SAND NA NA NA 0.0 1.0 91.3 7.7 (1) NA
MW95D 200'-216' 5/12/2010 200-216 14.4 SM Brown and gray silty SAND NA NA NA 0.0 0.0 88.8 11.2 (1) NA
MW96D 186'-190' 5/14/2010 186-190 19.9 SM Light gray silty SAND NA NA NA 0.0 0.0 91.2 8.8 (1) NA

CH = Inorganic clays of high plasticity, gravelly clays, sandy clays, silty, clays, lean clays.  Liquid Limit greater than 50.  More than 50% of material  are fines (silt and clay).
NA = Not analyzed.
1   For sand samples, silt and clay are reported as percent fines, which includes both silt and clay fractions.  For sand samples, value in the Silt column is the "percent fines" content (i.e., both silt and clay).

Atterberg Limits
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Table 4-2 
Deep Well Groundwater Depths and Elevations 

Lockheed Martin, Middle River Complex, Middle River, Maryland 

Well ID 
Well elevation  

(ft NAVD)1,2 

June 28, 2010 

Depth to water (ft)2 
Groundwater 

elevation (ft NAVD)1

MW93D 24.99 9.80 15.19 

MW94D 22.91 11.82 11.09 

MW95D 10.23 1.82 8.41 

MW96D 6.30 0.003 6.30 
1North American Vertical Datum of 1988 
2Reference top of PVC well casing. 
3Groundwater flowed out of the casing top. Actual potentiometric surface may be higher. 

 

 



Table 4-3
Analyes Detected in Groundwater - Well Borehole Samples, May 2010

Deep Groundwater Investigation
Lockheed Martin Middle River Complex, Middle River, Maryland

SAMPLE ID: MRC-MW94D(72ft) MRC-MW95D(63ft) MRC-MW95D(76ft) MRC-MW96D (65ft)
LABORATORY ID: MDE A0E060602001 A0E110505001 A0E110505002 A0E140486002

SAMPLE DATE: GROUNDWATER 5/5/2010 5/10/2010 5/10/2010 5/13/2010

LOCATION: CRITERIA MRC-MW94D MRC-MW95D MRC-MW95D MRC-MW96D
VOLATILES (ug/L)

1,2-DICHLOROETHANE 5 0.24 B --  --  --  

2-BUTANONE 700 --  0.82 J 0.99 J --  

ACETONE 550 2.2 J 3.9 J 4.6 J 3.4 J

BROMODICHLOROMETHANE 80 --  3.6 3.7 5.4

CHLORODIBROMOMETHANE 80 --  0.41 J 0.41 J 0.76 J
CHLOROFORM 80 --  22 27 23

MDE - Maryland Department of the Environment, June 2008.

-- - Not detected at listed detection limit.

B - Laboratory blank contamination.

J - Positive result is considered estimated as a result of technical noncompliance.

ug/l - micrograms per liter.



Table 4-4

Analytes Detected in Groundwater - Monitoring Well Samples, June 2010
Deep Groundwater Investigation

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

SAMPLE ID: MDE
MRC-MW93D-

061010
MRC-MW94D-

061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: GROUNDWATER A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: CRITERIA 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D
VOLATILES (ug/L)

2-BUTANONE 700 1.5 J --  1.4 J --  

4-METHYL-2-PENTANONE 630 0.67 J --  --  --  

ACETONE 550 17 B 11 B 20 B 3.8 B

BROMODICHLOROMETHANE 80 --  0.23 J 0.31 J --  

CARBON DISULFIDE 100 0.71 J --  --  --  

CHLORODIBROMOMETHANE 80 --  --  0.37 J --  

CHLOROFORM 80 8.8 10 19 0.19 J

CHLOROMETHANE 19 --  --  0.36 J --  

METHYLENE CHLORIDE 5 0.47 B 0.54 B 0.58 B --  

TOLUENE 1000 0.22 J 0.21 J 0.28 J --  
SEMIVOLATILES (ug/L)

BIS(2-ETHYLHEXYL)PHTHALATE 6 1.9 B 2.1 B --  2.1 B

BUTYL BENZYL PHTHALATE 1.1 1.1 --  --  
INORGANICS (ug/L)

ANTIMONY 6 0.42 B 0.18 B 0.28 B --  

ARSENIC 10 26.1 4.1 J 7.5 K --  

BARIUM 2000 515 133 209 9

BERYLLIUM 4 6.7 1.3 2.3 0.11 B

CADMIUM 5 0.49 J 0.12 B 0.17 B --  

CHROMIUM 100 143 28.1 72.9 0.51 B

COBALT 10 2.6 5.5 2.4

COPPER 1300 59.9 13.1 24.6 2.2 B

IRON 300 66400 18100 40900 202

LEAD 15 78.2 14.5 30.2 --  

MANGANESE 50 522 214 262 12.6

MERCURY 2 0.13 J --  --  --  

MOLYBDENUM 20 5.2 14.1 --  

NICKEL 73 40.4 20.4 21.3 3.9 K

SELENIUM 50 6.6 0.96 J 3.2 J --  

SILVER 100 0.15 J --  --  --  

THALLIUM 2 0.49 B 0.14 B 0.21 B --  

VANADIUM 3.7 107 28.9 53.2 0.45 J

ZINC 5000 145 35.5 66.8 10.9 B
INORGANICS FILTERED (ug/L)

ANTIMONY 6 0.32 B 0.13 B 0.35 B 0.2 B

ARSENIC 10 20.5 1.2 J 2.8 J --  

BARIUM 2000 399 43.7 11.2 7.6

BERYLLIUM 4 5.4 0.28 B --  0.085 B

CADMIUM 5 0.38 B 0.028 B --  0.031 B

CHROMIUM 100 108 6.4 0.89 B 0.17 B

COBALT 8 0.76 J 0.039 B 2.2

COPPER 1300 47.4 4.5 B 2.5 B 1.7 B

IRON 300 51300 4400 47.2 B 73.4 B

LEAD 15 63.3 3 --  --  



Table 4-4

Analytes Detected in Groundwater - Monitoring Well Samples, June 2010
Deep Groundwater Investigation

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

SAMPLE ID: MDE
MRC-MW93D-

061010
MRC-MW94D-

061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: GROUNDWATER A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: CRITERIA 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D

MANGANESE 50 377 75.6 0.17 B 11.1

MOLYBDENUM 22.5 3.8 15.4 0.31 B

NICKEL 73 32.8 7 0.45 B 3.5 K

SELENIUM 50 4.5 J 0.4 B 0.5 B 0.18 B

SILVER 100 0.088 J --  --  --  

THALLIUM 2 0.34 B --  --  0.24 B

VANADIUM 3.7 80.8 6.5 J 6.2 J --  
ZINC 5000 118 14.5 B 4.9 B 11.3 B

MDE - Maryland Department of the Environment, June 2008.

-- - Not detected at listed detection limit.

B - Laboratory blank contamination.

J - Positive result is considered estimated as a result of technical noncompliance.

k - Positive result is considered to be biased high as a result of technical noncompliance.

Grey shaded concentrations exceed criteria.

ug/l - micrograms per liter.
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Section 5 

Summary and Conclusions 

The following summarizes the scope of the MRC deep groundwater investigation: 

• Four deep soil borings were advanced to depths ranging from 216 to 316 feet below 
grade using the rotasonic drilling method. Soil was continuously cored at each borehole 
to record lithologic descriptions. Four clay soil samples and five sand samples from the 
deep borings were collected and submitted to a laboratory for geotechnical analyses. 

• Groundwater samples were collected from the boreholes during the drilling of wells 
MW94D through MW96D at depths ranging from 63 to 76 feet below grade to screen for 
the presence of VOCs at the (C) level being monitored in the surficial aquifer at the MRC. 

• Four two-inch inside diameter monitoring wells were installed to monitor groundwater 
levels and groundwater quality in the deep confined-aquifer beneath the lower surficial-
aquifer and above the Arundel Formation. Well-bottom completion depths range from 
189 to 214 feet below grade. 

• Groundwater samples were collected from the newly installed wells on June 10–11, 2010 
and analyzed for VOCs, SVOCs, 1,4-dioxane, and unfiltered and filtered metals. 

The MRC deep groundwater investigation found: 

• A series of alternating sand and silt aquifers and clay aquitards beneath the surficial 
aquifer. Lithologic data indicate the presence of clay up to 50 feet thick underlying the 
surficial aquifer at 15 to 60 feet below MSL at MW93D, and 60 to 110 feet below MSL 
at MW94D and MW96D. 

• At the deepest boring drilled (to 316 feet below grade at MW93D), 73 feet of continuous 
clay were encountered, beginning at an elevation of 164 feet below MSL and ending at an 
elevation of approximately 237 feet below MSL. Directly overlying the clay is seven feet 
of sand followed by 11 feet of overlying clay and sand layers (clay thickness totaling 
eight feet), from 146 feet below MSL to 157 feet below MSL. Below the 73-feet thick 
clay layer is 14 feet of silty and clayey fine–sand, followed by 15 feet of clay from 
251 to 266 feet below MSL. 

• The total thickness of the deep clay and interlayer sand/silt (123 feet) is consistent with 
the Arundel Formation’s 50 to 125 feet thickness for the area reported by Chapelle (1985) 
and Vroblesky and Fleck (1991). However, the basal altitude of the clay (266 feet below 
MSL) is somewhat lower than the altitude of 200 feet below MSL reported by Chapelle 
(1985) and Vroblesky and Fleck (1991).  
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• Permeability tests on the Arundel Formation clay at elevations ranging from 
170 to 213 feet below MSL indicate low vertical-permeabilities of 2.1×10-08 to 8.2×10-08 
centimeters per second. 

• Groundwater in the deep aquifer (which is hydraulically confined above and below by 
thick clay layers) flows southeasterly from well MW93D (in the northern boundary of the 
MRC) towards well MW96D (to the south and adjacent to Dark Head Cove). 
Groundwater quality in the lower confined-aquifer would be effectively monitored by 
downgradient wells MW94D, MW95D, and MW96D. Groundwater elevations for these 
wells indicate that horizontal hydraulic-gradients in the deep confined-aquifer range from 
0.0024 to 0.0058 feet per feet. 

• Chlorinated VOCs and VOC-degradation products detected in surficial-aquifer 
groundwater at the MRC were not detected in the borehole groundwater-samples 
collected at (C)-level depths during drilling. VOCs detected in the borehole groundwater-
samples are common laboratory contaminants, or are constituents of potable water used 
during borehole drilling. Concentrations of the VOCs detected are less than Maryland 
groundwater standards.  

• Chlorinated VOCs, VOC-degradation products, and the SVOC 1,4-dioxane detected in 
surficial-aquifer groundwater at the MRC were not detected in the deep-well groundwater 
samples. VOCs and SVOCs detected in deep well samples are common laboratory 
contaminants or are constituents of potable water used during borehole drilling. 
Concentrations of the VOCs and SVOCs detected are less than Maryland groundwater 
standards. 

• For well MW93D, unfiltered and filtered groundwater concentrations of seven metals 
(arsenic, beryllium, chromium, iron, lead, manganese, and vanadium) exceed state 
groundwater standards. For wells MW94D and MW95D, only concentrations of iron, 
manganese, and vanadium, and the unfiltered lead concentration for MW95D, exceed 
groundwater standards. All metal concentrations (filtered and unfiltered) for well 
MW96D are less than groundwater standards. 

The MRC deep groundwater investigation reached the following conclusions: 

• Two intervals of clay approximately 50 feet or more thick are below all or most of the 
surficial aquifer at the MRC. Extensive clay units preclude vertical migration of 
dissolved groundwater contamination.  

• An upward gradient exists from the surface water at the adjacent Dark Head Cove, to the 
shallow wells at MRC, to the deep wells screened above the Arundel Formation. Upward 
vertical gradients will serve to preclude downward vertical migration of dissolved 
groundwater contamination.  

• Groundwater samples from the four wells screened at the top of the Arundel Formation 
do not exhibit the chemicals of concern present in shallow groundwater at the MRC. The 
absence of these chemicals indicates that site-related contamination has not reached the 
base of the Patapsco Formation and the top of the Arundel Formation at MRC. Because 
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site-related contaminants are not present at the top of the Arundel Formation they could 
not contaminate the deeper aquifers below the Arundel Formation. 

• The additional study objective to characterize the Patuxent Formation is not necessary 
because the installation of wells at the top of the Arundel Formation conclusively 
determined that the MRC site has not contaminated deeper aquifers below the Arundel 
Formation. 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 5-4 

This page intentionally left blank. 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 6-1 

Section 6 

References 

1. Bennett, R. R. and Meyer, R. R., 1952. Geology and Groundwater Resources of the 
Baltimore Area. Bulletin 4. State of Maryland, Department of Geology, Mines, and Water 
Resources. Baltimore, Maryland.  

2. Chapelle, F. M., 1985. “Hydrogeology, Digital Solute Transport Simulation, and 
Geochemistry of the Lower Cretaceous Aquifer System Near Baltimore, Maryland.” 
Maryland Geological Survey Report of Investigations No. 43. Maryland Geological 
Survey. Baltimore, Maryland. 120 pp. 

3. Cassell, J. R., 1977. Drainage Area Map—“Existing Storm-Water Drains, Chesapeake 
Park Plaza/Dark Head Cove Road.” Sheet A1 of 7. July. 

4. Earth Tech, Inc., 2003. Draft Phase I Environmental Assessment, Chesapeake Industrial 
Park. February. 

5. Earth Engineering and Science, Inc., 1988. Groundwater Chromium Investigation 
Technical Memorandum, Martin Marietta Baltimore Aerospace. September.  

6. Glaser, J. D., 1969. “Petrology and Origin of Potomac and Magothy (Cretaceous) 
Sediments, Middle Atlantic Coastal Plain.” Maryland Geological Survey Reports of 
Investigations No. 11. Maryland Geological Survey, Baltimore, Maryland. 102 pp. 

7. Halford, K. J. and E. L. Kuniansky, 2002. “Documentation of Spreadsheets for the 
Analysis of Aquifer Test and Slug Test Data.” U.S. Geological Survey Open File Report 
02-197, Carson City, Nevada. 51 pp. http://water.usgs.gov/pubs/of/ofr02197 

8. MDE (Maryland Department of the Environment, 2008. Cleanup Standards for Soil and 
Groundwater, Interim Final Guidance (Update No. 2.1). June.  

9. Reinhardt, J., 1977. “Geologic Map of the Middle River Quadrangle, Maryland.” 
Maryland Geological Survey, Baltimore, Maryland.  

10. Spitz, K., and J. Moreno, 1996. A Practical Guide to Groundwater and Solute Transport 
Modeling. John Wiley and Sons, Inc., New York.  

11. Tetra Tech (Tetra Tech, Inc.), 2006. Site Characterization Report, Revision 1.0, Lockheed 
Martin Middle River Complex, Middle River, Maryland. Tetra Tech, Inc., Germantown, 
Maryland, on behalf of Lockheed Martin Corporation, Bethesda, Maryland. May. 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT PAGE 6-2 

12. Tetra Tech (Tetra Tech, Inc.), 2008. Groundwater Response Action Plan, Lockheed 
Martin Middle River Complex, Middle River, Maryland.  Tetra Tech, Inc., Germantown, 
Maryland, on behalf of Lockheed Martin Corporation, Bethesda, Maryland. April. 

13. Tetra Tech (Tetra Tech, Inc.), 2009. Groundwater Monitoring Report July–August 2008, 
Lockheed Martin Middle River Complex, Middle River, Maryland. Tetra Tech, Inc., 
Germantown, Maryland, on behalf of Lockheed Martin Corporation, Bethesda, Maryland. 
May. 

14. Tetra Tech (Tetra Tech, Inc.), 2010. Groundwater Monitoring Report July–August 2009, 
Lockheed Martin Middle River Complex, Middle River, Maryland. Tetra Tech, Inc., 
Germantown, Maryland, on behalf of Lockheed Martin Corporation, Bethesda, Maryland. 
January. 

15. Vroblesky, D. A. and W. B. Fleck, 1991. “Hydrogeologic Framework of the Coastal Plain 
of Maryland, Delaware, and the District of Columbia, Regional Aquifer System Analysis- 
Northern Atlantic Coastal Plain,” U.S. Geological Survey Professional Paper 1404-E. U.S. 
Government Printing Office, Washington, D.C. 45 pp. 

16. USEPA (U.S. Environmental Protection Agency), Region III, 1993. Region III 
Modifications to the Laboratory Data Validation Functional Guidelines for Evaluating 
Inorganics Analyses. April. 

17. USEPA (U.S. Environmental Protection Agency), Region III, 1994. Region III 
Modifications to the National Functional Guidelines for Organic Data Review. 
September. 



 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT 

APPENDIX A—DIG PERMITS 











 

7695 TETRA TECH • LOCKHEED MARTIN MIDDLE RIVER COMPLEX • DEEP GROUNDWATER INVESTIGATION REPORT 

APPENDIX B—GEOPHYSICAL SURVEY REPORT 



 

                       
   
               1051 Columbia Avenue ● Lancaster, PA 17603 ● 717.396.8922 ● Fax 717.396.8746 ● email@enviroscan.com ● www.enviroscan.com         
 

 
 
 
 
 
 
 
 
 
 
 

Final Report 
Geophysical Survey 

Utility/Structure Clearance for 4 Proposed Drilling Locations 
Deep Well Investigation 

Middle River, MD 
Enviroscan Project Number 041003 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared for:  Tetra Tech NUS, Inc. 
Prepared By:  Enviroscan, Inc. 

May 5, 2010 
 

 



 

                       
   
             1051 Columbia Avenue ● Lancaster, PA 17603 ● 717.396.8922 ● Fax 717.396.8746 ● email@enviroscan.com ● www.enviroscan.com         
 

 
 
 
May 5, 2010 

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

 
RE: Geophysical Survey 

Utility/Structure Clearance for 4 Proposed Drilling Locations 
Deep Well Investigation 
Middle River, MD 
Enviroscan Project Number 041003 

 
Dear Mr. Murali: 
 

Pursuant to the specifications of our proposal, dated April 2, 2010, Enviroscan, Inc. 
conducted a subsurface utility survey at the above-referenced site on April 20, 2010.  The 
purpose of the survey was to clear four proposed deep well locations.  

 

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 represented in the accompanying field maps. The 
field maps show the borings with relevant nearby utilities.  MW-93D and MW-94D both had 
utilities nearby. MW-95D and MW-96D were clear of utilities.  The locations of the wells after 
utility clearance are as follows, in Maryland State Plane Grid NAD83 Datum: 

 

MW-93D 1472930 607263.1
MW-94D 1473453 605608
MW-95D 1472821 604598.3
MW-96D 1474495 605265.3
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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.   

 
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.:  Field Notes 
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APPENDIX D—WELL DEVELOPMENT LOGS 
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APPENDIX E— WELL-PURGE RECORDS  
AND SAMPLING RECORD SHEETS 
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APPENDIX F—WELL SURVEY REPORT 



Table F-1

Monitoring Well Survey Results, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland

Well ID Northing (Y) Easting (X) Elevation (Ground) Elevation (Riser) Elevation (Top of Casing)
MW 93D 607266.04 1472928.67 - 24.99 25.27
MW 94D 605610.90 1473452.80 - 22.91 23.22
MW 95D 604602.27 1472820.42 - 10.23 10.45
MW 96D 605277.69 1474488.35 - 6.30 6.64

Monitoring Wells - Lockheed Martin Site June 2010
Horizontal Datum= Maryland State Plane Coordinates NAD83

Vertical Datum=NAVD88
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APPENDIX G—PURGE RECORDS AND SAMPLING RECORD SHEETS 
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APPENDIX H—CHEMICAL ANALYTICAL RESULTS 



TABLE 
ANALYTICAL RESULTS FOR GROUNDWATER - DEEP WELLS DURING DRILLING

LOCKHEED MARTIN MIDDLE RIVER COMPLEX
MIDDLE RIVER, MARYLAND

PAGE 1 OF 4

SAMPLE ID: MRC-MW94D(72ft) MRC-MW95D(63ft) MRC-MW95D(76ft) MRC-MW96D (65ft)
LABORATORY ID: A0E060602001 A0E110505001 A0E110505002 A0E140486002

SAMPLE DATE: 5/5/2010 5/10/2010 5/10/2010 5/13/2010

LOCATION: MRC-MW94D MRC-MW95D MRC-MW95D MRC-MW96D
VOLATILES (ug/L)
1,1,1,2-TETRACHLOROETHANE 0.23 U 0.23 U 0.23 U 0.23 U
1,1,1-TRICHLOROETHANE 0.22 U 0.22 U 0.22 U 0.22 U
1,1,2,2-TETRACHLOROETHANE 0.18 U 0.18 U 0.18 U 0.18 U
1,1,2-TRICHLOROTRIFLUOROETHANE 0.28 U 0.28 U 0.28 U 0.28 U
1,1-DICHLOROETHANE 0.15 U 0.15 U 0.15 U 0.15 U
1,1-DICHLOROETHENE 0.19 U 0.19 U 0.19 U 0.19 U
1,1-DICHLOROPROPENE 0.13 U 0.13 U 0.13 U 0.13 U
1,2,3-TRICHLOROBENZENE 0.17 U 0.17 U 0.17 U 0.17 U
1,2,3-TRICHLOROPROPANE 0.43 U 0.43 U 0.43 U 0.43 U
1,2,3-TRIMETHYLBENZENE 0.0059 U 0.0059 U 0.0059 U 0.0059 U
1,2,4-TRICHLOROBENZENE 0.15 U 0.15 U 0.15 U 0.15 U
1,2,4-TRIMETHYLBENZENE 0.12 U 0.12 U 0.12 U 0.12 U
1,2-DIBROMO-3-CHLOROPROPANE 0.67 U 0.67 U 0.67 U 0.67 U
1,2-DIBROMOETHANE 0.24 U 0.24 U 0.24 U 0.24 U
1,2-DICHLOROBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
1,2-DICHLOROETHANE 0.24 B 0.22 U 0.22 U 0.22 U
1,2-DICHLOROPROPANE 0.18 U 0.18 U 0.18 U 0.18 U
1,3-DICHLOROBENZENE 0.14 U 0.14 U 0.14 U 0.14 U
1,3-DICHLOROPROPANE 0.16 U 0.16 U 0.16 U 0.16 U
1,4-DICHLOROBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
2,2-DICHLOROPROPANE 0.13 U 0.13 U 0.13 U 0.13 U
2-BUTANONE 0.57 U 0.82 J 0.99 J 0.57 U
2-CHLOROETHYL VINYL ETHER 0.99 U 0.99 UR 0.99 U 0.99 UR
2-CHLOROTOLUENE 0.11 U 0.11 U 0.11 U 0.11 U



TABLE 
ANALYTICAL RESULTS FOR GROUNDWATER - DEEP WELLS DURING DRILLING

LOCKHEED MARTIN MIDDLE RIVER COMPLEX
MIDDLE RIVER, MARYLAND

PAGE 2 OF 4

SAMPLE ID: MRC-MW94D(72ft) MRC-MW95D(63ft) MRC-MW95D(76ft) MRC-MW96D (65ft)
LABORATORY ID: A0E060602001 A0E110505001 A0E110505002 A0E140486002

SAMPLE DATE: 5/5/2010 5/10/2010 5/10/2010 5/13/2010

LOCATION: MRC-MW94D MRC-MW95D MRC-MW95D MRC-MW96D
2-HEXANONE 0.41 U 0.41 U 0.41 U 0.41 U
4-CHLOROTOLUENE 0.18 U 0.18 U 0.18 U 0.18 U
4-ISOPROPYLTOLUENE 0.12 U 0.12 U 0.12 U 0.12 U
4-METHYL-2-PENTANONE 0.32 U 0.32 U 0.32 U 0.32 U
ACETONE 2.2 J 3.9 J 4.6 J 3.4 J
BENZENE 0.13 U 0.13 U 0.13 U 0.13 U
BROMOBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
BROMOCHLOROMETHANE 0.29 U 0.29 U 0.29 U 0.29 U
BROMODICHLOROMETHANE 0.15 U 3.6 3.7 5.4
BROMOFORM 0.64 U 0.64 U 0.64 U 0.64 U
BROMOMETHANE 0.41 U 0.41 U 0.41 U 0.41 U
CARBON DISULFIDE 0.13 U 0.13 U 0.13 U 0.13 U
CARBON TETRACHLORIDE 0.13 U 0.13 U 0.13 U 0.13 U
CHLOROBENZENE 0.15 U 0.15 U 0.15 U 0.15 U
CHLORODIBROMOMETHANE 0.18 U 0.41 J 0.41 J 0.76 J
CHLOROETHANE 0.29 UJ 0.29 U 0.29 U 0.29 U
CHLOROFORM 0.16 U 22 27 23
CHLOROMETHANE 0.3 U 0.3 U 0.3 U 0.3 U
CIS-1,2-DICHLOROETHENE 0.17 U 0.17 U 0.17 U 0.17 U
CIS-1,3-DICHLOROPROPENE 0.14 U 0.14 U 0.14 U 0.14 U
DIBROMOMETHANE 0.28 U 0.28 U 0.28 U 0.28 U
DICHLORODIFLUOROMETHANE 0.31 U 0.31 U 0.31 U 0.31 U
DIISOPROPYL ETHER 1.5 U 1.5 U 1.5 U 1.5 U
ETHYL TERT-BUTYL ETHER 0.11 U 0.11 U 0.11 U 0.11 U
ETHYLBENZENE 0.17 U 0.17 U 0.17 U 0.17 U



TABLE 
ANALYTICAL RESULTS FOR GROUNDWATER - DEEP WELLS DURING DRILLING

LOCKHEED MARTIN MIDDLE RIVER COMPLEX
MIDDLE RIVER, MARYLAND

PAGE 3 OF 4

SAMPLE ID: MRC-MW94D(72ft) MRC-MW95D(63ft) MRC-MW95D(76ft) MRC-MW96D (65ft)
LABORATORY ID: A0E060602001 A0E110505001 A0E110505002 A0E140486002

SAMPLE DATE: 5/5/2010 5/10/2010 5/10/2010 5/13/2010

LOCATION: MRC-MW94D MRC-MW95D MRC-MW95D MRC-MW96D
HEXACHLOROBUTADIENE 0.3 U 0.3 U 0.3 U 0.3 U
ISOPROPYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
M+P-XYLENES 0.24 U 0.24 U 0.24 U 0.24 U
METHYL TERT-BUTYL ETHER 0.17 U 0.17 U 0.17 U 0.17 U
METHYLENE CHLORIDE 0.33 U 0.33 U 0.33 U 0.33 U
NAPHTHALENE 0.24 U 0.24 U 0.24 U 0.24 U
N-BUTYLBENZENE 0.12 U 0.12 U 0.12 U 0.12 U
N-PROPYLBENZENE 0.14 U 0.14 U 0.14 U 0.14 U
O-XYLENE 0.14 U 0.14 U 0.14 U 0.14 U
SEC-BUTYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
STYRENE 0.11 U 0.11 U 0.11 U 0.11 U
TERT-AMYL METHYL ETHER 0.067 U 0.067 UJ 0.067 UJ 0.067 UJ
TERT-BUTYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U
TERTIARY-BUTYL ALCOHOL 3.9 UR 3.9 UR 3.9 UR 3.9 UR
TETRACHLOROETHENE 0.29 U 0.29 U 0.29 U 0.29 U
TOLUENE 0.13 U 0.13 U 0.13 U 0.13 U
TOTAL XYLENES 0.28 U 0.28 U 0.28 U 0.28 U
TRANS-1,2-DICHLOROETHENE 0.19 U 0.19 U 0.19 U 0.19 U
TRANS-1,3-DICHLOROPROPENE 0.19 U 0.19 U 0.19 U 0.19 U
TRICHLOROETHENE 0.17 U 0.17 U 0.17 U 0.17 U
TRICHLOROFLUOROMETHANE 0.21 U 0.21 U 0.21 U 0.21 U
VINYL ACETATE 0.19 U 0.19 U 0.19 U 0.19 U
VINYL CHLORIDE 0.22 U 0.22 U 0.22 U 0.22 U



TABLE 
ANALYTICAL RESULTS FOR GROUNDWATER - DEEP WELLS DURING DRILLING

LOCKHEED MARTIN MIDDLE RIVER COMPLEX
MIDDLE RIVER, MARYLAND

PAGE 4 OF 4

SAMPLE ID: MRC-MW94D(72ft) MRC-MW95D(63ft) MRC-MW95D(76ft) MRC-MW96D (65ft)
LABORATORY ID: A0E060602001 A0E110505001 A0E110505002 A0E140486002

SAMPLE DATE: 5/5/2010 5/10/2010 5/10/2010 5/13/2010

LOCATION: MRC-MW94D MRC-MW95D MRC-MW95D MRC-MW96D

U - Not detected at listed detection limit.
UJ - Nondetected value considered to be estimated as a result of technical noncompliance.
UL - Nondetected value considered to be biased low as a result of technical noncompliance.
UR - Nondetected value rejected as a result of technical noncompliance.
B - Laboratory blank contamination.
J - Positive result is considered estimated as a result of technical noncompliance.
L - Positive result is considered to be biased low as a result of technical noncompliance.
k - Positive result is considered to be biased high as a result of technical noncompliance.
ug/l - micrograms per liter.



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 1 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D
VOLATILES (ug/L)

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

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

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

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

1,1-DICHLOROETHANE 0.15 U 0.15 U 0.15 U 0.15 U

1,1-DICHLOROETHENE 0.19 U 0.19 U 0.19 U 0.19 U

1,1-DICHLOROPROPENE 0.13 U 0.13 U 0.13 U 0.13 U

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

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

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

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

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

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

1,2-DIBROMOETHANE 0.24 U 0.24 U 0.24 U 0.24 U

1,2-DICHLOROBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

1,2-DICHLOROETHANE 0.22 U 0.22 U 0.22 U 0.22 U

1,2-DICHLOROPROPANE 0.18 U 0.18 U 0.18 U 0.18 U

1,3-DICHLOROBENZENE 0.14 U 0.14 U 0.14 U 0.14 U

1,3-DICHLOROPROPANE 0.16 U 0.16 U 0.16 U 0.16 U

1,4-DICHLOROBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

2,2-DICHLOROPROPANE 0.13 U 0.13 U 0.13 U 0.13 U

2-BUTANONE 1.5 J 0.57 U 1.4 J 0.57 U

2-CHLOROETHYL VINYL ETHER 0.99 U 0.99 U 0.99 U 0.99 U

2-CHLOROTOLUENE 0.11 U 0.11 U 0.11 U 0.11 U

2-HEXANONE 0.41 U 0.41 U 0.41 U 0.41 U

4-CHLOROTOLUENE 0.18 U 0.18 U 0.18 U 0.18 U

4-ISOPROPYLTOLUENE 0.12 U 0.12 U 0.12 U 0.12 U

4-METHYL-2-PENTANONE 0.67 J 0.32 U 0.32 U 0.32 U

ACETONE 17 B 11 B 20 B 3.8 B

BENZENE 0.13 U 0.13 U 0.13 U 0.13 U

BROMOBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

BROMOCHLOROMETHANE 0.29 U 0.29 U 0.29 U 0.29 U



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 2 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D

BROMODICHLOROMETHANE 0.15 U 0.23 J 0.31 J 0.15 U

BROMOFORM 0.64 U 0.64 U 0.64 U 0.64 U

BROMOMETHANE 0.41 U 0.41 U 0.41 U 0.41 U

CARBON DISULFIDE 0.71 J 0.13 U 0.13 U 0.13 U

CARBON TETRACHLORIDE 0.13 U 0.13 U 0.13 U 0.13 U

CHLOROBENZENE 0.15 U 0.15 U 0.15 U 0.15 U

CHLORODIBROMOMETHANE 0.18 U 0.18 U 0.37 J 0.18 U

CHLOROETHANE 0.29 U 0.29 U 0.29 U 0.29 U

CHLOROFORM 8.8 10 19 0.19 J

CHLOROMETHANE 0.3 U 0.3 U 0.36 J 0.3 U

CIS-1,2-DICHLOROETHENE 0.17 U 0.17 U 0.17 U 0.17 U

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

DIBROMOMETHANE 0.28 U 0.28 U 0.28 U 0.28 U

DICHLORODIFLUOROMETHANE 0.31 U 0.31 U 0.31 U 0.31 U

DIISOPROPYL ETHER 1.5 U 1.5 U 1.5 U 1.5 U

ETHYL TERT-BUTYL ETHER 0.11 U 0.11 U 0.11 U 0.11 U

ETHYLBENZENE 0.17 U 0.17 U 0.17 U 0.17 U

HEXACHLOROBUTADIENE 0.3 U 0.3 U 0.3 U 0.3 U

ISOPROPYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

M+P-XYLENES 0.24 U 0.24 U 0.24 U 0.24 U

METHYL TERT-BUTYL ETHER 0.17 U 0.17 U 0.17 U 0.17 U

METHYLENE CHLORIDE 0.47 B 0.54 B 0.58 B 0.33 U

NAPHTHALENE 0.24 U 0.24 U 0.24 U 0.24 U

N-BUTYLBENZENE 0.12 U 0.12 U 0.12 U 0.12 U

N-PROPYLBENZENE 0.14 U 0.14 U 0.14 U 0.14 U

O-XYLENE 0.14 U 0.14 U 0.14 U 0.14 U

SEC-BUTYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

STYRENE 0.11 U 0.11 U 0.11 U 0.11 U

TERT-AMYL METHYL ETHER 0.067 U 0.067 U 0.067 U 0.067 U

TERT-BUTYLBENZENE 0.13 U 0.13 U 0.13 U 0.13 U

TERTIARY-BUTYL ALCOHOL 3.9 UR 3.9 UR 3.9 UR 3.9 UR



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 3 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D

TETRACHLOROETHENE 0.29 U 0.29 U 0.29 U 0.29 U

TOLUENE 0.22 J 0.21 J 0.28 J 0.13 U

TOTAL XYLENES 0.28 U 0.28 U 0.28 U 0.28 U

TRANS-1,2-DICHLOROETHENE 0.19 U 0.19 U 0.19 U 0.19 U

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

TRICHLOROETHENE 0.17 U 0.17 U 0.17 U 0.17 U

TRICHLOROFLUOROMETHANE 0.21 U 0.21 U 0.21 U 0.21 U

VINYL ACETATE 0.19 U 0.19 U 0.19 U 0.19 U

VINYL CHLORIDE 0.22 U 0.22 U 0.22 U 0.22 U
SEMIVOLATILES (ug/L)

1,1-BIPHENYL 0.8 U 0.8 U 0.8 U 0.8 U

1,4-DIOXANE 0.49 U 0.49 U 0.49 U 0.49 U

2,2'-OXYBIS(1-CHLOROPROPANE) 0.4 U 0.4 U 0.4 U 0.4 U

2,4,5-TRICHLOROPHENOL 0.3 U 0.3 U 0.3 U 0.3 U

2,4,6-TRICHLOROPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

2,4-DICHLOROPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

2,4-DIMETHYLPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

2,4-DINITROPHENOL 2.4 U 2.4 U 2.4 U 2.4 U

2,4-DINITROTOLUENE 0.27 U 0.27 U 0.27 U 0.27 U

2,6-DINITROTOLUENE 0.8 U 0.8 U 0.8 U 0.8 U

2-CHLORONAPHTHALENE 0.1 U 0.1 U 0.1 U 0.1 U

2-CHLOROPHENOL 0.29 U 0.29 U 0.29 U 0.29 U

2-METHYLNAPHTHALENE 0.1 U 0.1 U 0.1 U 0.1 U

2-METHYLPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

2-NITROANILINE 0.8 U 0.8 U 0.8 U 0.8 U

2-NITROPHENOL 0.28 U 0.28 U 0.28 U 0.28 U

3,3'-DICHLOROBENZIDINE 0.37 U 0.37 U 0.37 U 0.37 U

3-NITROANILINE 0.28 U 0.28 U 0.28 U 0.28 U

4,6-DINITRO-2-METHYLPHENOL 2.4 U 2.4 U 2.4 U 2.4 U

4-BROMOPHENYL PHENYL ETHER 0.8 U 0.8 U 0.8 U 0.8 U

4-CHLORO-3-METHYLPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

4-CHLOROANILINE 0.8 U 0.8 U 0.8 U 0.8 U



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 4 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D

4-CHLOROPHENYL PHENYL ETHER 0.3 U 0.3 U 0.3 U 0.3 U

4-METHYLPHENOL 0.8 U 0.8 U 0.8 U 0.8 U

4-NITROANILINE 0.8 U 0.8 U 0.8 U 0.8 U

4-NITROPHENOL 2.4 U 2.4 U 2.4 U 2.4 U

ACENAPHTHENE 0.1 U 0.1 U 0.1 U 0.1 U

ACENAPHTHYLENE 0.1 U 0.1 U 0.1 U 0.1 U

ACETOPHENONE 0.34 U 0.34 U 0.34 U 0.34 U

ANTHRACENE 0.1 U 0.1 U 0.1 U 0.1 U

ATRAZINE 0.34 U 0.34 U 0.34 U 0.34 U

BENZALDEHYDE 0.39 U 0.39 U 0.39 U 0.39 U

BENZO(A)ANTHRACENE 0.1 U 0.1 U 0.1 U 0.1 U

BENZO(A)PYRENE 0.1 U 0.1 U 0.1 U 0.1 U

BENZO(B)FLUORANTHENE 0.1 U 0.1 U 0.1 U 0.1 U

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

BENZO(K)FLUORANTHENE 0.1 U 0.1 U 0.1 U 0.1 U

BIS(2-CHLOROETHOXY)METHANE 0.32 U 0.32 U 0.32 U 0.32 U

BIS(2-CHLOROETHYL)ETHER 0.1 U 0.1 U 0.1 U 0.1 U

BIS(2-ETHYLHEXYL)PHTHALATE 1.9 B 2.1 B 0.8 U 2.1 B

BUTYL BENZYL PHTHALATE 1.1 1.1 0.8 U 0.8 U

CAPROLACTAM 0.8 U 0.8 U 0.8 U 0.8 U

CARBAZOLE 0.28 U 0.28 U 0.28 U 0.28 U

CHRYSENE 0.1 U 0.1 U 0.1 U 0.1 U

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

DIBENZOFURAN 0.1 U 0.1 U 0.1 U 0.1 U

DIETHYL PHTHALATE 0.6 U 0.6 U 0.6 U 0.6 U

DIMETHYL PHTHALATE 0.29 U 0.29 U 0.29 U 0.29 U

DI-N-BUTYL PHTHALATE 0.67 U 0.67 U 0.67 U 0.67 U

DI-N-OCTYL PHTHALATE 0.8 U 0.8 U 0.8 U 0.8 U

FLUORANTHENE 0.1 U 0.1 U 0.1 U 0.1 U

FLUORENE 0.1 U 0.1 U 0.1 U 0.1 U

HEXACHLOROBENZENE 0.1 U 0.1 U 0.1 U 0.1 U

HEXACHLOROBUTADIENE 0.27 U 0.27 U 0.27 U 0.27 U



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 5 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D

HEXACHLOROCYCLOPENTADIENE 0.8 U 0.8 U 0.8 U 0.8 U

HEXACHLOROETHANE 0.8 U 0.8 U 0.8 U 0.8 U

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

ISOPHORONE 0.27 U 0.27 U 0.27 U 0.27 U

NAPHTHALENE 0.1 U 0.1 U 0.1 U 0.1 U

NITROBENZENE 0.04 U 0.04 U 0.04 U 0.04 U

N-NITROSODIMETHYLAMINE 0.31 U 0.31 U 0.31 U 0.31 U

N-NITROSO-DI-N-PROPYLAMINE 0.8 U 0.8 U 0.8 U 0.8 U

N-NITROSODIPHENYLAMINE 0.31 U 0.31 U 0.31 U 0.31 U

PENTACHLOROPHENOL 2.4 U 2.4 U 2.4 U 2.4 U

PHENANTHRENE 0.1 U 0.1 U 0.1 U 0.1 U

PHENOL 0.6 U 0.6 U 0.6 U 0.6 U

PYRENE 0.1 U 0.1 U 0.1 U 0.1 U
INORGANICS (ug/L)

ANTIMONY 0.42 B 0.18 B 0.28 B 0.027 U

ARSENIC 26.1 4.1 J 7.5 K 0.16 U

BARIUM 515 133 209 9

BERYLLIUM 6.7 1.3 2.3 0.11 B

CADMIUM 0.49 J 0.12 B 0.17 B 0.025 U

CHROMIUM 143 28.1 72.9 0.51 B

COBALT 10 2.6 5.5 2.4

COPPER 59.9 13.1 24.6 2.2 B

IRON 66400 18100 40900 202

LEAD 78.2 14.5 30.2 0.019 U

MANGANESE 522 214 262 12.6

MERCURY 0.13 J 0.1 U 0.1 U 0.1 U

MOLYBDENUM 20 5.2 14.1 0.27 U

NICKEL 40.4 20.4 21.3 3.9 K

SELENIUM 6.6 0.96 J 3.2 J 0.13 U

SILVER 0.15 J 0.015 UL 0.015 UL 0.015 U

THALLIUM 0.49 B 0.14 B 0.21 B 0.13 U

VANADIUM 107 28.9 53.2 0.45 J

ZINC 145 35.5 66.8 10.9 B



Table I-2

Chemical Analytical Results for Groundwater - Monitoring Wells, June 2010
Deep Groundwater Investigation

Lockheed Martin Middle River Complex, Middle River, Maryland 
Page 6 of 6

SAMPLE ID: MRC-MW93D-061010 MRC-MW94D-061010 MRC-95D-061110 MRC-96D-061110

LABORATORY ID: A0F110578002 A0F110578003 A0F120439002 A0F120439001
SAMPLE DATE: 6/10/2010 6/10/2010 6/11/2010 6/11/2010

LOCATION: MRC-MW93D MRC-MW94D MRC-95D MRC-96D
INORGANICS FILTERED (ug/L)

ANTIMONY 0.32 B 0.13 B 0.35 B 0.2 B

ARSENIC 20.5 1.2 J 2.8 J 0.16 U

BARIUM 399 43.7 11.2 7.6

BERYLLIUM 5.4 0.28 B 0.0059 U 0.085 B

CADMIUM 0.38 B 0.028 B 0.025 U 0.031 B

CHROMIUM 108 6.4 0.89 B 0.17 B

COBALT 8 0.76 J 0.039 B 2.2

COPPER 47.4 4.5 B 2.5 B 1.7 B

IRON 51300 4400 47.2 B 73.4 B

LEAD 63.3 3 0.019 U 0.019 U

MANGANESE 377 75.6 0.17 B 11.1

MERCURY 0.1 U 0.1 U 0.1 U 0.1 U

MOLYBDENUM 22.5 3.8 15.4 0.31 B

NICKEL 32.8 7 0.45 B 3.5 K

SELENIUM 4.5 J 0.4 B 0.5 B 0.18 B

SILVER 0.088 J 0.015 U 0.015 U 0.015 U

THALLIUM 0.34 B 0.13 U 0.13 U 0.24 B

VANADIUM 80.8 6.5 J 6.2 J 0.43 U

ZINC 118 14.5 B 4.9 B 11.3 B

U - Not detected at listed detection limit.

UJ - Nondetected value considered to be estimated as a result of technical noncompliance.

UL - Nondetected value considered to be biased low as a result of technical noncompliance.

UR - Nondetected value rejected as a result of technical noncompliance.

B - Laboratory blank contamination.

J - Positive result is considered estimated as a result of technical noncompliance.

L - Positive result is considered to be biased low as a result of technical noncompliance.

k - Positive result is considered to be biased high as a result of technical noncompliance.

ug/l - micrograms per liter.
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